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Introduction


A tooth that is unerupted more than 1 year after the normal 
age for eruption is defined as ‘retained’ (Torres-Lagares  
et al., 2006). Failure of a tooth to emerge into the dental 
arch, usually due to either space deficiency or the presence 
of an entity blocking its path of eruption, results in impaction 
(Daskalogiannakis, 2000). An impacted tooth occasionally 
migrates to a location some distance away from the site in 
which it develops but usually remains within the same side 
of the arch (Camilleri and Scerri, 2003). When the tooth 
crosses the midline, this rare phenomenon is known as 
dental transmigration (Javid, 1985). Although various 
terminology has been used to describe this condition, the 
term ‘transmigration’ is commonly used (Joshi, 2001). While 
Javid (1985) suggested that a tooth must be classified as 
transmigrated when more than half of the length of the tooth 
has passed the midline, Mupparapu (2002) stated that canines 
were considered transmigrant if the path of eruption had 
been altered and the tooth had drifted to the opposite side of 
the mandible with at least half the crown length crossing the 
midline. Tarsitano et al. (1971) also defined it as pre-eruptive 
migration when a tooth crosses the midline. However, Joshi 
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SUMMARY  The purpose of this study was to determine the incidence of transmigrated maxillary and 
mandibular canine teeth and also of the other impacted teeth in a Turkish subpopulation.


Five thousand consecutive panoramic radiographs taken of patients who attended the Department 
of Oral Diagnosis and Radiology, Selcuk University, for routine examination between 2005 and 2007 
were examined to identify incidences of transmigrated and impacted teeth. Demographic information 
of all patients was also recorded. Transmigrations were categorized according to the classification of 
Mupparapu. The effect of age, gender, and sidedness (left or right side) on the recorded abnormality was 
evaluated using a t-test.


The incidence of transmigrated upper and lower canine teeth was found to be 0.34 per cent [17 patients, 
12 females/5 males, with a mean age of 34 years (range 16–76 years)] and 0.14 per cent [7 patients, 4 
females/3 males, with a mean age of 37.1 years (range 17–62 years)]. The incidence of tooth impaction 
was 2.94 per cent [147 patients, 101 females/46 males, with a mean age of 29.7 years (range 15–80 years)]. 
The most frequently impacted tooth was the upper canine followed by the lower canine, lower second 
premolar, and upper second premolar. No incidence of maxillary first molar impaction was found. Gender 
and sidedness did not show a statistical significance on the recorded abnormality (P = 0.22 and P = 0.48, 
respectively). However, in the 15–29 year age group, this was statistically different (P < 0.05).


The incidence of transmigration of impacted mandibular canine teeth was greater than other teeth. 
With the increased use of panoramic radiographs, it is inevitable that diagnosis of such anomalies will 
increase.


(2001) considered that not the distance of migration after 
crossing the midline but the tendency of a canine to cross the 
barrier of the mandibular midline suture was more important. 
Moreover, it will depend on the stage of transmigration. 
Because of the eruption pattern and sequence, canines are 
prone to impaction and the maxillary canines are affected 20 
times more frequently than the mandibular canines (Rohrer, 
1929); however, tooth transmigration is seen more frequently 
in the mandible. While most transmigrated canines are 
asymptomatic, follicular cystic formation, and chronic 
infection with fistulization have also been reported (Camilleri 
and Scerri, 2003). Even though unilateral migration of an 
impacted tooth (Greenberg and Orlian, 1976; O’Carroll, 
1984; Broadway, 1987; Peck, 1998; Rebellato and  
Schabel, 2003; Shapira and Kuftinec, 2003; Auluck et al., 
2006; Buyukkurt et al., 2007; Sumer et al., 2007; Aktan  
et al., 2008) is more common, bilateral transmigration of 
mandibular canines has also been observed (Ando et al., 
1964; Joshi et al., 1982; Javid, 1985; Kuftinec et al., 1995; 
Joshi, 2001). Only a few cases of maxillary transmigrated 
teeth have been reported (Aydin and Yilmaz, 2003; Shapira 
and Kuftinec, 2005; Aras et al., 2008).
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Since impacted or transmigrated teeth are important, 
especially in terms of orthodontic treatment planning, these 
teeth must be diagnosed clinically and radiographically. 
Clinically, over-retention of the primary canine, proclination 
of the mandibular teeth, and an enlarged symphyseal area 
are signs of transmigration. To confirm three-dimensionally 
transmigrated and impacted tooth localization radiographically, 
dental pantomographs (DPTs), occlusal, periapical, lateral 
cephalometric (Joshi et al., 1982), and submentovertex 
projections (Rebellato and Schabel, 2003) can be used. 
Although surveys related to the incidence of impacted teeth 
are found in the dental literature (Chu et al., 2003; Yavuz 
et al., 2007), reports on the incidence of transmigration are 
rare (Javid, 1985; Zvolanek, 1986; Aydin et al., 2004). An 
increase in the number of patients with this phenomenon 
has recently been noted due to the availability of DPTs 
(Camilleri, 2007). The aim of this study was to determine 
the incidence of transmigrated maxillary and mandibular 
canine teeth and of other impacted teeth, in a Turkish 
subpopulation.


Materials and methods


Five thousand consecutive DPTs of patients who attended 
the Department of Oral Diagnosis and Radiology, Selcuk 
University, for routine examination between 2005 and 2007 
were examined to identify transmigrated and impacted 
teeth. Subjects with transmigrated and impacted teeth were 
identified on DPTs together with periapicals or occlusal 
and lateral cephalometric radiographs. All radiographs were 
taken by the same technician on two panoramic systems 
(Kodak 8000 digital panoramic system; Trophy Radiologies, 
Croissy-Beaubourg, France and Planmeca Proline CC, 
Helsinki, Finland) and one peripical system containing two 
subunits (Kodak RVG 5000; Trophy and Kodak CCX 6510 
Digital; Trophy Radiologies).


An intraoral examination was also performed. If the 
patient was over 16 years and the tooth was not exposed in 
the oral cavity, it was diagnosed as impacted (Aydin et al., 
2004). The tooth was considered transmigrated if the 
eruption path had been altered and the tooth had drifted to 
the opposite side of the arch with at least half of the crown 
length crossing the midline (Mupparapu, 2002). A subject 
was excluded if transmigration could not be confirmed on 
an occlusal radiograph.


The classification of Mupparapu (2002) was applied to 
the transmigrated mandibular canines as follows:
 


	Type 1: Positioned mesioangularly across the midline within 
the jaw bone, labial, or lingual to the anterior teeth and 
with the crown portion of the tooth crossing the midline.


	Type 2: Horizontally impacted near the inferior border of 
the mandible below the apices of the incisors.


	Type 3: Erupting either mesial or distal to the opposite canine.
	Type 4: Horizontally impacted near the inferior border of 


the mandible below the apices of either the premolars or 
molars on the opposite side.


	Type 5: Positioned vertically in the midline (the long axis of 
the tooth crossing the midline) irrespective of eruption 
status. 


Statistical evaluation


Using the collected data, the demographic information  
was calculated for the incidence of canine impaction and 
transmigration, together with the number and status of 
missing permanent canines, retained primary canines, and 
other associated pathologies. All radiographs were assessed 
by one author (AMA) The incidence of other impacted 
teeth, except third molars, was calculated as a percentage. 
The effect of age, gender, and sidedness (left or right side) 
on the recorded abnormality was evaluated using a t-test.


As diagnosis of transmigrated and impacted teeth is an 
objective assessment and as these teeth are clearly visible 
on DTPs, it was not considered that a method error study 
(inter- or intraexaminer reliability) was required.


Results


The number, incidence, age, and gender ratio for impacted 
and transmigrated canines and for all impacted teeth are 
shown in Tables 1, 2, and 3, respectively. The incidence of 
total canine impaction and transmigration was 2.2 (110 
subjects, mean age 26.9 years) and 0.48 (24 subjects, mean 
age 34.91 years) per cent, respectively (Tables 1 and 2). The 
incidence of all impacted teeth was 2.94 per cent (147 
subjects, mean age 29.7 years). The right side (104 subjects) 
was more frequently affected than the left (71 subjects), and 
females (101 subjects) were more dominant than males (46 
subjects; Table 3). However, the differences were not 
statistically significant (P = 0.48 and P = 0.22, respectively). 
The age range of the patients was 15–80 years (mean 29.73 


Table 1  Incidence, age, and gender ratio for canine impaction.


Subjects Incidence 
(%)


No. of teeth Females Males Female/male Mean age 
(years)


Maxillary canine impaction 87 1.74 110 78 32 2.44/1 27.5
Mandibular canine impaction 23 0.46 26 18 8 2.25/1 24.3
Total canine impaction 110 2.2 136 95 38 2.5/1 26.9
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years), with those between 15 and 29 years of age having 
the highest prevalence of tooth impaction, which was 
statistically significant (P < 0.05; Table 4).


Among the 5000 patients for whom DPTs were available, 
24 had transmigrated canines in both jaws. The incidence of 
unilateral and bilateral transmigration was 82.3 and 17.6 
per cent, respectively, with the right side affected more 
often than the left side in both jaws. Eight patients had 
retained primary canines at the time of diagnosis. Although 
no dental abnormalities were observed, five patients had 
pathologies, including cysts or odontomes. None of the 


patients was aware of the condition and there were no 
symptoms or signs related to the transmigrated canines. 
Three patients underwent surgery to extract the transmigrated 
mandibular canine (Tables 5 and 6).


Seventeen patients (mean age 33.9 years) had a 
mandibular transmigrated canine. The incidence was 0.34 
per cent (Table 2). Among the 17 transmigrated mandibular 
canines, nine were migrated from the right side, five from 
the left side, and three were bilateral. According to the 
classification of Mupparapu (2002), none of the canines 
was classified as Type 3, four canines (24 per cent) were 


Table 2  Incidence, age, and gender ratio for canine transmigration. CR, retained primary canine; CE, exfoliated primary canine; AP, 
associated pathology; nAP, no associated pathology.


Subjects Incidence  
(%)


No. of  
teeth


Males Female Mean age 
(years)


Right Left Bilateral Impaction Eruption CR CE AP nAP


Maxillary canine  
transmigration


7 0.14 8 3 4 37.14 3 3 1 8 — 1 6 — 7


Mandibular canine  
transmigration


17 0.34 20 5 12 33.9 9 5 3 20 — 7 10 5 12


Total canine  
transmigration


24 0.48 28 8 16 34.91 12 8 4 28 — 8 16 5 19


Table 3  Distribution of all impacted teeth in terms of age, gender, and location.


Subjects Incidence  
(%)


No. of teeth Males Female Mean age  
(years)


Right Left


Teeth 147 2.94 175 46 101 29.73 104 71
Maxillary canine 87 1.74 110 27 60 27.5 66 44
Mandibular canine 23 0.46 26 6 17 24.3 14 9
Mandibular second premolar 10 0.2 11 6 4 25.3 9 2
Maxillary second premolar 9 0.18 11 4 5 22.7 5 6
Maxillary central incisor 5 0.1 5 1 4 26.6 2 3
Mandibular first premolar 3 0.06 4 1 2 29.2 2 2
Maxillary first premolar 3 0.06 3 1 2 29.6 0 3
Mandibular lateral incisor 2 0.04 2 0 2 59 2 0
Mandibular central incisor 1 0.02 2 0 1 76 1 1
Mandibular second molar 1 0.02 1 0 1 25 1 0
Maxillary lateral incisor 1 0.02 1 0 1 21 1 0
Maxillary second molar 1 0.02 1 0 1 21 0 1
Mandibular first molar 1 0.02 1 0 1 25 1 0
Maxillary first molar 0 0 0 0 0 0 0 0


Table 4  Distribution of total numbers of patients with impacted teeth in the different age groups.


Age groups (years) Total no. of patients Total no. of patients with impacted teeth Total no. of  
impacted teeth


Female Male Total Female Male Total


15–19 412 362 774 28 13 41 49
20–29 791 566 1357 29 13 42 57
30–39 580 444 1024 18 8 26 28
40–49 388 445 833 14 5 19 21
50–80 484 528 1012 12 7 19 20
Total 2655 2345 5000 101 46 147 175
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Type 1 (Figure 1a), eight Type 2 (Figure 1b; 46 per cent), two 
Type 4 (Figure 1c; 12 per cent), and three Type 5 (Figure 1d; 
18 per cent; Table 5). Seven patients (mean age 37.1 years) 
had a maxillary transmigrated canine, an incidence of 0.14 
per cent (Table 2). Three canines had migrated from the 
left side and three from the right, only one canine was 
found to be bilateral in the midline (Table 6). There were 
no statistically significant gender and side differences 
regarding transmigration of teeth (P = 0.70). However, 
mandibular canine transmigration was found significantly 
more frequent than maxillary transmigration (P < 0.05).


Discussion


Previous reports related to transmigrated teeth comprised 
only maxillary and mandibular canine teeth. In this study, 
the incidence of impacted and transmigrated canines was 
investigated together with the incidence of the other impacted 
teeth. Similar to other studies on the prevalence of impacted 


teeth (Zvolanek, 1986; Rajic et al., 1996; Chu et al., 2003; 
Aydin et al., 2004; Aras et al., 2008), the third molars were 
excluded. In descending order, the tooth types impacted 
were as follows: maxillary canine, maxillary and mandibular 
premolar, and mandibular canine. Of the 175 impacted teeth, 
the most frequent were the maxillary canines, followed by 
the mandibular canines, maxillary, and mandibular premolars. 
Aydin et al. (2004) found that the incidence of canine 
impaction was 3.58 per cent, while Yavuz et al. (2007) found 
it to be 1.29 per cent. In the current study, the incidence 
was 2.2 per cent. Although the investigated subjects may 
not represent the whole Turkish population, there was no 
significant variation in the prevalence and distribution of 
impacted canines and the results were in agreement with 
findings of Aydin et al. (2004) and Yavuz et al. (2007) in 
other Turkish subpopulations.


Javid (1985) found, in a radiographic survey of 1000 
students, only one transmigrated canine, while Zvolanek 
(1986) failed to find any cases in 4000 patients. In another 


Table 5  Clinical and radiographic features of transmigrated mandibular canines in 17 patients. Uni, unilateral; bi, bilateral; I, impacted; 
CE, exfoliated primary canine.


Subject no. Type Side Primary canine Eruption status Associated  
pathologies


Age  
(years)


Gender Uni–bi


1 2 Right 83 I No 20 F Uni
2 5 Bilateral 73, 83 I No 28 F Bi
3 1 Right CE I No 16 M Uni
4 1 Right CE I Odontoma* 16 F Uni
5 1 Right 83 I Odontoma 17 M Uni
6 4 Right 83 I Odontoma 21 M Uni
7 2 Left CE I No 40 F Uni
8 2 Right CE I No 76 F Uni
9 4 Left 73 I No 24 M Uni
10 5 Right 83 I Cyst* 25 F Uni
11 2 Left CE I No 24 F Uni
12 5 Bi CE I Cyst* 66 M Bi
13 1 Left CE I No 24 F Uni
14 2 Right CE I No 45 F Uni
15 2 Left CE I No 57 F Uni
16 2 Bilateral CE I No 40 F Bi
17 2 Right 83 I No 39 F Uni


*Operated.


Table 6  Clinical and radiographic features of transmigrated maxillary canines in seven patients. Uni, unilateral; Bi, bilateral; CE, 
exfoliated primary canine.


Subject no. Side Primary canine Associated  
pathologies


Age  
(years)


Gender Uni–bi


1 Left CE No 46 F Uni
2 Left 63 No 17 F Uni
3 Bilateral CE No 58 F Bi
4 Right CE No 21 F Uni
5 Right CE No 30 M Uni
6 Left CE No 26 M Uni
7 Right CE No 62 M Uni
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report, 14 maxillary and mandibular transmigrated canines 
were found in 4500 patients (Aydin et al., 2004). Joshi et al. 
(1982) was the first to report the bilateral occurrence of 
transmigrated canines and later Javid (1985) observed 
three cases of bilateral occurrence of this abnormality. The 
findings in the present study are in agreement with the above 
surveys on the incidence of transmigrated canines.


Figure 1  Dental pantomograph showing transmigrated mandibular canines with their classification according 
to Mupparapu (2002) (a) Type 1: a 24-year-old female with a transmigrated mandibular left canine in a 
mesioangular position. (b) Type 2: a 20-year-old female with a transmigrated right canine lying horizontally 
with its crown crossing the midline. (c) Type 4: a 15-year-old girl with a transmigrated right canine lying 
horizontally with its root across the midline. (d) Type 5: a 39-year-old female with a mandibular right canine in 
a vertical position surrounded by a dentigerous cyst in the midline. White and black arrows indicate persistent 
and transmigrated teeth, respectively.


Figure 3  Type 2: dental pantomograph of a 40-year-old female with 
bilateral transmigrated mandibular canines lying horizontally.


Figure 2  Lateral cephalometric radiograph of a 15-year-old boy with a 
transmigrated mandibular canine in the labial aspect of the symphyseal 
region.


Rohrer (1929) observed that impacted canines were 20 
times more frequent in the maxilla than in the mandible, and 
Chu et al. (2003) reported this ratio to be 6.14. In studies of 
Turkish patients, this ratio was shown by Aydin et al. (2004) 
to be 7.47 and by Saglam and Tüzüm (2003) 9.62. Although 
canine impaction occurs more frequently in the maxilla than 
in the mandible (Rohrer, 1929; Yavuz et al., 2007), impacted 
maxillary canines had not been observed migrating across 
the palatal midline suture until the report of Aydin and 
Yilmaz (2003). The results of the present study revealed a 
4-fold difference between the maxilla and mandible. 
Although this lower frequency cannot be clearly explained 
compared with the findings of Rohrer (19289), these results 
indicate that the incidence of canine impaction may vary in 
different populations. Although the maxillary canines were 
commonly impacted, the probability for transmigration of 
mandibular impacted canines was high. When all impacted 
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mandibular canines were considered, no tooth was found 
that had migrated distally through bone.


Although a number of factors have been suggested with 
regard to transmigration, the aetiology and exact mechanism 
is still unclear (Camilleri and Scerri, 2003). It has been 
suggested that canine migration is congenital (Peck, 1998). 
Some possible aetiological factors are: retention or premature 
loss of primary teeth, crowding, spacing, supernumerary 
teeth, and an excessive crown length of the mandibular canine 
(Ando et al., 1964; Shapira and Kuftinec, 2003). Besides 
tumours and cysts, odontomes may cause malposition of the 
teeth if they lie in the path of eruption (Ando et al., 1964; 
Al-Waheidi, 1996; Shapira and Kuftinec, 2003). Nodine 
(1943) reported that impacted and migrated mandibular 
canines often do not produce any apparent symptoms, and 
Ando et al. (1964) did not observe symptoms such as pain or 
oppression of the mandibular nerve due to the transmigration 
of a canine in their study. Shapira and Kuftinec (2003) stated 
that this abnormality was usually accompanied by a cyst or 
odontoma. Al-Waheidi (1996) suggested that transmigrated 


Figure 4  Panoramic radiograph of a 46-year-old male with a left 
maxillary canine crossing the midline.


Figure 5  Occlusal radiograph of a 46-year-old female with a canine 
crossing the midpalatal suture confirming the transmigration of the 
maxillary canine.


canines were usually associated with a cystic lesion and that 
the presence of a cyst at the crown of the canine might 
facilitate the migration process. Joshi (2001) stated that it was 
difficult to differentiate whether these pathological conditions 
were responsible for the transmigration process, or that the 
pathology occurred after the migration of the canine. In the 
present study, mandibular transmigrations were associated 
with odontomes in three subjects and with cysts in two. No 
transmigrations in the maxilla had any pathological entity. 
However, all of these pathological cases could not clearly 
explain the pattern of the transmigration process.


Intraorally, swelling at the buccal or lingual side of the arch 
and the presence of the primary canine usually indicates the 
probability of the presence of an impacted or transmigrated 
tooth. DPT, occlusal, periapical, and submentovertex pro
jections can be used to determine the three-dimensional location 
of the transmigrated canine (Rebellato and Schabel, 2003). 
Lateral cephalometric radiographs can also assist in localization 
of the impacted tooth (Figure 2). Computed tomography (CT) 
is the gold standard for three-dimensional localization of 
impacted teeth, although radiation exposure could be an issue. 
In present study, the records of 5000 consecutive patients were 
examined retrospectively. DPTs were taken of each patient for 
routine dental examination, while CTs were obtained only in 
specific cases, such as implant surgery, tumours, or cysts. 
Therefore, in this retrospective study, DPTs were used to 
localize the impacted canines in addition to other records.


While most investigators (Peck, 1998; Mupparapu, 2002; 
Camilleri and Scerri, 2003; Shapira and Kuftinec, 2003; 
Camilleri, 2007) reported that the left canine was more often 
involved than the right and that females tended to have this 
pathology more frequently than males, Aydin et al. (2004) 
found that males tend to have this condition more frequently 
than females. In the current study, the female predilection 
was more dominant and the right side was found to be more 
frequently affected than the left; however, statistical analysis 
showed no significant difference with regard to side or 
gender predilection (P = 0.48 and P = 0.22). This difference 
could be explained by the fact that more females than males 
seek dental treatment, although as yet there is no consensus 
on the domination of gender predilection (Aydin et al., 2004; 
Joshi, 2001). In early reports, it was shown that bilateral 
transmigration was a rare occurrence (Joshi, 2001; 
Mupparapu, 2002; Camilleri and Scerri, 2003; Aydin et al., 
2004). While the classification of Mupparapu (2002) 
does not include subjects with bilateral transmigration, 
the classification was easy to apply to the three mandibular 
bilateral subjects in the present study. Figure 3 shows the 
bilaterally transmigrated canines classified as Type 2.


Unlike mandibular transmigration, Joshi (2001) believed 
that there is a barrier, the maxillary midpalatal suture, which 
prevents a palatally impacted maxillary canine crossing to 
the opposite side of the arch, however, some recent reports 
have shown cases of maxillary transmigration (Aydin and 
Yilmaz, 2003; Shapira and Kuftinec, 2005). The maxillary 
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transmigrated canines found in the present study were not 
considered to be fully transmigrated. The crowns of all 
canines were located in the midpalatal suture. This suggests 
that the midpalatal suture did not allow the teeth to totally 
pass to the opposite side (Figures 4 and 5). Although the 
transmigrated maxillary canines did not show variations in 
their location or position, classification by Mupparapu 
(2002) could not be used for maxillary transmigrated teeth.


Treatment options for transmigrated or impacted teeth 
include surgical removal, transplantation, and surgical 
exposure with orthodontic alignment (Rebellato and Schabel, 
2003). Surgical extraction is more appropriate (Camilleri and 
Scerri, 2003). For successful orthodontic treatment, a migrated 
tooth must be detected in the early stages, otherwise treatment 
will be more complicated. Long-term follow-up, if there are 
no symptoms, may be an alternative option. In present study, 
none of the subjects with transmigrated teeth had undergone 
orthodontic treatment. Only three patients underwent surgery 
to extract the transmigrated mandibular canines.


Conclusion


According to the current study, except for the canine, no 
tooth type showed a tendency to transmigrate in the dental 
arch. The possibility of transmigration of an impacted 
mandibular canine was greater than for an impacted 
maxillary canine.
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603Book Reviews


There are many virtues of this book authored by two colleagues 
from the UK. It is indeed a concise textbook that is presented 
in a format that is easy to read and consult. At the same 
time, the quality of the many illustrations and graphical 
content are excellent. Personally, the important focus on 
timing of orthodontic treatment represents an added value to 
the handbook. Unfortunately, the relationships between 
treatment timing and individual skeletal maturation in 
orthodontic patients are not developed and explained in the 
way they deserve. However, the categorization of diagnosis 
and treatment at the different developmental phases 


(developing dentition, permanent dentition, and adulthood) 
helps in the clinical management of malocclusions.


The book explains quite clearly the theories and modalities 
of craniofacial growth and puts them into clinical perspective. 
It also includes a contemporary update on both removable 
and fixed orthodontic appliances that are still valid treatment 
choices in the third Millennium. Students, teachers, and 
clinicians should be aware of this new product in the bookstore, 
because they all can benefit from having it ‘at hand’.


Tiziano Baccetti


European Journal of Orthodontics 32 (2010) 603
doi:10.1093/ejo/cjq037
Advance Access Publication 5 September 2010
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Introduction


External apical root resorption is a common clinical 
complication of orthodontic treatment. It is the permanent 
shortening of the end of the tooth root that can be seen on 
routine dental radiographs (Hartsfield et al., 2004). Some 
authors (Reitan, 1951; Rygh, 1977) consider it a side-effect 
of the cellular activity associated with the removal of 
necrotic tissue in an overcompressed periodontal ligament 
(PDL; Igarashi et al., 1994; Ong et al., 2000).


Treatment modalities, based on targeting osteoclasts, 
could have uses in clinical orthodontics. Potential effects of 
several pharmacological agents on orthodontically induced 
root resorption have been examined in several experimental 
studies and some of these agents have been applied clinically. 
The inhibitory effects of bisphosphonates and prednisolone, 
which putatively interfere with the function of clast cells 
and, hence, inhibit both bone and root resorption, have 


Comparisons of the effects of systemic administration of  


l-thyroxine and doxycycline on orthodontically induced root 


resorption in rats
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Omer Gunhan***
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Melikgazi 38039, Kayseri, Turkey, E-mail: tancanuysal@yahoo.com


SUMMARY  The aim of this study was to histologically evaluate and compare the effects of the systemic 
administration of l-thyroxine (TX) and doxycycline (DX) on orthodontically induced root resorption, 
Twenty-eight male 50- to 60-day-old Wistar rats were used. Seven rats served as the baseline control. 
Seven animals received TX (20 mg/kg bodyweight/day) and seven DX (1.2 mg/kg bodyweight/day), by 
means of a mini-osmotic pump implanted subcutaneously. Seven rats were separated as a sham, in 
order to evaluate the pure effect of the surgical procedure on the animals’ health. Tooth movement (TM) 
was achieved with a continuous force of 50 g by placing Elgiloy coil springs between the right maxillary 
first molar and incisors for 14 days. The animals were sacrificed and specimens containing the appliance 
and maxillary tooth-bearing segments were processed for light microscopy. The surface area of root 
resorption lacunae was measured histomorphometrically using digital photomicrographs. To evaluate 
the resorptive changes on the molar root surface of each group, scanning electron microscopy (SEM) 
examinations were also carried out. Statistical evaluation of root resorption percentages was performed 
using Kruskal–Wallis analysis of variance test. Multiple comparisons were determined by the Student–
Newman–Keuls method. The level of significance was set at P < 0.05.


Histomorphometric analysis of root resorption, expressed as a percentage, showed that the average 
relative root resorption affecting the maxillary molars on the TM side was 0.32 ± 0.25 in the TX and 0.26 ± 
0.06 in the DX groups and 2.19 ± 0.86 in the control. Statistically significant inhibition of root resorption 
was determined both in the TX and DX groups (P < 0.001) on the TM side. There was no statistically 
significant difference in relative root resorption between the TX and DX groups. Systemic administration 
of TX and DX demonstrated similar effects on root resorption in rats and may have inhibitory effects on 
orthodontically induced resorptive activity.


been shown in rats (Igarashi et al., 1994; Ong et al., 
2000). Although Boekenoogen et al. (1996) reported that 
prostaglandin E2 had no significant effect on the amount 
of orthodontically induced root resorption, Leiker et al. 
(1995) found that this agent increased root resorption.  
In a recent study, it was shown that systemically delivered 
echistatin (arginine–glycine–aspartic acid-containing peptide) 
significantly reduced root resorption induced by tooth 
movement (TM; Talic et al., 2006).


Engström et al. (1988) demonstrated that although the level 
of parathyroid hormone in serum plays an important role in the 
regulation of the resorptive activity in bone, a change in serum 
calcium level is a determining factor for root resorption. In 
addition to parathyroid hormone, bone resorptive activity is 
also regulated by l-thyroxine (TX; Tapp, 1966; Persson et al., 
1989). Thyroid hormone plays a crucial role in normal growth 
and development of vertebrate bones (Vázquez-Landaverde  
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et al., 2002). The administration of high doses of TX in rats has 
been shown to increase bone resorption (Adams and Jowsey, 
1967). Klaushofer et al. (1989) reported that thyroid hormones 
increase osteoclastic bone resorption in rats by stimulation of 
prostaglandin, especially prostacyclin synthesis. The effects of 
TX on root resorption are still controversial. Loberg and 
Engström (1994) showed that thyroid hormone administered in 
high-risk patients reduces orthodontically induced root 
resorption. They reported that treatment with the hormone 
produced no new root resorption, no worsening of the existing 
resorption, and no adverse effects. Similar inhibitory effects 
have been shown for the administration of low-dose TX and 
clinical application of this material has been attempted 
(Poumpros et al., 1994; Shirazi et al., 1999). However, 
Christiansen (1994) commenting on the study of Loberg and 
Engström (1994) criticized the fact that the authors did not 
clarify the mechanism by which the hormone acts; it is assumed 
that the hormone either increases the resistance of the cementum 
and dentine to clastic activity or increases the rate of alveolar 
bone resorption. Thus, Christiansen (1994) thought that the 
hormone enhanced TM as it indirectly reduced root resorption.


Tetracyclines have long been used as adjuncts in the 
treatment of periodontal disease (Grevstad, 1993). Although 
initially attributed to their antimicrobial properties, the clinical 
efficacy of tetracycline in periodontitis has recently been 
suggested to be due to its intrinsic anti-inflammatory activity 
(Walker et al., 2000) since low doses of (sub-antimicrobial) 
doxycycline (DX) decrease attachment loss and excessive 
collagenase activity in the crevicular fluid of periodontitis 
patients (Thomas et al., 2000). Inhibition of metalloproteinase 
activity would then be responsible for the protective effect of 
DX in periodontitis. DX has been shown to reduce the total 
number of osteoclasts and prevent root resorption and alveolar 
bone loss following mucoperiosteal flap surgery in rats 
(Grevstad and Bøe, 1995). In some re-implantation studies, a 
decrease in inflammatory root resorption has been reported 
(Selvig et al., 1992). Clinically, it was found that low-dose DX 
substantially reduced collagenase activity in the gingiva and 
gingival crevicular fluid and prevented loss of attachment in 
adults with periodontitis (Schroeder et al., 1990; Caton et al., 
2000). This Food and Drug Administration-approved treatment 
regimen (Ciancio and Ashley, 1998) was effective and safe: 
specific side-effects included gastrointestinal disturbance and 
emergence of tetracycline-resistant microorganisms (Schroeder 
et al., 1990; Ciancio and Ashley, 1998; Skidmore et al., 2003). 
Despite the protective effects of DX in periodontitis, there is 
only one study, which reported that the compounds effectively 
inhibit orthodontic root resorption  (Mavragani et al., 2005).


The above mentioned studies have indicated that systemical 
administration of a hormone, TX, and a pharmacological agent, 
DX, might have beneficial effects during orthodontic TM by 
reducing the amount of root resorption. The aim of this 
histological experimental study was to evaluate and compare 
the effects of the systemic administration of TX and DX on 
orthodontically induced root resorption.


Materials and methods


The experimental protocol was approved by the University 
of Erciyes Regional Animal Research Ethics Committee.


Animals and groups


Twenty-eight male 50- to 60-days-old Wistar rats weighing 
132.53 ± 12.65 g (randomly separated into four groups of 
seven rats each) were used in this study. All animals were 
housed in polycarbonate cages and fed a standard pellet diet 
(Expanded pellets; Stepfield, Witham, Essex, UK) with tap 
water ad libitum.


Sham group.  Seven rats were separated as sham, and 
mini-osmotic pumps were implanted in order to evaluate 
the pure effect of the surgical procedure on the animals’ 
health. No appliances were placed.


Control group.  Seven animals in this group served as the 
controls to the TX and DX groups. Appliances were inserted 
in the right maxillary segment and mini-osmotic pumps 
filled with physiological serum were placed. The maxillary 
right first molar was moved mesially using a standard 
procedure. The right maxillary side represented TM and the 
contralateral  maxillary left side, which did not receive an 
appliance, represented no tooth movement (NTM).


l-thyroxine group.  The animals received TX through mini-
osmotic pumps. The right maxillary side represented TM. The 
contralateral maxillary left side did not receive a closed coil 
spring and represented NTM and physiological root resorption.


Doxycycline group.  The animals received low-dose DX 
(Deva Pharmaceutical, Ankara, Turkey) through mini-
osmotic pumps and the appliances were placed using the 
same procedure as for the TX group. Similar to the other 
experimental group, the contralateral maxillary left first 
molars without any appliance served as the NTM control 
and represented physiological root resorption.


Mini-osmotic pumps, implantation, and dosage


According to the manufacturer’s instructions, the mini-
osmotic pumps (Alzet® Mini-osmotic Pumps, Model No 
1002; Alza Corporation, Palo Alto, California, USA) 
were placed subcutaneously in the mid-scapular region. 
Implantation and appliance insertion was undertaken on 
the same day under general anaesthesia [ketamine (60 
mg/kg body weight; ketamine hydrochloride, Gedeon 
Richter Ltd, Budapest, Hungary) and Xylazine (10 mg/kg 
body weight; Rompoun, Bayer, Leverkusen, Germany)].


The animals in the TX group were given 20 mg TX/kg 
bodyweight/day (Sigma, St Louis, Missouri, USA) during 
the entire experimental period through the mini-osmotic 
pumps (Shirazi et al., 1999).
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reference points. By tracing the pulp area, the computer 
image analysis software (AnalySIS 2.1; Soft-Imaging 
Software GmbH, Műnster, Germany) calculated the area 
(mm2) of the pulp. The whole root was traced, and the area 
(square micrometres) of the whole root was also calculated 
by the software (Figure 1). To determine the percentage of 
root resorption for each root, the following formula was 
used: combined surface area of root resorption lacunae 
divided by the surface area of the whole root minus the 
surface area of the radicular pulp multiplied by 100. The 
measurements were taken from four sections at 25 mm 
intervals and the mean values were calculated.


Scanning electron microscopy examination


To investigate the resorptive changes on the molar root 
surface, scanning electron microscopy (SEM; Leo 440; M/s 
Leo Electron Microscopy, Cambridge, UK) examinations 
were performed on the mesial surfaces of the mesial root of 
the maxillary right first molars. The molar of the sham rat 


The DX was released at a mean pumping rate of 0.50 ml/
hour (±0.10 ml/hour) during the entire experimental period, 
which equals administration of 0.24 mg DX/day (1.2 mg 
DX/kg bodyweight/day; Mavragani et al., 2005).


Appliance design


The appliance comprised a closed coil spring (Elgiloy 
spring, F-31 0.008 × 0.032 inches; Rocky Mountain Dental 
Products Co., Denver, Colorado, USA) and bands on the 
incisors. This orthodontic appliance was based on the 
modified technique described by Brudvik and Rygh (1993). 
Bands were manufactured and eyelets prepared from  
0.5 inch diameter stainless steel wires which were welded 
on the bands. The coil springs were cut in to 5 mm sections 
and secured with 0.010 inch ligature wires (Dentaurum, 
Ispringen, Germany) distally to the upper first molars and 
anteriorly to the eyelets on the incisor bands. The force of 
50 g was measured with a gauge at the time of insertion and 
was not reactivated until the end of the experimental 
period. A retractor was used to hold back the soft tissues 
and to hold the head securely (Houston, 1964).


Histological preparation


The animals were weighed and this was recorded twice a 
week. At the end of the experimental period of 14 days, the 
animals were killed with an overdose of anaesthetic 
[Fentanyl (Dormicum-F. Hoffmann-La Roche & Co. AG, 
Basel, Switzerland)/Fluanison Midazolam (Hypnorm-
Janssen Pharmaceutical, Beerse, Belgium; 0.15–0.2 ml/100 g 
bodyweight)] which was injected subcutaneously. The rats 
were subsequently perfused through the left ventricle of the 
heart with McDowell’s solution.


The appliance and tooth-bearing segments of the maxilla 
were dissected and kept in fixative for 24 hours at 4°C, 
rinsed in 0.1 M sodium cacodylate buffer containing 0.2 M 
sucrose, and decalcified in 0.25 M ethylenediaminetetraacetic 
acid (10 per cent) at 4°C for approximately 8 weeks. The 
specimens were embedded in paraffin and 5 mm para-sagittal 
sections were cut and stained with haematoxylin and eosin.


Histomorphometric evaluation


The slide showing the greatest length of the mesiobuccal root 
of the first molar and four adjacent slides were evaluated 
histomorphometrically. Each slide contained five sections. 
The histomorphometric evaluation design was adopted from 
Talic et al. (2006). For histomorphometric measurements, 
photomicrographs were taken digitally with ×4 objective lens 
with a microscope and digital camera system (Olympus 
CX41/DP25; Olympus Corp., Tokyo, Japan).


To calculate the percentage of root resorption, two 
reference points were selected that could be reliably 
identified on all sections: the cemento-enamel junction and 
the root bifurcation point. A line was drawn between the 


Figure 1  Area of investigation: saggital section along the mesio-buccal 
root. Measurements of the area of root resorption and total root surface 
using an image analysis system. BP, bifurcation point; CEJ, cemento-enamel 
junction. Bar = 0.1 mm.
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Table 1  Descriptive statistic values relative to root resorption expressed as percentages and the results of multiple comparison tests.


Groups Mean Standard deviation Minimum Maximum Significance Test*


Percentage (%)


Control TM 2.19 0.86 0.58 2.52 ***P < 0.001 A
Control NTM 0.01 0.08 0.00 0.20 B
Thyroxine TM 0.32 0.25 0.16 0.76 C
Doxycycline TM 0.26 0.06 0.15 0.34 C
Thyroxine NTM 0.02 0.59 0.00 1.46 B
Doxycycline NTM 0.01 0.64 0.00 1.58 B


TM, tooth movement side; NTM, no tooth movement side.
*Groups with different letters are significantly different from each other.


served as the normal root surface. One rat from each group 
was randomly selected. Each specimen (maxilla and 
corresponding teeth) was placed in a 4 per cent sodium 
hypochlorite solution for 1 week. The right upper first molar 
was then extracted, left to air dry for 1 day, and placed on the 
examination stub. Sites to be examined were coated with a 
layer of palladium–gold. Resorption patterns in the different 
study groups were observed and evaluated by SEM.


TM measurements


Orthodontic TM was measured, using the distance between 
the first and second molars, and the data were calculated 
morphometrically using an image analysis system (AnalySIS 
2.1). The distance between the molars was measured 
between the cemento-enamel junction of the distal side of 
the first molar and the mesial side of the second molar in the 
most central section. The same operator (AB) performed all 
measurements.


Statistical analysis


All analyses were performed  with SigmaStat for Windows 
Version 3.10 (Systat Software Inc., Richmond, California, 
USA). To determine the measurement error, 10 
photomicrographs were randomly selected. The roots on 
these images were traced, and the surface area of each 
root was measured and documented with the AnalySIS 
software. Ten days later, a second measurement of the 
surface area of the roots was made. A paired t-test showed 
no statistically significant differences between the two 
measurements (P = 0.660). Statistical analysis used to 
investigate inter-observer method error also indicated no 
significant differences (P = 0.870).


For each animal, a mean value for the histomorpho
metrically evaluated sections was obtained. Statistical 
evaluation of root resorption percentages were performed 
using Kruskal–Wallis analysis of variance. Multiple 
comparisons were determined by Student–Newman–Keuls 
method. The level of significance was set at P < 0.05.


Results


Animals


The animals tolerated the appliance and the implanted 
subcutaneous mini-osmotic pump well. The incision wound 
from the implantation of the mini-osmotic pump was 
adequately healed on the day following surgery. For all 
animals, weight loss was observed for 1 week after appliance 
placement. In the second half of the experimental period, 
the weight increased. The sham group showed more weight 
gain for the 14 day experimental period.


Amount of resorption


The load delivered to the clinical crowns of the maxillary 
incisors and first molars with the closed coil spring caused 
uncontrolled tipping movement and created areas of 
compression and tension in the PDL. In the sections stained 
with haematoxylin and eosin, root resorption lacunae were 
seen on the root surface, with a few multinucleated 
odontoclasts adhering to resorption lacunae along the root 
surface, especially on the compression side. Osteoclasts were 
identified in all groups but not in all specimens of each group.


Descriptive statistical values of the relative root 
resorption expressed as a percentage are shown in Table 1. 
The Kruskal–Wallis test showed significant differences 
between the control and experimental groups (P < 0.001). 
Histomorphometric analysis showed that the average relative 
root resorption of the maxillary molars on the TM side was 
0.32 ± 0.025 in the TX, 0.26 ± 0.06 in the DX groups and 
2.19 ± 0.86 in the control group (Table 1, Figure 2). The 
average relative root resorption on the NTM side was 0.02 ± 
0.59, 0.01 ± 0.64 and 0.01 ± 0.08, respectively. There was a 
significant difference in relative root resorption between the 
TM and NTM sides in the control groups (P < 0.001). There 
was a significant inhibition of root resorption in the 
experimental groups (P < 0.001) on the TM side. There was 
no significant difference in relative root resorption between 
the TX-TM and DX-TM groups. Furthermore, there was no 
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significant difference in relative root resorption on the NTM 
side in the experimental and control groups.


SEM results


The mesial sides of the mesiobuccal roots were qualitatively 
evaluated by SEM and only subjective observations are 
reported. As only one sample was investigated for each 
group, the results should be interpreted with caution. 
Resorptive lacunae were observed on the mesial surface of 
all first molar mesial roots, even in the sham rat (the rat 
with no force application or TX/DX intervention). Root 
resorption at all TM and NTM sides was greater than in the 
control rat. Root resorption in the TX and DX groups was 
less than in the control group. Root resorption in the TX 
group was near the level observed in the DX group.


Resorption was evaluated according to Mavragani et al. 
(2004) (1) small isolated lacuna; (2) wide shallow resorption 
bays with no detectable dentinal tubules; (3) deep resorption 
lacuna extending into the dentine. Small isolated lacunaes 
and wide shallow bays were seen in all samples; occasionally 
in continuity with each other, and sometimes small 
isolated lacunaes encircled deep resorption bays (Figure 3). 
Deep resorption lacunaes were rarely detected (Figure 4). 
Undermining resorption detected as sharp edges were seen 
at the periphery of resorption bays.


Except for the appliance control group, resorption lacunae 
were localized in the cervical third of the root, whereas in 
the appliance control group resorption was seen in the 
middle third of the root (Figure 5).


Tooth movement


All molars on the TM side showed evidence of movement. 
No tooth movement was noted at the NTM sides. No 


Figure 2  (a) Non-appliance control group: mild resorption of cement and dentine (original 
magnification ×20); (b) appliance control group: wide shallow resorption lacunae extending into the 
dentine (original magnification ×20); (c) doxycycline group: small isolated lacunae and deep dentine 
resorption (original magnification ×20); (d) l-thyroxine group: wide and deep dentine resorption 
(original magnification ×10). Bar = 0.1 mm.


significant difference was detected between the amount of 
TM in the control and experimental groups when considering 
the distance measured between the first and second 
molars (Table 2). The median values for the control, TX, 
and DX groups were 0.803 mm, 0.856 mm, and 0.667 mm, 
respectively.


Discussion


Orthodontically induced root resorption is a common but 
unpredictable consequence of orthodontic TM (Talic et al., 
2006). Foo et al. (2007) observed increases in resorption 
crater volumes in a TM group compared with the 
controls. Those authors reported that the incidence of 
root resorption increases significantly with, orthodontic 
TM. Identifying high-risk patients who may develop root 
resorption during orthodontic TM is a prerequisite for 
developing clinical or cellular treatment modalities to 
prevent or reduce the incidence of root resorption (Talic  
et al., 2006).


The current study aimed to compare the influence of two 
different pharmacological agents on induced root resorption. 
An animal model was chosen to better control the variables 
and reduce other influencing factors. Wistar rats were 
chosen because they are bred to be genetically the same, 
thereby eliminating genetic variables. In the present study, 
the rats were approximately the same age (8 weeks) at the 
start of the experiment, and the development of their 
teeth and surrounding structures should have been complete 
(Matias et al., 2003). The design and application of 
experimental orthodontic TM often shows shortcomings. 
As the effect of an applied force on the tissues is related to 
the size of the tooth involved, the magnitude of the applied 
force should be related to its root surface area (Isaacson  
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Figure 5  Scanning electron micrographs of (a) sham group; (b) 
appliance control group; (c) doxycycline group; (d) thyroxine group.


Figure 4  Severe dentine resorption in the appliance control group.


Figure 3  Doxycycline group: arrow heads indicate small isolated lacunae 
surrounding wide shallow resorption lacunae (WSR); DRL, deep resorption 
lacunae.


et al., 1993). Rat teeth are very thin (a rat molar is 
approximately 50 times smaller than a human molar), which 
complicates the design of an efficient orthodontic appliance 
that is suited to produce a constant and continuous force 
with an acceptable force range (Ren et al., 2004).


The present orthodontic TM model was adapted from 
Ashizawa and Sahara (1998) but has also been used by 
Brudvik and Rygh (1993) and Mavragani et al. (2004, 
2005). The appliance system was used to produce a 
continuous force over the experimentation period of  
2 weeks (Melsen et al., 1994). Both clinical and animal 
studies have shown that there are several phases in TM 
(Proffit and Fields, 2000). It takes from a few days to a few 
weeks to reach the so-called ‘linear phase’, where real TM 
through bone occurs. Therefore, studies aimed at describing 
the characteristics and biological response in the linear 
phase of TM should have an experimental period of at least 
2 weeks. Orthodontic TM starts the process of orthodontically 
induced root resorption and, because of the continuous force 
applied, cementum repair should not occur (Foo et al., 
2007). Owman-Moll and Kurol (1998) showed cementum 
repair as early as 2 weeks after cessation of orthodontic 
TM. This methodology allowed the study of maximum 
resorptive sites after the 2 week experimental period in the 
present study, without the possibility of a reparative phase. 
The present appliance system elicited tissue reactions that 
included the recruitment of clast cells and their progenitors; 
this results in bone and root resorption. This was evident by 
the statistical difference in the extent of root resorption 
between the TM and the NTM sides of the control group.


In many experimental TM studies, non-standardized or 
unclearly explained springs or elastics have been used as 
the force delivery system. According to Ren et al. (2004), 
the force decay rate, the amount of force decay, and the 
dimensional changes of elastics during decompression have 
not yet been adequately investigated. Thus, standardized 
closed coil springs were preferred to produce a constant and 
continuous force over the experimental period.


In previous research, testing materials or pharmacological 
agents have been administered systemically through the 
drinking water of the experimental animals (Grevstad 
and Bøe, 1995). The implantation of mini-osmotic pumps 
offers a controlled way of continuous drug administration. 
However, it has been stated that the pumping rate becomes 
stable only several hours after implantation (Mavragani et al., 
2005). Therefore, pump implantation should, optimally, 
precede orthodontic appliance insertion by at least 1 day in 
order to establish a steady DX and TX serum level by the 
time of force application. In the present study, however, it 
was considered that two separate operations within a short 
interval might negatively affect the animals. Hence, the 
results should be interpreted carefully in the context of TX 
and DX levels during the first experimental day.


The measurement of root resorption craters was 
adopted from Talic et al. (2006) who used percentages 
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instead of total resorption area in square micrometres. It 
was thought that the applied force could lead to more 
resorption of smaller teeth. Although the animals were 
nearly the same weight, individual differences may exist 
in the size of their teeth, similar to humans. Thus, the 
percentage of resorption areas to root was considered to 
be appropriate for assessment of root resorption instead 
of total resorption area.


The present results suggest that the TX-treated animals 
showed significantly less root resorptive lesions on the TM 
sides than the TM control group. These data corroborate the 
findings that administration of lower doses of TX reduces 
force-induced root resorption lesions (Poumpros et al., 
1994; Shirazi et al., 1999). Vázquez-Landaverde et al. 
(2002) suggested that administration of low doses of TX 
might provide a protective role on the root surface during 
orthodontic TM, and in those patients that present 
spontaneous root resorption lesions.


DX was selected over other tetracyclines for this 
experiment because it has been shown to be a more potent 
collagenase inhibitor (Selvig et al., 1992; Thomas et al., 
2000) and has demonstrated an inhibitory effect on root 
resorption and alveolar bone distraction in rats (Mavragani 
et al., 2005). The current study demonstrated an inhibitory 
effect of DX on root resorption. Several pleiotropic and 
complex mechanisms have been proposed to explain the 
anti-resorptive properties of tetracyclines, primarily by 
the inhibition of several matrix metalloproteinases (Rifkin 
et al., 1993). Matrix metalloproteinases are largely 
responsible for degrading constituents of connective 
tissues, not only during pathological tissue breakdown but 
also during normal remodelling (Greenwald et al., 1998) 
and this phenomenon may partly explain the reduction in 
resorptive activity in the experimental animals.


In the present study, the aim was to determine whether 
DX, the most potent tetracycline with anti-collagenase 
activity commercially available, and a hormone, TX, could 
prevent root resorption in an experimental rat model. The 
results showed that systemic delivery of both agents 
significantly reduced orthodontically induced root resorption 
surface areas and it was found that there was no significant 


difference in relative root resorption between the DX-TM 
and TX-TM groups.


No statistically significant differences were found among 
the two experimental and one control group in the amount 
of TM. Because both osteoclasts and odontoclasts share 
numerous morphological and functional features, it is 
reasonable to assume that they would be similarly affected 
by the tested agents. Yet, in this study, a 14 day systemic 
administration of TX and DX significantly reduced 
orthodontically induced root resorption, but TM, which is 
linked to alveolar bone resorption, was not affected. This is 
contrary to the results of Shirazi et al. (1999) who found 
increased TM with TX. On the other hand, Poumpros et al. 
(1994) found that TM was not affected by low-dose TX and 
they interpreted the result as being due to a more efficient 
forced-induced remodelling process. Some reports have 
shown that administration of low-dose TX reduces bone 
resorption (Tapp, 1966; Adams and Jowsey, 1967) in 
contrast to high doses, which have been shown to increase 
bone resorption (Adams and Jowsey, 1967). Likewise, 
Mavragani et al. (2005), in their study on rats, noted 
decreased osteoclastic activity but no change in 
orthodontic TM compared with the control animals. The 
results were interpreted as normalization of bone loss with 
restoration of normal osteoblast structure and increased 
collagen synthesis (Sasaki et al., 1991, 1992).


In a previous investigation where DX was shown to be 
effective in preventing root resorption in rats, the mean TM 
was 919.4 mm after a 14 day experimental period (Mavragani 
et al., 2005). The difference in TM between the two studies 
may be due to the size of the animals. In the present study, 
132.53 ± 12.65 g animals were used whereas this was 196 ± 
10 g in the study of Mavragani et al. (2005). It can be 
considered that the use of larger animals results in increased 
TM as the gingival embrasures are larger.


SEM permits visualization of surface structures and  
is particularly valuable in recording the morphology of 
mineralized tissues (Boyde and Jones, 1968). This technique 
provides enhanced visual assessment of root surfaces, 
unattainable with histological models reconstructed from 
serial sections (Reitan, 1974). During specimen preparation 


Table 2  Descriptive statistics for the tooth movement (TM) measurements and the results of multiple comparison tests.


Groups N Magnitude of TM (mm) Significance Multiple comparison


25% Median 75% Control TM L-thyroxine TM Doxycycline TM


Control NTM 7 0.263 0.278 0.373 *** * * *
Control TM 7 0.719 0.803 0.836 NS NS
L-thyroxine TM 7 0.506 0.856 0.882 NS
Doxycycline TM 7 0.560 0.667 0.808


NS, not significant. *P < 0.05.
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for SEM, the organic part was dissolved according to 
Mavragani et al. (2004), allowing alterations of the mineral 
component of the root surface and the ‘footprints’ of cells 
on the mineralized tissue to be observed. The area of 
cratering on the root surface was evaluated as an indicator 
of cell activity. Hellsing and Hammarstrom (1996), in a 
study using SEM, found definitive resorption sites forming 
within 1 week of appliance placement. The 2 week 
experimental period in the present investigation was 
sufficient to produce resorption sites for analysis.


Conclusions


Under the conditions of this experiment, TX and DX 
demonstrated inhibitory effects on root resorption in rats. 
However, the magnitude of TM, which is linked to alveolar 
bone resorption, was not affected.


Further, studies on the effect of low doses of DX and TX 
administration during orthodontic TM and the mechanisms 
involved have to be undertaken before the routine clinical 
application of these procedures can be recommended.
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Introduction


Orthodontic plaster models are routinely employed in the 
assessment of tooth dimensions as well as intra- and inter-arch 
relationships during the course of orthodontic treatment (Bell 
et al., 2003). However, with increasing storage requirements 
for plaster models, damage and loss of models are common 
(Quimby et al., 2004). Storage of plaster models is also a 
particular issue in urban areas where space is at a premium 
(Santoro et al., 2003). Thus, in recent years, there has been 
considerable interest in alternatives to orthodontic plaster 
models within clinical orthodontics (Mok et al., 2007).


The use of two-dimensional (2D) digital images has been 
suggested as an alternative for model storage as photographic 
devices are now widely available and relatively inexpensive 
(Sandler et al., 2002; Cochran et al., 2004; Wong et al., 
2005; Mok et al., 2007). Nevertheless, it is accepted that 2D 
digital images cannot compare with three-dimensional (3D) 
images. This has led to increasing interest in 3D images or 
‘virtual’ orthodontic models (Lee et al., 2008). It has been 
reported that there was no significant difference in 
assessment of tooth dimensions obtained from plaster 
models and their corresponding virtual models (Bell et al., 
2003; Zilberman et al., 2003; Quimby et al., 2004; Mayers 
et al., 2005; Paredes et al., 2006; Stevens et al., 2006; 
Asquith et al., 2007; Mullen et al., 2007; Lee et al., 2008) 
or in several intra- and inter-arch relationship measurements 
(Terai et al., 1999; Bell et al., 2003; DeLong et al., 2003; 
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SUMMARY  The objective of this study was to assess the feasibility of virtual models as an alternative to 
orthodontic plaster models. Virtual dental models (obtained from OrthoCAD®) and corresponding plaster 
models of 80 patients in the permanent dentition were randomly selected from patients seeking orthodontic 
care. Inter-examiner error was assessed by measuring tooth width, overjet, overbite, intermolar width, 
intercanine width, and midline discrepancy. Criterion validity of virtual model analysis was determined 
by the agreement between the measurements from virtual and plaster models. Test–retest reliability 
was determined by remeasuring 10 virtual models 1 week later. Comparison analysis was assessed by 
calculating the mean directional differences and standardized directional differences. Correlation analysis 
was determined by calculating the intraclass correlation coefficients (ICCs).


Both intra- and inter-examiner reliability and test–retest reliability of virtual model analysis were 
acceptable in measuring intercanine, intermolar, overjet, overbite, midline discrepancy, space analysis, 
and tooth width (ICC > 0.7). Good criterion validity was indicated by agreement between the results 
from the plaster and virtual models (ICC > 0.8). There were substantial agreements for canine and molar 
relationship classifications (k > 0.70). The results suggest that analysis performed on virtual models is as 
valid as traditional plaster models for intra- and inter-arch relationship.


Santoro et al., 2003; Quimby et al., 2004; Costalos et al., 
2005; Whetten et al., 2006; Okunami et al., 2007). Bell  
et al. (2003) comparatively assessed direct measurements 
of the linear distance of six anatomic dental points on plaster 
models and measurements of computer-generated 3D 
images of the same plaster models and found no statistically 
significant differences between the measurements. 
Zilberman et al. (2003) tested the accuracy of measuring 
tooth size and arch width on plaster models and OrthoCAD® 
virtual models and concluded that both methods were 
clinically acceptable. Quimby et al. (2004) determine the 
accuracy, reproducibility, efficacy, and effectiveness of the 
measurements of mesiodistal widths, arch length, arch 
width, overjet, and overbite on computer-based models and 
found that those measurements appeared to be as accurate 
and reliable in general as the measurements from plaster 
models. Santoro et al. (2003) evaluated the accuracy of 
measuring tooth size, overbite, and overjet using 
OrthoCAD® models compared with plaster models. They 
reported a statistically significantly smaller tooth size and 
overbite, but the differences were considered clinically 
insignificant (less than 0.5 mm).


However, a comprehensive assessment of the ‘level of 
agreement’ between plaster and virtual models is lacking in 
the literature. This evidence is required to support or refute the 
use of virtual models in clinical practice and research. This 
study aimed to assess the potential use of virtual models as an 
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alternative to plaster models by determining the level of 
agreement in the measurement of inter- and intra-arch 
relationships of plaster models compared with virtual models.


Materials and methods


Study sample


Two sets of polyvinylsiloxane impressions were obtained 
from 80 consecutive patients seeking orthodontic treatment. 
Plaster models were obtained following the usual standard 
protocol (Bell et al., 2003) and the virtual models using 
OrthoCAD®. OrthoCAD® provides 3D images from 
plaster models, alginate or polyvinylsiloxane impression by 
means of a patented ‘destructive scanning’ system that can 
be downloaded from their website and viewed using their 
software. Typically OrthoCAD® files (www.orthocad.com) 
are 3000 kilobytes (3 megabytes). The inclusion criteria 
were subjects in the permanent dentition, with the canines, 
premolars, and second molars erupted (DS4M2; Björk et al., 
1964) with no gross dental abnormalities.


Data collection


Two trained and calibrated examiners (KB and ZL) undertook 
the assessment of the plaster models using digital callipers 
(Shanghai Taihai Congliang Ju Co., Lcd, Shanghai, China) 
to the nearest 0.01 mm and standard rulers to measure overjet 
and overbite to the nearest 0.5 mm (Figure 1). Overjet was 
measured from the labial surface of the lower incisor to the 
labial surface of the upper incisor (Stephens and Bowden, 
1993). Overbite was measured by first marking a line on the 
labial surface of the incisors of the lower orthodontic plaster 
models with the most overlapped vertical distance of the 
upper central incisors and then the maximum vertical distance 
was measured from the marked line to the incisal edges 
(Mitchell and Mitchell, 2005). Mesiodistal widths were 
measured from the greatest mesiodistal diameter from the 
anatomic mesial contact point to the anatomic distal contact 


point of each tooth parallel to the occlusal plane (Hunter and 
Priest, 1960). Intermolar width was measured as the distance 
between the mesiobuccal cusp tips of the permanent first 
molars and intercanine width as the distance between the 
crown tips of the permanent canines. Space analysis was 
measured as the space required minus the space available on 
the plaster models (Mitchell and Mitchell, 2005).


For the virtual models, tooth width, overjet, overbite, 
midline discrepancy, intermolar width, intercanine width, 
and molar and canine relationship were determined on the 
computer screen using the same criteria as for plaster 
models. Both virtual and plaster models were assessed in a 
random order. Inter- and intra-examiner reliability were 
continuously monitored throughout the data collection 
process by randomly reassessing 10 of the 80 models.


Data analysis


Agreements of categorical data: canine and molar 
relationships were assessed by employing Kappa statistic 
(k; Cohen, 1960). Agreements of continuous data: tooth 
width, overjet, overbite, intermolar width, intercanine 
width, midline discrepancy, and space analysis were 
assessed using comparison and correlation analysis. 
Comparison analysis was determined by calculating the 
mean directional differences (MDDs) and standardized 
directional differences (SDDs; Fleiss, 1971). Correlation 
analysis was assessed by calculating the intraclass 
correlation coefficients (ICCs; Shrout and Fleiss, 1979).


Sample size calculation


The sample required for the study was based on the size 
necessary to assess agreement using ICC. The null 
hypothesis for the ICC was set at 0.2 (poor agreement) and 
at 0.8 as the level of significant agreement (excellent 
agreement). Consequently, with a at 0.05 and b at 0.2, the 
minimum number of plaster–virtual model pairs required 
was 60 for a one-tailed test (Shrout and Fleiss, 1979).


Figure 1  Measurement of tooth width (a) on plaster model with digital callipers and (b) with OrthoCAD® 
software.
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Results


Virtual model–plaster model agreement (validity)


Tooth width measurements from virtual models when 
compared with measurements from plaster models were 
of similar magnitudes (Table 1). Compared with 0 mm, 
the MDD of tooth width was not statistically significant 
(P > 0.05). When the MDD was standardized, the 
magnitude of the directional difference for tooth width 
measurements was less than 0.1 mm. The mean absolute 
differences of tooth widths measured on virtual and 
plaster models were less than 0.3 mm. ICC for tooth 
widths was greater than 0.80.


The MDDs of intercanine and intermolar width, 
overjet, overbite, midline discrepancy, and space analysis 
were all less than 0.2 mm. The SDDs of intercanine and 
intermolar width, overjet, overbite, midline discrepancy, 
and space analysis are shown in Table 2. ICCs for all 
variables were greater than 0.80. For canine and molar 
relationships, the agreements as measured by k statistic 
were greater than 0.70 (k = 0.72 and k = 0.79 for the 
right and left canine relationship, respectively, and k = 
0.81 and k = 0.87 for the right and left molar 
relationship).


Intra-examiner reliability—plaster models


The MDDs of tooth, intercanine, and intermolar width, 
overjet, overbite, midline discrepancy, and space analysis 
were all less than 0.3 mm. The SDDs for tooth, intercanine, 
and intermolar width, overjet, overbite, midline discrepancy, 
and space analysis are shown in Tables 3 and 4. ICCs for all 
these variables were greater than 0.80. Intra-examiner 
agreement as measured by k statistic for canine and molar 
relationships were greater than 0.70 (k = 1.00 for both right 
and left canine relationship and k = 0.87 and k = 0.74 for 
right and left molar relationship, respectively).


Intra-examiner reliability—virtual models


The MDDs of tooth, intercanine, and intermolar width, 
overjet, overbite, midline discrepancy, and space analysis 
were all less than 0.6 mm. The SDDs of tooth, intercanine, 
and intermolar width, overjet, overbite, midline discrepancy, 
and space analysis are shown in Tables 4 and 5. ICCs for all 
these variables were greater than 0.80. Inter-examiner 
agreement as measured by k statistic for canine and molar 
relationships were greater than 0.80 (k = 1.00 and k = 0.87 
for right and left canine relationship, respectively, and k = 
1.00 for both right and left molar relationship).


Table 1  Agreement between plaster and virtual models in assessment of tooth size.


Measurements 
Tooth


Plaster Virtual Directional difference Absolute difference Correlation 
coefficient


95% 
Agreement 
interval


Mean (mm) SD (mm) Mean (mm) SD (mm) Mean (mm) SD (mm) D* Mean (mm) SD (mm) (mm)


16 10.50 0.62 10.52 0.59 0.02 0.21 0.08 0.10 0.18 0.942 0.911–0.962
15 7.13 0.45 7.14 0.49 0.01 0.23 0.04 0.12 0.20 0.882 0.822–0.923
14 7.58 0.41 7.60 0.45 0.02 0.19 0.12 0.10 0.16 0.908 0.859–0.940
13 8.13 0.57 8.18 0.64 0.05 0.28 0.18 0.18 0.22 0.900 0.848–0.935
12 7.18 0.69 7.20 0.71 0.01 0.18 0.06 0.08 0.16 0.968 0.950–0.979
11 8.74 0.52 8.72 0.56 −0.02 0.23 −0.08 0.11 0.20 0.911 0.865–0.942
21 8.73 0.53 8.72 0.56 −0.01 0.18 −0.04 0.10 0.15 0.945 0.915–0.964
22 7.19 0.61 7.19 0.65 −0.01 0.17 −0.04 0.08 0.16 0.963 0.943–0.976
23 8.04 0.63 8.07 0.67 0.02 0.12 0.19 0.07 0.10 0.984 0.975–0.990
24 7.59 0.44 7.62 0.46 0.03 0.15 0.21 0.08 0.13 0.948 0.920–0.967
25 7.14 0.46 7.16 0.47 0.03 0.12 0.22 0.07 0.10 0.966 0.947–0.978
26 10.36 0.53 10.32 0.53 −0.03 0.24 −0.14 0.19 0.16 0.896 0.842–0.932
36 11.03 0.61 10.98 0.61 −0.05 0.25 −0.19 0.17 0.19 0.917 0.873–0.946
35 7.35 0.46 7.38 0.49 0.03 0.17 0.19 0.10 0.14 0.939 0.906–0.960
34 7.42 0.45 7.46 0.52 0.04 0.21 0.21 0.13 0.17 0.918 0.875–0.947
33 7.02 0.48 7.04 0.55 0.02 0.22 0.08 0.13 0.18 0.914 0.869–0.944
32 6.15 0.47 6.18 0.53 0.03 0.24 0.11 0.15 0.19 0.891 0.835–0.929
31 5.58 0.44 5.55 0.46 −0.02 0.19 −0.13 0.12 0.15 0.907 0.858–0.939
41 5.57 0.47 5.54 0.46 −0.03 0.20 −0.17 0.14 0.15 0.901 0.850–0.936
42 6.12 0.49 6.15 0.52 0.03 0.22 0.16 0.15 0.16 0.908 0.860–0.940
43 6.93 0.43 6.93 0.48 0.00 0.20 −0.01 0.12 0.16 0.906 0.856–0.939
44 7.40 0.46 7.42 0.48 0.02 0.11 0.20 0.07 0.09 0.972 0.956–0.982
45 7.40 0.47 7.42 0.46 0.03 0.13 0.20 0.09 0.09 0.963 0.943–0.976
46 11.05 0.56 11.05 0.56 −0.01 0.23 −0.03 0.17 0.15 0.918 0.874–0.947


*Standardized difference = mean directional difference/standardized deviation of directional differences (D ≤ 0.2, small; 0.2 < D < 0.5, moderate;  
D ≥ 5, large).
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Table 3  Intra- and inter-examiner agreement with tooth widths of plaster models.


Measurements  
Tooth


Directional difference


CorrelationIntra-examiner Inter-examiner


Mean (mm) SD (mm) D* Mean (mm) SD (mm) D* Intra-examiner Inter-examiner


16 0.05 0.12 0.42 −0.06 0.32 −0.19 0.972 0.823
15 −0.04 0.14 −0.28 −0.03 0.30 −0.10 0.951 0.813
14 0.04 0.10 0.41 −0.06 0.25 −0.24 0.971 0.811
13 0.02 0.24 0.08 0.01 0.38 0.03 0.941 0.720
12 0.03 0.11 0.28 −0.16 0.29 −0.55 0.985 0.878
11 0.01 0.10 0.10 −0.14 0.21 −0.68 0.985 0.905
21 0.02 0.10 0.19 −0.05 0.16 −0.30 0.978 0.943
22 0.07 0.13 0.56 −0.15 0.27 −0.56 0.972 0.930
23 0.01 0.11 0.09 −0.13 0.19 −0.69 0.995 0.993
24 −0.01 0.10 −0.10 −0.06 0.22 −0.28 0.973 0.903
25 −0.04 0.12 −0.34 0.07 0.32 0.22 0.958 0.711
26 0.00 0.12 0.00 0.08 0.22 0.36 0.971 0.893
36 −0.07 0.19 −0.37 −0.18 0.39 −0.46 0.939 0.723
35 0.05 0.07 0.71 0.00 0.33 0.00 0.995 0.881
34 0.04 0.12 0.34 −0.03 0.19 −0.16 0.980 0.946
33 −0.03 0.16 −0.18 −0.14 0.24 −0.58 0.969 0.936
32 0.04 0.07 0.57 0.02 0.30 0.07 0.980 0.840
31 0.03 0.11 0.28 −0.10 0.17 −0.59 0.945 0.877
41 0.01 0.13 0.08 −0.15 0.25 −0.61 0.890 0.740
42 0.00 0.15 0.00 −0.11 0.40 −0.27 0.942 0.356
43 −0.03 0.12 −0.26 −0.20 0.33 −0.61 0.944 0.835
44 0.00 0.09 0.00 −0.10 0.18 −0.55 0.985 0.956
45 0.05 0.10 0.51 0.09 0.15 0.59 0.982 0.938
46 −0.06 0.20 −0.30 0.09 0.23 0.39 0.905 0.827


*Standardized difference = mean directional difference/standardized deviation of directional differences (D ≤ 0.2, small; 0.2 < D < 0.5, moderate; 
D ≥ 5, large).


Table 2  Agreements between plaster and virtual models in assessing dental arch relationship.


Variables Plaster Virtual Directional difference Absolute difference Correlation 
coefficient


95% Agreement 
interval (mm)


Mean (mm) SD (mm) Mean (mm) SD (mm) Mean (mm) SD (mm) D* Mean (mm) SD (mm)


Upper intercanine 35.04 2.57 35.01 2.67 0.03 0.69 0.05 0.37 0.58 0.967 0.948–0.978
Lower intercanine 26.84 2.65 26.89 2.83 −0.05 0.53 −0.09 0.41 0.35 0.983 0.974–0.989
Upper intermolar 46.62 3.03 46.62 3.11 0.01 0.55 0.01 0.44 0.32 0.984 0.976–0.990
Lower intermolar 45.53 3.31 45.43 3.33 0.10 0.52 0.20 0.39 0.35 0.988 0.981–0.992
Overjet 3.77 3.62 3.95 3.70 −0.19 0.94 −0.20 0.63 0.73 0.967 0.949–0.979
Overbite 2.05 1.77 2.20 1.96 −0.16 0.80 −0.20 0.53 0.62 0.913 0.868–0.944
Upper crowding −3.06 4.14 −2.99 4.15 −0.07 0.75 −0.09 0.43 0.62 0.984 0.974–0.989
Lower crowding −1.98 3.39 −1.83 3.30 −0.15 0.88 −0.17 0.41 0.79 0.966 0.947–0.978
Midline discrepancy 1.35 1.17 1.47 1.27 −0.12 0.55 −0.22 0.37 0.42 0.903 0.852–0.937


*Standardized difference = mean directional difference/standardized deviation of directional differences (D ≤ 0.2, small; 0.2 < D < 0.5, moderate; 
D ≥ 5, large).


Inter-examiner reliability—plaster models


The MDDs of tooth widths were less than 0.1 mm. The 
MDDs of intercanine and intermolar width, overjet, overbite, 
midline discrepancy, and space analysis were less than 0.6 
mm. The SDDs for tooth, intercanine, and intermolar width, 
overjet, overbite, midline discrepancy, and space analysis 


are shown in Tables 3 and 4. The ICCs for intercanine and 
intermolar width, overjet, overbite, midline discrepancy, 
and space analysis agreements were all greater than 0.70. 
Inter-examiner agreements for canine and molar relationships 
were greater than 0.70 (k = 1.00 for both right and left 
canine relationship and k = 0.87 and k = 0.74 for right and 
left molar relationship, respectively).
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Table 4  Intra- and inter-examiner agreement in assessing dental arch relationship.


Variables Directional difference


CorrelationIntra-examiner Inter-examiner


Mean (mm) SD (mm) D* Mean (mm) SD (mm) D* Intra-examiner Inter-examiner


Plaster model
  Upper intercanine −0.19 0.40 −0.48 −0.03 0.65 −0.05 0.979 0.939
  Lower intercanine 0.03 0.25 0.12 −0.15 0.49 −0.30 0.994 0.975
  Upper intermolar −0.20 0.30 −0.67 −0.23 1.60 −0.14 0.997 0.870
  Lower intermolar −0.13 0.46 −0.28 −0.58 0.92 −0.63 0.996 0.981
  Overjet −0.05 0.64 −0.08 −0.33 0.71 −0.46 0.984 0.981
  Overbite 0.05 0.37 0.14 0.03 0.45 0.07 0.983 0.965
  Upper crowding −0.67 0.97 −0.69 −0.45 0.84 −0.54 0.943 0.974
  Lower crowding −0.19 0.66 −0.29 −0.22 0.28 −0.78 0.973 0.994
  Midline discrepancy −0.20 0.42 −0.47 −0.05 0.16 −0.32 0.929 0.989
Virtual model −0.05 0.36 −0.14 −0.44 0.83 −0.53 0.984 0.910
  Upper intercanine −0.07 0.33 −0.21 −0.11 0.62 −0.18 0.991 0.961
  Lower intercanine 0.03 0.47 0.06 −0.68 1.64 −0.42 0.990 0.853
  Upper intermolar 0.07 0.29 0.24 −0.56 0.84 −0.66 0.998 0.982
  Lower intermolar −0.36 1.05 −0.34 −0.41 0.65 −0.63 0.967 0.984
  Overjet 0.06 0.60 0.10 0.14 0.56 0.25 0.931 0.943
  Overbite −0.06 0.35 −0.17 −0.03 0.82 −0.04 0.990 0.951
  Upper crowding 0.13 0.51 0.25 0.02 1.35 0.01 0.977 0.825
  Lower crowding −0.06 0.26 −0.23 −0.07 0.47 −0.15 0.948 0.791
  Midline discrepancy −0.05 0.36 −0.14 −0.44 0.83 −0.53 0.984 0.910


*Standardized difference = mean directional difference/standardized deviation of directional differences (D ≤ 0.2, small; 0.2 < D < 0.5, moderate; D ≥ 5, large).


Table 5  Intra- and inter-examiner agreement with tooth widths of virtual models.


Measurements  
Tooth


Directional difference


CorrelationIntra-examiner Inter-examiner


Mean (mm) SD (mm) D* Mean (mm) SD (mm) D* Intra-examiner Inter-examiner


16 −0.08 0.20 −0.39 0.13 0.30 0.43 0.946 0.873
15 0.00 0.13 0.00 0.03 0.38 0.08 0.976 0.725
14 0.04 0.11 0.37 0.01 0.17 0.06 0.971 0.930
13 0.00 0.18 0.00 0.07 0.41 0.17 0.969 0.840
12 0.06 0.16 0.38 0.06 0.34 0.18 0.988 0.890
11 −0.05 0.26 −0.19 −0.20 0.40 −0.50 0.916 0.841
21 0.08 0.12 0.65 0.02 0.35 0.06 0.983 0.852
22 0.07 0.21 0.33 −0.07 0.23 −0.30 0.984 0.967
23 −0.03 0.16 −0.19 −0.12 0.32 −0.37 0.992 0.967
24 −0.02 0.10 −0.19 0.04 0.40 0.10 0.993 0.746
25 −0.02 0.16 −0.12 0.13 0.31 0.42 0.956 0.761
26 0.07 0.35 0.20 0.16 0.31 0.52 0.816 0.783
36 −0.04 0.22 −0.18 0.15 0.33 0.45 0.912 0.810
35 0.02 0.19 0.10 0.15 0.49 0.31 0.960 0.749
34 0.02 0.12 0.16 0.13 0.34 0.39 0.988 0.926
33 −0.06 0.26 −0.23 −0.01 0.31 −0.03 0.969 0.939
32 0.03 0.19 0.16 0.04 0.44 0.09 0.963 0.747
31 0.07 0.11 0.66 0.08 0.12 0.65 0.977 0.954
41 0.04 0.12 0.34 0.07 0.22 0.32 0.952 0.851
42 0.11 0.19 0.58 0.06 0.34 0.18 0.915 0.813
43 0.04 0.17 0.23 0.00 0.17 0.00 0.968 0.971
44 −0.01 0.22 −0.04 −0.09 0.21 −0.43 0.919 0.925
45 0.10 0.16 0.61 0.17 0.25 0.69 0.935 0.863
46 −0.07 0.22 −0.32 0.10 0.21 0.47 0.899 0.899


*Standardized difference = mean directional difference/standardized deviation of directional differences (D ≤ 0.2, small; 0.2 < D < 0.5, moderate; D ≥ 5, large).
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Inter-examiner reliability—virtual models


For virtual models, the MDDs of tooth widths were all less 
than 0.2 mm. The MDDs of intercanine and intermolar 
width, overjet, overbite, midline discrepancy, and space 
analysis were all less than 0.5 mm. The SDDs of tooth 
widths were all less than 0.6 mm. The SDDs of intercanine 
and intermolar width, overjet, overbite, midline discrepancy, 
and space analysis were all less than 0.3 mm. ICCs for 
tooth, intercanine and intermolar width, overjet, overbite, 
midline discrepancy, and space analysis agreements were 
all greater than 0.70. Inter-examiner agreements for canine 
and molar relationships were greater than 0.70 (k = 0.73 
and k = 1.00 for right and left canine relationship, 
respectively, and k = 1.00 for both right and left molar 
relationship; Tables 4 and 5).


Discussion


With the growing interest in 3D images among orthodontists, 
a number of companies now offer a service to supply ‘virtual 
models’ on a commercial basis (Quimby et al., 2004; Stevens 
et al., 2006; Okunami et al., 2007). In this study, 3D images 
were obtained from OrthoCAD® which is the system 
employed at the Prime Philip Dental Hospital (Quimby et al., 
2004). All companies that provide 3D image virtual model 
systems are similar with respect to what assessments can be 
undertaken on them but differ in the software they provide 
for analysis (Stevens et al., 2006). It would be useful for other 
researchers to assess and compare different 3D image virtual 
model systems. It should be borne in mind that models in this 
study were obtained from polyvinylsiloxane impressions. 
Other types of impression material make affect the accuracy 
of 3D image virtual models.


With respect to tooth dimensions in this study, the difference 
in mesiodistal dimensions as assessed on plaster and virtual 
models were not statistically different from zero. This concurs 
with the findings comparing plaster models and other 3D 
imaging systems (Bell et al., 2003; Santoro et al., 2003; 
Quimby et al., 2004; Stevens et al., 2006). At a group level, 
the MDDs of tooth dimensions for plaster models compared 
with virtual models were less than 0.1 mm. The SDD of tooth 
dimensions between plaster models and virtual models was 
less than 0.2, which can be interpreted as a statistically small 
difference; the magnitude of the statistical difference was 
small and similar to previously reported studies (Cohen, 
1960, 1988; Shrout and Fleiss, 1979; Petrie, 2002). The mean 
absolute difference was less than 0.2 mm; if the average 
mesiodistal width of the smallest tooth (lower central incisor) 
is taken as 6.0 mm (Lewis et al., 2008), then there is less than 
a 5 per cent difference in absolute assessment. In this study, 
individual plaster and virtual model agreement was excellent 
(ICC > 0.80) in all cases (Shrout and Fleiss, 1979).


To assess arch relationships, assessments were conducted 
including intercanine width, intermolar width, overjet, 


overbite, upper and lower space analysis, as well as midline 
discrepancy. At the group level, the MDD between 
assessments was not significantly less than 0. This is in 
agreement with the findings of two other studies that 
reported no significant difference in many of these variables 
between plaster and virtual models (Colton, 1974; Shrout 
and Fleiss, 1979; Petrie, 2002). The SDD of all arch 
relationships was less than 0.2 indicating that any difference 
between them could be interpreted as small (Shrout and 
Fleiss, 1979). The mean absolute difference was less than 
0.7 mm. Relative to average estimates of these variables, 
the mean absolute difference was less than 5 per cent; 
however, it is acknowledged that the parameters of these 
variables may differ with respect to different populations. 
The individual plaster and virtual model pairs’ agreement 
of arch relationships could be considered as excellent (ICC 
> 0.90; Shrout and Fleiss, 1979; Cohen, 1988; Petrie, 
2002).


In terms of inter- and intra-examiner reliability, assessments 
on plaster and virtual models were all substantial, both for 
tooth dimensions and arch relationships (ICC > 0.70; Colton, 
1974; Shrout and Fleiss, 1979; Cohen, 1988; Roberts and 
Richmond, 1997). Agreement for molar relationship obtained 
from plaster and their virtual models could be interpreted as 
‘substantial’ (k > 0.70; Petrie, 2002).


Conclusion


There was substantial to excellent agreement between 
assessment of tooth dimensions and arch relationships 
between plaster and virtual models.


Funding


University of Hong Kong (10206658.23438.08003.301.01).


References
Asquith J, Gillgrass T, Mossey P 2007 Three-dimensional imaging of 


orthodontic models: a pilot study. European Journal of Orthodontics 29: 
517–522


Bell A, Ayoub A, Siebert P 2003 Assessment of the accuracy of a three-
dimensional imaging system for archiving dental study models. Journal 
of Orthodontics 30: 219–223


Björk A, Krebs A, Solow B 1964 A method for epidemiological registration 
of malocclusion. Acta Odontologica Scandinavica 22: 27–41


Cochran J et al. 2004 A standardized photographic method for evaluating 
enamel opacities including fluorosis. Community Dentistry and Oral 
Epidemiology 32: (Suppl 1)19–27


Cohen J 1960 A coefficient of agreement for nominal scales. Educational 
and Psychological Measurement 1: 37–46


Cohen J 1988  Statistical power analysis for the behavioral sciences. 
Lawrence Erlbaum Associates, Hillside


Colton T 1974  Statistics in medicine. Little Brown and Company, Boston
Costalos P, Sarraf K, Cangialosi T, Efstratiadis S 2005 Evaluation of the 


accuracy of digital model analysis for the American Board of 
Orthodontics objective grading system for dental casts. American 
Journal of Orthodontics and Dentofacial Orthopedics 128: 624–629


 by A
kram


 A
l-H


uw
aizi on O


ctober 6, 2010
ejo.oxfordjournals.org


D
ow


nloaded from
 



http://ejo.oxfordjournals.org/





595 DIGITAL VERSUS PLASTER MODELS


DeLong R, Heinzen M, Hodges J, Ko C, Douglas W 2003 Accuracy of a 
system for creating 3D computer models of dental arch. Journal of 
Dental Research 82: 438–442


Fleiss J 1971 Measuring nominal scale agreement among many raters. 
Psychological Bulletin 76: 378–382


Hunter W, Priest W 1960 Errors and discrepancy in measurement of tooth 
sizes. Journal of Dental Research 39: 405–414


Lee S, Delong P R, Hodges J S, Hayashi K, Lee J B 2008 Predicting first 
molar width using virtual models of dental arches. Clinical Anatomy 21: 
27–32


Lewis B R, Stern M R, Willmot D R 2008 Maxillary anterior tooth size and 
arch dimensions in unilateral cleft lip and palate. Cleft Palate-
Craniofacial Journal 45: 639–646


Mayers M, Firestone A, Rashid R, Vig K 2005 Comparison of Peer 
Assessment Rating (PAR) index scores of plaster and computer-based 
digital models. American Journal of Orthodontics and Dentofacial 
Orthopedics 128: 431–434


Mitchell D, Mitchell L 2005  Oxford handbook of clinical dentistry, 4th 
edn. Oxford University Press, Inc., New York


Mok C W, Zhou L, McGrath C, Hägg U, Bendeus M 2007 Digital 
images as an alternative to orthodontic casts in assessing malocclusion 
and orthodontic treatment need. Acta Odontologica Scandinavica 65: 
362–368


Mullen S, Martin C, Ngan P, Gladwin M 2007 Accuracy of space analysis 
with emodels and plaster models. American Journal of Orthodontics and 
Dentofacial Orthopedics 132: 346–352


Okunami T, Kusnoto B, BeGole E, Evans C, Sadowsky C, Fadavi S 2007 
Assessing the American Board of Orthodontics objective grading 
system: digital vs plaster dental casts. American Journal of Orthodontics 
and Dentofacial Orthopedics 131: 51–56


Paredes V, Gandia J, Cibrian R 2006 Determination of Bolton tooth-size 
ratios by digitization, and comparison with the traditional method. 
European Journal of Orthodontics 28: 120–125


Petrie A 2002  Further statistical in dentistry. British Dental Association, 
London


Quimby M, Vig K, Rashid R, Firestone A 2004 The accuracy and reliability 
of measurements made on computer-based digital models. Angle 
Orthodontist 74: 298–303


Roberts C T, Richmond S 1997 The design and analysis of reliability 
studies for the use of epidemiological and audit indices in orthodontics. 
British Journal of Orthodontics 24: 139–147


Sandler P J, Murray A M, Bearn D 2002 Digital records in orthodontics. 
Dental Update 29: 18–24


Santoro M, Galkin S, Teredesai M, Nicolay O F, Cangialosi T J 2003 
Comparison of measurements made on digital and plaster models. American 
Journal of Orthodontics and Dentofacial Orthopedics 124: 101–105


Shrout P E, Fleiss J L 1979 Intraclass correlations: uses in assessing rater 
reliability. Psychological Bulletin 86: 420–428


Stephens C, Bowden D 1993 Examination of the patient. In: Shaw W C (ed). 
Orthodontics and occlusal management. Wright, Oxford. , pp. 83–99. 


Stevens D R, Flores-Mir C, Nebbe B, Raboud D W, Heo G, Major P W 
2006 Validity, reliability, and reproducibility of plaster vs digital study 
models: comparison of Peer Assessment Rating and Bolton analysis and 
their constituent measurements. American Journal of Orthodontics and 
Dentofacial Orthopedics 129: 794–803


Terai H, Shimahara M, Sakinaka Y, Tajima S 1999 Accuracy of integration 
of dental casts in three-dimensional models. Journal of Oral Maxillofacial 
Surgery 57: 662–665


Whetten J, Williamson P, Heo G, Varnhagen C, Major P 2006 Variations in 
orthodontic treatment planning decisions of Class II patient between 
virtual 3-dimensional models and traditional plaster study models. 
American Journal of Orthodontics and Dentofacial Orthopedics 130: 
485–491


Wong H M, McGrath C, Lo E C, King N M 2005 Photographs as a means 
of assessing developmental defects of enamel. Community Dentistry 
and Oral Epidemiology 33: 438–446


Zilberman O, Huggare J, Parikakis K 2003 Evaluation of the validity of 
tooth size and arch width measurements using conventional and 
three-dimensional virtual orthodontic models. Angle Orthodontist 
73: 301–306


 by A
kram


 A
l-H


uw
aizi on O


ctober 6, 2010
ejo.oxfordjournals.org


D
ow


nloaded from
 



http://ejo.oxfordjournals.org/






European Journal of Orthodontics 32 (2010) 514–521	 © The Author 2010. Published by Oxford University Press on behalf of the European Orthodontic Society.
doi:10.1093/ejo/cjp140	 All rights reserved. For permissions, please email: journals.permissions@oxfordjournals.org
Advance Access Publication 22 January 2010


Introduction


Oral clefts are the most common craniofacial deformity 
accounting for 15 per cent of all congenital abnormalities 
(Shapira et al., 1999). The incidence of CLP in the UK is 
approximately 1.4 per 1000 live births (Clinical Standards 
Advisory Group, 1998). The aetiology of oral clefts is 
multifactorial involving genetic and environmental 
predisposing factors (World Health Organization, 2002). 
Two main types of clefts are recognized as being 
distinguished from each other, both embryologically and 
genetically (Fraser, 1970): a cleft lip with or without a cleft 
palate, and an isolated cleft palate (ICP).


Individuals with cleft lip and palate (CLP) present 
different facial growth patterns from those of their unaffected 
peers (Normando et al., 1992; Semb and Shaw, 1996). 
However, there is debate as to how these differences arise; 
whether they occur as a result of intrinsic factors related to 
the cleft or as a consequence of cleft repair (Mars, 2004).


Surgical repair of CLP is usually carried out early in life 
and there is great interest in the assessment of surgical 
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SUMMARY  This prospective cross-sectional, case-controlled morphometric study investigated three-
dimensional facial morphological variation among and between 8- and 12-year-old children [40 with a 
unilateral cleft lip and palate (UCLP), 23 with a unilateral cleft lip and alveolus (UCLA), 19 with a bilateral 
cleft lip and palate (BCLP), and 21 with an isolated cleft palate (ICP)]. Eighty gender- and age-matched 
individuals comprised the control group. The mean shape of each group was computed using generalized 
Procrustes analysis (GPA). Differences in shape between group means were assessed using multivariate 
analysis of variance and permutation tests, and shape differences were visualized for interpretation using 
warpings of the grand mean shape and transformation grids computed using thin plate splines (TPA).


Statistically significant differences between the mean facial shapes and forms (shape plus size) of all 
groups were found. The greatest difference was in the BCLP group and the second greatest in the UCLP 
group. The study of asymmetry indicated different degrees and differences in the nature of asymmetry 
that characterize different cleft lip and palate (CLP) deformities. Principal component analyses (PCA) of 
form space and of means, plus reflected means, were informative with respect to the differences in facial 
size and shape and asymmetry between these groups.


The results highlight differences in the aetiology of ICP and CLP groups and underline the potential 
value of statistical shape analysis in assessing the outcomes of CLP treatment.


outcome (Watson, 2004; Berkowitz, 2006). It has been 
suggested that the causes of abnormal facial morphology 
may be intrinsic, iatrogenic, or functional, and there are 
differences of opinion regarding the relative importance of 
each (Capelozza Filho et al., 1996; Kreiborg et al., 2006). 
Moreover, there is debate regarding separate lip and palate 
repair and the timing of these in relation to subsequent facial 
growth (Bardach, 1990; Normando et al., 1992).


Facial form in subjects with oral clefts has previously 
been investigated using traditional two-dimensional (2D) 
techniques such as radiographs (Sadowsky et al., 1973; 
Smahel, 1984) and photographs (Asher-McDade et al., 
1992; Vegter et al., 1997). However, these studies suffer 
from potential magnification errors, loss of information 
from the third dimension, and radiographic exposure risks. 
Direct facial morphometry has been undertaken on subjects 
with different types of oral cleft (Farkas and Lindsay, 1971; 
1972; 1973), but this is time consuming and not practicable 
in the busy outpatient clinic. In recent years, three-
dimensional (3D) imaging systems have become widely 
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available leading to their use in research. Duffy et al. (2000) 
reported a case-controlled 3D facial morphometric study of 
8- to 11-year-old children with non-syndromic oral clefts 
that comprised 10 unilateral cleft lip and palate (UCLP), 
nine unilateral cleft lip and alveolus (UCLA), seven bilateral 
cleft lip and palate (BCLP), and 13 ICP and 25 matched 
controls. They limited their analysis to linear facial 
measurements and ratios in addition to subjective 
comparison between the group average faces. However, 
they experienced problems of the small sample sizes. 
Assessment techniques that rely on interlandmark distances 
and angles that produce results as tabulation of data are 
difficult to interpret (Bardach, 1994).


Emerging technologies in computer graphics have led to 
readily available imaging and visualization tools. Furthermore, 
the development of statistical tools for evaluating variations 
in shape and form (shape plus size) offers great potential in 
objective evaluation of CLP and of management outcome. 
Thus the aim of this study was to use these tools to investigate 
3D facial variation including asymmetry among and between 
groups of 8- to 12-year-old children with UCLP, UCLA, 
BCLP, and ICP and a gender- and age-matched control group. 
This was achieved using 3D surface scans of the face from 
which 3D co-ordinate landmark data were taken. Variations 
between group means were then explored using statistical 
tools from the field of geometric morphometrics. These allow 
correct statistical evaluation of differences between group 
means and the exploration of asymmetry (O’Higgins and 
Jones, 1998; Zelditch et al., 2004).


Subjects and methods


Ethical approval was granted from the Northumberland Local 
Research Ethics Committee (06/Q0902/36) and consent was 
obtained from the parents/guardians and children.


The sample comprised 103 children aged 8–12 years: 40 
non-syndromic, operated subjects with UCLP; 23 with UCLA; 
19 with BCLP; 21 with ICP; and 80 gender- and age-matched 
controls. All subjects were Caucasian and living in the North 
East of England. Children with non-syndromic CLP were 
recruited from the cleft multidisciplinary clinics at the Royal 
Victoria Infirmary co-ordinated clinics in the North East of 
England. Children with UCLP were included only if the cleft 
was complete. None of the affected children had undergone 
alveolar bone grafting at the time of data collection. The 
children in the control group were recruited from the Child 
Dental Health Department at Newcastle Dental Hospital. Care 
was taken to ensure that the children in the control group had 
harmonious balanced faces with a Class I dental occlusion, 
competent lips, and no craniofacial abnormalities, including 
hypodontia, and that none had undergone orthodontic treatment. 
The large sample size of the control group was intended to 
increase the power of the analysis between it and the various 
cleft subgroups (Field, 2005). This sample size has a 90 per 
cent power to detect an effect size (standardized difference) of 


0.85 assuming a type I error rate of 5 per cent. Unfortunately, 
separate analyses of males and females could not be undertaken 
due to the small number of subjects in all cleft subgroups.


3D facial scans were captured using stereophotogram
metry (V3.0 3dMD, Atlanta, Georgia, USA). The subjects 
were seated 95 cm in front of the unit with the Frankfort 
plane raised anteriorly by 10 degrees to the horizontal to 
ensure a clearer picture of the nose. The capture time was 
2 milliseconds that minimized changes in position or facial 
expression. The scan resolution was 2 megapixels. 3D 
scans were reflected if necessary to ensure all unilateral 
clefts were on the left. Further analyses used only these left 
and reflected, right-sided clefts. Thirty-nine anthropometric 
homologous landmarks were used to characterize facial 
and nasiolabial form. The landmarks were defined 
according to Farkas (1994) and Hajeer (2003). An additional 
paired landmark, sbal’R and sbal’L, was defined to obtain 
more information about the effect of the cleft and surgery 
on alae insertions (Table 1). The landmarks were recorded 
using MorphAnalyser software V 2.07. MorphAnalyser 
software is a 3D software package originally developed by 
Tiddeman et al. (2000) and is used in the Child Dental 
Health Department, Newcastle University. This software 
allows 3D visualization of faces, interactive placement of 
landmarks, and extraction of the x, y and z co-ordinates of 
each landmark. From these, linear and angular measurements 
are constructed, 3D landmark symmetry assessed, and 
average faces constructed by matching corresponding 
surfaces between specified landmarks.


The software was validated by an error assessment study 
carried out as part of this research. The results revealed that 
the software was reliable and accurate (0.15 mm or less) 
and compared favourably with other software employed in 
3D data analysis, e.g. software-based analysis tool FAT in 
Glasgow with a reported error of 0.28 mm or less. Overall 
error from image acquisition, MorphAnalyser software, and 
operator error was, on average, 0.5 mm. This value was 
comparable with that of other 3D morphometric validation 
studies (Garrahy 2002; Hajeer, 2003).


The x, y and z  co-ordinates of each of the recorded 
landmarks were extracted and saved in a text file to be 
submitted for further shape analysis.


Morphologika software was used to carry out shape analysis. 
It is an integrated software package developed by (O’Higgins 
and Jones, 1998) that allows geometric morphometric 
analysis of landmark configurations using either 2D or 3D 
landmark co-ordinates. Differences in shape and size between 
and within groups can be explored using generalized Procrustes 
analyses (GPA) and principal components’ analyses (PCA). In 
addition, thin-plate spline (TPS) analysis allows interactive 
visualization of these differences.


The landmark co-ordinates of subjects were submitted to 
GPA to register (best fit) them by standardizing translational 
and rotational differences and scaling them to unit centroid size 
(O’Higgins and Jones, 1998). The resulting shape co-ordinates 
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were tangent projected [to minimize the deformation of the 
distributions following GPA (O’Higgins and Jones, 1998)] and 
used to explore within- and between-group variability. 
multivariate analysis of variance (MANOVA) and permutation 
analysis were used to assess between-group differences. PCA, 
which summarizes variation in many correlated variables in a 
few uncorrelated axes of shape and form (Mitteroecker et al., 
2004), have been carried out using a validated program, 
Morphologika software2v2.5 (O’Higgins and Jones, 1998). 
Since then it has been employed widely in shape analysis 
(Cardini, 2006; Marroig, 2007; Rivera, 2008). Patterns of 
variation were explored using the resulting principal component 


(PC) scores, warped mean shapes, and transformation grids 
from TPS. Asymmetry in each group was assessed by the 
Procrustes distance between group means and their reflections 
(Mardia et al., 2000), and visualized using warping and 
transformation grids.


Results


Group means and differences between means


Figure 1 shows the mean faces of each group with the same 
texture map overlaid. Table 2 presents Procrustes and form 


Table 1  Anthropometric landmarks employed in the study.


Upper facial landmarks
  Endocanthion (enR, enL) Right and left, located at the inner commissure of the eye fissure
  Exocanthion (exR, exL) Located at the outer commissure of the eye fissure
  Nasion (n) Point in the midline of the nasal root identical to hard tissue nasion
Nasolabial landmarks
  Alare curvature (acR, acL) Most lateral point in the curved base line of each ala
  Alare (alR, alL) Most lateral point on each alar contour where the nostril starts to be curved laterally
  Columellar high point (cR, cL) Highest point on the columella crest
  Inner alare (ali’R, ali’L) Inner marking level at the midportion of the alae where the thickness of each ala is measured
  Outer alare (alo’R, alo’L) Outer marking level at the midportion of the alae where the thickness of each ala is measured
  Pronasale (prn) Most protruded point of the apex of the nose
  Subalare (sbalR, sbalL) Point at the lower limit of each alar base where it joins the skin of the upper lip
  Subalare’ (sbali’R, sbali’L) Point at the inner lower limit of each alar base
  Subnasale (sn) Midpoint of maximum concavity where the upper lip skin meets columella base
  Subnasale inner (sniR, sniL) Midpoint of columella on each side at the bottom line where the thickness of the columella is measured
  Cheilion (chR–chL) Point located at each labial commissure
  Christa philtri (cphR, cphL) Point on each elevated margin of the upper lip at the junction of the vermillion line of the upper lip and  


  white roll line
  Laberale superiorus (ls) Midpoint of upper vermilion line
  Laberale inferiorus (li) Midpoint of the lower vermilion line
  Superior labial sulcus (sls) Deepest midline point between the mouth and the nose
  Stomion Superiorus (stos) Most inferior midpoint of the vermilion border of the upper lip
  Stomion inferiorus (stoi) Most superior midpoint of the vermilion border of the lower lip
Lower facial landmarks
  Sublabialis (sl) Determines the lower border of the lower lip and the upper border of the chin
  Pogonion (pog) The most anterior midpoint of the chin
  Menton (me) The lowest median point on the lower border of the mandible
Aural landmarks
  Subtragion (sbtrR, sbtrL) Most inferior point on the anterior inferior margin of the helix attachment of the face
  Otobasion inferiorus (otbiR, otbiL) Most inferior point on the ear lobe at the attachment to the cheek


The landmarks characterize the facial form but mainly the nasolabial region.


Figure 1  Landmarks and group mean shapes with warped surfaces and the same texture map.
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Figure 3  Principal component analysis of form space. First principal 
component (PC1) accounts for 55 per cent; PC2, 26 per cent; and PC3, 13 per 
cent of total variance. PC2 has a significant regression with the logarithm of 
centroid size, P = 0.038 and multivariate regression of shape on size accounts 
for 33 per cent of total variance in this analysis (Wilks’ lambda P = 0.0715)


distances between the control and cleft group means. They 
were all highly significant as estimated by permutation tests 
and MANOVA. With regard to shape, BCLP and UCLP 
were the most different from the controls. However, when 
the logarithm (ln) of the centroid size (the square root of the 
squared Euclidean distances from each landmark to the 
centroid; mean of landmark co-ordinates) was included, 
ICP was also different from the control mean.


The differences between group means obscure the fact 
that there was a considerable overlap between some groups 
(Figure 2). Thus, PC1 of shape from GPA/PCA of the 
control and UCLP groups (Figure 2A) that have a large 
Procrustes distance between their means, almost completely 
separates the scatters of individuals, while the control and 
ICP groups with a smaller Procrustes distance between 
means were less clearly distinguished (Figure 2B).


Table 2  Differences in means among the control and cleft 
groups; unilateral cleft lip and palate (UCLP), unilateral cleft lip 
and alveolus (UCLA), bilateral cleft lip and palate (BCLP), and 
isolated cleft palate (ICP).


Control UCLP UCLA BCLP ICP


Control 0 0.0662 0.0375 0.0744 0.0551
UCLP 0.0585 0 0.0460 0.0421 0.0536
UCLA 0.0360 0.0413 0 0.0578 0.0501
BCLP 0.0695 0.0419 0.0556 0 0.0668
ICP 0.0273 0.0509 0.0334 0.0634 0


The diagonal line of zeros separates the results of the analysis: Procrustes 
distances below, and form distances above (P value for Procrustes  
distances <0.001 except for UCLA versus ICP = 0.005). Bold indicates 
form distances that are ~0.0015 > Procrustes distances.


PCA of tangent projected mean shape co-ordinates plus 
ln centroid size resulted in the plots shown in Figure 3. In 
Figure 3A, PC1 separates the cleft lip group means (UCLA, 
UCLP, and BCLP) according to severity of the defect while 
PC2 distinguishes the ICP mean from the rest. From Figure 4, 
the shape variability, represented by increasingly positive 


Figure 2  Variability within and between groups. (A) First principal component (PC1) from generalized Procrustes analysis and principal component 
analysis of shape space of the control versus the unilateral cleft lip and palate group (UCLP) separates these to a considerable degree; (B) analysis of the 
controls versus the isolated cleft palate group (ICP) results in scatters that are less clearly separated, most evident on the combination of PC2 versus PC3; 
there is a clear difference in means but overlap in distributions. Diamonds, controls; triangles, UCLP; rectangles, ICP.
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PC1 scores due to a symmetric broadening and indrawing 
of the nasal tip and subnasal region, can be seen. In contrast, 
increasingly negative PC2 scores (Figure 4) represent a 
reduction in mid and lower face height with symmetric 
narrowing and projection of the nasal and subnasal region. 
On PC3 (Figure 3B), the control and ICP group scores 
shows the least asymmetry. The UCLA and UCLP groups 
had increasingly greater positive scores indicating 
progressively more asymmetry, while the BLCP group had 
a slightly more negative score. This represents asymmetric 
widening of the nose (Figure 4).


Asymmetry


The Procrustes distances between group means and their 
reflections indicate that the control and ICP groups at 
0.0063 and 0.0090 mm, respectively, were the least, and 
the UCLP and UCLA groups at 0.0418 and 0.0354 mm, 
respectively, the most asymmetric. The BCLP group at 
0.0140 mm was moderately asymmetric. The UCLP 
(0.042) and UCLA (0.035) group means were six times 
more asymmetric than the control (0.0063). GPA/PCA 
results in PCs 1, 3, 4, and 5 (84 per cent total variance) 
representing symmetric shape differences (see below) 
among groups, while PCs 2, 6, 7, 8, and 9 (16 per cent) 
represent asymmetry within groups (Figure 5). PC2 (13 
per cent variance) represents an aspect of nasolabial 
asymmetry shared only by the UCLA and UCLP groups 
(Figure 5). Its influence on between-group differences 
(Procrustes distances, Table 2) is shown in Table 3, a 
comparison of Procrustes distances from GPA of 
symmetric and asymmetric means. The largest differences 
were in the distances between UCLA and UCLP and the 
other groups but the scale of these differences was small 
(approximately 10 per cent) compared with the distances 
between either symmetric or asymmetric means. Finally, 
analyses using UCLP and UCLA means derived just from 
left-sided clefts were virtually identical to the results from 
the reflected right- and left-sided clefts.


Figure 4  Shape variability in form space. First principal component analysis PC1 top = reference, PC1 score 
−0.04, bottom = target, PC1 score 0.04; PC2 top = 0.02, bottom = −0.04; PC3 top = 0.02, bottom = −0.02. All 
transformation grids are deformed ×2 and are approximately sited in the plane that shows greatest deformation. 
Note symmetry of deformation on PC1 and PC2 and asymmetry on PC3


Figure 5  Asymmetry analysis. Plot of first principal component PC1 
(62% total variance) versus PC2 (13%). Note that means are (black) and 
reflected means are (grey) for unilateral cleft lip and alveolus (UCLA) and 
unilateral cleft lip and palate (UCLP). Groups are separated by PC2. 
Reference (lower) and target (upper) Cartesian transformation grid indicates 
the shape variability represented by PC2 scores −0.03 to 0.03, ×2.


Table 3  Differences among symmetric means for the control and 
cleft subgroups; unilateral cleft lip and palate (UCLP), unilateral 
cleft lip and alveolus (UCLA), bilateral cleft lip and palate (BCLP), 
and isolated cleft palate (ICP).


Control UCLP UCLA BCLP ICP


Control 0 0.0549 0.0319 0.0691 0.0271
UCLP 0.0036 0 0.04 0.0356 0.0463
UCLA 0.0041 0.0012 0 0.0518 0.0283
BCLP 0.0004 0.0063 0.0038 0 0.0630
ICP 0.0002 0.0046 0.0051 0.0004 0


Procrustes distances above and differences from Procrustes distances 
among asymmetric means below the diagonal cells including values of 
zero. Bold indicates differences <0.001.


Discussion


In this study, a 3D acquisition system was employed to 
capture 3D images of facial surfaces. Shape analyses of 
landmarks from these images provide insights into the 
impact of cleft aetiology on facial morphology. Use of a 


 by A
kram


 A
l-H


uw
aizi on O


ctober 6, 2010
ejo.oxfordjournals.org


D
ow


nloaded from
 



http://ejo.oxfordjournals.org/





5193D STUDY OF CHILDREN WITH CLEFT LIP AND/OR PALATE


control group of the same ethnicity minimized the influence 
of factors such as ethnicity and environment that might 
otherwise influence facial growth and development. Several 
2D non-controlled retrospective studies have compared the 
treatment outcomes of subjects with UCLP in the UK with 
matched children with oral clefts from other European 
centres. These studies showed that the UK centres have 
poorer results (Mars et al., 1987; Williams et al., 1994; 
Grunwell et al., 2000). However, different craniofacial 
morphologies across Europe might have influenced the 
outcome (Kerr and Ford, 1986).


Shaw et al. (1992) examined 151 British children with 
UCLP of a similar age to those in the current research 
(8–11 years) in a retrospective cross-sectional non-
controlled cohort study to compare cleft repair surgical 
outcome between six British centres. The number of 
subjects included ranged between 23 and 26 from each 
centre. They compared craniofacial form, dental arch 
relationships, and nasolabial appearance. However, that 
study used 2D radiographs and photographs for data 
recording, losing the third dimension. In the present 
study, the implementation of shape analysis provides 
greater 3D detail of the impact of aetiology on facial 
morphology. The birth age group was extended to include 
five birth years to reduce the problems arising from small 
sample size, commonly associated with studies of oral 
clefts (Mars, 2004). This research can be considered to 
be a continuation of prior UK-based studies that extends 
these by examining more CLP groups, controlling data 
acquisition, using advanced 3D technology, and more 
comprehensive analyses while focusing on one centre.


The findings of the present study show differences in the 
aetiology and growth pattern of ICP compared with CLP 
groups. All affected group means differed significantly from 
each other and from the controls. The most severely affected 
groups in terms of form (Table 2) were those with defects 
involving the lip, alveolus, and palate (UCLP and BCLP).


Generally a small size, especially of the mandible relative 
to the mean, seems to be a feature of ICP (Table 2; Figures 2–3) 
since it results in less disruption of the nasal and subnasal 
regions. It has been suggested that an ICP may be secondary 
to a small retruded mandible, which does not allow the tongue 
to descend prior to secondary palate fusion during the eighth 
week of intrauterine life (Kreiborg and Hermann, 2002; 
Watson, 2004; Berkowitz, 2006; Kreiborg, et al., 2006).


Dahl et al. (1982) demonstrated, in their cross-sectional 
study on unoperated Danish infants with clefts using three-
projection cephalometry, that infants with ICP presented a 
more retrusive mandible compared with other cleft groups. 
The maxilla was also more retrusive but not to the same 
extent as the mandible. The present study showed that 
compared with controls and other cleft groups a small 
mandible (and mid face) was present in ICP. Is this a 
consequence of the cleft or its cause? More studies of younger 
and foetal cases are needed. These plus biomechanical 


modelling studies of facial growth secondary to ICP may 
eventually lead to resolution of the question.


Clefting of the lip and alveolus, with or without cleft 
palate, whether unilateral or bilateral, results in common 
symmetrical aspects of deformity of the nasal and subnasal 
regions represented by PC1 (Figures 3–4) and variably 
expressed, according to severity. The common aspects of 
shape differences from the control in the anterior cleft group 
(UCLA, UCLP, and BCLP) means reflect their common 
aetiology; failure of fusion of the frontal and maxillary 
processes, possibly due to hypoplasia of one or more 
processes. Alternatively, hypoplasia of processes beyond 
the foetal stage may be secondary to the initial defect and 
subsequent surgical repair and scarring, or because of altered 
loading secondary to a disrupted anatomy with consequent 
impact on facial growth. In resolving whether hypoplasia is 
the cause or the effect, genetic studies that examine and 
characterize changes in form with time relative to controls 
as well as functional modelling studies using finite element 
analysis (e.g. Kupczik et al., 2007) would be informative.


Asymmetry of group mean form in this study was 
estimated by calculating the difference between group mean 
shapes and their reflection (Mardia et al., 2000). Asymmetry 
represented a rather small aspect of the overall differences 
between groups (approximately 10–15 per cent) and was 
most pronounced in the UCLP and UCLA groups (Table 3; 
Figure 5). In these groups, the ala and the lateral crus of  
the alar cartilage on the affected side and the columella were 
displaced laterally with lengthening of the affected side of 
the nose and displacement of the dome of the crura leading 
to deformation of the nostril. This agrees with the 3D analysis 
of Garrahy (2002); however, asymmetry was not entirely 
confined to the nasolabial region. This study also demonstrated 
that facial asymmetry was present even in aesthetically 
pleasing faces. Therefore, the use of the midfacial plane  
to assess facial asymmetry is not possible since it is not 
usually a plane. This is important in relation to craniofacial 
deformities where assessment of facial asymmetry is one of 
the challenges faced by surgeons and orthodontists.


These present findings are in accordance with other 3D 
morphometric studies reported in the literature (Farkas and 
Cheung, 1981; Ras et al., 1994; Garrahy, 2002). However, 
asymmetry represented a rather small aspect of the overall 
difference between the unilateral cleft groups (UCLP and 
UCLA) and the other groups (controls, BCLP, and ICP). 
This is a rather surprising finding given that asymmetry is a 
feature that is a major concern for both patients and clinicians. 
It likely reflects the sensitivity of our visual systems to facial 
form and asymmetry. Asymmetry in the cleft lip groups was 
not entirely confined to the nasolabial region; this implies a 
more generalized consequence of clefting on facial 
development, possibly due to tissue deficiency and 
biomechanical sequelae of asymmetric loading on bone 
growth within the functional matrix. One concern is that the 
UCLA and UCLP means were calculated by first reflecting 
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all right-sided clefts to the left, thus increasing sample size 
for mean estimation. This could have obscured significant 
directional asymmetry but the fact that the results using left-
sided clefts only were virtually identical to those combining 
right and left strongly suggest that this is not the case.


The findings reflect differences in the aetiology and 
growth of ICP subjects compared with CLP groups and 
underlines the potential value of statistical shape analysis 
in assessing the outcomes of CLP treatment. Moreover, 
the findings highlight that post-repair, cleft lip and soft 
tissue defects have a greater effect on facial shape than 
an ICP.


It would be ideal to compare these findings with results 
obtained from other centres in the UK and the tools 
described in this study show promise in this regard. Recent 
changes in cleft care delivery in the UK whereby this is 
undertaken only in large, more centralized centres using 
fewer management protocols should eventually facilitate 
larger scale studies and provide a better understanding of 
surgical and orthodontic treatment outcomes. It should be 
noted that five surgeons using different techniques 
operated on the subjects in the study. However, because of 
the small sample size of subgroups, it was not possible to 
examine the effect of surgeon or technique on outcome.


Conclusions


	 1.	 All affected cleft group means differed significantly 
from each other and the controls, and their form reflects 
aetiology.


	 2.	 The most severely affected groups in terms of form 
were those with defects involving the lip, alveolus, and 
palate (UCLP and BCLP).


	 3.	 The small size of, especially, the mandible relative to 
the mean seems to be a feature of ICP.


	 4.	 Asymmetry accounts for approximately 10–15 per cent 
of the variance among the control and cleft groups.


	 5.	 Geometric morphometric methods show promise in 
clinical evaluation of oral clefts and the results of sur-
gery and other interventions aimed at correcting devel-
opmental anomalies of the craniofacial complex. 
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This book has been written by two implantologists, with 
contributions from five additional authors. It was originally 
published in German in 2007 and this edition represents the 
results of both subsequent updating of the material and 
English translation. It is very well referenced (with 610 
papers cited) and illustrated in terms of diagrams, 
photomicrographs, radiographs, and clinical photographs. 
Key statements are helpfully highlighted in purple boxes 
throughout the text. There are six chapters beginning with an 
overview of the ‘Anatomy of periodontal and peri-implant 
tissues’. This is a detailed and contemporary resumé of the 
anatomy and provides a useful version of this topic for 
orthodontists. The reader is reminded that bone-implant 
contact does not equate to osseointegration, but rather it 
only provides the basis for successful implant anklyosis, 
i.e. clinical resistance to a high shearing force. This is  
an important detail for orthodontists since the term 
osseointegration is frequently misused in the orthodontic 
mini-implant (miniscrew) field. This chapter also highlights 
that early implant research focused almost entirely on the 
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optimization of osseointegration and then subsequent 
research aimed to improve integration with the transmucosal 
soft tissues. It is interesting that orthodontic mini-implant 
research seems to be mirroring this, with the current emphasis 
being on primary stability and apparently little research 
having yet been conducted on the soft tissue interface.


Chapter 2 discusses the roles of periodontal disease, 
smoking, occlusal overloading, and other aetiological 
factors in implant failures. Chapter 3 then describes the 
pathogenesis in terms of the immune response to bacterial 
peri-implant mucositis and subsequent peri-implantitis. 
Chapters 4–6 deal with the clinical manifestations, diagnosis, 
and therapies related to peri-implant infections. In particular, 
with mini-implants in mind, it is helpful for orthodontists 
to understand the variable manifestations of soft tissue 
problems adjacent to fixtures: mucositis, implantitis, and 
mucosa hyperplasia (which is reversible). However, the 
fundamental difference for mini-implants (which do not 
osseointegrate) is that they are more likely to become 
clinically mobile than have chronic pocket abscess 
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formation. The descriptions of therapies, especially surgical 
techniques, are not directly relevant for orthodontists, but it 
is interesting to note that the adjunctive use of antimicrobial 
mouthwashes appears to have only a limited beneficial 
effect compared with physical debridement (or 
explantation).


This book is aimed at dentists specializing in restorative 
implants and focuses on the causes and management of 
long-term dental implant infection (failure). It is surprisingly 
well priced given its specialized nature and the quality of 


the text and illustrations. In summary, I think that this book 
is primarily of relevance to orthodontists as a reference for 
the subject of long-term hypodontia management and more 
specifically for those conducting research on orthodontic 
(osseointegrating) implants and mini-implants. Indeed, it 
may provide useful suggestions for future research strategies 
on the interface between mini-implants and the soft tissues 
and the ideal methods for biofilm control/removal.


Richard Cousley
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Introduction


The aim of orthodontic treatment is to correct malocclusions 
and maintain stability of the corrections. During the 1960s 
and 1970s, the long-term stability of various types of 
orthodontic treatment was presented in several retrospective 
studies. In the 1980s and 1990s, the different retention 
strategies were analysed (Boese, 1980; Little, 1990; 
Zachrisson, 1997; Melrose and Millett, 1998). In 2006, the 
Cochrane Collaboration group selected and analysed all 
available literature with regard to various retention methods 
and focused on the effectiveness of different strategies. 
While solely randomized or pseudorandomized study designs 
were accepted, only five studies fulfilled the preset inclusion 
criteria. The Cochrane group reached the conclusion that no 
evidence existed concerning the most appropriate retention 
strategy following orthodontic treatment (Littlewood et al., 
2006). They recommended that future research should 
include true randomization, reporting of dropouts, adequate 
sample size calculation, and a minimum of 3 months 
follow-up. In view of this, it seems desirable to conduct 
well-designed randomized controlled trials (RCTs) to 
compare the effectiveness of different retention methods 
since such studies are rare.


In 2007, two RCT studies were published with focus on 
the efficiency of appliances to retain orthodontic treatment. 
These showed equal retention capacities of Hawley and 
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SUMMARY  The aim of this study was to use a randomized controlled trial methodology to evaluate and 
compare three different retention methods. The capacity of the retention methods to retain orthodontic 
treatment results was in this first phase analysed on a short-term basis, i.e. after 1 year of retention.


The subjects were recruited from adolescents undergoing fixed appliance treatment at an orthodontic 
clinic in the National Health Service (NHS) in Sweden between 2001 and 2007. Seventy-five patients (45 
girls and 30 boys with a mean age of 14.4 years at the start of retention) were randomized into three 
retention systems; a vacuum-formed retainer in the maxilla and bonded canine-to-canine retainer in the 
mandible (group V-CTC), a vacuum-formed retainer in the maxilla combined with stripping of the 10 
proximal surfaces of the lower mandibular anterior teeth (group V-S), and a prefabricated positioner 
covering the teeth in the maxilla and mandible (group P). The main outcome measures were: Little’s 
irregularity index (LII), intercanine and intermolar width, arch length, overjet, and overbite. Registrations 
were made before orthodontic treatment, when the fixed orthodontic appliance was removed, and after 12 
months in retention. Differences in means between groups were tested by one-way analysis of variance.


After 1 year of retention, no clinically significant difference in retention capacity was found between the 
three retention methods. Small but significant differences (P < 0.05) were observed between the V-CTC 
and V-S groups regarding mandibular canine width, mandibular arch length, and overbite. In group P, 
two patients failed to co-operate.


vacuum-formed retainers in the maxilla after 6 months, but 
in the lower arch there was statistically significantly more 
relapse in the Hawley group (Rowland et al., 2007) and that 
full-time wear of Essix retainers had the same capacity as 
part-time wear after 6 months (Gill et al., 2007). Few 
studies have analysed the capacity of various retention 
methods to retain orthodontic treatment results after 1 year. 
The aim of this research therefore was to use RCT 
methodology to evaluate and compare three different 
retention methods. The capacity of the retention methods to 
retain orthodontic treatment results was in this first phase 
analysed on a short-term basis, i.e. after 1 year of retention. 
The null hypothesis tested was that there would be no 
difference in retention capacity between any of the three 
retention methods.


Subjects and methods


The Ethics Committee of Lund/Malmö University, Sweden, 
approved the protocol and the informed consent form 
(LU515-01). Each patient and parent were given oral as 
well as written information and had to sign the written 
consent before being included in the trial.


The study was carried out on patients referred to an 
orthodontic clinic in the National Health Service (NHS), 
Ystad, Sweden. The NHS clinic is responsible for 
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treatment of malocclusions of patients in the southeast 
County Council of Scania. The NHS in Sweden offers 
free dental care, including orthodontic treatment, to 
patients with a certain degree of malocclusion up to the 
age of 20 years. One experienced orthodontist treated  
all the patients who underwent orthodontic treatment 
between 2001 and 2007. The following inclusion  
criteria were met: no previous experience of orthodontic 
treatment, permanent dentition, space deficiencies in 
both jaws, normal skeletal and dentoalveolar sagittal, 
vertical, and transverse relationships, Class I molar 
relationship or 3 mm anterior or posterior deviation, and 
a treatment plan involving extraction of four premolars 
followed by fixed straight wire appliances (0.022 inch, 
MBT) in both jaws.


The generation of randomization was performed in 
blocks of five to ensure that equal numbers of patients 
were allocated to each of the three retention groups. 
Fifteen paper sheets, five ballots with maxillary vacuum-
formed retainer and bonded mandibular canine-to-canine 
retainer, five with maxillary vacuum-formed retainer and 
mandibular interproximal enamel reduction (stripping), 
and five with a positioner were placed in a basket. The 
patient then decided the retention treatment by picking a 
ballot from the basket.


Retention methods


The three retention methods of choice were as follows:
 


	1.	 a removable vacuum-formed retainer covering the palate 
and the maxillary anterior teeth from canine-to-canine 
and a bonded canine-to-canine retainer in the lower arch 
(group V-CTC; Figure 1a)


	2.	 an identical maxillary vacuum-formed retainer as in 
group V-CTC was combined with stripping (Boese, 
1980; Joseph et al., 1992) of the lower anterior teeth 
(group V-S; Figure 1b)


	3.	 a prefabricated positioner (Keski-Nisula et al., 2008) 
covering all erupted teeth in the maxilla and the mandible 
(group P; Figure 1c)


 


The vacuum-formed retainers were made of 2 mm 
Biolon (Dreve Dentamid GmbH, Unna, Germany) in a 
Scheu Ministar press (Scheu-Dental GmbH, Iserlohn, 
Germany). The canine retainers consisted of 0.7 mm 
spring hard wire (Dentaurum noninium; Dentaurum, 
Ispringen, Germany) bonded with Transbond LC (3M 
Unitek Orthodontic Products, Monrovia, California, 
USA) to the lower canines. Mechanical stripping of the 
lower incisors and canines was performed either by  
hand with single-sided medium and fine metal blades  
(TP Orthodontics, La Porte, Indiana, USA) or with  


Figure 1  Vacuum-formed retainer in the maxilla and canine-to-canine retainer in the mandible (a), vacuum-formed retainer in the maxilla and stripping 
of the mandibular incisors and canines (b), and positioner covering all erupted teeth in the maxilla and mandible (c).
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Ortho-Strips for the EVA system (Intensiv SA, Swiss 
Dental products, Grancia, Switerland). The method of 
stripping was dependent on tooth form, non-triangular or 
triangular, respectively, and was either performed on the 
visit 5–6 weeks prior to debonding or at debonding. The 
aim of stripping was to obtain small but distinct enamel 
flattening of the contact surfaces. The reduction of any 
contact point between two teeth amounted approximately 
to the thickness of the coarse blade of either system, i.e. 
0.22 mm for hand stripping or 0.34 mm for EVA stripping. 
The preformed positioner (Ortho-Tain Positioner; Ortho-
Tain Inc., Toa Alta, Puerto Rico, USA) was a soft plastic 
device covering all erupted teeth.


All retention appliances were distributed within 1 hour 
after debonding. The patients in groups V-CTC and V-S 
were instructed to wear the vacuum-formed retainer 22–24 
hours/day for 2 days and nights and then during the night for 
12 months. In group P, the positioner was to be worn for 30 
minutes during the daytime and during sleep for 12 months. 
During day-time wear, patients were instructed to actively 
chew into the positioners. All patients visited the clinic twice 
for control of co-operation and of the appliances.


Documentation


Dental casts were obtained on three occasions, i.e. before 
orthodontic treatment, when the fixed orthodontic appliance 
was removed, and after 12 months in retention. The 
following linear measurements on dental casts were made 
by the same examiner (GET) with an electronic digital 
calliper (Mauser Digital 6, Winterthur, Switzerland) to a 
precision of 0.01 mm.
 


	1.	 Little’s irregularity index (LII) in the maxilla and 
mandible—the summed displacement of the anatomic 
contact points of the upper and lower incisors and 
canines (Little, 1975)


	2.	 Intercanine width in the maxilla and the mandible—the 
distance between the maxillary and mandibular canine 
cusp tips


	3.	 Intermolar width in the maxilla and the mandible—the 
distance between the mesiobuccal cusp tips of the first 
maxillary and mandibular molars


	4.	 Arch length in the maxilla and the mandible—the 
perpendicular distance from the midpoint of the incisal 
edges of the central incisors to a line joining the mesial 
anatomic contact points of the first molars in the maxilla 
and mandible


	5.	 Overjet—the distance parallel to the occlusal plane from 
the incisal edge of the most labial maxillary incisor to 
the opposing mandibular central incisor


	6.	 Overbite—the overlap of upper to lower central 
incisors


 


Patient ages and treatment times were documented 
according to the dental records.


Statistical analysis


The sample size for each group was calculated based at a 
significance level of 0.05 and 80 per cent power to detect a 
clinically meaningful difference of 2.0 mm (SD = 2.0 mm) 
of the LII. The power analysis showed that 16 patients in 
each group were sufficient. To compensate for dropouts in 
future follow-up studies, 25 patients were enrolled in each 
group.


Arithmetic means and standard deviations (SDs) at group 
level at times corresponding to pre-treatment, start of 
retention, and after 1 year of retention were calculated for 
each variable. Significant differences in means between 
groups were tested by one-way analysis of variance using 
the Statistical Package for Social Sciences (version 14.0; 
SPSS Inc., Chicago, Illinois, USA). P-values less than 5 per 
cent (P < 0.05) were considered statistically significant.


Error of method


Twenty randomly selected dental casts were measured on two 
separate occasions with a 4 week interval by the same 
examiner. The method error (Dahlberg, 1940) did not exceed 
0.45 mm for any of the 10 measurements. No significant mean 
differences between the two series of records were found 
using paired t-test. All results were also tested for normality.


Results


A total of 82 patients fulfilled the inclusion criteria. Seven 
patients (six girls and one boy) declined to participate, and 
thus, 75 patients were randomized. There were two dropouts 
during the 12 month period and consequently the study 
included 73 patients at the end of the trial (Figure 2).


In group V-CTC (18 girls and 7 boys), the mean age at 
the start of retention was 14.1 years (SD 1.3), in group V-S 
(14 girls and 11 boys) 14.7 years (SD 1.8), and in group P 
(13 girls and 12 boys) 14.3 years (SD 1.5). The mean active 
orthodontic treatment period in the V-CTC group was 1.6 
years (SD 0.3), in the V-S group 1.8 years (SD 0.5), and 1.6 
years (SD 0.3) in group P. There were no significant 
differences between any of the three retention groups 
regarding age or active treatment time. In addition, there 
were no significant differences between any of the retention 
strategies when measuring the study casts before and after 
active treatment.


Retention capacity


Maxilla.  Small but insignificant differences were found 
between the three maxillary retention methods (Table 1). 
During the retention period the mean LII increased between 
0.5 and 0.8 mm. The mean intercanine widths were reduced 
in all three groups, more for those wearing the positioner 
(1.6 mm) and less in the two groups wearing the vacuum-
formed retainer (0.6–0.7 mm). The mean intermolar width 
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decreased between 0.8 and 1.0 mm while a minimal increase 
in mean arch length (0.1–0.3 mm) was measured in all three 
groups (Table 1).


Mandible.  Small but insignificant differences were  
seen in the mean LII between the three groups. The mean 
increase in LII was largest in group P at 1.1 mm followed 
by the V-S and V-CTC groups at 0.8 and 0.6 mm, respectively 
(Table 1).


A significant difference in the mean intercanine width 
between groups V-CTC and V-S was found (P < 0.001). The 
mean intercanine width in the V-CTC group was unchanged 
and the mean reduction in group V-S was −1.0 mm. In group 
P, the mean reduction was −0.7 mm (Table 1).


Small but insignificant differences were seen in the mean 
intermolar width between the three groups. In group V-CTC, 
it was unchanged while in groups V-S and P it decreased by 
0.6 and 0.8 mm, respectively (Table 1).


A significant difference in mean arch length was present 
between the V-CTC and V-S groups (P < 0.05). It remained 
unchanged in the V-S group but increased in the V-CTC 
group to 0.7 mm. In group P, the mean change was 0.5 mm 
(Table 1).


Overjet and overbite.  The mean overjet was stable in all 
three groups with a range of 0.0–0.3 mm. There was a small 
but significant change in overbite between groups V-CTC 


and V-S at −0.4 and +0.2 mm, respectively (P < 0.05). In 
group P, the mean change was −0.2 mm (Table 1).


Successful retention.  Overall, it was considered that in the 
V-CTC and V-S groups all patients had successful retention 
and 23 of 25 patients in group P were successful. The 
unsuccessful retention of the two patients in group P was 
due to failure to co-operate.


Discussion


On a short-term basis of 1 year and from a clinical point of 
view, all three retention methods had a good capacity to 
retain the orthodontic treatment results. Thus, the null 
hypothesis could not be rejected for the patient groups 
corresponding to the inclusion criteria.


The majority of relapse after orthodontic treatment occurs 
quite soon following debond and 50 per cent is seen within 
a few days due to stretching of the gingival tissues (Reitan, 
1967; Taner et al., 2000; Aasen and Espeland, 2005). The 
fibres within the periodontal membrane have a turnover rate 
of weeks while remodelling of supragingival fibres take 
months (Reitan, 1967; Boese, 1980). Accordingly, a 
retention method must have the capacity to stabilize the 
orthodontic result during these tissue-remodelling phases. 
From this perspective, it was found that all three retention 
strategies evaluated in this trial had equal capacity to resist 


Eligible patients treated 
with fixed appliance in


both jaws
n = 82  


51 girls and 31 boys 
Declined to enter 


the study 
n = 7 


6 girls and 1 boy


     Group V-S 
n = 25


14 girls and 11
boys


Group P 
n = 25


13 girls and 12
boys 


Completed one-
year retention 


n = 25
14 girls and 11


boys


Completed one-
year retention 


n = 23
13 girls and 10


boys 


Randomized 
patients
n = 75


45 girls and 30
boys


Dropouts due to
failure to cooperate


n = 2 
2 boys 


Group V-CTC
n = 25


18 girls and 7 
boys


Completed one-
year retention 


n = 25
18 girls and 7 


boys


Figure 2  Consort diagram of the trial. Vacuum-formed retainer in the maxilla and canine-to-canine retainer in the mandible (group V-CTC), vacuum-
formed retainer in the maxilla and interproximal enamel reduction in the mandible (group V-S), and positioner (group P).  by A
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residual forces and retain the orthodontic treatment result 
during the first year.


Only a few RCTs of short-term stability of orthodontic 
treatment results have been published (Lindauer and Shoff, 
1998; Gill et al., 2007; Rowland et al., 2007). These also 
demonstrated small but insignificant movement of the teeth. 
On the second day after debonding, the patients wore their 
vacuum-formed retainers only at night in this study. This 
regimen was chosen since equal stability of treatment results 
following full- or part-time wear of Essix retainers has been 
presented (Gill et al., 2007). Vacuum-formed retainers have 
been shown to be superior to Hawley retainers in retaining 
the maxillary anterior teeth (Rowland et al., 2007) and were 
thus the method of choice. The fact that the LII increased in 
patients with canine-to-canine retainers in the present  
study is supported by Atack et al. (2007). In group V-CTC 
it was obvious that the canine-to-canine retainers held  
the intercanine width but the extraction sites opened up 
significantly, i.e. the arch length increased compared with 
group V-S.


The finding that stripping without any conjunctive 
methods was sufficient to retain the treatment result on a 
short-term basis has not been demonstrated previously in 
a RCT study. In a retrospective study, it has been shown 
that stripping of lower anterior teeth in combination with 
overcorrection of rotated teeth was sufficient to prevent 
relapse during a 3 year period (Aasen and Espeland, 


2005). Naturally, the reduction of enamel diminished the 
distance between the canines and was probably the 
explanation why small but significant differences in 
mandibular canine width and overbite could be seen 
between groups V-CTC and V-S. Stripping of the lower 
anterior teeth after debonding rather than the wearing of 
fixed or removable retention appliances would probably 
provide advantages not only for the patient but also for 
the clinician with regard to costs, chair-time, and problems 
with lost appliances.


The positioner is an eruption guidance appliance that is 
used in the early mixed dentition (Keski-Nisula et al., 2008). 
No research has been presented about the effectiveness of 
prefabricated positioners to retain orthodontic treatment 
results. This trial showed that the appliance can be used in 
the permanent dentition as a retention device on a short-term 
basis. Because it is prefabricated it is a more cost-effective 
alternative to appliances made by technicians. One drawback, 
however, is that the fitting cannot be as precise as retention 
appliances made on individual dental casts.


The RCT was the study design of choice since a high 
level of evidence was desirable when the retention capacity 
was evaluated in a comparison between the three retention 
methods. The randomization process confirmed that subject 
characteristics were equally distributed in the three groups. 
Strict inclusion criteria, power calculation, and minimal 
dropouts during the trial limited bias.


Table 1  The mean measurements (mm) for the three retention groups [removable vacuum-formed retainer and bonded lower canine-to-
canine retainer (V-CTC), removable vacuum-formed retainer and lower anterior stripping (V-S) and positioner (P)] and the mean changes 
from the start and after 1 year’s retention.


V-CTC (n = 25) V-S (n = 25) P (n = 23) Analysis of variance


Mean SD Mean SD Mean SD


Maxilla
  Little’s irregularity index 1.1 1.1 1.0 1.0 1.3 1.1 NS
  Change 0.6 1.0 0.5 1.0 0.8 1.2 NS
  Intercanine width 35.9 1.8 35.9 2.2 35.1 3.1 NS
  Change −0.7 0.7 −0.6 0.6 −1.6 2.4 NS
  Intermolar width 48.3 2.6 48.0 3.0 48.5 2.2 NS
  Change −0.8 1.7 −0.8 1.0 −1.0 1.1 NS
  Arch length 23.5 1.5 22.7 1.8 23.1 1.6 NS
  Change 0.3 1.1 0.1 0.4 0.3 2.5 NS
Mandible
  Little’s irregularity index 1.0 0.6 1.1 1.1 1.5 1.1 NS
  Change 0.6 0.6 0.8 0.9 1.1 1.0 NS
  Intercanine width 27.4 1.5 26.4 2.1 26.8 1.6 NS
  Change 0.0*** 0.4 −1.0*** 0.9 −0.7 1.0 0.000 V-CTC/V-S
  Intermolar width 42.2 1.5 41.7 2.5 42.2 1.9 NS
  Change 0.0 1.1 −0.6 1.8 −0.8 1.8 NS
  Arch length 18.6 1.3 17.7 1.4 18.2 1.4 NS
  Change 0.7* 1.0 0.0* 0.8 0.5 0.8 0.024 V-CTC/V-S
Overjet 3.0 0.9 3.3 1.2 3.4 0.9 NS
Change 0.0 0.9 0.3 1.0 0.3 0.9 NS
Overbite 1.8 0.9 2.2 1.1 2.2 1.0 NS
Change −0.4* 0.8 0.2* 0.7 −0.2 1.0 0.038 V-CTC/V-S


*P < 0.05, ***P < 0.001, NS, not significant.  by A
kram
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A drawback with removable appliances is that compliance 
is compulsory but since the patients were randomly 
allocated, the compliance rate was evenly distributed 
between the groups.


The use of LII for measuring relapse of tooth positions 
may have some limitations as it has a tendency to exaggerate 
cases with considerable irregularity but little length shortage, 
i.e. a rotated tooth without crowding (Little, 1975). In this 
study, the LII never exceeded 1.1 mm and such a small 
irregularity might not be of clinical significance.


Only the short-term retention capacity between the three 
retention methods was evaluated in this trial. Littlewood  
et al. (2006) highlighted other variables such as adverse 
effects on health and survival of retainers in connection 
with research in this field. However, studies on the  
same patient material are ongoing to determine long-term 
retention capacity, cost-effectiveness, and side-effects.


Conclusions


On a short-term basis of 1 year’s retention and from a 
clinical point of view, it was found that the three retention 
methods were successful in retaining the orthodontic 
treatment results for the patient groups corresponding to the 
inclusion criteria.
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Introduction


Snore is sound generated from the upper airway due to 
vibration of the soft palate and the pharyngeal walls. It 
occurs during inspiration, but rarely during expiration 
(Gabriely and Jensen, 1993). Snoring is associated with 
changes in the calibre of the upper airway, which reduces 
flow and increases airway resistance. These changes may 
not be influential enough to produce clinical symptoms or to 
cause disruption in sleep (Guilleminault et al., 1991). 
Snoring under these circumstances is termed ‘primary 
snoring’ (Rappai et al., 2003). Snoring may be a risk factor 
in the development of cardiovascular disease and is a 
cardinal symptom of obstructive sleep apnoea (OSA; Issa 
and Sullivan, 1984).


It is common knowledge that most snorers breathe 
through their mouths while snoring (Fajdiga, 2005). 
Generally, two different types of constriction may be 
formed during nasal breathing in the mesopharynx, i.e. 
between the posterior pharyngeal wall, the soft palate, 
and the tongue base, and during mouth breathing in the 
isthmus faucium between the tongue dorsum and the soft 
palate.


Functional treatment of snoring based on the tongue-


repositioning manoeuvre
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SUMMARY  Orofacial biofunction comprises muscular and physical effects, which may contribute to 
stabilization of the oropharyngeal airway. The tongue-repositioning manoeuvre (TRM) provides physical 
stabilization of the tongue and the soft palate together with, as a prerequisite, a nasal breathing mode. 
The aim of the present study was to evaluate the influence of a TRM treatment concept on primary 
snoring.


The TRM was used to achieve a closed biofunctional rest position of the orofacial system and to re-
educate the nasal breathing pattern. Pressure indicating oral shields were used for home exercises as 
a biofeedback instrument and to support nocturnal mouth closure. Treatment was undertaken on 125 
consecutive primary snorers [101 males, mean age 52.4 years, range 34–75, mean body mass index 
(BMI) 28.1, range 18.9–38.5, and 24 females, mean age 55.2 years, range 36–70, mean BMI 26.8, range 
22.7–31.9]. Bed partner ranking was performed, and snoring was judged using a 10-cm visual analogue 
scale (VAS).


The VAS score was 8.4 (range 6–10) before treatment and decreased to 4.1 (range 0–10) after treatment 
[mean observation time 4.6 months (1–10)]. Analysis of variance showed a significant influence of 
treatment in subjects with a normal body weight (BMI 18.5–25).


The data provide evidence that dynamic stabilization of the orofacial system with the TRM in conjunction 
with nocturnal wear of an oral shield is beneficial for reducing the symptoms in primary snorers with a 
normal BMI.


Snoring and mouth breathing


Since breathing through the nose appears to be the preferred 
route during sleep, nasal obstruction may lead to snoring 
via nocturnal mouth breathing. Hypothetically, snoring may 
be reduced by anterior displacement of the tongue with the 
intention to compensate inadequate activity of the pharyngeal 
opening muscles. Direct anterior displacement of the tongue 
leads to an amplification of the mesopharyngeal airway 
space, but is difficult to achieve with clinical manoeuvres at 
night. However, the use of tongue retaining devices has 
been reported to reduce the time of loud snoring during 
sleep (Cartwright et al., 2000).


As an additional factor, the position of the mandible 
during mouth opening is considered to have an effect on the 
patency of the upper airway. Mouth opening has been 
documented during sleep in normal subjects and in patients 
with OSA (Hollowell and Suratt, 1991; Miyamoto et al., 
1998). Mouth opening is associated with a backward and 
downward displacement of the mandible and the tongue 
(Shikata et al., 2004) and has been shown to increase the 
propensity to upper airway collapse (Meurice et al., 1996). 
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Table 1  Gender and body mass index (BMI) of the sample used.


Gender BMI Total


Normal  
(18.5–25)


Overweight  
(25–30)


Obese (30–35)


Male 36 45 20 101
Female 8 10 6 24
Total 44 55 26 125


Tongue-repositioning manoeuvre


The tongue-repositioning manoeuvre (TRM; Engelke, 
2003) is a clinical manoeuvre to place the tongue in a soft 
palate contact position by intraoral negative pressure 
formation (closed rest position) that requires exclusively a 
nasal breathing mode. Using a membrane funnel shield as 
a pressure indicating device, subjects can observe the 
formation of negative intraoral pressure during and after 
deglutition. This can be taken as indicator for the hermetic 
closure of the orofacial functional spaces, including the 
valve mechanisms of the lips, the tongue, and the velum. 
Radiographically, during the TRM, a tongue position at the 
hard palate can be observed together with the formation of 
a close palatolingual seal (Engelke et al., 2006). The concept 
of the closed rest position is depicted in Figure 1. Thus, the 
TRM leads to an anterior and superior intraoral tongue 
position, and according to the vacuum experiment of Fränkel 
(1967), contributes to continuous jaw closure.


With regard to the biomechanical aspects considered 
above, exercises using the TRM are likely to have a 
beneficial influence on snoring and breathing. The aim of 
training is to achieve a nasal breathing mode and a closed 
oral rest position. Additionally, nocturnal support of 
mouth closure was assisted by wearing an oral shield. 
The aim of the present study was therefore to evaluate 
the effect of the TRM treatment concept on primary 
snoring.


Subjects and methods


A total of 125 consecutive patients from the Göttingen 
Rhonchopathy Clinic were assessed retrospectively. 
Approval was given by the local ethics committee. 
Distribution of gender and body mass index (BMI) is shown 
in Table 1. The patients were classified into three groups 
depending on their BMI: normal (18.5–25), overweight 
(25–30), and obese (30–35).


The mean age of the 101 male patients was 52.37 years 
(range 10 to 76 years) and of the 24 female patients, 55.21 
years (range 36–72 years).


One explanation for this phenomenon is that jaw opening is 
associated with a posterior movement of the angle of the 
jaw, which compromises the oropharyngeal airway diameter 
(Kuna and Remmers, 1985).


It has been shown that upper airway resistance during 
sleep is significantly lower during nasal breathing than oral 
breathing (Fitzpatrick et al., 2003). Thus, pure nasal 
breathing and complete mouth closure appears to be a 
physiological status for normal breathing at rest. During 
sleep, however, it was found that males breathe a greater 
percentage of total ventilation through the mouth than 
females (Gleeson et al., 1986). The switch from nasal to oral 
breathing may occur in increased nasal resistance during 
sleep, and may further compromise the airway and increase 
the effort of breathing (Rappai et al., 2003). However, the 
physiological explanation for the marked predominance of 
nasal ventilation over oral ventilation during sleep in normal 
subject is unknown. A possible explanation has been 
proposed by Engelke et al. (2006): a closed oral rest position 
with intraoral negative pressure may represent an additional 
physical stabilizing mechanism of the soft palate as well 
as the tongue and, in turn, may reduce the amount of 
neuromuscular activity needed for maintenance of airway 
patency. Thus, regarding the physical co-factor of 
stabilization, it appears obvious that healthy subjects should 
choose to breathe almost exclusively through the nasal route 
during sleep (Fitzpatrick et al. 2003), because mouth 
breathing does not permit an anterior and posterior oral seal 
as required for a closed oral rest position.


Figure 1  Effect of the tongue-repositioning manoeuvre (TRM) on the oronasopharyngeal rest 
position. (a) Open rest position with mixed oronasal breathing mode showing a tendency for soft 
palate vibration. (b) Control of closed rest position by negative intraoral pressure during the TRM.
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negative pressure indicated by the inward position of the 
membrane for as long as possible.


The performance of the TRM was controlled after 
evaluation of the patients by pressure monitoring. The 
device used for recording intraoral pressure was a digital 
pressure meter (GMH 3150; GSG Greisinger, Würzburg, 
Germany) and display program (GSOFT 3050; GSG 
Greisinger; Figure 3). All measurements were performed in 
the vestibulum with a polyethylene tube connected to a 
dental suction tip.


The patients were informed that the aim of the treatment 
was to achieve a nasal breathing pattern and a tongue 
parking position at the palate in order to stabilize the 
tongue and the soft palate. They were instructed not to 
provoke excessive negative pressure during the exercise 
to avoid any side-effects by pressure on the gingiva. In 
the case of nasal obstruction, the patients were instructed 
to interrupt the training immediately and to see his/her 
otorhinolaryngologist for further examination.


Following instruction, the patients underwent 30- to 
60-minute daily home training for at least 4 weeks. The 
recommendation was to practise the TRM in the evening 
before rest.


If no signs of nasal obstruction were present after 4 
weeks of daytime training, the patients were allowed  
to use an oral shield overnight to continuously support  
mouth closure.


Evaluation


Snoring was assessed using bed partner ranking on a 10-cm 
VAS. The patient’s bed partners were asked to describe 
snoring loudness on a 10-point scale. Evaluation was carried 
out before treatment and during the last follow-up. The mean 
observation time was 4.6 months (range 1–16 months).


All data were entered into a computer database and the 
Statistical Package for Social Sciences (version 15.0 for 
Windows, SPSS Inc., Chicago, Illinois, USA) was used for 
statistical analysis. Therapeutic effects were tested with the 
Spearman rank correlation in the male patient group.  
Due to the limited data, in the female patient group exact 
randomization test was chosen. Significance was established 
at the 5 per cent level.


Results


The bed partner ranking of 125 snorers showed a score of 
8.4 (range 6–10) before treatment. After treatment (mean 
observation time 4.6 months), the score decreased to 4.1 
(range 1–10).


Male patients


The distribution of pre- and post-therapeutic VAS scores is 
shown in Figure 4a. In the normal weight group, a significant 
improvement of VAS was observed; Spearman rank correlation 


All patients suffered from snoring; diagnosis was based 
on a standardized questionnaire evaluation (Engelke, 2007). 
Snoring loudness was judged by bed partner ranking on a 
10-cm visual analogue scale (VAS). To be included in the 
study, only primary snoring was accepted. Patients exhibiting a 
BMI of >35 were excluded. As the aim of treatment was 
exclusively restricted to the reduction of snoring, following the 
questionnaire evaluation, subjects with OSA were excluded.


Biofunctional exercises


All patients received a standardized training device 
(membrane funnel shield, MFS; Duderstädter Dental Labor, 
Duderstadt, Germany). The device was adapted individually 
by thermoplastic moulding. During the first appointment, 
the patients received instructions concerning the performance 
of the TRM.


The patients were asked to collect saliva with the MFS 
placed between the anterior teeth and the lips, observing the 
position of the membrane in the funnel with a mirror. During 
swallowing of saliva, negative pressure formation can be 
observed with the MFS by inversion of the membrane into 
the funnel (Figure 2). After swallowing, the patients were 
instructed to breathe quietly and to maintain the intraoral 


Figure 2  Use of the membrane funnel shield. (a) Training device. (b) 
Patient during generation of negative intraoral pressure (membrane is 
inverted).
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was r = 0.557, explaining 31 per cent of the variance as being 
due to the influence of treatment. In the moderate overweight 
group, a significant improvement of VAS was also observed 
(P < 0.05), but Spearman’s rank correlation was r = 0.376, 
explaining only 14 per cent of the variance. In the obese group, 
the correlation was r = 0.015, i.e. not significant.


Female patients


Descriptive parameters of pre- and post-therapeutic VAS 
ranking in the different BMI groups are shown in Figure 4b. 
For normal and overweight patients, the differences between 
pre- and post-therapeutic VAS was confirmed at the 0.05 
level of significance indicating an improvement of 
symptoms. In the group of obese female patients, no 
significant improvement was observed.


Discussion


Treatment concept


Primary snoring without OSA affects between 19–37 per 
cent of the general population, and 41 per cent of middle-


Figure 3  Tongue-repositioning manoeuvre (TRM) performance 
monitoring with intraoral pressure gauge. Pressure/time diagrams: (a) 
Initially repetitive negative pressure generation is shown followed by a 
phase of constant negative pressure; (b) Subject producing continuous 
negative pressure during TRM interrupted by swallowing activity.


aged males (Norton and Dunn, 1985). Based on the 
importance of the problem of snoring as a widespread social 
risk factor, it was the aim of this study to provide a treatment 
concept that can be applied widely, at low cost and without 
major side-effects. The results of an ongoing study were 
recently presented using bed partner ranking as an instrument 
of evaluation (Engelke et al. 2007).


In a recent review of oral appliances for sleep-disordered 
breathing, Hoffstein (2007) divided the appliances into 
three general groups: soft palatal lifters, tongue retaining 
devices, and mandibular advancement appliances. Although 
the mechanism of mandibular advancement appliances, 
according to many researchers, can enlarge the airway and 
reduce pharyngeal collapsibility by advancing the mandible, 
there is only limited information in the literature about the 
biofunctional aspects of tongue and soft tissue posture 
during the use of tongue retaining devices (Hoffstein, 
2007).


Biofunctional training in conjunction with oral shields is 
different from the use of passively acting devices and 
focuses on the use of the closed rest position as a therapeutic 
goal. Since, according to Mew (2004), weak muscles and 
open mouth postures are now endemic in our society and 
may lead to postural deformity, the present treatment is 
directed towards a well-known and wide-spread disorder 
with two therapeutic goals: (1) change of breathing mode 
and (2) change of postural habit.


Re-education of nasal breathing was the first therapeutic 
intention of the concept. The generation of subatmospheric 
intraoral pressure during performance of the TRM serves as 
an objective parameter to control and to establish nasal 
breathing via functional training. Pressure monitoring was 
used to control the patient’s ability to perform and to 
maintain the subatmospheric pressure during the instruction 
phase.


The second aspect of the treatment concept was the 
change of the open mouth posture associated with snoring, 
i.e. to achieve complete mouth closure and a palatal contact 
position of the tongue with intraoral negative pressure 
formation using the TRM. The description of subatmospheric 
pressure and the use of oral shields per se are not new and 
have been reported previously. Strong negative pressure in 
conjunction with oral shields was observed by Fränkel 
(1967), and moderate negative pressures were measured by 
Witt and Kühr (1969) when using oral shields in volunteers. 
Negative pressure is present in newborns (Lindner, 1991; 
Lindner and Hellsing, 1991) and during dummy sucking. In 
awake subjects, negative pressure can be observed in the 
palatal vault at rest (Thüer et al., 1999). However, the 
therapeutic consequences of the treatment of snoring using 
the oral vacuum mechanism do not appear to have been 
previously considered. As a result of the evacuation of 
the oral cavity during TRM, the orofacial system shows 
stable conditions comparable with a closed hydraulic 
chamber.
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It should be stressed that nocturnal biofunction of the 
orofacial system in the present study has still not been 
objectively documented. Pressure monitoring was used 
only to control the patient’s ability to perform and to 
maintain subatmospheric pressure during the instruction 
phase. Further research, including polysomnographic 
observation in a setting with intraoral pressure monitoring, 
is necessary to evaluate TRM training on the nocturnal 
phases of obstruction.


However, there is evidence that mouth breathing, which 
implies an open rest position of the tongue, but does not 
allow the tongue to be stabilized in a closed palate contact 
position, may play a role in snoring and also in OSA. This 
hypothesis is in line with the observations of Raskin et al. 
(2000) who found an increased apnoea-hypopnea index 
(AHI) in children with mouth breathing. Nasal breathing as 
an important preventive therapeutic goal (Rappai et al., 
2003) may be directly responsible for airway opening or 
indirectly by allowing the orofacial system to be physically 
stabilized in a closed rest position.


Successful TRM training at least implies that the 
patient is able to breathe during the training phase of 
30–60 minutes exclusively through the nose. The 
successful exercise may be taken as a sign of the absence 
of anatomical obstructions and the basis for re-education 
of a nasal breathing mode in the case of habitual oronasal 
respiration. If patients show signs of dyspnoea during the 
exercises, nocturnal nasal obstruction is probable and TRM-
based training contraindicated. These patients should be 
referred to an ear, nose, and throat specialist in order to 
determine the cause of the obstruction.


Daytime training generally influences orofacial functions 
and the symptoms of nightime snoring. Puhan et al. (2006) 
reported that daytime training of patients with OSA can be 
performed successfully using a wind instrument. Playing a 


didgeridoo resulted in a decrease in AHI, bed partner 
ranking of sleep disturbance, and the Epworth Sleepiness 
Scale significantly improved. A possible explanation might 
be that posterior mouth closure during didgeridoo playing 
serves as a means to establish nasal breathing and a closed 
rest position. Electromyostimulation of tongue muscles 
performed during the day has been shown to have a 
morphological effect on submental muscles (Wiltfang et al., 
1999; Ludwig, 2008). Although daytime tongue-muscle 
training by electromyostimulation cannot generally be 
recommended for the treatment of sleep apnoea, the method 
has proven to be effective in the treatment of snoring 
(Randerath et al., 2004).


The use of oral shields in the treatment of snoring has 
also been reported previously (Campion, 1985; Veres, 
1993). The findings generally support the formation of 
external mouth closure. However, oral shields alone do not 
provide an effective mechanism for the control of nasal 
breathing because an oral airstream may bypass the shield, 
if a close rest position is not achieved. This may be 
responsible for failures of an oral shield therapy of snoring 
in the study of Marklund and Franklin (1996).


In the present research, a significantly higher correlation 
of treatment success for patients was observed for normal 
weight subjects compared with obese patients who did not 
respond significantly to the exercises. This is in accordance 
with the pilot study of Ojay and Ernst (2000) who reported 
that overweight subjects seemed to respond less well during 
singing exercises to reduce snoring. Furthermore, Pai et al. 
(2008), who studied the prevalence and severity of snoring 
and daytime somnolence among semiprofessional choir 
singers and non-singers, found that as BMI approached 40, 
the difference in snoring scale score values between the 
groups decreased. They concluded that snorers with a normal 
BMI are more likely to benefit from singing practice. Thus, 


Figure 4  Visual analogue scale (VAS) versus body mass index (BMI) for (a) male (n = 101) and (b) female  
(n = 24) patients.
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it may be speculated that the functional treatment described 
is indicated for primary snorers of normal weight.


A shortcoming of the present research is that only 
subjective data have been provided so far. This was due to 
the fact that only primary snorers were included in the study, 
who were not motivated to undergo any extensive diagnostic 
procedures. For further studies, it is planned to integrate 
home monitoring of intraoral pressure in the treatment 
concept.


Conclusion


Daytime training using the TRM in conjunction with 
nocturnal wear of an oral shield is a valuable instrument to 
reduce snoring severity in primary snorers with a normal 
BMI.
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Introduction


In the oral environment, orthodontic attachments are exposed 
to a number of potentially damaging physical and chemical 
agents, which might contribute to corrosion of the metal 
components of appliances (Maijer and Smith, 1986). Medical 
devices have generally been made with austenitic stainless 
steels designated by the American Iron and Steel Institute 
(AISI) as the ‘300 series’. Orthodontic bands, brackets, and 
wires are universally made of stainless steel containing 
approximately 8–12 per cent nickel and 17–22 per cent 
chromium (Grimsdottir et al., 1992; Barrett et al., 1993). 
Many investigations on the corrosion resistance of orthodontic 
metal appliances have been conducted (Rondelli and 
Vicentini et al., 2000; Huang 2003; Shin et al., 2003). A 
previous investigation demonstrated that metal ions are 
released from an orthodontic metal bracket at pH 4 (Huang  
et al., 2004). A number of studies have also demonstrated that 
metal ions are released by all dental alloys in vitro and in vivo 
(Messer and Lucas,1996; Toumelin-Chemla et al., 1996).


Dental cements and resins containing fluoride are used to 
prevent dental caries. Fluoride levels in the oral cavity vary 
according to the prophylactic treatment. Fluoride levels in 
toothpastes and mouth rinses can reach 1 per cent and, for 
eliminating enamel stains, can be close to 2 per cent; these 
substances have a pH range of between 3.5 and 7.0 (Toumelin-
Chemla et al.,1996). Since the oral environment is particularly 
favourable for the biodegradation of metal due to its ionic, 
thermal, microbiologic, and enzymatic properties, it can be 
presumed that to a certain extent patients are exposed to the 
products of corrosion processes (Locci et al., 2000).


Variations in surface characteristics and corrosion behaviour of 


metal brackets and wires in different electrolyte solutions
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SUMMARY  The aim of this study was to assess the surface characteristics and to compare the corrosion 
potential of metal brackets and wires in environments containing different media. Four brands of metal 
brackets and two types of orthodontic wires [stainless steel and nickel–titanium (NiTi)] were investigated. 
An electrochemical assay was used to compare the corrosion potential (V) of the brackets and wires in 
different electrolyte media at 37°C. The test media were acidulated sodium fluoride (NaF) and pH 4 and 
pH 6 artificial saliva solutions. The data were analysed using analysis of variance with a predetermined 
significance level of a = 0.05. Scanning electron microscopy (SEM) was used to observe surface defects 
and corrosion.


The results of the potentiodynamic curve showed that most brands of metal brackets were easily 
corroded in the NaF and pH 4 environments, while the NiTi and stainless steel wires were easily corroded 
in the pH 4 artificial saliva. SEM observations showed that defects or pitting corrosion occurred on the 
surfaces of the brackets and wires in all tested media.


The main clinical concern with the corrosion effects of 
metal brackets and wires is with regard to friction. Friction 
on orthodontic archwire–bracket combinations has been 
reported to be affected by factors such as the type of archwire 
and the bracket material (Loftus et al., 1999), their size and 
shape (Ogata et al., 1996), the width and slot dimensions 
(Peterson et al., 1982), the surface composition, the 
roughness and cleanliness of the contacting surfaces (Kusy 
and Whitley, 1990), the bracket-to-archwire positioning in 
three-dimensional space (Kusy and Whitley, 1999), the 
ligature force (Keith and Jones,1993), the type of ligation 
(Riley et al., 1979), and inter-bracket distances (Moore and 
Waters, 1993). With the straight wire technique, bracket–
wire friction affects the sliding movement of the teeth 
during space closure or canine retraction. Corrosion defects 
on the surface of the orthodontic appliance will influence 
friction. There is less research concerning the surface 
characteristics of brackets and wires after corrosion in the 
oral environment.


The purpose of the present study was to assess the surface 
characteristics and to compare the corrosion potential of 
brackets and wires in different media simulating the oral 
environment.


Materials and methods


Four orthodontic wires, 0.016 inch (0.41 mm) nickel–
titanium (NiTi; 3M, Unitek, Monrovia, California, USA), 
0.016 × 0.022 inch (0.41 × 0.56 mm) NiTi, 0.014 inch (0.36 
mm) stainless steel wire (SSW), and 0.016 × 0.022 inch 
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(0.41 × 0.56 mm) SSW, and four major orthodontic brackets, 
Unitek DynaLock twin-torque (3M, Unitek), Tomy metal 
base (Tomy Co., Tokyo, Japan), Ormco standard edgewise 
(Ormco Co., Orange, California, USA), and Ricketts 
(Dentarum Co., Ispringen, Germany), were tested in this 
study. The wires were cut into 50 mm long specimens. Each 
sample consisted of five pieces. All materials were cleaned 
by swabbing with acetone and placed in an ultrasonic 
container with distilled water for 10 minutes before testing.


The electrochemical corrosive breakdown of the metal 
brackets and wires was initiated using a method based on 
the description of Shih et al. (2000). Three electrolytes were 
used in the corrosive reaction. In group 1, artificial saliva 
containing 0.2 per cent acidulated phosphate fluoride 
[sodium fluoride (NaF); 0.2 per cent NaF + 0.17 per cent 
H3PO4, adjusted to pH 3.5 with lactic acid) was used as the 
electrochemical corrosive electrolyte and was maintained at 
37°C. In the second and third groups, the electrochemical 
corrosive electrolytes were adjusted to pH 4 and pH 6 using 
lactic acid in artificial saliva. A cyclic potentiodynamic 
polarization machine CH Instrument 602C, Inc., Houston, 
Texas, USA, was applied from −800 mV in the anodic 
direction with a scan rate of 1 mV/s after dipping the 
specimen into the electrolyte for 1 hour. Each cyclic 
potentiodynamic polarization curve was printed out. The 
global polarization curves were assessed to determine the 
corrosion and breakdown potentials. A scanning electron 
microscope (SEM; ABT-150S, Topcon, Tokyo, Japan) was 
used to observe the surface morphologies of the metal 
brackets and wires. The data were analysed using analysis 
of variance with a predetermined significance level of a = 
0.05.


Results


The cyclic potentiodynamic polarization curves for the 
metal brackets are shown in Figure 1a. The corrosion 
tendencies of different brands of brackets were statistically 
compared, and the corrosion potential [voltage, mean ± 
standard deviation (SD), Table 1] sequence from strong to 
weak was as follows: Ormco, NaF = pH 4 > pH 6; Unitek, 
(SD) NaF = > pH 6; Dentaurum, NaF = pH 4 > pH 6; and 
Tomy, pH 4 > NaF = pH 6.


The cyclic potentiodynamic polarization curves of the 
various waves are shown in Figure 1b. The corrosion 
tendencies of the different wires are indicated by the 
corrosion potential (voltage, mean ± SD, Table 2) sequence 
from strong to weak: 0.016 × 0.022 inch SSW, pH 4 = pH 6 
> NaF; 0.014 inch SSW, pH 4 = pH 6 > NaF; 0.016 inch 
NiTi, pH 4 = pH 6 > NaF; and 0.016 × 0.022 inch NiTi, pH 
4 = pH 6 > NaF.


SEM observations of the different brackets in the different 
media are shown in Figure 2a. The bracket surface of all 
brands in the normal artificial saliva group indicated that 
surface defects were related to bracket milling, pickling, or 


electropolishing procedures performed during the 
manufacturing process. In the pH 6 group, surface defects 
were similar to those of the normal artificial saliva group. In 
the pH 4 group, bracket surface defects and pitting corrosion 
were observed. In the NaF group, pitting corrosion and 
defects were similar to those of the pH 4 group.


For the different wires in the different media, the results 
of the SEM are shown in Figure 2b. They indicated that the 
wire surface defects were related to the wire drawing, 
pickling, or electropolishing procedures performed during 
the manufacturing process. The wire surface of the normal 
salivary group, for both the SSW and NiTi wire, exhibited 
scratches and pits on the surface (Figure 2b-A). The surfaces 
of the NiTi wires immersed in pH 4 and NaF media became 
rough and pitted due to corrosion (Figure 2b-C and 2b-D for 
the 0.016 × 0.022 inch and 0.016 inch NiTi groups, 
respectively). The surfaces of the SSW groups exhibited 
scratches and pitting corrosion with pH 4 and NaF treatment 
(Figure 2b).


Discussion


Maijer and Smith (1986) found that orthodontic brackets 
can exhibit different corrosion behaviour. The present 
results revealed similar findings. The surfaces of brackets 
and wires in different media exhibited various degrees of 
roughness. AISI-type 316L stainless steel alloy is currently 
used for bracket manufacturing (Matasa, 2000). Stainless 
steel owes its corrosion resistance to chromium, a highly 
reactive base metal. The alloy’s corrosion resistance depends 
on a passive film, which spontaneously forms (passivation) 
and reforms (repassivation) in air and under most tissue 
fluid conditions (Sutow, 2001). Oxygen is necessary to form 
and maintain the film, whereas acidity and chloride ions can 
be particularly detrimental (Sutow, 2001).


From the potentiodynamic polarization curves, it is 
apparent that most brands of metal brackets showed higher 
corrosion tendencies in the pH 4 and NaF media (Figure 1a). 
It is known that corrosion of orthodontic alloys occurs in 
the intraoral environment regardless of the metallurgic 
structure of the alloy, and it is also known that the presence 
of manufacturing defects may accelerate the process (Sutow, 
2001). SEM of the brackets showed existing surface defects 
in the normal artificial saliva group in the present study 
(Figure 1b). In an acidic condition, pitting corrosion was 
identified. As with Cl− ions, fluoride ions (F−) may penetrate 
into the metal/oxide film interface (Harzer et al., 2001). The 
present results are in agreement with those findings; defects 
and pitting corrosion existed on the metal bracket surface in 
the NaF group (Figure 2a). As it is known that stainless steel 
will release nickel ions after corrosion occurs, a disadvantage 
with stainless steel bracket corrosion concerns patients with 
allergies to nickel and other specific substances. From the 
present results, it is recommended that substances with an 
acidic or fluoride content should be used with caution in 
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Figure 1  Electrochemical analysis. Cyclic potentiodynamic polarization curves of metal brackets (a) and stainless steel (SSW) and nickel titanium (NiTi) 
wire (b) in pH 4, pH 6, and NaF artificial saliva solutions.
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patients undergoing orthodontic treatment. Titanium 
brackets were found to have reduced pitting and crevice 
corrosion (Harzer et al., 2001). Replacing stainless steel 
brackets with titanium brackets could be considered.


Surface irregularities observed on the NiTi archwires 
may arise from the manufacturing process (Brantley, 
2000). It was found in the normal salivary group that the 
NiTi wire surface showed irregularities or roughness in 
the SEM observations (Figure 2b). The present 
electrochemical studies indicated that pitting corrosion of 
NiTi wires occurred in a pH 4 solution. The mechanism 
might be from hydrogen penetrating the NiTi wire 
(Yokoyama et al., 2003). Acid treatment causes the wire to 
become brittle, and under stress, the NiTi wire may fracture 
(Yokoyama, et al. 2003). Usually, titanium forms several 
oxides (during passivation, it forms TiO2, TiO, and Ti2O5). 
The NiTi wire with the titanium oxide surface showed 
increased corrosion resistance. When Ti is exposed to 
water, TiO2 is expected to form according to the reaction, 
Ti + 2H2O → TiO2+ 2H2. During this reaction, H+ ions are 
produced, increasing the pH. The resulting OH− anions 
are adsorbed onto the surface, where they create an 
electrical field for ion migration and subsequent oxide 
growth (Eliades and Athanasiou, 2002). This mechanism 
can explain the present results, as the surfaces of the NiTi 
wires in the pH 4 group showed defects (Figure 2b). Acid 
corrosion of NiTi wires increases the risk of wire fracture 
under the stresses of orthodontic treatment.


Fluoride ions can cause the breakdown of the protective 
passivation layer that normally exists on titanium and its 


alloys, leading to pitting corrosion (Schiff et al., 2002). In 
the present study, the NaF corrosion potential was lower 
than pH 4 or pH 6 on the potentiodynamic curves (Figure 
1b). This indicates that wires in the NaF medium still 
corroded, but the corrosion resistance was stronger than 
that of the NiTi wire in the pH 4 or pH 6 groups. However, 
SEM showed that the NiTi wire corrosion defects in the 
NaF group were more obvious than those in the pH 4 or 
pH 6 groups. That is probably because titanium easily 
dissolves in hydrofluoric acid that creates surface defects 
(Watanabe and Watanabe, 2003).


The present results showed that the surface of the SSW 
groups exhibited scratches and pitting corrosion under 
pH 4 and NaF treatment. This is similar to reports that 
316 stainless steel in an acetic acid solution containing 
F− ions showed pitting corrosion (Li et al., 2001). The 
mechanism involves penetration of F− ions into the metal/
oxide film interface (Schiff et al., 2002). In the present 
study, the surfaces of the brackets or wires showed 
roughness or defects before testing, and the corrosive 
potentials of stainless steel and NiTi were similar. Thus, 
after the specimens were treated in the corrosive media, 
the surface defects became more severe and obvious. 
These results are in agreement with other reports (Edie  
et al., 1981; Kim and Johnson, 1981). One reason might 
be that metallic materials are not susceptible to corrosion 
as long as the surface oxide film is intact, but when the 
breakdown potential of an alloy is reached, the oxide 
layer dissolves and surface corrosion and pitting 
commence.


Table 2  Results of electrochemical analysis of orthodontic wires (n = 5) cyclic potentiodynamic polarization potential (voltage, mean ± 
standard deviation).


NaF pH 4 pH 6 Analysis of variance


0.016 × 0.022 inch stainless steel −0.09 ± 0.013 −0.402 ± 0.101 −0.397 ± 0.189 F = 10.39, P = 0.002
0.014 inch stainless steel −0.121 ± 0.009 −0.425 ± 0.105 −0.401 ± 0.101 F = 20.11, P = 0.000
0.016 inch nickel titanium −0.126 ± 0.078 −0.358 ± 0.097 −0.345 ± 0.106 F = 9.54, P = 0.003
0.016 × 0.022 inch nickel titanium −0.067 ± 0.019 −0.387 ± 0.095 −0.316 ± 0.102 F = 21.41, P = 0.000


Sample size is five in each test group.


Table 1  Results of electrochemical analysis of metal bracket (n = 5) cyclic potentiodynamic polarization potential (voltage, mean ± 
standard deviation).


NaF pH 4 pH 6 Analysis of variance


Ormco −0.451 ± 0.087 −0.438 ± 0.093 −0.324 ± 0.118 F = 4.86, P = 0.016
Unitek −0.412 ± 0.095 −0.417 ± 0.192 −0.082 ± 0.018 F = 11.96, P = 0.001
Dentaurum −0.367 ± 0.069 −0.407 ± 0.081 −0.286 ± 0.052 F = 4.06, P = 0.045
Tomy −0.271 ± 0.051 −0.346 ± 0.063 −0.256 ± 0.046 F = 4.02, P = 0.046
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Conclusions


The corrosion resistances of metal brackets and wires in the 
present study were analysed by electrochemical methods. 
Most brands of metal bracket were easily corroded in the 
NaF and pH 4 environments. Potentiodynamic curves 
showed that NiTi wire and SSW were easily corroded in pH 
4 artificial saliva. According to SEM, the bracket and wire 
surfaces showed defects or pitting corrosion in all tested 
media. The extent of surface roughness might influence 
friction. How the rough corroded surfaces of brackets and 
wires influence the orthodontic tooth sliding movement 
requires further investigation.


Funding


Taiwan National Science Committee (NSC 97-2314-B-040-
023-MY2).


Figure 2  Scanning electron microscopy observations of different brands 
of bracket (a) and steel and nickel titanium wires (b) in different mediums. 
A, normal artificial saliva; B, pH 6 artificial saliva; C, pH 4 artificial saliva; 
D, NaF artificial saliva.
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Introduction


Incisor position and the formation of the dentition can be 
seen as the product of an equilibrium of forces exerted on the 
teeth by the dentition (Proffit, 1978). The equilibrium that 
surrounds the dentition primarily comprises opposing forces 
from buccal soft tissues (lips and cheeks) and the tongue 
(Proffit, 1978; Thüer et al., 1999).


The formation of malocclusions is often correlated with 
altered tension of the soft tissues (Thüer and Ingervall, 
1986; Mew, 2004) and may partly be attributed to a 
disturbance in the environmental force equilibrium. For 
example, open bite situations and proclined incisors are 
positively correlated with hypotonic masticatory (Lowe, 
1980) or mimic (Lowe and Takada, 1984) muscles or 
lowered lip strength (Thüer and Ingervall, 1986) and may 
therefore be interpreted as a clinically manifest effect of a 
disturbed equilibrium of forces (Proffit, 1978).


However, these previous studies on intra-oral forces 
mostly do not take into consideration negative intra-oral 
pressure as a contributory factor and that has been described 
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SUMMARY  The purpose of this study was to quantify the impact of oral screen (OS) application on intra-
oral pressure characteristics in three malocclusion groups.


Fifty-six randomly recruited participants (26 males and 30 females) who met the inclusion criteria of 
either an Angle Class I occlusal relationships or Angle Class II1 or II2 malocclusions, were assigned by 
dentition to group I (n = 31), group II1 (n = 12), or group II2 (n = 13). Two 3 minute periods of intra-oral 
pressure monitoring were conducted on each participant, using two different oral end fittings connected 
to a piezo-resistive relative pressure sensor: (1) a flexible OS and (2) a small-dimensioned air-permeable 
end cap (EC), which was placed laterally in the premolar region, thus recording intra-oral pressure 
independent of the influence of the OS. Pressure curve characteristics for both periods and between the 
malocclusion groups were evaluated with reference to the frequency of swallowing peaks, duration, and 
altitude of negative pressure plateau phases and the area under the pressure curve. Statistical analysis 
was undertaken using analysis of variance (ANOVA), the Wilcoxon Mann–Whitney test, and spearman 
correlation coefficient.


A median number of two peaks (median height −20.9 mbar) and three plateau phases (median height 
of −2.3 mbar) may be regarded as normative for normal occlusion subjects during a 3 minute period, at  
rest. OS application raised the median average duration and height of intra-oral negative pressure plateau 
phases in the II1 subjects, exceeding those of group I, but less than the plateau duration in group II2. 
Median peak heights were distinctively lower in groups I and II1 during OS application.


It is concluded that additional training for extension of intra-oral pressure phases may be a promising 
approach to pre-orthodontic Class II division 1 treatment.


by Fröhlich et al. (1991). A remarkable result of their study 
was the negative intra-oral pressure recorded in the upper 
and lower incisor and upper molar region that, until then, 
had not been detected because previous measurement 
methods, including strain gauge transducers, were unable to 
record negative pressures (Proffit, 1978).


The use of oral screens (OSs) is a common feature of early 
orthodontic treatment of proclined incisors (Owman-Moll and 
Ingervall, 1984) and previous research provided evidence of 
OS shields exerting an influence on the equilibrium of 
environmental forces, e.g. by the early prevention of lip-
sucking habits (Prasad and Utreja, 2005). OS therapy effects 
on incisor position are often attributed to changes in muscular 
activity after incorporation of OSs (Tallgren et al., 1998), 
whereas other authors state that OS therapy does not contribute 
to a normalization of lip function, despite an increase in 
maximum lip strength (Owman-Moll and Ingervall, 1984), 
suggesting that OS effects may have a purely mechanical 
nature. As OSs are stabilized by the orbicularis oris muscle, it 
may be hypothesized that the individual variation in its tension 
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at rest, typical for different types of malocclusion (Lowe and 
Takada, 1984), may determine the magnitudes of OS effects.


Thüer and Ingervall (1990) recorded a temporary increase 
in lip strength by muscle exercises with OSs, which, 
however, did not result in a significant increase in lip 
pressure, which they concluded to be the reason for relapses 
in OS effects achieved after the end of treatment.


In a previous study on dummy-sucking children, Lindner 
and Hellsing (1991) recorded both intra-oral air pressure as 
well as cheek and lip pressure. They concluded, from the 
correlation between the negative atmospheric pressure and the 
positive soft tissue forces, that circumoral muscles are 
particularly active during dummy sucking. However, until 
now, it remains unclear whether, or to what extent, OS effects 
can be ascribed to active neuromuscular soft tissue forces alone 
or also to existing physical intra-oral pressure levels. If the 
latter holds true, the problem of relapse in achieved therapy 
effects (Thüer and Ingervall, 1990) may be addressed by 
modification of the use of OSs, in order to influence tongue 
position and functional disturbance during respiration, 
including conscious intra-oral generation of negative pressures 
similar to exercises successfully applied in therapy for snoring 
(Engelke et al., 2006).


OSs are commonly used in Angle Class II division 1 
malocclusions, which are positively correlated with hypotonic 
mimic muscles (i.e. orbicularis oris, buccinator, mentalis; 
Lowe and Takada, 1984) and in which pressure levels 
approximating atmospheric pressure may be assumed, due 
to a gap in the upper and lower dental arch and lip formation. 
In contrast, in Class II division 2 situations, higher negative 
pressure levels may be expected (Lowe and Takada, 1984). 
These two malocclusions may therefore be adequate for 
evaluating whether OS effects are equal in subjects with 
suspected different negative pressure levels and differently 
developed mimic muscles.


The detection of OS- and malocclusion-related changes in 
intra-oral negative pressure levels would provide the basis for 
the development of treatment approaches to achieve a 
permanent normalization of possible imbalances in the intra-
oral force equilibrium (Proffit, 1978; Engelke et al., 2006).


It was the aim of the present study to quantify the 
contribution of negative atmospheric pressure with an OS 
application in Angle Class II division 1 and division 2 
malocclusion groups compared with an Angle Class I 
control group. The following null hypotheses were tested:


There are no significant differences in frequency and of 
swallowing, duration, and magnitude of negative pressure 
phases (1) between intra-individual measurements with  
and without OSs and (2) between a normal occlusion group, 
a Class II division 1 group, and a Class II division 2 group.


 Subjects and methods


The study was the approved by the local Ethics Committee of 
Georg-August-Universität Göttingen (No.5/7/08).


In order to perform a controlled evaluation of the OS effect, 
56 randomly selected participants (26 males and 30 females, 
mean age 28.4 years; SD 5.2 years) with no orthodontic 
treatment history were assigned, according to their dentition, 
to either of three groups: group I (n = 31, 14 males and  
17 females) normal occlusal relationship, as characterized by 
an Angle Class I molar and canine relationship, and 
interdigitated and aligned interincisal relationships. Exclusion 
criteria were decayed or missing teeth and obstructed airways. 
Therefore, an anamnestic and clinical evaluation was 
performed on each participant for clarification of the presence 
or absence of obstructed nasal airways. Group II1 comprised 
12 subjects (eight males and four females) who met the 
inclusion criterion of an Angle Class II division 1 dental 
relationship, and group II2 13 subjects (four males and nine 
females), with Angle Class II division 2 malocclusions.


In order to control the OS effects, two 3 minute periods 
of intra-oral pressure monitoring with a hand-held digital 
precision measuring instrument (GMH3050; Greisinger; 
Regenstauf, Germany) were conducted on each participant, 
using two different oral end fittings: for the first recording a 
flexible OS, and, for the second recording, a standardized, 
small-dimensioned air-permeable end cap (EC; Figure 1a). 
Both were fitted to a flexible polyvinyl chloride tube (inside 
diameter: 4 mm) and connected to a piezo-resistive relative 
pressure sensor (GMSD 350 MR; Greisinger) capable of 
recording pressures in a measuring range of 500 mbar 
relative (rel.) and with a resolution of 0.1 mbar rel. (peak 
value memory: logging of pressure peaks >10 ms; peak-
detect (>100 measurements/s). In the first instance, the 
subjects were instructed to hold the OS gently with the lips, 
but otherwise to breathe and swallow as normal during the 
3 minute pressure monitoring period (groups I-OS, II1-OS, 
and II2-OS). During a second 3 minute period, the OS was 
replaced by the EC located laterally in the premolar region, 
thereby recording intra-oral pressures independent of a 
possible OS influence (groups I-EC, II1-EC, and II2-EC). 
The lips were gently closed during this interval. All 
measurements were performed at the chair-side in a natural 
head position (Archer and Vig, 1985). The occurrence of 
very small time delays in registering intra-oral pressure was 
acceptable because long-term effects and not short-term 
activities were within the scope of the measurements 
(Proffit, 1978).


The data for both periods were processed using the 
software GSOFT3050 (Greisinger) and evaluated with 
regard to the frequency and magnitude of swallowing peaks, 
and frequency, duration, and altitude of negative pressure 
plateau phases, as well as the area under the pressure curves. 
Example diagrams for both periods are given in Figure 1b. 
The differences between plateau phases and pressure peaks 
were evaluated. The former included a pressure oscillation 
of less than 5 mbar and a duration of at least 5 seconds, in 
order to distinguish plateau phases from the duration of 
normal swallowing. The latter was defined as a change in 
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pressure of 5 or more mbar in less than 1 second and a 
second change (decrease) within 5 seconds.


Statistical analysis


For evaluating the influence of malocclusion and the method 
of measurement (OS or EC), as well as possible interactions 
between these two variables on the distinct pressure curve 
parameters, a non-parametric longitudinal analysis of variance 
(ANOVA) model was applied (Brunner et al., 2002). In 
addition, pairwise comparisons between the different subgroups 
were performed using the Wilcoxon and Mann–Whitney test.


Correlations between the number of peaks (plateaus) and 
the average peak (plateau) heights were assessed with 
Spearman’s correlation coefficient r and by the relevant test 
for the null hypothesis.The significance level was set to a = 
5 per cent for all tests.


Descriptive statistics and correlation coefficients were 
calculated with the software R 2.6 (www.r-project.org). 
The longitudinal ANOVA was carried out using SAS 9.1 
(SAS Institute, Cary, North California, USA).


Error analysis


The error of the measurement was evaluated in a prior series  
of eight time-repeated measurements performed on two 
subjects using the EC fitting with slightly opened lips, i.e. at 


an atmospheric pressure level. Only very minor deviations 
were observed between the single measurements with reference 
to frequencies and magnitudes of peaks and plateau stages.


Results


Malocclusion and OS-related effects


The graphical representations of the distinct pressure curve 
parameter distributions induced by OS application or 
malocclusion are depicted in Figures 2–4. A significant 
difference was detected for the average plateau height in 
group II2 (OS) compared with the other subgroups (Figure 3b) 
using ANOVA (P = 0.02, Table 1) and subsequent pairwise 
comparisons (Table 2). Significant differences were also 
confirmed for the area under the pressure curve (Table 2). 
Median values, as well as lower and upper quartiles for the 
distinct parameters, are listed in Table 3.


Descriptive statistics


While ANOVA detected some significant effects for average 
plateau height and the area under the curve, Figures 2–4 
show that there were clear differences in the dispersion of 
various effects in the different subgroups depending on the 
use of the OS. The range and inter-quartile range for all 
parameters tested was during OS application compared with 


Figure 1  (a) An end cap (EC, left) with small dimensions that is air permeable and a flexible oral screens (OS, right) were used as oral end fittings. 
(b). Example diagrams for one subject’s measurements with an EC (left) and with an OS (right). Pressure values are negative (−mbar).
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Figure 2  Distribution of peak (a) and plateau (b) frequencies in the three 
groups [Class I, Class II division 1, and class II division 2], during oral 
screen (OS) and end cap (EC) periods (quadrates represent mean values).


Table 1  Longitudinal analysis of variance for the detection of 
malocclusion group, method (oral shield or end cap), and 
interaction effects between malocclusion groups and method.


Parameter P  
(group effect)


P  
(method effect)


P  
(interaction effect)


Peak frequency 0.75 0.58 0.71
Plateau frequency 0.79 0.93 0.89
Average peak height 0.88 0.72 0.23
Average plateau  
height


0.02 0.08 0.02


Average plateau  
duration


0.85 0.74 0.57


Area under the  
pressure curve


0.07 0.05 0.07


Figure 3  Distribution of average peak (a) and plateau (b) heights in the 
three groups [Class I, Class II division 1, and class II division 2], during oral 
screen (OS) and end cap (EC) periods (quadrates represent mean values).


EC measurements. This finding holds for almost all 
malocclusion/OS configurations (Table 4).


In detail, OS application mostly resulted in higher variances 
of peak and plateau frequencies, except for group II2 plateau 
frequencies (Figure 2a and b). Average median peak heights 
decreased in group II1-OS during OS application. Average 
median plateau heights were almost equal for groups I-OS 
and I-EC, and II1-OS and II1-EC, but higher in II2-OS 
(Figure 3b). Average median plateau duration was longer for 
II1-OS compared with II1-EC, but equal for II2-OS versus 
II2-EC and for I-OS versus I-EC (Figure 4).


Correlation between numbers and average height of peaks 
(plateaus)


In most subgroups, the peak frequency was significantly posi
tively correlated with the average peak height. However, only in 
subgroup II2-OS, was there a significant correlation between 
plateau frequency and average plateau height (Table 5).


Discussion


There is some evidence that OS effects on incisor position 
may be due to only mechanical pressure on the upper 


incisors (Owman-Moll and Ingervall, 1984; Tallgren et al., 
1998). However, as an Angle Class II division 1 formation 
is, in many cases, assumed to be induced by hypotonic 
mimic muscles and stopped by subsequent open mouth 
situations (Lowe, 1980; Lowe and Takada, 1984), 
implicating low-negative intra-oral pressure at the level of 
environmental atmospheric pressure, it may be postulated 
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Table 3  Median value (lower and upper quartile) of the distinct curve characteristics with oral screen (OS) or end cap (EC) in groups 
I, II1, and II2.


Parameter Group


I-OS I-EC II1-OS II1-EC II2-OS II2-EC


Peak  
frequency (n)


1.0 (0.0, 3.0) 2.0 (0.0, 2.0) 1.0 (0.0, 7.2) 2.5 (0.8, 5.5) 1.0 (0.0, 4.0) 1.0 (0.0, 2.0)


Plateau  
frequency (n)


3.0 (2.0, 5.0) 3.0 (1.5, 4.0) 2.5 (1.0, 6.0) 3.0 (2.0, 4.2) 2.0 (2.0, 4.0) 2.0 (2.0, 4.0)


Average peak  
height (mbar)


-16.6 (-38.5, 0.0) -20.9 (-27.1, 0.0) -6.2 (-24.6, 0.0) -17.6 (-30.8, -9.4) -21.1 (-87.3, 0.0) -15.2 (-20.0, 0.0)


Average plateau 
height (mbar)


-3.6 (-7.2, -0.9) -2.3 (-7.8, -1.4) -1.9 (-6.2, -1.0) -1.2 (-2.4, -0.7) -7.7 (-15.7, -4.8) -3.1 (-5.8, -1.5)


Average plateau 
duration (second)


55.3 (30.1, 86.0) 54.0 (37.5, 127.0) 70.7 (18.4, 174.0) 38.0 (26.9, 85.1) 82.0 (27.0, 87.0) 82.0 (39.8, 86.5)


Area under  
the curve  
(second × mbar)


612.4 (304.6, 1504.0) 578.6 (358.1, 1117.0) 664.0 (176.8, 1437.0) 366.4 (249.1, 580.9) 2599.0 (885.9, 3300.0) 558.2 (379.4, 1134.0)


Table 2  Pairwise comparisons of average plateau height, peak frequency, average plateau duration, plateau frequency, average peak height, 
and area under the pressure curve for the different subgroups of malocclusions, Classes, and methods [oral shield (OS) or end cap (EC)].


Comparison of groups P (Wilcoxon)


Peak frequency Plateau frequency Average peak  
height


Average plateau  
height


Average plateau  
duration


Area under pressure 
curve


I-OS versus I-EC 0.95 0.67 0.55 0.52 0.89 0.49
I-OS versus II1-OS 0.82 0.73 0.37 0.54 0.99 0.57
I-OS versus II1-EC 0.29 0.93 0.95 0.26 0.33 0.30
I-OS versus II2-OS 0.88 0.62 0.44 < 0.01 0.88 < 0.01
I-OS versus II2-EC 0.71 0.50 0.42 1.00 0.86 0.76
I-EC versus II1-OS 0.79 0.97 0.37 0.39 0.91 0.70
I-EC versus II1-EC 0.27 0.84 0.87 0.15 0.26 0.30
I-EC versus II2-OS 0.70 0.80 0.44 0.01 0.93 < 0.01
I-EC versus II2-EC 0.63 0.54 0.23 0.84 0.71 0.72
II1-OS versus II1-EC 0.76 0.62 0.48 0.78 0.31 0.85
II1-OS versus II2-OS 1.00 0.93 0.27 < 0.01 0.89 0.01
II1-OS versus II2-EC 0.82 0.91 0.84 0.41 0.96 0.69
II1-EC versus II2-OS 0.40 0.66 0.58 < 0.01 0.64 < 0.01
II1-EC versus II2-EC 0.27 0.39 0.38 0.13 0.26 0.19
II2-OS versus II2-EC 0.55 1.00 0.12 0.03 0.74 0.03


that orthodontic strategies should also address the 
normalization of these factors.


The formation of intra-oral pressure can be defined as 
the difference between the atmospheric extra-oral 
environment and intra-oral functional spaces, as formed 
between a closed capsular matrix (Moss and Salentijn, 
1969) consisting of buccal soft tissues, tongue, and teeth. 
Intra-oral pressure curve plateaus represent a status of oral 
negative pressure with equilibrium forces from the lingual 
and vestibular directions. The persistence of these pressure 
plateaux can be explained by a passive lowering of the 
tongue after swallowing, as earlier described by Eckert-
Möbius (1953) and Fränkel (1967) who considered the 
occurrence of a subpalatal space after deglutition as part of 
normal physiology. Plateau phases may therefore be 


hypothetically regarded as being in a state of equilibrium. 
Accordingly, plateau heights may indicate the magnitude 
of therapeutic forces: the greater the forces, the higher the 
effect on soft tissues and teeth formation. Plateau duration 
in the present study addresses the question of whether OSs 
may enhance the ability of mouth closure, i.e. the impact 
of the OS on the generation of intra-oral negative pressures. 
This may be of special interest in Angle Class II division 1 
subjects, which are positively correlated with hypotonic 
muscles and open mouth situations, indicating an 
equilibrium different from that of Angle Class I or Class II 
division 2 subjects (Moss and Salentijn, 1969; Proffit, 
1978).


With regard to the control groups, OS-I and EC-I, the 
1–2.5 peaks at average peak height between −16.6 (OS) and 
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−20.9 (EC) mbar can be regarded as normative for normal 
occlusion subjects. Furthermore, two to three plateau phases 
at a median height of −2.3 (EC) to −3.6 (OS) mbar during 
the 3 minute period may be regarded as normative for all 
subjects (Table 3).


Using pairwise comparisons, the null hypotheses of (1) 
no significant differences between intra-individual meas
urements with and without OSs and also (2) between the 
different malocclusion groups were rejected only for the 
plateau height in group II2. However, descriptive statistics 
revealed that the median duration of plateau phases in 
group II1-OS was almost doubled compared with EC meas
urements (Figure 4 and Table 3) and the median negative 
pressure plateau height slightly increases by 0.7 mbar, 
whereas peak frequencies and heights were at the same 
time lowered, the latter from an average of 17.6 mbar (EC) 
to 6.2 mbar (OS), similar to the slight decrease in median 
peak heights in group I and in contrast to an increase in the 
OS-II2 group. This finding seems plausible against the 
background of the common feature of hypotonic mimic 
muscles in Angle Class II division 1 subjects and given the 
fact that OSs are usually stabilized by the tension of the lips 
and the peri-oral muscles. It also emphasizes the value of 
the recommendation to train lip closure during the 
application of OSs, in order to enhance their efficiency 
(Fränkel, 1967). As there was no significant difference 
regarding average plateau height between II1-OS and I-OS, 
compared with group OS-II2 (Table 2), it may be concluded 
that subjects belonging to the latter group are able to hold 
the OS more efficiently than those in the other groups. This 
hypothesis is supported by the findings of Lowe and Takada 
(1984) who found no significant differences between the 
orbicularis oris muscle strength in Angle Class I and Class 
II division 1 subjects.


Median plateau duration after OS insertion in group 
II1-OS exceeded that of group I (54 seconds), which 
seemed to be unaffected by OS application with regard to 
plateau duration, but did not reach the plateau duration of 
group II2 (82 seconds), which was also not affected by OS 
application (Table 3). Moreover, the area under the pressure 
curve in group II1 was raised during OS application from 


Figure 4  Distribution of average plateau duration in groups Class I, 
Class II division 1, and Class II division 2, during oral screen (OS) and end 
cap (EC) periods (quadrates represent mean values).


Table 5  Correlations between peak frequency and average peak height and between plateau frequency and average plateau height with 
the end cap (EC) and oral screen (OS).


Parameter Method Group I,  
n = 31


Group II division 1,  
n = 12


Group II division 2,  
n = 13


r P r P r P


Peak EC 0.65 <0.01 0.59 0.04 0.70 <0.01
OS 0.52 <0.01 0.91 <0.01 0.51 0.08


Plateau EC −0.10 0.59 0.09 0.78 −0.20 0.51
OS 0.26 0.17 0.57 0.05 0.65 0.02


Table 4  Ranges and inter-quartile ranges of the different 
parameters for all malocclusion groups during oral screen (OS) 
and end cap (EC) periods.


Parameter Group Range Inter-quartile 
range


OS EC OS EC


Peak frequency (n) I 11.0 7.0 3.0 2.0
II1 10.0 15.0 7.3 4.8
II2 13.0 9.0 4.0 2.0


Plateau frequency (n) I 10.0 8.0 3.0 2.5
II1 6.0 4.0 5.0 2.3
II2 6.0 7.0 2.0 2.0


Average peak height  
(mbar)


I 80.2 48.8 38.5 27.2
II1 52.4 49.4 24.7 21.4
II2 163.2 29.3 87.3 20


Average plateau height  
(mbar)


I 35.3 30.0 6.3 6.4
II1 14.2 25.2 5.2 1.7
II2 157.8 54.8 10.9 4.3


Average plateau duration  
(second)


I 172.7 162.1 55.9 89.5
II1 162.6 162.2 155.6 58.2
II2 164.2 162.5 60.0 46.7
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−20.9 (EC) mbar can be regarded as normative for normal 
occlusion subjects. Furthermore, two to three plateau phases 
at a median height of −2.3 (EC) to −3.6 (OS) mbar during 
the 3 minute period may be regarded as normative for all 
subjects (Table 3).


Using pairwise comparisons, the null hypotheses of (1) 
no significant differences between intra-individual meas
urements with and without OSs and also (2) between the 
different malocclusion groups were rejected only for the 
plateau height in group II2. However, descriptive statistics 
revealed that the median duration of plateau phases in 
group II1-OS was almost doubled compared with EC meas
urements (Figure 4 and Table 3) and the median negative 
pressure plateau height slightly increases by 0.7 mbar, 
whereas peak frequencies and heights were at the same 
time lowered, the latter from an average of 17.6 mbar (EC) 
to 6.2 mbar (OS), similar to the slight decrease in median 
peak heights in group I and in contrast to an increase in the 
OS-II2 group. This finding seems plausible against the 
background of the common feature of hypotonic mimic 
muscles in Angle Class II division 1 subjects and given the 
fact that OSs are usually stabilized by the tension of the lips 
and the peri-oral muscles. It also emphasizes the value of 
the recommendation to train lip closure during the 
application of OSs, in order to enhance their efficiency 
(Fränkel, 1967). As there was no significant difference 
regarding average plateau height between II1-OS and I-OS, 
compared with group OS-II2 (Table 2), it may be concluded 
that subjects belonging to the latter group are able to hold 
the OS more efficiently than those in the other groups. This 
hypothesis is supported by the findings of Lowe and Takada 
(1984) who found no significant differences between the 
orbicularis oris muscle strength in Angle Class I and Class 
II division 1 subjects.


Median plateau duration after OS insertion in group 
II1-OS exceeded that of group I (54 seconds), which 
seemed to be unaffected by OS application with regard to 
plateau duration, but did not reach the plateau duration of 
group II2 (82 seconds), which was also not affected by OS 
application (Table 3). Moreover, the area under the pressure 
curve in group II1 was raised during OS application from 


366.4 to 664 mbar × seconds (Table 3). Although this was 
not statistically significant, it is, however, more than likely 
that changes of such magnitude are clinically relevant, as 
they have the potential to tip teeth, if they are continuously 
applied. These findings indicate that OS effects may be 
partly attributed to individual intra-oral pressure levels and 
that OS therapy seems to have the potential to alter intra-
oral pressure levels. The median average height of the 
plateau phases declined for both the OS and the EC 
measurements in the order of groups II2 > I > II1. This 
finding may be interesting with regard to the theory of the 
equilibrium of forces, according to which tooth formation 
may be regarded as the product of forces exerted by the soft 
tissues and also the fact of negative intra-oral pressures. 
From this perspective, it is remarkable that median average 
negative pressure plateau heights in group II1-OS were 
higher than in the II1-EC group (Table 3). As the results 
indicate a variation in intra-oral equilibrium depending on 
the malocclusion, further nasal breathing exercises and 
training of the tongue reposition manoeuvre (Engelke  
et al., 2006) to achieve normalization of disturbed intra-
oral force equilibria may be promising as a pre-orthodontic 
strategy, in order to potentially facilitate orthodontic 
therapy.


The subjects belonging to the various malocclusion 
groups reacted differently to OS incorporation. The impact 
of OS application subsumed the interactions between direct 
negative intra-oral pressure effects and positive soft tissue 
force effects. Because of the contracting characteristics of 
the circularly arranged fibres of orbicularis oris muscle, the 
direction of lip pressure forces is parallel to the anterior 
teeth axes and perpendicular to the occlusal plane, whereas 
forces created by negative intra-oral pressures act parallel 
to the occlusal plane. This explains the findings of Thüer 
and Ingervall (1990) who reported a maintenance of lip 
pressures on incisors, despite an increase in orbicularis oris 
muscle strength.


It may therefore be hypothesized that, with regard to the 
long-term stability of the OS effects achieved, the use of 
OSs may be more efficient if they are accompanied by 
additional training of the maintenance of intra-oral pressure 
phases (Engelke et al., 2006), instead of increasing lip 
strength.


The present research has a limitation in the relatively 
small sample size and, in common with all studies on the 
characteristics of intra-oral pressure, the fact that 
variation in spontaneous swallowing may cause 
accidental errors to intra-oral pressure recordings. 
Further research will integrate intra-oral pressure on 
larger samples and also include magnetic resonance 
imaging in order to gain a deeper understanding of 
coherences between negative intra-oral pressures and 
soft tissue activities.


Conclusions 


	1.	 A significant correlation between intra-oral pressure 
curve characteristics and malocclusion was corroborated 
for the pressure plateau duration in Angle Class II 
division 2 subjects.


	2.	 OS application raises median average duration and 
average height of intra-oral pressure plateau phases in 
Angle Class II division 1 subjects.


	3.	 Additional training for extension of intra-oral pressure 
phases may be a promising approach to pre-orthodontic 
Class II division 1 treatment and should be corroborated 
in further studies.
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Introduction


Orthodontic force induces tissue remodelling around the 
teeth as a result of the reaction of the tissues or cells to 
mechanical stimulation. A number of studies have been 
conducted to identify the optimal magnitude or range of 
force for orthodontic tooth movement (Reitan, 1957; Hixon 
et al., 1972; Storey, 1973; Boester and Johnston, 1974; 
Iwasaki et al., 2000). The appropriate forces for tooth 
movement of human teeth reportedly range from a force as 
light as 18 g to one as heavy as 1515 g (Hixon et al., 1972; 
Iwasaki et al., 2000; Ren et al., 2003). This argument still 
exists, and no evidence-based optimal force level can be 
recommended in clinical orthodontics (Ren et al., 2003). In 
addition to the forces optimal for the velocity of human 
tooth movement, the inflammatory response and pain after 
orthodontic force is applied need to be studied.


Interleukin (IL)-1b has been shown to be the most potent 
cytokine to stimulate osteoclast activity and attract 
leukocytes and other cell mediators to process bone 
remodelling. It is the first polypeptide mediator of immune 
cell function to regulate bone resorption and bone formation 
by mechanical stress (Davidovitch et al., 1988; Preiss and 
Meyle, 1994). Moreover, IL-1b is one of the inflammatory 
chemical mediators, which induce the secretion of pain-
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SUMMARY  This study aimed to determine the optimum orthodontic force from a broader perspective. 
Interleukin (IL)-1b levels in human gingival crevicular fluid (GCF), pain intensity, and the amount of tooth 
movement were measured during canine retraction using different magnitudes of continuous orthodontic 
force.


Sixteen subjects (two males and 14 females), aged 18–24 years, diagnosed with Class I bimaxillary 
protrusion and treated with first premolar extractions participated in this study. The upper canines were 
retracted with continuous forces of 50 or 150 g using nickel–titanium coil springs on segmented archwires. 
One of the lower canines was used as a control. GCF was collected from the distal site of each tooth at 
specific time points. IL-1b concentrations, pain intensity, using the visual analogue scale (VAS), and the 
amount of tooth movement were evaluated. One-way analysis of variance, Friedman, and paired t-tests 
were used for comparisons of IL-1b in GCF, the plaque and gingival indices, and the efficiency of tooth 
movement on pain perception, respectively.


IL-1b concentration in the 150 g group showed the highest level at 24 hours and 2 months with significant 
differences compared with the control group (P < 0.05). The mean VAS score of pain intensity from the 150 
g force was significantly greater than from the 50 g force at 24 hours (P < 0.01). However, no significant 
difference in the amount of tooth movement was found between these two different magnitudes of 
continuous force at 2 months. A 50 g force could effectively induce tooth movement similar to 150 g with 
less pain and less inflammation.


producing substances (Davidovitch et al., 1989). Importantly, 
IL-1b is produced by the periodontal ligament (PDL) in 
sufficient quantities to diffuse into the gingival crevicular 
fluid (GCF) and has been identified as a biomarker of 
orthodontic tooth movement (Grieve et al., 1994; Uematsu 
et al., 1996).


Since teeth must be moved safely as well as efficiently, it 
is important to determine the possible adverse effects from 
various magnitudes of force application, cell biology by 
cytokines, and patient discomfort from pain intensity. The 
purpose of this study, therefore, was to compare two 
different magnitudes of orthodontic force used for canine 
retraction, with regard to IL-1b secretion in GCF, efficiency 
of tooth movement, and pain perception. The null hypothesis 
tested was that there is no difference between forces of 50 
and 150 g concerning these measured variables.


Subjects and methods


This study protocol was approved by the Committee on 
Human Rights related to Human Experimentation of  
Mahidol University, Bangkok, Thailand. Informed consent 
was obtained from all subjects.
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Patient selection


Sixteen patients aged 18–24 years (two males, mean age  
20.8 ± 1.2 years; 14 females, mean age 20.2 ± 1.6 years) 
participated in this study. They all met the following criteria: 
(1) Class I molar relationship and bimaxillary protrusion with 
very mild crowding, especially in the posterior segment; (2) 
treatment plan involving extraction of all first premolars and 
distal retraction of the canines; (3) no evidence of periodontal 
or gingival disease; and (4) no history of antibiotic therapy 
during the previous 3 months and no anti-inflammatory drug 
use within 1 month before the start of the study. The reason 
for excluding patients with a history of recent antibiotic and 
inflammatory drug use was that they would affect some of 
the mediators released and immune functions.


Experimental design


After first premolar extractions, all subjects received oral 
hygiene instruction and were advised to have a soft food diet 
and to chew on both sides 1 month before and throughout the 
experimental period. To prevent plaque formation and the 
development of gingivitis, all subjects started rinsing with 
chlorhexidine mouthwash twice daily until the end of the 
experiment. At each appointment, the oral hygiene of each 
subject was evaluated using the plaque index (PI) as described 
by Dababneh et al. (2002) and the modified gingival index (GI; 
Lobene et al., 1986). A transpalatal arch attached on molar bands 
(0.022 inch slot, Ormco Corp., Orange, California, USA) was 
inserted at least 1 week before the experimental procedures.


Brackets (0.022 inch slot, Ormco Corp.) and segmented 
archwires (0.018 × 0.025 inch stainless steel wire) were placed 
on the upper posterior teeth. The upper right and left canines 
of the same patient were randomly retracted using a continuous 
force of 50 or 150 g with nickel-titanium coil springs (Tomy®, 
Tokyo, Japan). The accuracy of the force was measured before 
canine retraction with a calibrated orthodontic force gauge 
(Gram Gauges, Mecmesin Asia Co. Ltd., Bangkok, Thailand). 
A lower right or left canine with no appliance was used as the 
control (Uematsu et al., 1996; Lee et al., 2004).


GCF sampling


GCF was collected from the distal site of the experimental 
and control canines before retraction (baseline) and after 
retraction at 1 and 24 hours, 1 week, 1 month, and 2 months 
without any reactivation of the coil spring. A paper strip 
(Periopaper; Proflow™ Incorporated, Amityville, New 
York, USA) was carefully inserted 1 mm into the gingival 
crevice on the distal side and left there for 30 seconds 
(Offenbacher et al., 1986; Uematsu et al., 1996; Figure 1). 
After an interval of 90 seconds, a second strip was carefully 
placed at the same site. The absorbed fluid volume was 
measured with a Periotron 8000 (Proflow™ Incorporated). 
The two periopapers of each sample site were pooled into a 
sealed tube and immediately frozen at −80°C.


Figure 1  Gingival crevicular fluid collection at the distal side of an 
experimental canine.


The periopapers in each tube were eluted with 100 ml of 
0.05 M Tris HCl buffer (pH 7.5) and centrifuged at 5000 g, 
4°C, for 20 minutes. A further 50 ml of buffer was then 
applied, and the procedure was repeated. Subsequently, the 
supernatants were placed in a new tube and prepared for 
measurement of protein and IL-1b concentrations.


Protein assay and IL-1b determination


Protein concentrations of each sample site were measured 
by BCA Assay (Micro BCA™ Protein Assay Kit, Pierce, 
Rockford, Illinois, USA), with bovine serum albumin as a 
standard. IL-1b levels were determined using the enzyme-
linked immunosorbent assay (Quantikine, R&D Systems, 
Minneapolis, Minnesota, USA). Total IL-1b was calculated 
in picograms, and IL-1b concentration in each sample site 
was calculated from the amount of IL-1b divided by the 
total protein content in GCF samples (picograms/milligrams 
of total protein).


Intensity of pain


For evaluation of pain intensity, all subjects were instructed 
to place a mark on a 100 mm visual analogue scale (VAS), 
corresponding to their current level of spontaneous pain 
intensity, including a feeling of discomfort for the right 
and left experimental canines separately as well as the 
control tooth at all experimental time periods without any 
stimulation. The left end of the line was given a VAS score 
of 0, indicating no pain, and the right end 100, indicating 
maximum pain. The distance from the left side to the mark 
indicating pain intensity was measured three times and 
averaged.


Determination of the amount of tooth movement


Dental models of all subjects taken before and at 2 months 
were evaluated with a measuring microscope (MM-11 
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Measurescope, Nikon Inc., Tokyo, Japan). The occlusal plane 
of the model was set parallel to the measurement plane of the 
microscope connected to the computer for the reference plane. 
This standardized orientation was used for the subsequent 
model of the same subject. An orientation template that fitted 
the posterior teeth on the subsequent model confirmed the 
relative stability of the anchor segment component during 
canine retraction. A canine template was also made to fit over 
the crown of each upper canine. The position of the marker 
was recorded on the canine template relative to the defined 
axis system and references on the anchor template. The linear 
changes in the position of the canine at the start of treatment 
and at 2 months were recorded and computed in millimetres 
to two decimal places (Figure 2).


To assess the measurement error, the linear changes of 
the canine position of each patient were re-measured by the 
same investigator (SL) after 1 week. A paired t-test showed 
no statistically significant difference between the first and 
second measurement.


Statistical analyses


Data analysis was performed using the Statistical Package 
for Social Sciences version 14.0 (SPSS Inc., Chicago, 
Illinois, USA). Means and standard deviations of total 
protein and IL-1b concentrations from the GCF samples of 
all groups were calculated. For comparison of the protein or 
IL-1b concentrations at each observation time point within 
each group, repeated-measures one-way analysis of variance 
(ANOVA) was performed. One-way ANOVA was used for 
comparison of concentrations of protein and IL-1b among 
the groups and Friedman test for comparisons of the PI and 
modified GI among the groups. A paired t-test was used for 
comparing VAS scores of pain intensity or the amount of 
canine movement between the 50 and 150 g force. The 
significance level was set at P < 0.05.


Results


All subjects showed good gingival and periodontal status at 
all experimental time points with no significant difference in 
PI and modified GI scores (Figures 3 and 4). GCF volumes 
showed no significant difference among or within groups at 


any time point (Table 1). The mean value of total protein 
concentrations in the GCF samples of all groups was 
approximately 12 mg/ml at all time points (data not shown).


IL-1b concentrations in the 50 and 150 g groups increased, 
with the greatest mean amounts at 24 hours, declined to 
approximately normal levels during 1 week to 1 month, and 
increased again at 2 months (Table 2). Significant differences 
were found between the control and a force of 150 g at 24 
hours and 2 months (P < 0.05). Although there were no 
significant differences in IL-1b levels between the 50 and 


Figure 2  (A) Templates of the canines and posterior segments; (B and C) Calculation of linear changes in the position of the canines before (x1,y1) and 
after canine retraction (x2,y2), d is the distance the canine moved from the start of treatment to 2 months.


Figure 3  Plaque index score for the control and experimental groups (n = 
16). There was no significant difference among or within the groups (P > 
0.05).


Figure 4  Modified gingival index score for the control and experimental 
groups (n = 16). There was no significant difference among or within the 
groups (P > 0.05).
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Table 2  Inteleukin-1b concentrations (picograms/milligrams of total protein) in the gingival crevicular fluid samples of the three groups 
(n = 16).


Groups Statistics Before 1 hour 24 hours 1 week 1 month 2 months


Control Mean 0.054 0.056 0.041a 0.051 0.061 0.030b


SD 0.044 0.050 0.045 0.052 0.080 0.030
50 g Mean 0.059 0.052 0.073 0.058 0.051 0.069


SD 0.064 0.080 0.129 0.053 0.038 0.078
150 g Mean 0.054c 0.073 0.112a,c 0.068 0.078 0.111b


SD 0.048 0.068 0.095 0.073 0.119 0.148


Significant differences between athe control and 150 g group at 24 hours, bthe control and 150 g group at 2 months and cthe 150 g group before and at 24 
hours (P < 0.05).


Table 3  Means ± standard deviation (SD) of visual analogue scale scores of pain intensity from canine retraction forces of 50 and 150 g 
(n = 16).


Groups Statistics 1 hour 24 hours 1 week 1 month 2 months


50 g Mean 12.24 20.24a,b,c 8.05b 9.44c 10.97
SD 15.33 24.11 12.18 19.06 18.50


150 g Mean 18.84d 35.15a,d,e,f,g 8.09e 10.45f 15.03g


SD 18.19 16.89 10.84 16.79 22.02


Significant difference abetween the 50 and 150 g groups (P < 0.01), bwithin the 50 g group at 24 hours and at 1 week (P < 0.05), c within the 50 g group 
at 24 hours and at 1 month (P < 0.05), dwithin the 150 g group at 1 and 24 hours (P < 0.01), e within the 150 g group at 24 hours and at 1 week (P < 
0.01), f within the 150 g group at 24 hours and at 1 month (P < 0.01) and g within the 150 g group at 24 hours and at 2 months (P < 0.01).


Table 1  Mean ± standard deviation (SD) of gingival crevicular fluid volumes for  the control and experimental groups (average volume 
of two periopapers in microlitres; n = 16).


Groups Statistics Before 1 hour 24 hours 1 week 1 month 2 months


Control Mean 0.45 0.43 0.37 0.28 0.37 0.33
SD 0.29 0.29 0.24 0.21 0.26 0.21


50 g Mean 0.41 0.32 0.33 0.32 0.45 0.42
SD 0.23 0.24 0.30 0.16 0.34 0.25


150 g Mean 0.38 0.42 0.40 0.34 0.34 0.42
SD 0.22 0.37 0.41 0.16 0.21 0.26


There was no significant difference among or within the groups (P > 0.05).


150 g groups at any time point, the increases in IL-1b 
concentration in the 150 g force group at 24 hours and at 2 
months were almost twice that of the 50 g group. Within-
group comparison showed a significant difference before 
treatment and after 24 hours in the 150 g group (P < 0.05).


The mean VAS scores of pain intensity with forces of 50 
and 150 g are shown in Table 3. A significant difference was 
found between the groups at 24 hours (P < 0.01). This pain 
intensity subsequently reduced to some extent towards the 
end of the experiment. Although there were no significant 
differences in pain intensity between the 50 and 150 g 
groups, except at 24 hours, the 50 g showed less pain than 
the 150 g throughout the study.


The average amount of retraction of the canines with 
forces of 50 and 150 g at 2 months was 1.13 mm (±0.63) 
and 1.28 mm (±0.70), respectively (Figure 5). No significant 
difference in the amount of canine distance between the two 
groups was found.


Discussion


In this study, an attempt was made to evaluate the efficacy of 
different amounts of orthodontic force (50 and 150 g) for 
tooth movement in conjunction with levels of IL-1b as well 
as intensity of pain. Because a force of 100–200 g has been 
recommended for canine retraction (Burstone et al., 1961; 
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Quinn and Yoshikawa, 1985), an average force of 150 g was 
chosen in this study. A low magnitude of 50 g, the efficacy of 
which has also been reported (Boester and Johnston, 1974; 
Iwasaki et al., 2000, 2006), was used for comparison. It was 
expected that these different magnitudes of force would result 
in differences in stress distribution in the PDL and therefore 
might lead to different biological responses. The patients 
selected were aged from 18 to 24 years and as they presented 
with only Class I bimaxillary protrusion, segmental 
archwires were used in order to reduce the confounding 
factors.


GCF collection, which is a non-invasive method that has 
been widely used for analysis of human tooth movement, 
enables easy detection of various biochemical markers 
(Grieve et al., 1994; Uematsu et al., 1996). Because the 
level of IL-1b in GCF increases with plaque accumulation 
and gingival inflammation (Zhang et al., 2002), all subjects 
were instructed to maintain good oral hygiene practices 
throughout the period of the study. The PI and GI results for 
all subjects showed no sign of gingival inflammation or 
significant changes at any time point. Moreover, as there 
was no change in GCF volume, this demonstrated good 
gingival health throughout experimental period.


The data of this study confirmed that IL-1b was expressed in 
GCF both from a healthy control canine with no force and the 
experimental canines subjected to continuous forces of either 
50 or 150 g. The mean levels of IL-1b in GCF of the control 
and experimental canines were similar at baseline. The IL-1b 
concentrations subsequently increased significantly after 
application of an orthodontic force of 150 g with the greatest 
mean amount at 24 hours which declined to about the normal 
level in 1 week to 1 month. These findings are similar to those 
of other studies with different forces and designs (Uematsu  
et al., 1996; Lee et al., 2004). However, in this experiment, the 
IL-1b level with a force of 150 g increased again at 2 months 
and was significantly different when compared with the control 
group. The 50 g force also showed the same pattern but was not 
statistically significantly different when compared with the 150 
g and the control at any time point. IL-1b at baseline for all 


experimental and control teeth implied that IL-1b is generally 
released and involved in bone metabolism of healthy 
periodontal tissues. When orthodontic forces are applied to 
teeth, the mechanical stress from the applied orthodontic forces 
evokes biochemical and structural reactions of many cell types 
in and around the teeth and leads to an acute inflammatory 
response during early orthodontic tooth movement (Davidovitch 
et al., 1988). A human study by Lee et al. (2004) found a 
significant increase in IL-1b concentration at 24 hours after 
canine retraction with a force of 100 g, which then declined, 
with no significant difference towards the end of the experiment 
of 3 weeks. In the present study where a force magnitude of 
150 g was used for canine retraction, a pattern similar to that 
found by Lee et al. (2004) was observed. However, in the 
current research, the concentrations of IL-1b were studied for 
2 months, and a significant increase was found again at that 
time point compared with the control. The reason for the 
significantly increased IL-1b concentration at 2 months might 
be because the 150 g force caused chronic inflammation. 
Although the 150 g force at 24 hours and 2 months were not 
significantly different when compared with the 50 g force, the 
increase of IL-1b concentration with the 150 g force was higher 
at all time points and almost twice that of the 50 g group at 24 
hours and 2 months. The reason why a significant difference 
was not detected between the 50 and 150 g group might be due 
to the small sample size. Additional research is needed to 
elucidate this trend.


Interestingly, there was no significant difference between 
the mean amount of canine movement with forces of 50 and 
150 g at 2 months, implying that force magnitudes less than 
100 g could produce the same rate of tooth movement as a 
greater force (Reitan, 1957; Gianelly and Goldman, 1971). 
Iwasaki et al. (2000, 2006) used continuous average forces 
of 18 and 60 g for canine retraction and found that effective 
tooth movement could be produced with lower forces and 
that the lag phase was eliminated.


The immediate painful response from initial orthodontic 
force has been reported to be due to the development of an 
acute inflammatory process and changes in blood flow in 
the PDL (Burstone, 1962). To evaluate pain intensity, a VAS 
was used as this method has been found to be valid and 
reliable in previous research (Carlsson, 1983; Krebs et al., 
2007). In this study, because of the well-aligned posterior 
teeth, canine retraction by continuous coil springs could be 
performed immediately after placement of brackets and 
segmented archwires. The maxillary first molar bands with 
the transpalatal arch had been placed more than 1 week 
earlier to ensure that pain from the band phase had subsided 
(Jones and Richmond, 1985). The highest pain intensity 
was found in the 150 g group at 24 hours, similar to other 
studies (Ngan et al., 1989; Polat and Karaman, 2005), while 
pain in the 50 g group was significantly less.


In the present study, at 24 hours, IL-1b concentration from a 
force of 150 g showed the highest data, which was consistent 
with the reported pain. Thus, the concentration of IL-1b was to 


Figure 5  The mean amounts of canine retraction after 2 months of 
application of continuous orthodontic forces of 50 and 150 g. No significant 
difference was found between the two experimental groups (P > 0.05).
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some extent related to the pain intensity. It could be considered 
that there might be a concentration of IL-1b, which induced 
sufficient tooth movement but not strong pain. A force of 50 g 
could be considered optimum for canine retraction.


Similar to other studies, there appeared to be great 
variability within and among individual patients with regard 
to the amount of applied force, tooth movement, and pain 
intensity (Lee et al., 2004; Başaran et al., 2006). Further 
research is needed with respect to the difference among 
individuals concerning bone metabolic capacity and bone 
density, including morphology and genetic factors, to clarify 
the mechanisms that create these variations.


Conclusions


	1.	 A continuous force of 150 g resulted in significantly higher 
IL-1b levels at 24 hours and after 2 months of initial canine 
tooth movement when compared with the control teeth.


	2.	 A continuous force of 50 g produced significantly less 
pain intensity at 24 hours compared with a 150 g force.


	3.	 Both forces resulted in movement of the canines after 2 
months, but without a statistically significant difference.


	4.	 A continuous force of 50 g could effectively induce canine 
movement similar to a 150 g force, but with less pain.
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Introduction


Aesthetics is an important factor in seeking orthodontic 
treatment. The need for orthodontic treatment is influenced 
by a number of factors including parental, peer and self-
perception of dental beauty (Mugonzibwa et al., 2004a).


Parents may choose orthodontic treatment for their 
children to improve dentofacial aesthetics, or oral function, 
or to diminish future psychological problems. Inappropriate 
reactions of peers to various dental conditions may  
also carry a negative status. Appearance can and does 
make a difference in others’ expectations and, therefore, 
in progress at school, in work, and in competition for a 
mate. It has been reported that individuals with facial 
disfigurements are subjected to teasing, nickname calling, 
and social discrimination (Graber and Vanarsdall, 2000). 
Moreover, people behave differently towards attractive 
people than towards those who are unattractive (Graber 
and Vanarsdall, 2000). It is believed that attractive 
individuals are looked at longer by others (Kleck and 
Rubenstein, 1975) and some personal characteristics such 
as honesty, morals and intelligence are said to be related 
to dentofacial appearance (Secord and Backman, 1959; 
Macgregor, 1970).


The most important factor determining the need for 
orthodontic treatment is self-perception of one’s own beauty. 
Such perception may be influenced by cultural and ethnic 
characteristics, as well as by norms for dental attractiveness 
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SUMMARY  Self-perception of dental attractiveness is an important factor affecting orthodontic treatment 
need. The purpose of this study was to investigate the association between normative and self-perceived 
orthodontic treatment need and to evaluate the influence of gender and socioeconomic background such 
as family size, parental education and father’s employment. The subjects were 900 male and female 
junior high school students (450 males, 450 females) aged 12–15 years, from four districts in the city 
of Shiraz, Iran. The participants were asked to complete a questionnaire and then underwent a dental 
examination. Normative treatment need was assessed clinically using the Dental Aesthetic Index (DAI) 
according to the World Health Organization guidelines. Statistical analysis was undertaken using t- and 
chi-squared tests.


There was no statistically significant correlation between DAI scores and demographics. The results 
showed a significant correlation between DAI scores and a subject’s awareness of malocclusion and 
their satisfaction with dental appearance. There were no differences between genders concerning 
the questionnaire data. The results suggest that the DAI score might reflect a self-perceived need for 
orthodontic treatment.


and individual psychological characteristics. Unattractive 
individuals may view themselves as less effective in social 
situations than their attractive counterparts (Mugonzibwa  
et al., 2004b).


There are many orthodontic indices that combine physical 
and visual elements to provide a measure of the extent of a 
malocclusion. The Dental Aesthetic Index (DAI) links 
clinical and aesthetic components mathematically to 
produce a single score (Jenny and Cons, 1996). The DAI 
outlines criteria for the assessment of dentofacial anomalies 
including missing teeth, crowding, spacing, diastemas, 
overjet, reverse overjet, openbite and molar relationship 
[World Health Organization (WHO) 1997]. Relative to 
other scoring system used for the determination of 
malocclusion severity, the DAI has a high reliability and 
validity and is relatively quick to use (Otuyemi and Noar, 
1996). The DAI scoring system has been advocated by the 
WHO to study orthodontic malocclusions in various 
communities and cultures, and it can be used by dentists 
and/or dental assistants (Cons et al., 1989, 1994; Jenny and 
Cons, 1996). It assists in decision making about where to 
allocate government resources for the treatment of 
malocclusions (Danyluk et al., 1999; Kuijpers-Jagtman and 
Kiekens, 2005).


There is no organized plan to routinely monitor Iranian 
students for orthodontic malocclusion. Moreover, there 
are few studies on the epidemiology of malocclusion 
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among students in that country. Therefore, the present 
investigation was designed to examine the relationship 
between self-perceived and expert-reported need for 
orthodontic treatment using the DAI among junior high 
school students in the city of Shiraz, Iran. The findings 
may be of value for providing orthodontic and human 
resource training, treatment facilities, and resource 
planning.


Subjects and methods


The investigation included 990 (492 males, 498 females) 
junior high school students aged 12–15 years. It was 
performed according to the university ethical guidelines. 
Approval for the study was obtained from the district boards 
of education and from the school authorities.


The subjects were recruited from junior high schools in 
the city of Shiraz, Iran, between March and May 2006. The 
city’s secondary education is divided into four districts and 
two boys and two girls school were selected from each 
district using random sampling. The objectives of the study 
were discussed with the students, and those who agreed 
were invited to participate. Approximately 8 per cent (n = 
79) were excluded due to previous orthodontic treatment. 
Parental approval was sought by sending a consent form to 
the parents of those who agreed to participate in the study. 
The parents of 11 students refused permission, and thus, 
they were excluded. Hence 900 students (450 males, 450 
females) were eligible to participate.


The participants were asked to complete a modified 
version of a questionnaire on self-perceived treatment 
need and satisfaction with dental appearance adapted from 
that used by Shue-Te Yeh et al. (2000) and Kerosuo et al. 
(2004). The modified version included two additional 
questions that concerned being anxious during smiling 
and being subjected to teasing and/or nickname calling. 
Questions were also included relating to gender, 
demographics and socioeconomic status (such as family 
size, parental education and father’s employment). The 
questions were worded in the colloquial language to 
determine accurate opinions about dental appearance, 
beauty, function, etc. In order to ensure the validity of the 
questionnaire, it was translated into Persian by an expert 
in English and the Persian version was then translated into 
English by another expert in English. The agreement 
between the original and translated versions was checked 
by a third expert in English. The face validity of  
the questionnaire was then determined by asking 10 
colleagues to comment on the questionnaire. Their 
comments and suggestions were incorporated into the 
final questionnaire.


Orthodontic need was assessed using the DAI according 
to the WHO (1997) guidelines. All 10 components of the 
DAI were measured (Table 1). The assessments were 
performed under natural light using disposable gloves, 


tongue depressors and mouth mirrors. A periodontal probe 
was used for millimetric measurements. Scoring for the 
DAI was performed by two practicing dentists trained by 
one of the authors (SMD). During the study, intra- and inter-
examiner reliability was calculated by asking the raters to 
score 45 subjects twice within a 2-week period. The within- 
and between-subject reliability for all components of the 
DAI are shown in Table 2.


The data were analyzed using a Student’s t-test, 2 × 4 
contingency tables and chi-square tests. A P value of 0.05 
was considered statistically significant.


Results


Intra-examiner agreement for the two examiners was 89 
and 92 per cent. Inter-examiner agreement for the first and 
second examinations was 84 and 87 per cent, respectively. 
Intra- and inter-examiner reliability for all components of 
the DAI at the first and second pilot examinations is shown 
in Table 2.


The mean DAI score for all subjects was 23.5 ± 5.7. The 
percentage of subjects with a normal/minor malocclusion, 
definite malocclusion, severe malocclusion or handicapping 
malocclusion was 70.1 (631/900), 17.7 (160/900), 7.8 
(71/900) and 4.2 (38/900) per cent, respectively. Not all 
respondents answered all the questions on self-perceived 
treatment need.


The number and percentage of responders stratified based 
on DAI scores are shown in Tables 3–5.


Table 1  The standard Dental Aesthetic Index (DAI) regression 
equation.


DAI  
components


Weights


1 Number of missing visible teeth  
(incisors, canines and premolars   
in the maxillary and mandibular arches)


6


2 Crowding in the incisal segments: 0 = no  
segment crowded, 1 = 1 segment  
crowded, 2 = 2 segments crowded


1


3 Spacing in the incisal segments:  
0 = no spacing, 1 = 1 segment spaced,  
2 = 2 segments spaced


1


4 Midline diastema in millimeters 3
5 Largest anterior irregularity in  


the maxilla in millimeters
1


6 Largest anterior irregularity in the  
mandible in millimeters


1


7 Anterior maxillary overjet in millimeters 2
8 Anterior mandibular overjet in millimeters 4
9 Vertical anterior openbite in millimeters 4
10 Antero-posterior molar relation; largest  


deviation from normal either left or right:  
0 = normal, 1 = 1/2 cusp either mesial or  
distal, 2 = one full cusp or more either  
mesial or distal


3


11 Constant 13
Total DAI score
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Table 2  Intra- and inter-examiner agreement (%) at the start and end of the pilot study for the Dental Aesthetic Index (DAI) 
components.


DAI components


Agreement Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10


Intra-examiner First occasion 100 86 96 91 82 92 77 95 91 81
Second occasion 100 91 95 100 88 82 77 100 91 95


Inter-examiner First occasion 95 92 91 86 76 73 72 96 78 78
Second occasion 95 87 95 95 84 79 73 100 86 76


Table 3  Answers to Questions 1: Sense of need for treatment; 2: Tooth arrangement and 3: Smile compared with peers [stratified based 
on the Dental Aesthetic Index (DAI) score].


DAI score  
(within group)


Q1 Q2 Q3


Yes  
(n)


No  
(n)


Total  
(n)


Happy  
(n)


Normal  
(n)


Unhappy  
(n)


Total Happy  
(n)


Normal  
(n)


Unhappy  
(n)


Total


<25% 152 (40) 222 (59) 347 (99) 86 (25) 190 (55) 68 (20) 344 (100) 171 (46) 177 (47) 21 (5) 369 (98)
26–30% 170 (60) 111 (39) 281 (99) 41 (14) 156 ( 54) 87 (30) 284 (98) 83 (29) 183 (63) 24 (8) 290 (100)
31–35% 118 (77) 35 (22) 153 (99) 14 (8) 89 (52) 66 (39) 169 (99) 28 (17) 116 (73) 14 (9) 158 (99)
>36% 62 (72) 24 (27) 86 (99) 7 (7) 49 (50) 41 (42) 97 (99) 22 (27) 48 (60) 10 (12) 80 (99)
Total 502 (56) 392 (43) 894 (99) 148 (16) 484 (54) 262 (29) 894 (99) 304 (33) 524 (58) 69 (7) 897 (98)


Table 4  Answers to Questions 4: Difficulty in chewing and 5: Difficulty in speaking [stratified based on the Dental Aesthetic Index 
(DAI) score].


DAI score  
(within group)


Q4 Q5


No (n) Sometimes (n) Yes (n) Total (n) No (n) Sometimes (n) Yes (n) Total


<25% 334 (82) 56 (13) 15 (3) 405 (98) 383 (95) 11 (3) 8 (1) 402 (99)
26–30% 209 (74) 63 (22) 8 (2) 280 (98) 234 (82) 44 (15) 7 (2) 285 (99)
31–35% 98 (74) 31 (23) 2 (1) 131 (98) 110 (82) 22 (16) 2 (1) 134 (99)
>36% 56 (70) 19 (24) 4 (5) 79 (99) 64 (83) 11 (14) 2 (2) 77 (99)
Total 697 (78) 169 (18) 29 (3) 895 (99) 791 (88) 88 (9) 19 (2) 898 (99)


Table 5  Answers to Questions 6: Anxiety during smiling and 7: Subjected to teasing and/or nicknaming [stratified based on the Dental 
Aesthetic Index (DAI) score].


DAI score  
(within group)


Q6 Q7


No (n) Sometimes (n) Yes (n) Total (n) No (n) Sometimes (n) Yes (n) Total


<25% 228 (58) 150 (38) 14 (3) 392 (99) 381 (94) 23 (5) — 404 (99)
26–30% 125 (44) 118 (42) 36 (13) 279 (99) 234 (88) 23 (8) 9 (3) 266 (99)
31–35% 52 (38) 52 (38) 31 (22) 135 (98) 103 (76) 23 (17) 9 (6) 135 (99)
>36% 33 (44) 28 (37) 13 (17) 74 (98) 60 (64) 33 (35) — 93 (99)
Total 438 (49) 348 (40) 94 (10) 880 (99) 778 (86) 102 (11) 18 (2) 898 (99)
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Discussion


The findings of the present study indicate that there is an 
association between expert-reported and patient-perceived 
orthodontic treatment need.


The mean DAI score for subjects in the present study was 
23.5 ± 5.7, which is well within the ranges reported in other 
countries (Katoh et al., 1998; Otuyemi et al., 1999; Chi  
et al., 2000; Abdullah and Rock, 2001; Rashida et al., 2001; 
Baca-Garcia et al., 2004). The results show that self-
perceived orthodontic treatment need may reflect that of the 
experts, in agreement with Rashida et al. (2001) and 
Otuyemi et al. (1999). The findings indicate that those who 
answered that they did not have an orthodontic treatment 
need, did actually have a lower need for treatment. Such a 
finding indicates that students’ views of their dental 
aesthetics could potentially be used for dental health 
planning.


The findings also show that those who had a lower 
orthodontic treatment need were happy with the arrangement 
of their teeth, whilst those who had a greater need were 
unhappy. These results are in agreement with Mandall et al. 
(2000) and Shue-Te Yeh et al. (2000), but are not supported 
by the findings of Onyeaso and Sanu (2005) in a Nigerian 
population, or Lilja-Karlander et al. (2003) in a Swedish 
population. The percentage of subjects who were happy and/
or somewhat happy with the arrangement of their teeth were 
comparable with the percentage of those (70.1 per cent) who 
were assessed as having ‘little’ or ‘no’ orthodontic treatment 
need. These findings indicate that the feeling of happiness 
towards dental aesthetics could potentially be useful in 
dental health care planning. The percentage of subjects who 
were unhappy with the arrangement of their teeth and needed 
orthodontic treatment according to the DAI (> 30), was 11 
per cent; therefore, the study failed to demonstrate that those 
who were unhappy with the arrangement of their teeth were 
in need of orthodontic treatment. However, the findings 
showed that those who were happy with the appearance of 
their teeth did not need orthodontic treatment. Such an 
inconsistency may reflect that being unhappy with dental 
appearance does not necessarily reflect a need for orthodontic 
treatment. This is in agreement with the findings of Onyeaso 
and Aderinokun (2003), who reported a significant but weak 
correlation between DAI and children’s perceptions of the 
appearance of their teeth, but in contrast to those of Burden 
(1995) and Burden and Pine (1995) who found that the role 
of peer groups is more important in determining orthodontic 
treatment need than social class or gender. McGuinness 
(2008) also confirmed that social gains, such as a greater 
willingness to smile, feeling good about oneself and 
satisfaction with dental appearance are now becoming more 
important as consumer-related outcomes of orthodontic 
treatment.


The present study also showed that there was no association 
between difficulty in chewing or speaking and the need for 


orthodontic treatment. Thus, subjects’ views on difficulty in 
chewing or speaking are unlikely to be useful in planning 
decisions. It also appears that difficulty with chewing or 
speaking are not sensitive predictors for orthodontic 
treatment need. Such findings are similar to those of Shue-Te 
Yeh et al. (2000) who showed no association between 
chewing and orthodontic treatment need. In contrast, other 
studies (Brandt, 1976; Ngom et al., 2007) suggested that 
improving a patient’s masticatory function by improving 
occlusal relationships could be an indication for orthodontic 
treatment. Onyeaso and Aderinokun (2003) found a 
statistically significant correlation between dental appearance 
and speech (r = 0.148; P < 0.01) and between biting/chewing 
and speech.


No association was found in the present study between 
those who answered ‘yes’ to the question concerning anxiety 
when smiling or being subjected to teasing or nickname 
calling and the need for orthodontic treatment. This is similar 
to the findings reported by Abu Alhaija et al. (2005) but in 
contrast to Azuma et al. (2008) who reported that patients 
with malocclusions had a lower health-related quality of life 
and higher anxiety. This may be due to the fact that DAI is 
mostly concerned with physical factors and not the 
appearance of people’s smiles or their looks in general. The 
study also showed that those who were not anxious when 
smiling or who were not subjected to teasing or nickname 
calling were not in need of orthodontic treatment.


Interpretation of the answers to questions 3–7 depends on 
which responses are taken into account. While, difficulty or 
anxiety or being subjected to teasing does not reflect a need 
for orthodontic treatment, having no difficulty, anxiety or 
not being subject to teasing was associated with no need for 
orthodontic treatment. With regard to such inconsistency, a 
number of speculations may be made. First, such indices 
might not necessarily reflect the need for orthodontic 
treatment, or they may not be sufficiently sensitive. 
Secondly, it might be due to the inadequacies in the internal 
consistencies of the inventory.


The present research shows that awareness of different 
types of malocclusion should be promoted and aesthetics 
should receive more attention in orthodontic treatment 
planning. In the case of camouflage treatment, orthodontists 
should be cautious in cases that may lead to good occlusion 
but may not be considered as enhancing aesthetics.


Conclusions


The findings of this study showed that there were significant 
positive correlations between DAI score and awareness of 
orthodontic treatment need and the student’s satisfaction 
with their own dental appearance, concern with their smile, 
and their opinion about their dental appearance in comparison 
with their peers. The findings suggest that the DAI score 
might predict self-perceived orthodontic treatment need 
among adolescents.
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Introduction


Congenital absence of a maxillary lateral incisor and of 
mandibular second premolars are the two most frequent 
forms of hypodontia, their frequency varying with the 
population studied (Grahnén, 1956; Horowitz, 1966; 
Alvesalo and Portin, 1969; Muller et al., 1970; Thilander 
and Myrberg, 1973; Magnusson, 1977; Rolling, 1980; 
Aasheim and Øgaard, 1993; Johannsdottir et al., 1997; 
Tavajohi-Kermani et al., 2002; Polder et al., 2004). Values 
ranging between 0.8 and 4.25 per cent have been found for 
the prevalence of permanent maxillary lateral incisor 
agenesis (MLIA). In the Portuguese population, prevalence 
of MLIA was estimated at 1.3 per cent (Pinho et al., 2005). 
Svinhufvud et al. (1988) and Arte et al. (2001) have 
proposed that dental absence, microdontia, or the conical 
form of one or more maxillary lateral incisor are different 
expressions of the same trait.


In spite of recent progress, the aetiopathogenesis of 
hypodontia remains largely unknown (Vastardis, 2000; 
Kapadia et al., 2007). There is evidence that congenital 
tooth absence can be the result of environmental or 
hereditary causes, or of their interaction (Schalk-van der 
Weide and Bosman, 1996; Swinnen et al., 2008). However, 
as the development of the human dentition in terms of 
structure and organization is under genetic control and 
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SUMMARY  The observation that certain patterns of tooth agenesis occur more frequently in individuals of 
the same family may suggest the existence of predisposing genetic factors. The aim of this study was to 
search for mutations in the PAX9 and MSX1 genes and to investigate their potential association with the 
maxillary lateral incisor agenesis (MLIA) phenotype in 12 Portuguese families, a total of 52 individuals, 
12 probands and 40 relatives (eight of which had MLIA). Twenty-three of the subjects were male and 
29 female with an age range of 10–75 years. The control group comprised random DNA samples of 91 
Portuguese individuals.


Nucleotide alterations were not detected in the coding regions of the MSX1 gene, analysed by single-
strand conformation polymorphism and sequencing; in the PAX9 gene, a polymorphism was found that 
led to transition of G718 to C, implying a change of alanine 240 for proline. However, the differences in the 
frequencies of the PAX9 gene polymorphism between the probands (67 per cent) and the control population 
(56 per cent carrying the c allele) were not statistically significant as determined by chi-square test, and the 
polymorphism did not clearly segregate with the trait in the families. Aggregating the available data, there 
does not seem to exist a clear association between the alanine 240 for proline variant in the PAX9 gene and 
the MLIA phenotype. Further studies are required to clarify the basic genetics of MLIA.


involves several factors (Lyngstadaas et al., 1996; Pirinen 
et al., 1996; Thesleff, 1996; Vastardis et al., 1996; Stockton 
et al., 2000; Vastardis, 2000; Nieminen et al., 2001;  
Das et al., 2002; Lidral and Reising, 2002; Klein et al., 
2005; Gerits et al., 2006; Mostowska et al., 2006; Kapadia 
et al., 2007; Tallon-Walton et al., 2007; Zhao et al., 2007), 
it is logical to assume that mutations in some genes encoding 
these factors may affect the normal development of teeth 
and, eventually, may cause their absence.


Inactivation of MSX1 and PAX9 genes in mice showed 
that these genes are relevant to dental and craniofacial 
development (Satokata and Maas, 1994; Neubuser et al., 
1997). Some mutations associated with tooth agenesis have 
been identified in humans in the MSX1 (Vastardis et al., 
1996; Lidral et al., 1998; Lidral and Reising, 2002; 
Mostowska et al., 2006) and PAX9 (Schuffenhauer et al., 
1999; Stockton et al., 2000; Nieminen et al., 2001; Das  
et al., 2002; Pereira et al., 2006; Hansen et al., 2007; Tallon-
Walton et al., 2007; Zhao et al., 2007; Guala et al., 2008) 
genes. Vastardis et al. (1996) identified one missense 
mutation in MSX1 (Arg31Pro), resulting in the substitution 
of arginine by proline in position 31 of the peptide chain, in 
all affected members of one family, with congenital absence 
of the second premolars and third molars as a predominant 
characteristic. Some affected individuals also presented 
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congenital absence of the first premolars, first mandibular 
molars, one or both maxillary lateral incisors, or one 
mandibular central incisor.


Van den Boogaard et al. (2000) found a nonsense mutation 
(Ser104Stop) in the MSX1 gene in all affected individuals 
of a Dutch family with several combinations of orofacial 
clefting and dental agenesis (predominantly of the second 
premolars and molars). This phenotype is similar to that 
which occurs as the result of MSX1 gene mutation in mice 
(Satokata and Maas, 1994).


Nevertheless, Nieminen et al. (1995), in a study of families 
with slightly different clinical features (incisor and premolar 
hypodontia), excluded the MSX1 and MSX2 genes as 
potentially implicated in hypodontia, as well as epidermal 
growth factor (EGF), EGFR and EGF-3 (Arte et al., 1996). 
A study performed in individuals of Brazilian origin with 
hypodontia failed to find mutations in MSX1 (Scarel  
et al., 2000). Lidral and Reising (2002) did not find mutations 
in MSX1 in subjects with simple incisor and premolar 
agenesis nor in those with orofacial clefts, but they did detect 
them in families with multiple agenesis, indicating a different 
aetiology for these cases. Mostowska et al. (2006) described 
a novel mutation of MSX1 that might be responsible for 
oligodontia (lack of 14 permanent teeth in a proband), 
although with incomplete penetrance.


Peters et al. (1998), in animal studies of gene inactivation, 
showed that the expression of transcription factors dependent 
on PAX9 regulation was essential to the normal development 
of structures derived from the pharyngeal pouch, such as 
the craniofacial skeleton, teeth, and fingers. Affected mice 
died in the prenatal period, presumably due to serious 
craniofacial malformations, including palatal fissures. 
Peters et al. (1998) also showed that the PAX9 gene is 
fundamental for the mesenchymal expression of transcription 
factors: bone morphogenetic protein 4 (Bmp4), MSX1, and 
lymphoid enhancer-binding factor 1 (Lef1), suggesting a 
role for this gene in the establishment of the inductive 
capacity of the mesenchyme in tooth formation.


In humans, mutations in PAX9 were identified in individuals 
with oligodontia, affecting mostly the molars, suggesting the 
importance of the expression of that gene for the formation of 
the dentition (Stockton et al., 2000; Nieminen et al., 2001; 
Pereira et al., 2006; Hansen et al., 2007; Tallon-Walton et al., 
2007). Lammi et al. (2004), recently, reported that a nonsense 
mutation in AXIN2, an essential component of the WNT/b-
catenin pathway, caused familial oligodontia with a severe 
phenotype. In addition to oligodontia, those authors also 
found that a mutation in AXIN2 predispose the individual to 
colorectal cancer. However, considering the discrepancy 
between the high prevalence rate of tooth agenesis and the 
relatively small number of reported causative mutations in 
the PAX9, MSX1, and AXIN2 genes, the genetic contribution 
to hypodontia/oligodontia seems quite heterogeneous (Gerits 
et al., 2006). Environmental and epigenetic factors as well as 
genes regulating odontogenesis require further in vivo and 


in vitro investigation in order to explain the phenotypic 
heterogeneity and to increase understanding of the 
odontogenic processes (Swinnen et al., 2008).


A study of familiar aggregation showing that the risk of a 
relative of an individual with maxillary lateral incisor 
agenesis (MLIA) having the same type of agenesis was 
13–15 times higher when compared with a relative of an 
individual without agenesis (Pinho, 2004) has reinforced 
the hypothesis that genetic changes may lead to congenital 
absence of teeth. Thus, the current study aimed to evaluate 
a possible association between mutations in MSX1, PAX9, 
and the MLIA phenotype in patients of Portuguese origin.


Subjects and methods


All participants gave their written informed consent to 
participation in this study, which was approved by the Ethics 
Committee of the Faculty of Dental Medicine of the 
University of Porto.


Patients and controls


A previous epidemiological study involving analysis of 
16 771 patients between 1993 and 2000 at a university clinic 
led to the identification of 219 subjects with permanent 
MLIA, corresponding to a prevalence of 1.3 per cent in this 
population (Pinho et al., 2005).


Comprehensive clinical information, family history, and 
radiographs were obtained for 52 of the above-mentioned 
individuals, 12 probands, and 40 relatives (eight of which had 
MLIA; families 1–12); 23 (44.2 per cent) of the subjects were 
male and 29 (55.8 per cent) female, and their age ranged 
from 10–75 years (mean 33.48 ± 17.37; Figure 1, available 
as supplementary data on European Journal of Orthodontics 
online). Care was taken during clinical observation to exclude 
known genetic syndromes associated with tooth absence, and 
records were made of all skin, hand, eye, lip, and palatal 
anomalies, as well as hearing problems. Random DNA 
samples of 91 Portuguese individuals (obtained from 
anonymous Guthrie cards, from the national newborn 
screening programme) constituted the control population.


Polymerase chain reaction amplification


Genomic DNA was extracted from peripheral blood using 
the Gentra PureGene Blood kit (Gentra Systems, Minneapolis, 
Minnesota, USA) and from the buccal smears or filter paper 
blots using Chelex at a final concentration of 0.8 per cent.


Four sets of primers were synthesized, spanning the 
coding region of MSX1 (Exons 1 and 2) and of the PAX9 
gene (Exons 2, 3, and 4) and standard polymerase chain 
reaction (PCR) amplification of genomic DNA was used. 
PCR was performed in a total volume of 25 ml containing 
40 ng of DNA, 1 mM of each primer, 25 mM MgCl2,  
200 mM deoxyribonucleotides, and 0.01 U of DNA Taq 
polymerase (Fermentas GmbH, St Leon-Rot, Germany), in 
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100 mM Tris–HCl, pH 8.8, 500 mM KCl buffer. Samples 
were initially heated to 95°C for 5 minutes. Each cycle 
comprised denaturation at 94°C for 1 minute, primer 
annealing at optimal annealing temperature for 30 seconds, 
and extension at 72°C for 1.5 minutes. The samples were 
subjected to 35 cycles of amplification, followed by a final 
extension at 72°C for 7 minutes. The PCR products were 
analysed in 2 per cent agarose gel.


Mutation scanning by single-strand conformation  
polymorphism analysis


A non-radioactive single-strand conformation poly
morphism (SSCP) method was used to scan for sequence 
variants in the coding region of the MSX1 gene and the 
second exon of the PAX9 gene.


Amplified DNA from these segments was subjected to 
electrophoretic migration on 11 per cent polyacrylamide gel 
with glycerol, under non-denaturing conditions in the 
Multhiphor® apparatus (GE Healthcare Life Sciences, 
Amersham, Buckinghamshire, UK). Different temperatures 
were used for electrophoretic separation for each gene 
segment: 15°C for PAX9, 4°C for Exon 1, and 15°C for 
Exon 2 of the MSX1 gene. The gel was silver stained, using 
standard methods. If any differences were detected, direct 
sequencing was carried out as described below.


DNA sequencing


PCR products were sequenced using the PCR Pre-Sequencing 
Kit (GE Healthcare Life Sciences), according to the 
manufacturer’s instructions. Complete sequencing of the 
coding regions of MSX1 (Exons 1 and 2) and PAX9 gene (Exons 
2, 3, and 4) was performed through automated cycle sequencing 
(ABI Prism® Big Dye Terminator Cycle Sequencing Ready 
Reaction kit; Applied Biosystems, Foster City, California, 
USA), according to the manufacturer’s instructions, using 
the primers listed in Table 1. Capillary electrophoresis was 
performed in an ABI 310 (Applied Biosystems).


Allele-specific PCR


Allele-specific PCR was used to confirm the presence of a 
mutation in the probands and family members and to study 
the frequency of DNA variants in the control population. The 
PCR started with denaturation at 95°C for 5 minutes, followed 
by 32 cycles of denaturation at 94°C for 1 minute, annealing 
at 62°C for 30 seconds, and extension at 72°C for 1 minute. 
A final extension at 72°C for 5 minutes was performed. The 
reaction occurred in a total volume of 12.5 ml, containing 100 
mM Tris–HCl, pH 8.8, 500 mM KCl buffer, 1.5 mM MgCl2, 
0.6 mM deoxyribonucleotides, 0.03 per cent formaldehyde, 
and 0.01 U Taq polymerase (Gibco-Invitrogen, Carlsbad, 
California, USA). Subjects of known genotype were  
used in each run to validate the specificity of PCR. The 
amplification products were detected in 2 per cent agarose 


Figure 2  Agarose gel electrophoresis showing the allele-specific 
polymerase chain reaction (PCR) for the study of substitution in the 718 
nucleotide position (G>C): Lanes 1 and 3: G/G homozygous normal 
genotype; Lanes 2, 4, and 5: G/C heterozygous genotype; and Lane 6: C/C 
homozygous mutant genotype. To the left are the negative blank and 
positive controls of the allele-specific PCR.


gel. Figure 2 shows an example of the results obtained 
with this method.


Statistical analysis


Statistical analysis of the data was performed using the 
Statistical Package for Social Sciences version 16 (SPSS 
Inc., Chicago, Illinois, USA). A chi-square test was used 
to compare the frequency of mutations/polymorphisms 
between the probands and controls and between affected 
and non-affected relatives (excluding spouses). A P-value 
less than 0.05 was considered to be statistically significant.


Results


In the proband of each family, Exons 2, 3, and 4 of the PAX9 
gene and Exons 1 and 2 of the MSX1 gene were sequenced, 
with the aim of identifying mutations in these genes. In 


Table 1  Sequence of primers used for amplification of the 
different exons and conditions in polymerase chain reaction. F, 
forward; R, reverse; ex, exon; numeration, nucleotide position in 
the sequence; Ta, annealing temperature (matching temperature).


Gene Primers Sequence Size  
(base pairs)


MSX1 4Fex1 AGTCGCCAGAGGAAAGTTTC 650
650Rex1 CCTTGGCCCCCGGCTTCCTGTGGTC
643Fex1 CCAAGGAGAGCGCCCTGGCGCCCT 277
920Rex1 CTCCCTCTGCGCCTGGGTTCTGGCT
645Fex2 GCAAACACAAGACGAACCGTAAGCC 200
840Rex2 CTTGTAGTCTCTTTGCCTTGGCGCG
570Fex2 CAATGCTTCTCTCTTAACCCTTGCTT 520
1090Rex2 CTGGCCCCACAGGTGGGCGGACCTG


PAX9 −58F1ex2 AGGCAGCTGTCCCAAGCAGCG 410
357R1ex2 GGAGGGCACATTGTACTTGTCGC
109F2ex2 ATCCGACCGTGTGACATCAGCC 525
+10R2ex2 GAGCCCCTACCTTGGTCGGTG
−197Fex3 GGGAGTAAAACTTCACCAGGC 370
+28Rex3 CCACCTGGCCTGACCCTC
−121Fex4 GGAGAGTAGAGTCAGAGCATTGCTG 590
+74Rex4 GAGACCTGGGAATTGGGGGA


Extracted and adapted from Vastardis et al. (1996) and Nieminen et al. 
(2001).
(+) indicates a sequence of DNA that is in front of the codon where tran-
sition begins and (−) the sequence of DNA that is behind the codon.
The annealing temperature of the primers used was 65°C for all segments 
to be amplified.
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MLIA revealed no difference (P = 0.12) in the frequency of 
homozygous and heterozygous carriers of this polymorphism 
compared with that seen in the control population (Table 3). 
Additionally, analysis of the frequency of the Ala240Pro 
polymorphism and corresponding genotypes in affected 
and non-affected cases (excluding individuals who married 
into the basic gene pool; n = 34, Table 3) was performed of 
the 12 families. No significant difference was found in the 
distribution of the Ala240Pro polymorphism between the 
affected and non-affected groups, either when considering 
as affected with agenesis only, or extending the concept of 
‘affected’ to include those with agenesis and/or microdontia. 
(P > 0.05).


Discussion


In this study, no mutations in the MSX1 gene were found in 
individuals with MLIA, while a polymorphism in the PAX9 
gene was detected, the frequency of which was not, however, 
statistically different from that in the control population.


This result reinforces the view that the MSX1 gene might 
be fundamentally implicated in odontogenesis of posterior 
teeth (Nieminen et al., 1995; Vastardis et al., 1996; Scarel  
et al., 2000; Vastardis, 2000; Nieminen et al., 2001;  


these 12 probands, no nucleotide changes were detected in 
the regions of the MSX1 gene analysed by SSCP or 
sequencing. Thus, for this gene, no further mutation analysis 
was performed in the relatives.


Two sequence variants were identified in Exon 3 of 
PAX9: a silent change in nucleotide 717C>T=rs12881240 
in one of the probands, and a variant in nucleotide 
718G>C=rs4904210 (Figure 3) leading to the Ala240Pro 
substitution, in eight probands (66.7 per cent of probands), 
four homozygous, and four heterozygous. In the control 
population of Portuguese ancestry, the frequency of the 
Ala240Pro variant was 56 per cent. The observed 
differences in the frequencies of this polymorphism 
between the probands and controls were not statistically 
significant (chi-square test P = 0.1).


Analysis of these specific variants in PAX9 was also 
performed by allele-specific PCR (Figure 2) in the remaining 
40 family members, eight of which were affected with MLIA. 
The Ala240Pro variant was found in 28 (70 per cent of the 
relatives, nine homozygous and 19 heterozygous) (Figure 1, 
Table 2, available as supplementary data in European Journal 
of Orthodontics online).


Analysis of the distribution of the Ala240Pro 
polymorphism genotypes in PAX9 in the eight families with 


Figure 3  Chromatogram showing the sequencing analysis of Exon 3 of PAX9, from four probands. (A) wild-
type sequence, (B) homozygosity, (C) heterozygosity for the G>C substitution at nt 718, and (D) homozygosity 
for the silent polymorphism at nt717(C→T).
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De Muynck et al., 2004; Mostowska et al., 2006). Illustrating 
this concept is the description by Mostowska et al. (2006) 
of a novel mutation of MSX1 with incomplete penetrance, 
potentially responsible for oligodontia in a proband with 
absence of 14 permanent teeth but with the presence of 
the maxillary incisors. Those authors supported the view 
that oligodontia of the human dentition might be an 
oligogenetic trait caused by simultaneous mutation of 
different genes.


Mutations in the PAX9 gene have been associated with 
agenesis of posterior teeth (Stockton et al., 2000; Nieminen 
et al., 2001; Pereira et al., 2006; Hansen et al., 2007; Tallon-
Walton et al., 2007). In humans, unlike mice, a heterozygous 
mutation in either PAX9 or MSX1 was reported to be 
sufficient to cause agenesis of molars or premolars, 
respectively (De Muynck et al., 2004; Kapadia et al., 2007). 
In the present study, the location of the agenesis studied was 
at an anterior level, and a sequence variant in the PAX9 gene 
[nt718 (G>C)] was identified. This nucleotide substitution 
has previously been described (Nieminen et al., 2001), 
leading to the introduction of a proline instead of alanine in 
the peptidic chain. The alanine residue at position 240 is 
conserved during evolution and is present in several species 
(namely Gallus gallus, Mus musculus, Danio rerio, Takifugu 
rubripes), being maintained in rodents and in mammals 
(Pereira et al., 2006). Its substitution by proline could be a 
reason for the structural change in the PAX9 protein with a 
corresponding functional effect. It has been suggested that 
in spite of a globally strong purifying selection acting upon 
PAX9, the Ala240Pro polymorphism may confer an 
evolutionary advantage by causing congenital absence of 
third molars in humans (Pereira et al., 2006). In agreement 
with this hypothesis, this variant was common but was not 
significantly more frequent in individuals with MLIA than 
in the control population in the present study. Homozygosity 
for the variant was not significantly more frequent in the 


MLIA probands than in the controls. Segregation analysis 
and the correlation between genotype–phenotype in the 
MLIA families also did not reveal an association of the 
nt718 (G>C) or of the Ala240Pro variants of PAX9 with 
hypodontia. Family members without agenesis and some 
healthy partners were also heterozygous for the Ala240Pro 
polymorphism, reflecting its frequency in a large proportion 
of the control population.


In the controls, in the present study, the frequency of the 
Ala240Pro variation was 56 per cent, close to that recently 
reported of 69.8 per cent for a southeast Chinese control 
population (Pan et al., 2008). In the latter population, the 
same PAX9 polymorphism alone had a non-significant effect 
on the overall risk of tooth agenesis because no significant 
difference was found in the haplotype distribution between 
the controls and subjects with tooth agenesis or mandibular 
incisor agenesis. A specific haplotype of this gene was, 
however, reported to have a protective effect, being 
associated with a decreased risk of tooth agenesis (Pan  
et al., 2008).


Although previous research of familial aggregation 
(Pinho, 2004) indicated an increased risk of MLIA in 
relatives of affected probands, it was not established in 
this study that MSX1 and PAX9 genes have a relevant 
aetiopathogenic implication for this developmental 
defect, at least in the Portuguese population. This implies 
that several other genes are possibly implicated in the 
pathogenesis of dental agenesis.


Conclusions


Sequence variants in the MSX1 and PAX9 genes, including 
the G718C polymorphism, were not the cause of hypodontia 
in the studied patients. The phenotype of affected probands 
might result from mutations of other developmentally 
relevant candidate genes, yet to be identified.


Table 3  Frequencies of the different genotypes (G/G, C/C, and G/C) observed in the PAX9 gene polymorphism G718C of controls, 
subjects with maxillary lateral incisor agenesis and their relatives.


Studied population Total (n) PAX9 G718C substitution


No Yes


Homozygote normal  
genotype (G/G)


Homozygous (C/C) Heterozygous (G/C)


Probands (individuals with incisor agenesis) 12 4 (33.33%) 4 (33.33%) 4 (33.33%)
Relatives of probands* 34 9 (26.47%) 8 (23.53%) 17 (50%)
  With agenesis 8 4 (50%) 2 (25%) 2 (25%)
  Without agenesis 26 5 (19.23%) 6 (23.08%) 15 (57.69%)
Controls (individuals without incisor agenesis) 91 40 (43.96%) 14 (15.38%) 37 (40.66%)


*Spouses and individuals of unknown phenotype were excluded from the analysis.
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Supplementary material


Supplementary material is available at European Journal of 
Orthodontics online.
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Introduction


Since Buonocore (1955) introduced the acid-etching 
bonding technique, the concept of bonding resins to 
enamel has developed applications in all fields of dentistry 
(Attar et al., 2007), including the bonding of orthodontic 
brackets (Bishara et al., 2002). By the 1970s, bonding of 
orthodontic brackets had become an accepted clinical 
technique (Gorelick 1977; Thanos et al., 1979). Bonding 
brackets has some advantages, including ease of placement 
and removal, minimal soft tissue irritation and gingival 
hyperplasia, and minimal danger of decalcification with 
loose bands, besides being more aesthetic (Boyd and 
Baumrind 1992).


Different materials and methods for bonding brackets are 
constantly being developed. Conventional adhesive systems 
use three different agents, an enamel conditioner, a primer 
solution, and an adhesive resin, in the process of bonding 
orthodontic brackets to enamel (Bishara et al., 2004).


Advances in adhesive technology have led orthodontists 
to incorporate new adhesives, composite resins, and bonding 
techniques into their clinical practices. Self-etching primer 
(SEP) products, which combine acid and primer, simplify 
the bonding procedure, reducing chair time and avoiding 
the side-effects of acid etching (Sirirungrojying et al., 
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SUMMARY  The purpose of this study was to compare the bond strengths and to evaluate the debonding 
site using the adhesive remnant index (ARI) provided by a conventional acid-etch conditioner and a new 
self-etching adhesive system, Xeno IV (Dentsply Caulk).


One hundred and eighty bovine lower incisors were randomly divided into six groups (n = 30). In groups 1, 
2, and 3, Transbond XT (3M Unitek) composite was used to bond the brackets to enamel samples conditioned 
with 37 per cent phosphoric acid + XT primer (3M Unitek), Xeno IV + XT primer, or Xeno IV only, respectively. 
In groups 4, 5, and 6, the bonding procedures were performed using Fuji Ortho LC (GC Corp.) resin-modified 
glass ionomer cement unconditioned, enamel conditioned with 37 per cent phosphoric acid, or Xeno IV, 
respectively. All samples underwent thermocycling and then shear bond strength (SBS) testing was performed 
using a universal testing machine (Emic DL 10.000). Analysis of variance was applied. For the post hoc test, the 
Tukey’s test was used. Kruskal–Wallis and Mann–Whitney U-tests were used to assess ARI scores.


The results demonstrated no statistical differences between groups 1, 2, and 3. However, statistically 
significant differences were found between these samples and groups 4, 5, and 6. With regard to ARI 
score, the highest mean value was found in group 5 (Fuji Ortho LC + 37 per cent acid conditioning), 
whereas group 4 (Fuji Ortho LC + no conditioning) had the lowest SBS. Xeno IV self-etching bonding 
agent was able to bond orthodontic brackets in association with Transbond XT composite as well as with 
Fuji Ortho LC, thus maximizing bracket bonding.


2004). Contemporary two-step SEPS and the new one-step 
self-etching adhesive systems are attractive additions to the 
clinician’s bonding armamentarium (Pashley and Tay 2001; 
Amra et al., 2007; Bishara et al., 2008).


The changes regarding different generations of bonding 
systems have progressed from etching enamel to conditioning 
dentine, smear layer treatment, and altered handling properties 
of adhesive systems (Schaneveldt and Foley 2002). Fourth-
generation bonding systems consist of a three-step application: 
acid etching, use of a primer (to ensure maximum adhesion 
by improving monomer penetration into the etched enamel 
and hydrophilic dentine substrate and to improve wettability 
of the tooth surface), and a resin-bonding agent. This 
technique is also known as the total-etch technique.


In an effort to simplify dentine/enamel bonding systems, 
a SEP (fifth-generation dentine bonding system), which 
combines tooth surface etching and priming steps to 
simultaneously treat both enamel and dentine, was 
introduced (Miyazaki et al., 1999). There was, however, 
some concern that the manufacturers were compromising 
enamel bond strength in their efforts to simplify clinical 
application (Miyazaki et al., 1999). Research into the 
development of SEPs progressed even further with the 
introduction of single-application bonding systems that 
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combined the SEP and the resin-bonding agent into a one-
step formulation (Amra et al., 2007); these are the sixth-
generation bonding systems.


However, as chemically stable concentrations of the 
components (acid, primer, and adhesive) are difficult to 
achieve, the sixth-generation bonding systems are designed 
to store their components separately into two flasks until 
mixed for clinical use. Such component separation prevents 
changes in the initializers as they are sensitive to acidity 
over time (Van Meerbeek et al., 2003).


In an effort to obtain a self-conditioning agent containing 
all its components mixed together in one flask only, seventh-
generation SEPs have emerged. Among these, Xeno IV is 
one of the most widely used.


Xeno IV (Dentsply Caulk, Milford, Massachusetts, USA) 
is a self-etching adhesive system that is said to demonstrate 
high performance in terms of self-etching technology by 
providing a bond to enamel and dentine comparable with 
those of conventional adhesive systems with phosphoric 
acid conditioning (Nunes et al., 2009). The unresolved 
question regarding Xeno IV is whether it is effective in 
orthodontic bonding.


The purpose of this study was to assess and compare the 
shear bond strength (SBS) of a one-step SEP system (Xeno 
IV) used to bond orthodontic brackets.


Materials and methods


One hundred and eighty extracted permanent bovine 
mandibular incisors were collected, cleaned of soft tissue, 
stored in 10 per cent formaldehyde solution, and kept in a 
refrigerator for 24 hours at 8°C. The criteria for tooth 
selection included intact buccal enamel, no previous 
chemical treatment (e.g. hydrogen peroxide), no cracks 
caused by extraction forceps, and no caries.


The teeth were inserted into PVC reducing bushes (Tigre, 
Joinville, Brazil) filled with acrylic resin (Clássico, São Paulo, 
Brazil) with only their crowns exposed. The buccal surfaces 
of the crowns were positioned perpendicular to the shearing 
base of the die using a glass square to enable correct mechanical 
testing. After polymerizing the resin, all samples were stored 
in distilled water and refrigerated for 24 hours at 8°C.


Prior to bonding, the buccal surfaces of all teeth were 
submitted to prophylaxis using rubber cups (Viking; KG 
Sorensen, Barueri, Brazil), extra-fine pumice stones (S.S. 
White, Juiz de Fora, Brazil), and water for 15 seconds. The 
samples were washed by applying an air/water jet for 15 
seconds and dried with an air jet free of oil/humidity during 
the same period of time. The rubber cups were replaced 
after every five prophylactic procedures in order to maintain 
the experimental pattern.


After prophylaxis, the teeth were randomly divided into 
six groups (n = 30), and 0.018 inch stainless steel maxillary 
central incisor brackets with a base area of 14.2 mm2 
(Morelli, Sorocaba, Brazil) were used for bonding.


Table 1  Descriptions of the groups.


Control Experimental


Group 1: 37% phosphoric acid/ 
Transbond XT primer + adhesive


Group 2: Xeno IV/Transbond  
XT primer + adhesive
Group 3: Xeno IV/Transbond  
XT adhesive


Group 5: 37% phosphoric acid/ 
Fuji Ortho LC


Group 4: Fuji Ortho LC


Group 6: Xeno IV/Fuji Ortho LC


The six groups consisted of two control and four 
experimental groups (Table 1). Groups 1 and 5 were the 
control groups for Transbond XT (3M Unitek, Monrovia, 
California, USA) and Fuji Ortho LC (GC Corp., Tokyo, 
Japan) adhesives, respectively. Xeno IV was used in the 
other experimental groups (2, 3, and 6). In group 4 Fuji 
Ortho LC was used with no enamel conditioning procedure.


After prophylaxis, all samples from both control groups 
were etched with 37 per cent phosphoric acid for 20 seconds 
and then washed and dried for the same period of time.


Xeno IV was used according to the manufacturer’s 
recommendations, that is application in two layers, 
photopolymerization for 15 seconds, and light application 
of an air jet. In group 4, the brackets were bonded on the 
cleaned dental surfaces but not etched.


Transbond XT and Fuji Ortho LC composites were 
applied on the bracket base and placed on the tooth with a 
force of 300g (Correx force gauge, Bern, Switzerland) for 
10 seconds. The force was applied uniformly to ensure an 
even adhesive thickness between the bracket and enamel. 
Adhesive flash was removed from the teeth with a probe and 
each bracket was then light cured for 40 seconds (10 seconds 
on each side) at a distance of 1 mm from the bracket using a 
2500 light-curing unit (3M Dental Products, Oakdale, 
California, USA) with a light intensity of 550 mW/cm2. The 
light intensity was calibrated for each polymerization using 
a radiometer (Demetron, Danburry, Connecticut, USA).


The bonded teeth were left undisturbed for 30 minutes to 
ensure complete polymerization of the adhesive. After a 24 
hour period of immersion in distilled water, all samples 
were subjected to thermocycling (500 cycles in 5°C and 
55°C water with a dwell time of 15 seconds in each bath; 
Amra et al., 2007).


In order to keep the sample stable during mechanical 
testing, a spiral-made device was used. SBS testing was 
performed using an Emic DL 10.000 universal testing 
machine (São José dos Pinhais, Paraná, Brazil) at a crosshead 
speed of 0.5 mm/minute through a chisel-shaped rod. The 
force per unit area required to dislodge the bracket was then 
calculated and reported as the SBS in megapascals (MPa).


The enamel surfaces were examined with a 
stereomicroscope (Stemi 2000-C; Carl Zeiss, Göttingen, 
Germany) at a magnification of ×16. The amount of composite 
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remaining was classified according to the adhesive remnant 
index (ARI; Årtun and Bergland, 1984). The ARI scores 
range from 0 to 3, with 0 indicating no composite left on the 
enamel; 1, less than half of the composite left; 2, more than 
half of the composite left; and 3, all composite left on the 
tooth surface (Årtun and Bergland, 1984).


Statistical analyses were performed using the Statistical 
Package for Social Sciences version 13.0 (SPSS Inc., Chicago, 
Ilinois, USA). Descriptive statistics that included the mean, 
standard deviation, and median values were calculated for all 
six groups. Analysis of variance was used to determine whether 
significant differences existed among the groups. For the post 
hoc test, the Tukey’s test was used. Kruskal–Wallis and Mann–
Whitney U-tests were used for assessing the ARI scores.


Results


There were no statistical differences between groups 1, 2, 
and 3. However, statistically significant differences were 
found between groups 4, 5, and 6. Statistical differences 
were also observed when groups 4, 5, and 6 were compared 
with each other (Table 2).


The groups where Transbond XT was used had the highest 
mean value, whereas those bonded with Fuji Ortho LC with 
no enamel conditioning had the lowest mean value.


The results regarding ARI score showed no statistical 
differences between groups 1, 2, and 3, 5 and 6. Group 4 
had different results compared with the other groups (Table 3). 


Table 2  Shear bond strength comparisons.


Group Mean  
(MPA)


SD Median Range Significance*


1 21.88 1.09 22.02 20–23.19 A
2 21.83 1.54 21.61 18.62–24 A
3 20.74 1.064 20.81 19.27–22.8 A
4 6.12 1.21 6.4 3.09–7.54 B
5 17.76 1.84 18.16 14.09–20.73 C
6 15.81 1.17 15.45 14.15–18.63 D


*The same letters indicate absence of a statistically significant difference 
(P > 0.05).


Table 3  Frequency distribution of adhesive remnant index scores.


Group Score Significance*


0 1 2 3


1 8 (26.6%) 6 (20%) 14 (46.6%) 2 (6.66%) A
2 8 (26.6%) 16 (53.3%) 2 (6.66%) 4 (13.3%) A
3 12 (40%) 6 (20%) 10 (33.3%) 2 (6.66%) A
4 28 (93.3%) 2 (6.66%) 0 (0%) 0 (0%) B
5 4 (13.3%) 8 (26.6%) 14 (46.6%) 4 (13.3%) C
6 2 (6.66%) 12 (40%) 14(46.6%) 2 (6.66%) C


*The same letters indicate absence of a statistically significant difference 
(P > 0.05).


The highest mean ARI was observed in group 5 (1.6), where 
Fuji Ortho LC composite was used and the enamel was 
conditioned with 37 per cent phosphoric acid, and the lowest 
in group 4.


Discussion


Xeno IV is a self-conditioning adhesive requiring one 
application as the composite is stored in one flask only, thus 
needing no prior mixing. In the succeeding scale of 
adhesives, Xeno IV is considered a seventh-generation self-
etching adhesive system.


The present research assessed the SBS of orthodontic 
brackets bonded with Xeno IV. Self-etching agents have 
been available in the dental market only recently. These 
materials are classified as self-etching agents because they 
characteristically etch the enamel while being applied.


The study sample comprised 30 teeth per group in order 
to minimize any strong divergence from the mean values. 
According to Fox et al. (1994), conclusions regarding in 
vitro bond strength tests should be considered valid for 
samples consisting of 20–30 specimens.


Orthodontic adhesives are routinely exposed to 
temperature variations in the oral cavity. Air temperature, 
humidity, and velocity of air breathing can also alter resting 
oral temperature (Gale and Darvell, 1999). Although these 
variations are erratic and hard to anticipate when testing, it 
is important to determine whether they introduce stresses in 
the adhesive that might influence its bond strength. 
Therefore, Bishara et al. (2003) suggested that thermal 
cycling should form part of the test protocol of new 
adhesives. Thus, in the present study, all samples were 
thermocycled for 500 cycles in water between 5°C and 
55°C with a dwell time of 15 seconds in each bath—a 
method proposed by Amra et al. (2007) for evaluating a 
sixth-generation adhesive (Xeno III).


The results of the present study showed that the use of 
Xeno IV self-etching adhesive associated with Transbond 
XT composite does not reduce the SBS, thus demonstrating 
the viability of Xeno IV in bracket bonding. These results 
are corroborated by other studies comparing phosphoric 
acid conditioning in association with sixth-generation self-
etching adhesives (Bishara et al., 2008; Dorminey et al., 
2003; Hirani and Sherriff 2006; Faltermeier et al., 2007; 
Turk et al., 2007).


Nevertheless, statistical differences were found in the 
SBS of brackets bonded with the resin-modified glass 
ionomer cement (Fuji Ortho LC). The lowest mean value 
was observed in the group where Xeno IV was used without 
enamel conditioning. On the other hand, the highest mean 
value was obtained when using the technique recommended 
by the manufacturer, that is enamel conditioning with 37 
per cent phosphoric acid.


Although the values achieved in group 6 (Fuji Ortho LC + 
Xeno IV) were found to be statistically different compared 
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with the other groups, the bond strength was sufficient to 
resist masticatory forces. Reynolds (1975) stated that 6–8 
MPa resistance is sufficient to withstand masticatory forces.


One of the goals of clinicians is to avoid any damage to 
the enamel surface following debonding. Adhesive failures 
at the adhesive–bracket interface or even within the adhesive 
compound are more desirable than at the enamel–adhesive 
interface, as the latter situation results in fractures and fissures 
during bracket debonding (Cal Neto and Miguel 2004).


The ARI (Årtun and Bergland 1984) is an excellent way 
to obtain information on the quality of adhesion between 
the composite and tooth as well as between the composite 
and bracket base. The results showed that groups 1, 2, 3, 5, 
and 6 had more fractures at the adhesive–bracket interface. 
In group 4, where no enamel conditioning was performed, 
ARI scores of 0 and 1 were more predominant, thus 
contraindicating such a procedure for clinical use due to the 
higher risk of fracture.


Conclusion


According to the results the present study, it can be con
cluded that:


	1.	 Xeno IV self-etching adhesive can be used to bond 
orthodontic brackets in association with Transbond XT 
composite.


	2.	 The use of Xeno IV and Fuji Ortho LC resin-modified 
glass ionomer cement results in decreased bond strength 
compared with traditional methods, although it is 
sufficient to withstand masticatory forces.


	3.	 The use of Xeno IV optimizes the procedure of bonding 
orthodontic brackets.
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Book Reviews


This book, which is now in its fourth edition, was designed 
to inform patients of the various options for changing the 
appearance of their smile and to engage them in the treatment 
planning process. The book is divided into 12 chapters with 
the emphasis on cosmetic dentistry procedures. It covers 
a range of topics including composites, veneers, crowns, 
bridges, implants, orthodontics, plastic surgery, and hair 
and makeup tips.


The chapters are well written and presented, and the 
format is easily understood if somewhat repetitive. The first 
chapter provides the patients with the tools necessary to 
evaluate their own smile and focuses the reader on what 
concerns them about their facial and dental appearance. 
The benefit of educating patients regarding their dental- 
and appearance-related concerns has great potential to 
enhance patient–practitioner communication and manage 
expectations.


Each chapter covers a different topic, for example, 
missing teeth, a ‘bad bite’ and crooked teeth, and presents 
a comprehensive list of treatment options or ‘solutions’ 
ranging from minimally invasive to the extreme. The various 
techniques are described in detail and richly illustrated, 
with quality photographs and diagrams. At the end of 
each chapter, a comparative list of all the options is 
tabulated outlining the advantages and disadvantages of each 
technique, together with cost, treatment time, maintenance 
and longevity.


I would caution that some of the options presented are 
not those commonly taught in UK dental schools, such  
as full arch veneers or all ceramic crowns to treat mild 
crowding. In addition, the long-term complications of such 
invasive techniques are not discussed in sufficient detail 
and comments such as crowns ‘can trigger pulp irritation’ 
may not be explanatory enough for most lay people to fully 
appreciate the possible sequelae.


It is encouraging that the author advocates orthodontic 
treatment as the treatment of choice for crooked or 
malpositioned teeth; however, the orthodontic references in 
this book are largely limited to cosmetic techniques such as 
clear aligners, ceramic brackets, and lingual appliances.


The concept of educating patients is an invaluable one 
as there is evidence that patients who are involved in 
shared treatment decision making are more satisfied  
with outcomes, and this book may play a useful part in 
communication and the consent process. In addition, 
Goldstein’s 50-year vision of seeing the smile as more than 
just the teeth is to be applauded. However, I am unconvinced 
that the target audience will go out and buy this book, even 
at a competitively priced £19.75. General dental practitioners 
may find this a useful tool in educating patients and it may 
find its way into waiting rooms and dental surgeries; however, 
it is of limited relevance to the orthodontic speciality.


Fiona Ryan


European Journal of Orthodontics 32 (2010) 602
doi:10.1093/ejo/cjq035


Change your smile, 4th edition (2009)
Author: Ronald Goldstein
Publisher: Quintessence Publishing Co. Ltd., New Malden, Surrey, United Kingdom
Price: £19.75
ISBN: 978-0-86715-466-5
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Introduction


Efficient plaque control is an important factor in the 
maintenance of dental health during fixed orthodontic 
appliance therapy (Zachrisson, 1976; Mitchell, 1992; Atack 
et al., 1996). These patients are at higher risk of developing 
white spot lesions (Zachrisson, 1976; O’Reilly and 
Featherstone, 1987) and gingival inflammation (Legott  
et al., 1984; Huser et al., 1990) due to the altered oral 
hygiene situation. Brackets, archwires, and other appliance 
components are both a focus for plaque accumulation and 
an obstruction to plaque removal, leading to increasing 
numbers of Streptococcus mutans and lactobacilli (Liu  
et al., 2004). The presence of fixed orthodontic appliances 
also increases the skill and effort required to maintain a 
good level of oral hygiene.


Applications of fluoride and/or antibacterial agents are 
recommended to reduce these unwanted side-effects 
(Øgaard et al., 1980, 1988). A systematic review on the 
caries-inhibiting effect of preventive measures during 
orthodontic treatment with fixed appliances confirmed the  
demineralization-inhibiting tendency of toothpaste and gel 
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SUMMARY  This in vitro study assessed the cleaning efficacy of different electric toothbrushes around 
upper incisor brackets.


Standard and Mini Diamond™ brackets were fixed on black-stained teeth. The teeth were coated with 
white titanium oxide and brushed in a machine twice for 1 minute each. Twelve different brush heads 
with either a wiping or an oscillating–rotating action were tested. After brushing, the teeth were scanned, 
the black surfaces were assessed planimetrically and a modified plaque index for orthodontic patients 
(PIOP) was introduced. Tooth areas, which were black again after brushing indicated tooth surface contact 
of the filaments and were expressed as a percentage of total area. The remaining white areas around the 
brackets indicated ‘plaque-retentive’ niches. Analysis of variance was used for individual comparison of 
the brush types. Bonferroni/Dunn adjustment was applied for multiple testing.


The Sonicare® toothbrush handle with the brush head ‘Compact ProResults’ (81.7 per cent) and the 
brush head ‘Standard ProResults’ (80.8 per cent), as well as the sonic Waterpik® toothbrush SR 800E with 
the standard brush head (78.2 per cent), showed statistically significantly better cleaning efficacy than all 
others. The poorest cleaning efficacy was observed for the oscillating–rotating Braun Oral-B Professional 
Care with the brush head ‘Ortho’ (less than 50 per cent). The planimetric findings were in correspondence 
with the results of the PIOP assessment.


Cleaning efficacy of electric toothbrushes around brackets on upper incisors was different between the 
tested brushes. The PIOP was practicable, effective, and easy to use, although it has to be verified in a 
clinical study.


with a high fluoride concentration of 1500–5000 ppm or of 
complementary chlorhexidine (Derks et al., 2004). Such 
measures are, however, dependent on either frequent 
professional oral hygiene or patient compliance. Sealing of 
the enamel surface with resin-based bonding agents or even 
the application of veneers have been proposed to protect 
enamel against demineralization (Miwa et al., 2001; Fornell 
et al., 2002). In the above mentioned systematic review, the 
use of a polymeric tooth coating around the brackets showed 
almost no inhibiting effect on demineralization (Derks et al., 
2004). Further clinical trials are needed to give evidence-
based advice on the optimal caries-prevention strategy.


Plaque removal by toothbrushing is still the most effective 
preventive method (Hotz, 1998). It is not clear, however, if 
the use of a standard toothbrush alone is sufficient for 
adequate plaque removal. Numerous types of toothbrushes 
have been designed and promoted for orthodontic patients. 
In recent in vitro studies, staged and V-shaped brush head 
designs outperformed planar brushes in cleaning efficacy of 
teeth with fixed orthodontic attachments (Sander et al., 
2005; Schätzle et al., 2009).
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The introduction of powered toothbrushes has tended to 
improve general efficacy and patient acceptance. Today, 
many different designs and action modalities are available, 
and all claim to be more effective than manual toothbrushes. 
This issue is, however, still controversial. Manufacturers 
have also developed specifically designed electric brush 
heads to improve brushing efficacy for orthodontic patients. 
However, there are no conclusive results in the literature 
(Thienpont et al., 2001; Hickman et al., 2002; Moritis et al., 
2002; Costa et al., 2007). So far, no study has reported 
results on the cleaning efficacy of different electric 
toothbrushes and brush heads on teeth with fixed orthodontic 
appliances under standardized in vitro conditions.


The purpose of this investigation was to assess the cleaning 
efficacy of 12 different brush heads of two electric toothbrush 
actions (wiping and oscillating–rotating) currently marketed 
in Switzerland, under standardized laboratory conditions 
using a well-established test method (Imfeld et al., 2000; 
Schätzle et al., 2009), and to quantify enamel areas with 
inadequate filament contact in a custom-made model of an 
upper anterior segment with bonded brackets.


Materials and methods


Five electric toothbrushes (Oral-B Professional Care 
9500, Braun Oral-B Sonic complete, Philips Sonicare 
Elite 9000, Waterpik sensonic, and Waterpik Sensonic 
SR 800E) of two different modalities (wiping and 
oscillating–rotating) with a total of 12 different brush 


heads were tested (Table 1 and Figure 1). Each toothbrush 
was mounted on a single-place automated brushing 
machine, which moved them over a custom-made tooth 
model of an anterior segment.


The gum line represented mild gingival recession. The 
model teeth were black and had brackets bonded to the 
labial surfaces (Figure 2). On teeth 11 and 12, standard 
Twin Diamond™ (Ormco Europe AG, Al Amersfoort, 
Netherlands) brackets were placed, whereas on teeth 21 
and 22 Mini Diamond™ (Ormco Europe AG) brackets 
were bonded with Transbond™ XT (3M Unitek, Monrovia, 
California, USA) according to the manufacturer’s 
guidelines. A 0.016 × 0.022 inch stainless steel archwire 
was incorporated in the bracket slots. Before brushing, all 
black tooth surfaces were coated with white titanium 
oxide simulating 100 per cent plaque accumulation on the 
tooth surfaces. Tooth surfaces reappearing black after 
brushing had been touched by the filaments of the tested 
brushes and were regarded as potentially cleaned. The 
total areas to be cleaned around the brackets were 
approximately 119 mm2 for the teeth with standard 
brackets (tooth 11: 70 mm2 and tooth 12: 49 mm2) and 
127 mm2 for the teeth with mini brackets (tooth 21: 75 
mm2 and tooth 22: 52 mm2).


Due to the fact that at high loads soft or fine bristles may 
become twisted resulting in a lower cleaning efficacy 
(Sander et al., 2005), the tracking force was varied in 
relation to the brush head area in order to achieve a constant 
force (Load/Area; Table 1).


Table 1  Technical data for the different toothbrushes and brush heads tested in the present study.


Toothbrush Brush head Filament  
diameter (mm)


Filament  
height (mm)


Number of  
filaments per


Contact  
area (mm2)


Tracking  
force (g)


Load/Area  
(g/mm2)


Hole Brush head


Oscillating–rotating toothbrush
  A Oral-B Professional  
  �  Care 9500 (Triumpf;  


Procter & Gamble Co.,  
Cincinnati, Ohio, USA)


a Micro Pulse EB 25 0.15–0.16 7–8.2 66–80 1362 125 118 0.94
b Precision Clean 0.15 7–8 58 1508 113 106 0.94
c Ortho 0.18 7–8 40 720 105 100 0.95
d Dual Clean 0.15 7–8 52–62 2588 218 210 0.96


Sonic toothbrushes
  B Braun Oral-B Sonic  
  �  complete (Procter &  


Gamble Co.)


e Sonic CrissCross 0.15 and 0.18 8.5 and 10 4656 1488 184 173 0.94
f Sonic sensitive 0.15 and 0.18 9–10.5 52–60 1416 184 173 0.94


  C Philips Sonicare  
  �  Elite 9000 (Philips Oral  


Healthcare, Inc., Snoqualmie,  
Washington, USA)


g Standard ProResults  
  brush head


0.15 and 0.18 8–11 42–64 1772 180 169 0.94


h Compact ProResults  
  brush head


0.15 and 0.18 8.2–10.5 40–60 1120 125 117 0.94


  D Waterpik Sensonic  
  �  (Waterpik Technologies Fort 


Collins, Colorado, USA)


i �Advanced Brush  
2SRB-2W


0.18 9–12 46–56 1496 213 200 0.94


j Small Brush SRSB-2 0.18 9–11.5 48–52 1004 120 117 0.98
  E Waterpik SenSonic  
  �  SR 800E (Waterpik  


Technologies)


k �Standard Brush  
SRBL-2I


0.18 7–10.4 50 1300 213 200 0.94


l Small Brush SR1B-2I 0.18 7.7–10.5 50 900 120 117 0.98
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Figure 1  Illustration of the 12 toothbrush heads tested.


Figure 2  Custom-made tooth model of an anterior segment with brackets 
bonded to the labial surfaces (on teeth 11, 12, and 13: standard Twin 
Diamond™ brackets; on teeth 21, 22, and 23: Mini Diamond™ brackets).


In a preliminary trial, it was observed that when the 
brush heads were placed in the centre of the brackets and  
in a perpendicular direction, there was only minimal 


filament–tooth surface contact and poor cleaning efficacy 
(data not shown). By shifting the brush head by half its 
diameter, either incisally or cervically, in such a way that 
the wire would just be touched by the most external 
filaments, the efficacy was significantly improved. To 
improve the cleaning efficacy further, the sonic toothbrushes 
were mounted in a slightly angulated position (5–10 
degrees) and the oscillating–rotating brushes were angulated 
45 degrees towards the brackets. The slightly angulated 
brush head position with the best cleaning efficacy as 
preliminarily observed was chosen for this in vitro study.


Only horizontal movements, simulating the widespread 
‘scrub technique’, were applied for one minute (30 mm  
excursion/60 strokes) on the incisal and cervical side of the 
brackets to mimic the most frequently used ineffective 
brushing method and the worst case scenario. One brush 
head of each type was used six times on the same model to 
reduce bias. For toothbrushes with multiple speed levels, 
cleaning was performed at maximum speed.
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Figure 4  Box plot depicting the percentage of touched (cleaned) tooth surfaces for the respective 
toothbrushes (Horizontal bars: Medians; Boxes: interquartile areas; Error bars: 10th and 90th percentile; 
dots: extreme values).


After every treatment, the teeth were scanned (Hewlett 
Packard C1750A, Houston, Texas, USA), the images were 
digitized, and the percentage of cleaned surface (reappearing 
black) was measured planimetrically on the cervical and 
incisal sides of the archwire using custom-made software 
with a grey scale threshold. Four different cleaning patterns 
were found. Based on these observations, a modified plaque 
index for orthodontic patients (PIOP) was created and 
evaluated for its possible future clinical use (Figure 3).


Statistical analysis was performed using StatView Version 
4.51 (Abacus Concepts Inc., Berkeley, California, USA). The  
results of the cleaning efficacy, expressed as a percentage of 


the total area, were reported using median values and 
interquartile ranges. Analysis of variance was used for 
individual comparison of the brush types. Bonferroni/Dunn 
adjustment was applied for multiple testing. The level of 
significance was set at a = 0.001.


Results


The results of the planimetric assessment of the median and 
mean cleaning efficacy (cleaned or uncleaned area expressed 
as a percentage of the total area) of all the tested toothbrushes 
and brush heads are depicted in Figures 4 and 5.


The mean uncleaned areas ranged from 18.3 to 55.5 per 
cent of the initial titanium oxide-coated tooth surfaces 
(Table 2 and Figure 5). This corresponds to a cleaning 
efficacy of 45.5–81.7 per cent. The lateral incisors (mean 
uncleaned area, tooth 12: 33 per cent; tooth 22: 31 per cent) 
tended to be less clean than the central incisor (mean 
uncleaned area, tooth 11: 27 per cent; tooth 21: 29 per cent). 
The bracket size, however, had no statistically significant 
influence on the cleaning efficacy of any tested brush heads 
and respective electric handles.


The brush heads, Compact ProResults (81.7 per cent) 
and Standard ProResults (80.8 per cent), of the Sonicare® 
toothbrush and the standard head of the Waterpik® SR 
800E toothbrush (78.2 per cent) performed significantly 
better than all other brush heads with their corresponding 
powered handles (Tables 2 and 3, and Figure 5). The 
Braun Oral-B Micro Pulse EB 25 brush head showed the 
best cleaning efficacy of all oscillating–rotating brush 
heads tested. In contrast, the oscillating–rotating Braun 
Oral-B Ortho brush head showed significantly the poorest 
cleaning efficacy. Its overall cleaning efficacy was less 
than 50 per cent. All other toothbrush heads showed a 
cleaning efficacy of approximately 65–73 per cent. These 
findings correspond to the PIOP. All toothbrush heads 


Figure 3  Modified plaque index for orthodontic patients. Score 1: only 
cleaning of the convex profile of the incisal/cervical crown along the 
bracket (3/4 remained uncleaned); Score 2: cleaning of the convex profile 
along the bracket extending (more than 1/2 of the surface remained 
uncleaned); Score 3: border of the clinical crown including the slight 
concave part crown part/gingival margin remain uncleand, (1/4 to 1/2 
remained uncleaned); Score 4: most of the clinical crown/gingival margin 
cleaned, only small uncleaned area (less than 1/4 remained uncleaned).
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Micro Pulse 
EB 25


Precision 
Clean Ortho Dual Clean Sonic 


CrissCross
Sonic 


Sensitive


Standard 
ProResults
brush head:


Compact 
ProResults
brush head


Advanced 
Brush 


2SRB-2W


Small Brush 
SRSB-2


Standard 
Brush 


SRBL-2I


Small Brush 
SR1B-2I


Tooth 12 71.2 64.3 44.5 54.3 65.0 57.0 84.1 81.0 67.1 64.7 75.6 73.0


Tooth 11 77.3 74.5 44.9 68.9 75.3 73.2 87.1 81.8 73.8 68.6 80.4 72.4


Tooth 21 72.9 71.0 47.9 71.6 72.7 70.8 82.9 83.5 75.1 66.4 76.9 68.0


Tooth 22 69.7 65.0 44.5 67.1 71.9 65.6 69.2 80.6 74.6 65.0 79.9 70.8


over all teeth 72.8 68.7 45.5 65.4 71.2 66.6 80.8 81.7 72.7 66.2 78.2 71.0
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Figure 5  Percentage of touched (cleaned) area for each tooth surface and overall cleaning efficacy.


Table 2  Percentage of touched (cleaned) tooth surfaces of teeth 12, 11, 21, and 22 and when considering all teeth (±SD).


Toothbrush Brush head Tooth 12 Tooth 11 Tooth 21 Tooth 22 All teeth


Oscillating–rotating toothbrush
  Oral-B Professional Care 9500 Micro Pulse EB 25 71.2 ± 4.8 77.3 ± 2.6 72.9 ± 6.0 69.7 ± 6.9 72.8 ± 5.8


Precision Clean 64.3 ± 3.8 74.5 ± 2.5 71.0 ± 3.0 65.0 ± 3.4 68.7 ± 5.3
Ortho 44.5 ± 3.2 44.9 ± 2.6 47.9 ± 2.3 44.5 ± 4.0 45.5 ± 3.2
Dual Clean 54.3 ± 2.8 68.9 ± 2.7 71.6 ± 1.7 67.1 ± 2.4 65.4 ± 7.2


Sonic toothbrushes
  Braun Oral-B Sonic complete Sonic CrissCross 65.0 ± 5.7 75.3 ± 3.4 72.7 ± 5.1 71.9 ± 4.1 71.2 ± 5.8


Sonic sensitive 57.0 ± 2.7 73.2 ± 2.0 70.8 ± 2.3 65.6 ± 4.3 66.6 ± 6.9
  Philips Sonicare Elite 9000 Standard ProResults brush head 84.1 ± 5.3 87.1 ± 4.0 82.9 ± 4.3 69.2 ± 3.5 80.8 ± 8.1


Compact ProResults brush head 81.0 ± 3.1 81.8 ± 2.7 83.5 ± 2.3 80.6 ± 5.4 81.7 ± 3.5
  Waterpik Sensonic Advanced Brush 2SRB-2W 67.1 ± 5.5 73.8 ± 2.3 75.1 ± 6.3 74.6 ± 4.1 72.7 ± 5.5


Small Brush SRSB-2 64.7 ± 4.6 68.6 ± 5.5 66.4 ± 4.4 65.0 ± 3.4 66.2 ± 4.5
  Waterpik SenSonic SR 800E Standard Brush SRBL-2I 75.6 ± 3.6 80.4 ± 2.3 76.9 ± 2.5 79.9 ± 2.3 78.2 ± 3.3


Small Brush SR1B-2I 73.0 ± 1.4 72.4 ± 1.3 68.0 ± 1.6 70.8 ± 1.2 71.0 ± 2.3


tended to have a better cleaning efficacy in the incisal/
coronal area (PIOP range: 2.1–4; Figure 6), whereas more 
uncleaned areas remained on the cervical side of the 
brackets after the brushing cycles (PIOP range: 2.3–3.6; 
Figure 7).


In the incisal area of the custom-made tooth model, 
only the oscillating–rotating Braun Oral-B Ortho brush 


head failed to clean more than 50 per cent of the area, 
whereas all other brush heads yielded a PIOP of 3 or 
more.


In the cervical area, the sonic Sonicare® toothbrush 
with the Compact ProResults brush head and the Standard 
ProResults brush head showed a superior cleaning efficacy 
compared with all other brushes and yielded a PIOP of 
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Table 3  Statistical parameters (mean difference and P-values of comparisons).


Brush head Micro Pulse EB 25 Precision Clean Ortho care Dual Clean Sonic CrissCross Sonic sensitive Standard ProResults 
brush head


Compact ProResults 
brush head


Advanced Brush 
2SRB-2W


Small Brush  
SRSB-2


Standard Brush 
SRBL-2I


Small Brush  
SR1B-2I


Mean  
Difference


P-value Mean  
Difference


P-value Mean  
Difference


P-value Mean  
Difference


P-value Mean  
Difference


P-value Mean  
Difference


P-value Mean  
Difference


P-value Mean  
Difference


P-value Mean  
Difference


P-value Mean  
Difference


P-value Mean  
Difference


P-value Mean  
Difference


P-value


Micro Pulse EB 25 4.1 ns 27.3 *** 7.4 *** 1.6 ns 6.2 *** −8.0 *** −8.9 *** 0.1 ns 6.6 *** −5.4 *** 1.7 ns
Precision Clean −4.1 ns 23.2 *** 3.3 ns −2.6 ns 2.0 ns −12.1 *** −13.0 *** −4.0 ns 2.5 ns −9.5 *** −2.4 ns
Ortho Care −27.3 *** −23.2 *** −20.0 *** −25.8 *** −21.2 *** −35.4 *** −36.2 *** −27.2 *** −20.7 *** −32.7 *** −25.6 ***
Dual Clean −7.4 *** −3.3 ns 20.0 *** −5.8 *** −1.2 ns −15.4 *** −16.3 *** −7.2 *** −0.8 ns −12.8 *** −5.6 ***
Sonic CrissCross −1.6 ns 2.6 ns 25.8 *** 5.8 *** 4.6 ns −9.6 *** 10.5 *** −1.4 ns 5.1 ns −6.9 *** 0.2 ns
Sonic sensitive −6.2 *** −2.0 ns 21.2 *** 1.2 ns −4.6 ns −14.2 *** −15.1 *** −6.0 *** 0.5 ns −11.6 *** −4.4 ns
Standard ProResults brush head 8.0 *** 12.1 *** 35.4 *** 15.4 *** 9.6 *** 14.2 *** 0.9 ns 8.2 *** 14.6 *** 2.6 ns 9.8 ***
Compact ProResults brush head 8.9 *** 13.0 *** 36.2 *** 16.3 *** −10.5 *** 15.1 *** 0.9 ns 9.0 *** 15.5 *** 3.5 ns 10.7 ***
Advanced Brush 2SRB-2W −0.1 ns 4.0 ns 27.2 *** 7.2 *** 1.4 ns 6.0 *** −8.2 *** −9.0 *** 6.5 *** −5.5 *** 1.6 ns
Small Brush SRSB-2 −6.6 *** −2.5 ns 20.7 *** 0.8 ns −5.1 ns −0.5 ns −14.6 *** −15.5 *** −6.5 *** −12.0 *** −4.9 ns
Standard Brush SRBL-2I 5.4 *** 9.5 *** 32.7 *** 12.8 *** 6.9 *** 11.6 *** −2.6 ns −3.5 ns 5.5 *** 12.0 *** 7.2 ***
Small Brush SR1B-2I −1.7 ns 2.4 ns 25.6 *** 5.6 *** −0.2 ns 4.4 ns −9.8 *** −10.7 *** −1.6 ns 4.9 ns 7.2 ***


Analysis of variance was used for individual comparison of the brush types. Bonferroni/Dunn adjustment was applied for multiple testing.  
ns, not significant; ***P < 0.001.


3.6. All other brush heads tested tended to reach a PIOP of 
2.3 to 3, irrespective of their action.


Discussion


In patients undergoing orthodontic treatment with fixed 
appliances, effective plaque removal is significantly 
compromised and accumulation of plaque and the 
development of gingival inflammation and overgrowth are 
well-acknowledged problems (Heasman et al., 1998a).


The purpose of this study was to assess the cleaning 
efficacy of 12 different brush heads of two powered 
toothbrush modalities (wiping and oscillating–rotating) 
under standardized laboratory conditions using a well-
established test method (Imfeld et al., 2000; Schätzle et al., 
2009) and to quantify tooth surface areas with inadequate 
filament contact in a custom-made model of an upper 
anterior segment with bonded brackets.


The present findings showed that the Sonicare® 
toothbrush handle in combination with the Compact and 
Standard ProResults brush heads as well as the Waterpik® 
SR 800E with the standard brush head performed 
statistically significantly better than all others in 
combination with their corresponding powered handle. 
The cervical area and the gingival margins proved to be 
especially difficult to clean. In this critical area, the 
Sonicare® toothbrush heads outperformed all other brush 
heads tested. This is in contrast to clinical findings 
comparing manual versus powered toothbrushes (for 
review see Robinson et al., 2005). This systematic review 
found that powered toothbrushes with a rotating–
oscillating motion removed more plaque than manual 
brushes. Other powered brushes produced a less 
consistent reduction of plaque.


It has been shown, in vitro, that some toothbrushes have 
different cleaning effects when used with varying force 
applications. At a high load, soft or fine bristles may become 
twisted resulting in a lower cleaning efficacy. With low 
force, interaction with the toothsurfaces increases since soft 
bristles allow penetration into the interproximal and 
interbracket area (Sander et al., 2005). To overcome this 
phenomenon and to assess the effect of various high contact 
forces, the pressure (load/brush field surface) in the present 
study was kept constant.


In an attempt to facilitate plaque control in orthodontic 
patients, specially designed manual and electric toothbrush 
heads have been marketed. For manual toothbrushes, 
experimental studies have shown that staged and V-shaped 
brush head designs outperformed planar brushes in the 
cleaning efficacy of teeth with fixed orthodontic attachments 
(Sander et al., 2005; Schätzle et al., 2009). Their effectiveness 
in clinically reducing gingivitis is, however, questionable 
(Williams et al., 1987). The Braun Oral-B Ortho brush head, 
designed for orthodontic patients, yielded the poorest 
cleaning efficacy with the simulated scrub technique. 
Despite this ineffective experimental performance, the 
Braun Oral-B Ortho brush head was as effective as a manual 
toothbrush at cleaning around fixed orthodontic appliances 
in a clinical trial. Furthermore, for subjects using a powered 
toothbrush with an orthodontic head, the most marked 
improvement in oral health was in interdental bleeding 
(Hickman et al., 2002).


The simulated scrub technique is most widespread and 
characterized by horizontal movements in a largely 
uncontrolled manner, parallel to the occlusal plane. It is 
mainly used by children, whose manual dexterity is poorer 
than that of adults (Unkel et al., 1995; Peretz and Gluck, 
1999).


 by A
kram


 A
l-H


uw
aizi on O


ctober 6, 2010
ejo.oxfordjournals.org


D
ow


nloaded from
 



http://ejo.oxfordjournals.org/





487 CLEANING EFFICACY AROUND BRACKETS


Table 3  Statistical parameters (mean difference and P-values of comparisons).


Brush head Micro Pulse EB 25 Precision Clean Ortho care Dual Clean Sonic CrissCross Sonic sensitive Standard ProResults 
brush head


Compact ProResults 
brush head


Advanced Brush 
2SRB-2W


Small Brush  
SRSB-2


Standard Brush 
SRBL-2I


Small Brush  
SR1B-2I


Mean  
Difference


P-value Mean  
Difference


P-value Mean  
Difference


P-value Mean  
Difference


P-value Mean  
Difference


P-value Mean  
Difference


P-value Mean  
Difference


P-value Mean  
Difference


P-value Mean  
Difference


P-value Mean  
Difference


P-value Mean  
Difference


P-value Mean  
Difference


P-value


Micro Pulse EB 25 4.1 ns 27.3 *** 7.4 *** 1.6 ns 6.2 *** −8.0 *** −8.9 *** 0.1 ns 6.6 *** −5.4 *** 1.7 ns
Precision Clean −4.1 ns 23.2 *** 3.3 ns −2.6 ns 2.0 ns −12.1 *** −13.0 *** −4.0 ns 2.5 ns −9.5 *** −2.4 ns
Ortho Care −27.3 *** −23.2 *** −20.0 *** −25.8 *** −21.2 *** −35.4 *** −36.2 *** −27.2 *** −20.7 *** −32.7 *** −25.6 ***
Dual Clean −7.4 *** −3.3 ns 20.0 *** −5.8 *** −1.2 ns −15.4 *** −16.3 *** −7.2 *** −0.8 ns −12.8 *** −5.6 ***
Sonic CrissCross −1.6 ns 2.6 ns 25.8 *** 5.8 *** 4.6 ns −9.6 *** 10.5 *** −1.4 ns 5.1 ns −6.9 *** 0.2 ns
Sonic sensitive −6.2 *** −2.0 ns 21.2 *** 1.2 ns −4.6 ns −14.2 *** −15.1 *** −6.0 *** 0.5 ns −11.6 *** −4.4 ns
Standard ProResults brush head 8.0 *** 12.1 *** 35.4 *** 15.4 *** 9.6 *** 14.2 *** 0.9 ns 8.2 *** 14.6 *** 2.6 ns 9.8 ***
Compact ProResults brush head 8.9 *** 13.0 *** 36.2 *** 16.3 *** −10.5 *** 15.1 *** 0.9 ns 9.0 *** 15.5 *** 3.5 ns 10.7 ***
Advanced Brush 2SRB-2W −0.1 ns 4.0 ns 27.2 *** 7.2 *** 1.4 ns 6.0 *** −8.2 *** −9.0 *** 6.5 *** −5.5 *** 1.6 ns
Small Brush SRSB-2 −6.6 *** −2.5 ns 20.7 *** 0.8 ns −5.1 ns −0.5 ns −14.6 *** −15.5 *** −6.5 *** −12.0 *** −4.9 ns
Standard Brush SRBL-2I 5.4 *** 9.5 *** 32.7 *** 12.8 *** 6.9 *** 11.6 *** −2.6 ns −3.5 ns 5.5 *** 12.0 *** 7.2 ***
Small Brush SR1B-2I −1.7 ns 2.4 ns 25.6 *** 5.6 *** −0.2 ns 4.4 ns −9.8 *** −10.7 *** −1.6 ns 4.9 ns 7.2 ***


Analysis of variance was used for individual comparison of the brush types. Bonferroni/Dunn adjustment was applied for multiple testing.  
ns, not significant; ***P < 0.001.


Table 3  (Extended).


Micro Pulse 
EB 25


Precision 
Clean Ortho Dual Clean Sonic 


CrissCross
Sonic 


Sensitive


Standard 
ProResults
brush head:


Compact 
ProResults
brush head


Advanced 
Brush 


2SRB-2W


Small Brush 
SRSB-2


Standard 
Brush 


SRBL-2I


Small Brush 
SR1B-2I


Tooth 12 3.2 2.8 2.0 2.3 2.5 3.2 4.0 4.0 3.3 3.0 3. .8


Tooth 11 4.0 3.5 2.7 3.3 3.7 3.8 4.0 3.8 3.7 3.0 4. .7


Tooth 21 3.5 3.8 2.5 3.3 4.0 4.0 4.0 4.0 4.0 3.2 3. .5


Tooth 22 2.8 3.5 1.3 3.2 4.0 2.7 3.3 4.0 4.0 2.7 4. .3


over all teeth 3.4 3.4 2.1 3.0 3.5 3.4 3.8 4.0 3.8 3.0 3.


5 3


0 3


7 3


0 3


8 3.6


0.0


0.5


1.0


1.5


2.0


2.5


3.0


3.5


4.0


P
IO


P


Figure 6  Mean plaque index for orthodontic patient (PIOP) scores for the area incisal of the archwire for the tested brushes.


Various studies comparing the plaque-removing efficacy 
of different toothbrushing methods have shown limited or 
no differences (Shifter et al., 1983). Efficient oral hygiene 
may be less dependent on brushing methods than on the 
performance of the individual user applying any one of the 
accepted methods (Frandsen, 1985).


By comparing the present results with a previous 
experimental study using the same experimental model with 


manual toothbrushes (Schätzle et al., 2009), no conclusive 
statement can be made. In clinical trials, there are also no 
conclusive results. Several studies comparing manual with 
electric toothbrushes in patients undergoing fixed orthodontic 
appliance therapy failed to show any difference in gingival, 
bleeding on probing, and plaque indices (Clerehugh et al., 
1998; Heasman et al., 1998b; Thienpont et al., 2001; 
Hickman et al., 2002). Therefore, it was recommended that 
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Micro Pulse 
EB 25


Precision 
Clean Ortho Dual Clean Sonic 


CrissCross
Sonic 


Sensitive


Standard 
ProResults
brush head:


Compact 
ProResults
brush head


Advanced 
Brush 2SRB-


2W


Small Brush 
SRSB-2


Standard 
Brush SRBL-


2I


Small Brush 
SR1B-2I


Tooth 12 3.0 2.3 2.2 2.0 1.3 1.5 3.7 3.3 2.0 2.0 2. .7


Tooth 11 2.8 2.7 2.2 2.7 3.0 2.7 3.8 3.8 2.8 2.3 3. .8


Tooth 21 2.7 3.0 2.3 3.0 2.8 3.0 3.8 3.8 2.7 2.5 3. .8


Tooth 22 3.0 2.5 2.5 3.2 3.0 2.8 3.2 3.3 3.0 3.2 3. .0


over all teeth 2.9 2.6 2.3 2.7 2.5 2.5 3.6 3.6 2.6 2.5 3.


8 2


0 2


0 2


0 3


0 2.8


0.0


0.5


1.0


1.5


2.0


2.5


3.0


3.5


4.0
P


IO
P


Figure 7  Mean plaque index for orthodontic patient (PIOP) scores for the area cervical of the archwire for the tested brushes.


orthodontists should focus on enhancing their patients’ 
dental awareness and oral hygiene along with professional 
prophylaxis and fluoride applications.


In another study, the tested sonic toothbrush was not 
superior to a manual toothbrush in reducing gingival 
inflammation in adolescent orthodontic patients, but plaque 
scores were decreased on the buccal surfaces of teeth with 
orthodontic brackets. In addition, the Streptococcus mutans 
counts were markedly decreased in the electric and ultrasonic 
groups (Costa et al., 2007).


Since manually applied contact force may vary during 
the brushing cycle (Phaneuf et al., 1962; Fraleigh et al., 
1967; Perinetti et al., 2004), the present results must be 
clinically verified. Extrapolation to the clinical situation is 
not directly possible and no conclusive statements as to the 
cleaning efficacy of any specific brush head design and its 
electric handle modality (wiping and oscillating–rotating) 
should be drawn from the present experiment. However, the 
outcome of the experiment provides a first and essential 
indication regarding the cleaning efficacy of electric 
toothbrushes in orthodontic patients.


Conclusions


In this in vitro experiment, the Sonicare® toothbrush handle 
in combination with the Compact ProResults brush head 
and the Standard ProResults brush head as well as the sonic 
Waterpik® SR 800E with the standard head yielded a 
statistically significantly superior cleaning efficacy of teeth 


with fixed orthodontic attachments. The PIOP proved to be 
practicable and effective, although the results have to be 
verified in a clinical study.
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Introduction


Direct bonding of orthodontic brackets has been considered 
as one of the most significant developments in orthodontics 
during the past decades (D’Attilio et al., 2005). The attachment 
of orthodontic brackets to the teeth is necessary for the 
treatment of malocclusions; however, the efficiency of 
orthodontic fixed appliances is dependent on having adequate 
bracket bond strength (Wong and Power, 2003). Currently, 
direct bonding with resin-based adhesives is the most popular 
method and the clinical standard for attaching orthodontic 
brackets to teeth (Dunn, 2007). However, despite the advances, 
demineralization around orthodontic brackets still remains a 
major problem for the patient (Polat et al., 2005).


In response to the formation of white spot lesions, 
fluoride-releasing orthodontic adhesive systems (Scougall-
Vilchis et al., 2007) and self-etching primers (SEPs) have 
been introduced (Bishara et al., 2001). Etching with self-
etching compounds has proven effective despite the 
morphological variation of the interfacial properties of 
conventional and self-etched enamel. Some scanning 
electron microscopic (SEM) studies have shown that SEPs 
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SUMMARY  The aim of this study was to evaluate the influence of six self-etching primers (SEPs) on the shear/
peel bond strength (SPBS) of orthodontic lingual buttons. A total of 150 extracted human premolars were 
randomly divided into six equal groups. In all groups, the lingual buttons were bonded with BeautyOrtho 
Bond™ and the enamel was conditioned with the following—group I (Control): Primers A & B™; group 
II: Transbond Plus SEP™; group III: Clearfil Mega Bond FA™; group IV: AdheSE™; group V: Peak SE & 
Peak LC Bond™; and group VI: Bond Force™. The teeth were stored at 37°C for 24 hours and the SPBS 
was tested (0.5 mm/minute). The results were calculated in mega pascals (MPa) and statistically analysed 
[mean, standard deviation, Scheffè, analysis of variance (P < 0.05)]. The adhesive remnant index (ARI) 
was also evaluated and statistically analysed with a chi-square test.


All groups demonstrated higher SPBS than the force suggested as necessary to accomplish orthodontic 
tooth movement, except group IV (7.7 ± 1.7 MPa), which showed a significantly lower value than groups 
I (10.7 ± 2.4 MPa), II (11.3 ± 3.1 MPa), and V (10.9 ± 2.8 MPa). The values of groups III (9.9 ± 1.6 MPa) and 
VI (10.5 ± 1.6 MPa) were comparable with those of groups I and V. Significant differences (P < 0.05) were 
found among the groups in ARI scores.


The SPBS values of all groups could be clinically acceptable and lingual buttons might be successfully 
bonded with any of these SEPs except AdheSE™ since that conditioner significantly influenced bond 
strength. As the SPBS was lower in all groups than the value at which enamel fractures have been found, 
a sound enamel surface might be left after removal of lingual buttons.


result in shorter resin tags than conventional phosphoric 
acid, which nonetheless might be adequate for orthodontic 
bonding, because resin tag length is not a determinant of 
bond strength (Eliades, 2006). Consequently, the use of 
SEPs has increased and their quick and simplified technique 
has become popular (Paschos et al., 2008).


Since bonding procedures have significantly improved, 
direct bonding of molar tubes and lingual buttons is 
frequently practiced in current orthodontics. The bond 
strength of orthodontic brackets has been widely tested; 
however, there are no recent studies of the bond strength of 
lingual buttons. Although Lalani et al. (2000) reported that 
in vitro lingual bond strengths are comparable with labial 
bond strengths, the bond strength of lingual buttons on 
lingual surfaces might be relevant because they are usually 
bonded to lingual rather than labial surfaces and the oral 
condition is completely different in this area, due to the 
higher risk of contamination with saliva. It is particularly 
important that the faster application of SEPs can reduce the 
risk of contamination and orthodontists require scientific 
evidence to select a suitable SEP for bonding lingual 
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buttons. Hence, this study was conducted to evaluate the 
influence of six SEPs on the shear/peel bond strength 
(SPBS) of orthodontic lingual buttons.


Materials and methods


Teeth


A total of 150 extracted human premolars were collected and 
stored in a solution of 0.2 per cent (w/v) thymol for 2 months. 
The teeth were previously used to test the bond strength of 
orthodontic brackets on labial surfaces (Scougall-Vilchis et al., 
2009); however, they were strictly selected with intact lingual 
surfaces following the criteria described by Bishara et al. 
(2005). The teeth were cleansed and pumiced using a rubber 
cup with fluoride-free paste for 10 seconds, after which they 
were thoroughly washed with water and air-dried.


Lingual buttons


Stainless steel lingual buttons (Tomy International, Tokyo, 
Japan) were used. The average surface area of the buttons 
base was 9.62 mm2. This value was obtained by randomly 
measuring the base of 10 lingual buttons.


Bonding procedure


The teeth were randomly divided into six equal groups. In all 
groups, the lingual buttons were bonded with BeautyOrtho 
Bond™ (Shofu Inc., Kyoto, Japan), which is a fluoride-
releasing orthodontic adhesive filled with surface pre-reacted 
glass ionomer particles. The lingual buttons were then light 
cured using a light-emitting diode light unit (BlueLEX™; 
Yoshida Dental, Tokyo, Japan) for a total of 20 seconds, with 
the entire procedure performed by the same author (RJS-V).


The enamel surfaces were conditioned as follows:


Group I (Control): The teeth were conditioned with two 
bottles of SEP (Primers A & B™ of BeautyOrtho Bond™, 
Shofu Inc.) according to the manufacturer’s instructions. 
One drop of primer A (colourless) was mixed with one drop 
of primer B (red colour) until the mixture was homogeneous. 
The SEP was applied on the enamel surface, rubbed for 3 
seconds, and lightly air-dried.


Group II: The teeth were conditioned with Transbond Plus 
SEP™ (3M Unitek, Monrovia, California, USA), which uses 
a lollipop system that has two compartments. Both 
compartments were squeezed to activate the product, after 
which the contents of each compartment were allowed to mix. 
The resulting mix was then applied by continuously rubbing 
the SEP on the enamel surface for 5 seconds. The SEP was 
then lightly dried using compressed air for 1–2 seconds.


Group III: The teeth were conditioned with Clearfil Mega 
Bond FA™ (Kuraray Medical, Tokyo, Japan) according to 
the manufacturer’s instructions. This two-step SEP, which 
is generally used in operative dentistry, is considered the 


first adhesive with antibacterial properties and has been 
introduced as Clearfil Protect Bond™ in other countries. 
The primer was applied on the enamel surface and 20 
seconds later the surface was dried with a mild airflow. The 
bond was distributed evenly using a mild airflow and light 
cured for 10 seconds.


Group IV: The teeth were conditioned with AdheSE™ 
(Ivoclar Vivadent AG, Schaan, Liechtenstein) according to 
the manufacturer’s instructions. AdheSE™ is a light-curing, 
self-etching two-component adhesive for enamel and 
dentine bonding, commonly used in restorative dentistry. 
The primer was applied on the tooth surface; once the 
enamel was completely coated, the primer was brushed over 
the entire surface for 15 seconds and dried with a strong 
stream of air until the mobile liquid film was no longer 
visible. The bond was applied and dispersed with a gentle 
stream of air, and light cured for 10 seconds.


Group V: The teeth were conditioned with Peak SE Primer™ 
(Ultradent™, South Jordan, Utah, USA) according to the 
manufacturer’s instructions. This two-component SEP is 
commonly used in restorative dentistry. The chemical reaction 
was activated with a JetMix (syringe-in-syringe) delivery 
system. The conditioner was then applied on the enamel surface 
for 20 seconds using a brush tip with moderate pressure, and 
gently air-dried for 3 seconds. Immediately after, a thin coat of 
Peak LC Bond Resin™ (Ultradent™) was softly rubbed for 10 
seconds onto the etched enamel with a spiral brush tip, gently 
air-dried, and light cured for 10 seconds.


Group VI: The teeth were conditioned with Bond Force™ 
(Tokuyama, Osaka, Japan) according to the manufacturer’s 
instructions. This recently developed one-bottle SEP is 
indicated for bonding light-cure composite materials to 
uncut enamel. The conditioner was applied and rubbed onto 
the enamel for 20 seconds; the surface was gently dried 
with a continuous light air application for 5 seconds and 
blown with strong air for 5 seconds. The conditioner was 
then light cured for 10 seconds.


Storage


The teeth were fixed in acrylic resin (Orthodontic Resin; 
Dentsply Caulk International Inc., Philadelphia USA), with a 
label bearing the number of each sample. A mounting jig was 
used to align the lingual surface of the tooth so that it was 
perpendicular to the bottom of the mould and its lingual surface 
was parallel to the force during bond strength testing. Afterward, 
the teeth were stored in distilled water at 37°C for 24 hours.


SPBS test


A 0.036 inch stainless steel wire-loop was designed similar 
to that used by Mojtahedzadeh et al. (2006). The samples 
were tested using a universal testing machine (EZ Graph™, 
Shimazdu, Kyoto, Japan) in the shear/peel mode. The 
procedure was similar to the methods described by Oesterle 
et al. (2002) and Nemeth et al. (2006). Bond strengths were 
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then measured at a crosshead speed of 0.5 mm/minute and 
the force at fracture was recorded in Newton and converted 
into mega pascals (MPa).


Adhesive remnant index


Once the lingual buttons had been debonded, the enamel 
surface of each tooth was examined under ×10 magnification 
with a stereomicroscope (Nikon, Tokyo, Japan), to determine 
the amount of residual adhesive remaining on each tooth. 
The adhesive remnant index (ARI) scores were recorded as 
described by Årtun and Bergland (1984), with the following 
scale used: 0 = no adhesive left on the tooth, 1 = less than 
half of the adhesive left on the tooth, 2 = more than half of 
the adhesive left on the tooth, and 3 = all adhesive left on 
the tooth, with a distinct impression of the button mesh.


Statistical analysis


Descriptive statistics including the mean, standard deviation, 
and Scheffé multiple comparisons (one-way analysis of 
variance) with significance predetermined at P < 0.05 were 
calculated for SPBS analysis. In addition, the chi-square 
test was used to evaluate the ARI.


SEM observation of enamel surfaces


The enamel surfaces conditioned with the SEPs were 
chemically prefixed with 2.5 per cent glutaraldehyde 
solution (4°C; 2 hours) and rinsed twice with cacodylate 
buffer (4°C; 20 minutes × 2). They were then chemically 
fixed with 1 per cent OsO4 solution (4°C; 1 hour) and rinsed 
twice with cacodylate buffer (4°C; 20 minutes × 2). The 
specimens were then dehydrated in a graded series of 
ethanol, immersed in t-butanol (20 minutes × 2), and freeze-
dried (VFD-21S™; Vacuum Device, Ibaragi, Japan). Finally, 
the samples were placed on aluminium stubs, coated with 
osmium for 10 seconds (HPC-1S™; Vacuum Device), and 
observed under a SEM (S-4500™; Hitachi, Tokyo, Japan).


Results


Shear/peel bond strength


The SPBS, expressed in MPa, and descriptive statistics are 
shown in Table 1. All groups yielded higher SPBS than the 
force (5.9–7.8 MPa) considered by Reynolds and von 
Fraunhofer (1976), as sufficient to accomplish orthodontic 
tooth movement, except group IV (7.7 ± 1.7 MPa), which 
showed a significantly lower value than groups I (10.7 ± 2.4 
MPa), II (11.3 ± 3.1 MPa), and V (10.9 ± 2.8 MPa). The values 
for groups III (9.9 ± 1.6 MPa) and VI (10.5 ± 1.6 MPa) were 
comparable with those of groups I and V.


Adhesive remnant index


The scores indicating the amount of adhesive remaining 
after debonding are presented in Table 2. Chi-square 


Table 1  Mean bond strength values (mega pascals) and 
descriptive statistics.


Group (SEP) Mean ± SD Scheffé test*


I (Primers A & B™) 10.7 ± 2.4 A
II (Transbond Plus SEP) 11.3 ± 3.1 B
III (Clearfil Mega Bond FA™) 9.9 ± 1.6 C
IV (AdheSE™) 7.7 ± 1.7 A, B, and D
V (Peak SE & Peak LC Bond™) 10.9 ± 2.8 D
VI (Bond Force™) 10.5 ± 1.6 E


*Groups with the same letters are significantly different from each other.


Table 2  Distribution frequency and percentages of adhesive 
remnant index (ARI) scores.


Group (SEP) ARI scores (%)


0 1 2 3 n


I (Primers A & B™) 3 (12) 20 (80) 2 (8) 0 (0) 25
II (Transbond Plus SEP) 5 (20) 12 (48) 6 (24) 2 (8) 25
III (Clearfil Mega Bond FA™) 2 (8) 23 (92) 0 (0) 0 (0) 25
IV (AdheSE™) 10 (40) 15 (60) 0 (0) 0 (0) 25
V (Peak SE & Peak LC Bond™) 10 (40) 11 (44) 2 (8) 2 (8) 25
VI (Bond Force™) 6 (24) 13 (52) 5 (20) 1 (4) 25


c2 = 35.428; df = 15; P = 0.0021.


comparison of the ARI scores among all groups (c2 = 35.42) 
indicated that the groups were significantly different (P = 
0.0021). The least amount of adhesive remnant was found 
in group IV. Comparable scores were found in groups II and 
VI; however, the amount of residual adhesive was slightly 
higher than that in groups I, III, and V.


SEM observation of enamel surfaces


Figure 1 shows the enamel surfaces viewed under a SEM after 
conditioning. The images of the surfaces conditioned with 
Primers A & B™ and Transbond Plus SEP™ (Figure 1b and 
1c) show the effect produced by the conditioners directly on 
the enamel, while the images of the enamel surfaces conditioned 
with Clearfil Mega Bond FA™, AdheSE™, Peak SE & Peak 
LC Bond Resin™, and Bond Force™ (Figure 1d–1g) show the 
appearance of the enamel after the SEPs were light cured.


Discussion


Shear/peel bond strength


In view of the fact that orthodontic buttons are commonly 
bonded to lingual surfaces, human premolar teeth that were 
previously used to evaluate the bond strength of orthodontic 
brackets on labial surfaces (Scougall-Vilchis et al., 2009) were 
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Figure 1  Scanning electron microscopic images of human enamel surfaces. (a) Unconditioned surface after 
pumicing with prophylactic paste and a rubber cup. Conditioned with self-etching primers (SEPs): (b) Primers 
A & B™ for 3 seconds (group I); (c) Transbond Plus SEP for 5 seconds (group II); (d) Clearfil Mega Bond 
FA™, primer applied for 20 seconds and light cured for 10 seconds (group III); (e) AdheSE™, primer applied 
for 30 seconds and light cured for 10 seconds (group IV); (f) peak SE Primer applied for 20 seconds and Peak 
LC Bond Resin™ rubbed for 10 seconds and light cured for 10 seconds (group V); (g) Bond Force™ applied 
for 20 seconds and light cured for 10 seconds (group VI).
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used. They were preferred to test the SPBS of lingual buttons 
rather than freshly extracted bovine teeth (Oesterle et al., 
1998). This factor cannot affect the results because buttons are 
placed on lingual surfaces during orthodontic active treatment, 
when patients are wearing brackets on the labial surfaces. 
While Lalani et al. (2000) reported that in vitro lingual bond 
strengths are comparable with labial bond strengths and the 
parameter for labial and lingual bonding should be identical, 
the bond strength of buttons might be relevant because they 
are bonded to lingual rather than labial surfaces, and oral 
conditions such as higher humidity are different.


Under the conditions of this in vitro study, the SPBS in all 
groups might be considered clinically acceptable since the 
‘ideal’ orthodontic bond strength is not merely the greatest 
bond strength possible; it should withstand orthodontic and 
masticatory forces, allow for easy bracket or lingual button 
removal when desired, and principally the force needed to 
remove the orthodontic attachment should be sufficiently 
low to prevent enamel fracture (Elvebak et al., 2006).


Usually, BeautyOrtho Bond™ is used with two bottles of 
SEP (Primers A & B™); however, lingual buttons can be 
successfully bonded by combining this orthodontic adhesive 
with the other SEPs tested in this study, except AdheSE™, 
which had a  significantly lower bond strength than groups 
I, II, and V. In this context, clinicians should consider that 
AdheSE™ is a two-step SEP and the chair-side time required 
is longer than that for one-step SEPs; nonetheless, it could 
be used as an alternative, but only when extremely light 
force is to be applied.


Group II (Transbond Plus SEP™) presented a slightly 
higher bond strength than the other groups but it should be 
borne in mind that this SEP and Primers A & B™ (group 
III) are both one-step SEPs marketed for orthodontic 
purposes, and they need to be applied for only 3 or 5 
seconds. On the other hand, in group III the enamel was 
conditioned with Clearfil Mega Bond FA™, a two-step 
fluoride-releasing and antibacterial SEP (Korbmacher et al., 
2006; Attar et al., 2007). This SEP has been recommended 
to reduce cariogenic bacteria around brackets and decrease 
the risk of demineralization (Attar et al., 2007; Bulut et al., 
2007). Unfortunately, the application of fluoride-releasing 
conditioners or adhesives is contraindicated in patients with 
fluorosis or in those exposed to high concentrations of 
fluoride. In these cases the bonding procedure may need to 
be enhanced with additional bonding methods (Gange, 
2006; Noble et al., 2008). Peak SE & Peak LC Bond™ are 
two-step SEPs generally used in operative dentistry; 
additionally, Bond Force™ is a seventh-generation single-
component SEP, fluoride-releasing bonding agent designed 
to be used on both cut/uncut enamel and dentine. To date, 
however, no previous studies have tested Peak SE & Peak 
LC Bond™ or Bond Force™ for orthodontic application. 
The results indicate that they could be successfully used 
with BeautyOrtho Bond™ for bonding lingual buttons as an 
alternative to 37 per cent H3PO4 or other SEPs; however, 


the major disadvantage is the increased time required for 
application to the enamel surface.


The use of phosphoric acid has the advantage of increasing 
the bond strength of orthodontic brackets (Scougall-Vilchis  
et al., 2007). Nevertheless, the application of SEP is 
recommended rather than 37 per cent H3PO4 to obtain a more 
conservative etch pattern and similar bond strength. In addition, 
SEPs have shown lower sensitivity to humidity than 
conventional phosphoric acid (dos Santos et al., 2006), and this 
could be clinically relevant for bonding lingual buttons in 
which saliva contamination is ‘expected’, mainly in the lower 
arch.


Adhesive remnant index


A strong correlation between bond strength and adhesive 
remnant has been found (Scougall-Vilchis et al., 2007). In 
this context, group IV presented the lowest SPBS as well as 
the lowest ARI scores both with significant differences. 
Moreover, it has been reported that the amount of adhesive 
remaining tends to be less when SEPs are used (Faltermeier 
et al., 2007; Montasser et al., 2008). In this study, groups I, 
III, and V presented lower ARI scores with the average 
amount of adhesive remaining being less than 50 per cent 
(score 1). This could be clinically advantageous since in 
those cases when the brackets fail at the enamel/adhesive 
interface, less residual adhesive remains and clean-up is 
likely to be easier and faster (Al Shamsi et al., 2006). 
Conversely, higher amounts of adhesive remnants complicate 
clean up of the enamel and may also lead to surface scratches, 
cracking, and loss of sound enamel (Vicente et al., 2006).


There were no enamel fractures after debonding, which 
could be explained by the fact that bond strength values 
were lower than 14 MPa in all groups, and the risk of enamel 
fractures increases when the force exceeds this value 
(Eminkahyagil et al., 2006).


SEM observation of enamel surfaces


The application of SEPs is reported to produce a more 
conservative etch pattern than phosphoric acid (Summers  
et al., 2004; Cal-Neto and Miguel, 2006). In this context, 
the sound surface of the untreated enamel changed slightly 
when it was conditioned with Primers A & B™ and 
Transbond Plus SEP™ (Figure 1b and 1c); however, the 
enamel conditioned with Primers A & B™ appeared similar 
to the untreated enamel. The enamel surface morphology 
when conditioned with two-step SEPs (AdheSE™, Peak SE 
& Peak LC Bond™, and Clearfil Mega Bond FA™), 
including Bond Force™ (one-bottle SEP), showed 
interesting differences (Figure 1d–1g). The conditioners left 
some microretentions on the enamel surface that enhanced 
bond strength. When the microretentions were greater, such 
as those produced by Peak SE & Peak LC Bond™, the 
SPBS tended to increase. Conversely, when microretentions 
were shallower, the bond strength was less (AdheSE™).
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Conclusions


Within the limitations of this in vitro study, the following 
conclusions can be drawn:
 


	1.	 The SPBS of orthodontic lingual buttons in all groups 
are clinically acceptable. However, application of 
AdheSE™ resulted in significantly lower bond strength.


	2.	 The two newly tested materials for orthodontic use (Peak 
SE & Peak LC Bond™ and Bond Force™) have the 
disadvantage of the longer time required for application 
to the enamel.


	3.	 Since SEPs present a gentler etch pattern, lower sensitivity 
to humidity, and suitable bond strengths, their application 
for bonding orthodontic lingual buttons is recommended.


	4.	 Different SEPs can significantly affect the amount of 
residual adhesive, and the SEM images showed an 
interesting diversity of etch patterns.


	5.	 In all cases, the mean SPBS values were lower than the 
value at which enamel fractures have been found; 
therefore, a sound enamel surface might be left after the 
removal of lingual buttons.
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Introduction


Prior to the 1970s, orthodontic brackets were attached to 
teeth by stainless steel bands. This bonding technique was 
painful and time-consuming. The enamel beneath the bands 
was more prone to pre-carious lesions during treatment. 
Later, in the 1970s, it became possible to directly bond 
orthodontic appliances to an etched tooth surface with self-
curing polymeric resinous adhesives.


While there has been progress in the formulation of 
orthodontic adhesives, there is a continuing need for 
orthodontic adhesives, which have low polymerization 
shrinkage and high physical properties, together with 
features that make the bonding procedure easier. The latest 
products in this field are colour change adhesives (CCAs). 
Besides their physical properties, the major advantage of 
these products is that any adhesive remnant is visible at 
bracket seating; facilitating flash clean-up. The 
manufacturers also claim that the CCA Grēngloo (Ormco 
Corp., Glendora, California, USA) was designed with a 
patented ingredient that increases traumatic impact 
resistance by 118 per cent.


Recently, a number of studies (Chalgren et al., 2007; 
Northrup et al., 2007; Lowder et al., 2008) compared the 
bond strengths of CCA with light cure adhesives. However, 
to date, no scientific research has compared the shear bond 


strengths (SBS) of different CCA within themselves and 
with a traditional light cure adhesive.


The aims of this study were to test whether the SBS of 
three commercially CCA, Transbond Plus CCA (3M 
Unitek, Monrovia, California, USA), Grēngloo, and 
Blūgloo (Ormco Corp.), are different, and to compare their 
bond strengths with a traditional light cure adhesive, Light 
Bond (Reliance Orthodontic Products, Itasca, Illinois, 
USA). The null hypothesis tested was that no difference 
existed between the SBS of CCA and traditional light cure 
adhesives.


Materials and methods


Forty-eight human permanent premolar teeth extracted 
for orthodontic reasons and without any caries or visible 
defects were used in this study. Each tooth was individually 
embedded in auto-polymerizing acrylic resin (Meliodent; 
Heraeus Kulzer, Hanau, Germany). The specimens were 
kept in distilled water at room temperature except during 
the bonding and testing procedures. Before bonding, the 
facial surfaces of the teeth were cleaned with a mixture of 
water and pumice. The teeth were rinsed thoroughly with 
water and dried with oil and moisture-free compressed 
air. Each tooth was etched with 37 per cent phosphoric 
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SUMMARY  The aims of this study were to test whether the shear bond strengths (SBS) of three commercially 
available colour change adhesives (CCAs), Transbond Plus Color Change Adhesive, Grēngloo, and Blūgloo, 
are different and to compare their bond strengths with a traditional light cure adhesive, Light Bond.


Forty-eight human permanent premolar teeth extracted for orthodontic reasons and without any caries 
or visible defects were used in this study. The brackets were bonded with Light Bond (group I), Grēngloo 
(group II), Blūgloo (group III), and Transbond Plus CCA (group IV). After bonding, the SBS of the brackets 
were tested with a Universal testing machine.


Analysis of variance indicated a significant difference between groups I and IV (P < 0.001). No significant 
difference was found between groups II, III, and IV (P > 0.05). Adhesive remnant index (ARI) scores for all 
groups were not significantly different (P > 0.05).


Significant difference existed between the SBS of Transbond Plus CCA and Light Bond. Although 
Transbond Plus CCA yielded the lowest SBS values, no statistically significant difference was found 
between bond strength values of the three commercially available CCAs. All three CCAs can be safely 
used in orthodontic practice since they yielded acceptable bond strengths. A higher incidence of ARI 
scores 4 and 5 revealed that bond failures in all test groups were mainly at the adhesive interface.  by A
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acid gel (Gel Etch®, 3M Unitek) for 30 seconds, rinsed 
with a water/spray combination for 30 seconds, and dried 
until a characteristic frosty white etched area was 
observed. Ormco Mini 2000 (Ormco Corp.) premolar 
metal brackets were used. The surface area measured and 
calculated with a digital calliper was 9.63 mm2. The 
minimum sample size for 0.75 power of the study was 
statistically calculated as 12; therefore, 48 teeth were 
divided into four equal groups.
 


	Group I: a thin uniform coating of Light Bond Primer was 
applied to each tooth surface to be bonded using the 
disposable brush. A small amount of Light Bond adhesive 
paste was applied to the bracket base.


	Group II: the brackets were bonded with Ortho Solo Primer 
(Ormco Corp.) and Grēngloo adhesive paste.


	Group III: the brackets were bonded with Ortho Solo Primer 
and Blūgloo adhesive paste.


	Group IV: the brackets were bonded with Transbond XT 
Primer (3M Unitek) and Transbond Plus CCA.


 


Immediately after application of the adhesive, the 
brackets were lightly placed onto the tooth surface and 
pressed firmly. Excess adhesive around appliance bases was 
gently removed with a sharp scaler and cured with a Heliolux 
DLX (Vivadent ETS, Schaan, Liechtenstein) for 40 seconds 
(20 seconds on the mesial and 20 seconds on the distal 
surfaces of the brackets). After each curing, the light source 
was calibrated.


All specimens were stored in distilled water at 37°C for 
24 hours. Each specimen was loaded into a Universal 
Testing Machine (Lloyd, Fareham, Hampshire, UK) using 
Nexjen (Charlotte, North Carolina, USA) software for 
testing, with the long axis of the specimen perpendicular to 
the direction of the applied force. The standard knife-edge 
was positioned to make contact with the bracket base. Bond 
strength was determined in shear mode at a crosshead speed 
of 0.5 mm/minute until fracture occurred. Failure load 
values (N) were recorded and converted into megapascals 
(MPa) by dividing the failure load (N) by the surface area of 
the bracket base (9.63 mm2).


After debonding, all teeth and brackets in the test 
groups were viewed using a light stereomicroscope 
(Olympus SZ 6045 TR Zoomstereomicroscope, Olympus 
Optical Co, Osaka, Japan) at ×10 magnification to 
determine the bracket failure interface. Any adhesive 
remaining after debonding was assessed and scored 
according to the modified adhesive remnant index (ARI; 
Olsen et al., 1997). The scoring criteria of the index are as 
follows: 1 = all of the composite, with an impression of 
the bracket base remains on the tooth; 2 = more than 90 
per cent of the composite remains on the tooth; 3 = more 
than 10 per cent but less than 90 per cent of the composite 
remains on the tooth; 4 = less than 10 per cent of composite 
remains on the tooth; and 5 = no composite remains on 
the tooth.


Figure 1  Shear bond strengths (MPa) of the groups. The horizontal line 
in the middle of each boxplot shows the median value; horizontal lines in 
box indicate 25 and 75 per cent quartiles; lines outside the box indicate 5 
and 95 per cent quartiles.


Statistical analysis


Descriptive statistics, including the mean, standard 
deviation, minimum, and maximum values, were 
calculated for each of the tested groups. One-way analysis 
of variance (ANOVA) and Tukey multiple comparison 
tests were used to compare the SBS of the groups. The 
chi-square test was used to determine significant 
differences in ARI scores among the groups. Significance 
for all statistical tests was predetermined at P < 0.05. All 
statistic analysis was performed using the Statistical 
Package for Social Science version 11.0 (SPSS Inc., 
Chicago, Illinois, USA).


Results


The descriptive statistics for the SBS (MPa) of the groups 
are shown in Figure 1. All groups displayed clinically 
acceptable mean bond strengths (over 8 MPa). ANOVA 
indicated a significant difference between groups I and IV 
(P < 0.001; Table 1). No significant difference was found 
between groups II, III, and IV (P > 0.05).


Frequency distribution of the ARI scores and the chi-
square comparison of the groups are presented in Table 2. 
There was no significant difference between the groups  
(P > 0.05).


Discussion


The minimum bond strength required to withstand normal 
orthodontic forces is believed to be between 6 and 8 MPa 
(Reynolds, 1975). In the present study, the SBS of the test 
groups ranged from 7.9 to 26.1 MPa, while the lowest 
values (mean = 16.0 MPa) were obtained when brackets 
were bonded with Transbond Plus CCA.
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Table 1  Analysis of variance comparing the shear bond strength 
(SBS) of the groups.


Test groups SBS (in MPa)


Mean ± SD Range


Group I (control–light bond) 22.1 ± 2.5a 17.9–26.1
Group II (Grēngloo) 19.2 ± 3.3a,b 15.3–23.7
Group III (Blūgloo) 18.7 ± 2.8a,b 14.1–23.1
Group IV (Transbond Plus  
Color Change Adhesive)


16.0 ± 4.4b 7.9–21.6


There was no statistically significant difference between groups with the 
same letters (P > 0.05).


Table 2  Frequency distribution of the adhesive remnant index 
(ARI) scores and chi-square comparison of the groups.


Test groups ARI scores n Test


1 2 3 4 5


Group I (control–light bond) 0 0 1 9 2 12 NS
Group II (Grēngloo) 0 1 3 6 2 12
Group III (Blūgloo) 1 2 2 6 1 12
Group IV (Transbond Plus  
Color Change Adhesive)


0 1 2 5 4 12


NS, not significant.


According to the manufacturers, Grēngloo is designed 
with a patented ingredient that increases traumatic impact 
resistance by 118 per cent. In addition, they also claim that 
Grēngloo’s chemical affinity with metal brackets such as 
Damon™ 3MX and Titanium Orthos™ ensures reliable 
bond strength. In the present study, among the CCA, the 
highest bond strength was obtained with Grēngloo.


It is claimed that Transbond Plus CCA yields  
bond strength comparable with Transbond™ XT 
(http://solutions.3m.com). However, in the present study, 
among the CCA, the lowest bond strengths were obtained 
with Transbond Plus CCA. The only significant difference 
with the light cure adhesive was also found with Transbond 
Plus CCA. The differences may be due to the moisture 
tolerant characteristic of Transbond Plus. In moisture and 
saliva-contaminated environments, the real potential of the 
product may be expressed. Further studies are needed to 
clarify this issue.


Northrup et al. (2007) compared the SBS of Damon 2 
brackets bonded with a traditional adhesive (Transbond 
XT) and Blūgloo. They found no significant difference in 
SBS, and the bond strengths were well above the required 
strengths for withstanding masticatory and orthodontic 
forces. Their results suggest that there was no compromise 
in bond strength when using the Blūgloo adhesive for its 


advantageous colour change properties or in aiding adhesive 
removal during bonding or debonding of brackets. Lowder 
et al. (2008) compared the bond strength of four orthodontic 
adhesives used with a caries-protective resin sealant. They 
used Blūgloo with Transbond XT as the control and the 
shear/peel bond strength obtained with both were similar. In 
agreement with those studies, the bond strengths obtained 
with Blūgloo and Light Bond were also not statistically 
different. The authors of the present study also agree with 
Northrup et al. (2007) that the main advantage of these 
products are colour changing properties, which make the 
adhesive removal process easier during bonding or 
debonding of brackets.


Comparison of the SBS of CCA with the traditional light 
cure adhesive revealed that the bonding performance of 
Grēngloo and Blūgloo was comparable. However, the bond 
strength of Transbond Plus CCA was significantly lower 
than that of Light Bond. The relatively higher bond strengths 
of Grēngloo and Blūgloo may be due to the sealant, Ortho 
Solo, used in these groups. Ortho Solo is a fluoride-releasing 
universal sealant and bond enhancer. It is composed of 
dimethacrylate resins, barium glass, fumed silica, sodium 
hexafluorosilicate, and ethanol. According to the 
manufacturers, Ortho Solo incorporates a bond-enhancing 
property that improves adhesion to the tooth at the adhesive 
interface, hence reducing bond failures. The glass filler, 
unique to Ortho Solo, acts as a stress and shock absorber, 
preventing cracks that can lead to bond failure. Vicente et al. 
(2005) found a significant increase in bond strength when 
brackets were bonded with Ortho Solo primer compared 
with Transbond XT primer or All-Bond 2 primer with 
Transbond XT adhesive. On the contrary, Northrup et al. 
(2007) did not find a significant increase in bond strength 
when Ortho Solo was used, albeit with the Blūgloo adhesive, 
compared with the other primer-adhesive combination of 
Transbond XT. In the present study, there was also an 
increase in bond strength when Ortho Solo was used with 
the Blūgloo and Grēngloo adhesive compared with the 
combination of Transbond XT Primer and Transbond Plus 
CCA, but the increase was not statistically significant.


The amount of adhesive remaining on the tooth was 
assessed using the modified ARI (Olsen et al., 1997). ARI 
scores are used to define the site of bond failure between 
the enamel, the adhesive, and the bracket base. Bond 
failures within the adhesive or at the bracket–adhesive 
interface are preferred because they decrease the shear 
force stress at the enamel surface and increase the probability 
of maintaining an undamaged enamel surface (Olsen et al., 
1997). On the other hand, some authors consider that less 
adhesive on the enamel to be an advantage because less 
time is required to remove the remaining bond material, 
and the risk of damage to tooth enamel is diminished 
(Vicente et al., 2009). In the present study, the ARI values 
were not significantly different between groups; most 
samples showed almost complete adhesion of the resin to 
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the bracket surface after debonding. Newman et al. (1995) 
stated that SBS should be less than 23 kg to avoid damage 
to enamel. In the present study, this corresponds to bond 
strengths of approximately 23.4 MPa. Only bond strength 
values obtained with Light Bond adhesive came close  
to this borderline value. Indeed, there were instances of 
enamel fracture in all of the groups tested. However,  
the enamel fractures observed in this study might not be 
directly transferable to the clinical situation because the 
characteristics of the masticatory and orthodontic treatment 
forces and those obtained with Universal testing machines 
are different (Lowder et al., 2008).


Conclusions


 	1.	 Significant differences existed between the SBS of 
Transbond Plus CCA and Light Bond. Therefore, the 
null hypothesis was rejected.


	2.	 Although Transbond Plus CCA yielded the lowest SBS 
values, no statistically significant difference was found 
between bond strength values of the three commercially 
available CCA.


	3.	 All three CCA can be used safely in orthodontic practice 
since they resulted in acceptable bond strengths. In 
situations where extra bond strength is needed, Grēngloo 
and Blūgloo may be preferred.


	4.	 A higher incidence of ARI scores 4 and 5 revealed that 
bond failures in all test groups were mainly adhesive in 
nature.


References
Chalgren R, Combe E C, Wahl A J 2007 Effects of etchants and primers on 


shear bond strength of a self-ligating esthetic orthodontic bracket. 
American Journal of Orthodontics and Dentofacial Orthopedics 132: 
577.e1–e5


Lowder P D, Foley T, Banting D W 2008 Bond strength of 4 orthodontic 
adhesives used with a caries-protective resin sealant. American Journal 
of Orthodontics and Dentofacial Orthopedics 134: 291–295


Newman G V, Newman R A, Sun B I, Ha J L, Ozsoylu S A 1995 Adhesion 
promoters, their effect on the bond strength of metal brackets. American 
Journal of Orthodontics and Dentofacial Orthopedics 108: 237–241


Northrup R G, Berzins D W, Bradley T G, Schuckit W 2007 Shear bond 
strength comparison between two orthodontic adhesives and self-
ligating and conventional brackets. Angle Orthodontist 77: 701–706


Olsen M E, Bishara S E, Damon P, Jakobsen J R 1997 Evaluation of 
Scotchbond Multipurpose and maleic acid as alternative methods of 
bonding orthodontic brackets. American Journal of Orthodontics and 
Dentofacial Orthopedics 111: 498–501


Reynolds I R 1975 A review of orthodontic bonding. British Journal of 
Orthodontics 2: 171–178


Vicente A, Bravo L A, Romero M, Ortiz A J, Cantera M 2005 Adhesion 
promoters: effects on the bond strength of brackets. American Journal of 
Dentistry 18: 323–326


Vicente A, Mena A, Ortiz A J, Bravo L A 2009 Water and saliva 
contamination effect on shear bond strength of brackets bonded with a 
moisture-tolerant light cure system. Angle Orthodontist 79: 127–132


 by A
kram


 A
l-H


uw
aizi on O


ctober 6, 2010
ejo.oxfordjournals.org


D
ow


nloaded from
 



http://ejo.oxfordjournals.org/






European Journal of Orthodontics 32 (2010) 522–529	 © The Author 2010. Published by Oxford University Press on behalf of the European Orthodontic Society.
doi:10.1093/ejo/cjp143	 All rights reserved. For permissions, please email: journals.permissions@oxfordjournals.org
Advance Access Publication 26 August 2010


Introduction


Temporomandibular joint (TMJ) internal derangement 
(ID) is widely reported to be associated with mandibular 
asymmetry. Schellhas et al. (1990) suggested that disc 
displacement, ID, or degenerative joint disease could be the 
main causes of mild and moderate mandibular asymmetry. 
On the other hand, various studies have investigated occlusal 
problems as a predisposing factor for TMJ ID. Occlusal 
instability, midline discrepancy, right–left differences in 
molar relationship, and inclination of the frontal occlusal 
plane have been considered to be important occlusal 
characteristics in patients with TMJ disorders (Solberg  
et al., 1986; Fushima et al., 1999). Differences in the heights 
of the right and left rami have also been suggested as 
important skeletal problems associated with TMJ pathology 
(Inui et al., 1999; Trpkova et al., 2000). A similar tendency 
has been recognized in mandibular prognathism with 


asymmetry (Ueki et al., 2000), although the incidence of 
TMJ dysfunction in mandibular prognathism is lower than 
in mandibular retrognathism (Fernández Sanromán et al., 
1998).


Improvement in TMJ symptoms before and after 
orthognathic surgery has been investigated in several 
clinical investigations (Karabouta and Martis, 1985; 
Kerstens et al., 1989; White and Dolwick, 1992; Hu et al., 
2000). In a previous study, it was found that sagittal split 
ramus osteotomy (SSRO) did not improve anterior disc 
displacement (ADD), while intraoral vertical ramus 
osteotomy (IVRO) improved ADD for a short post-operative 
period, and both procedures improved TMJ symptoms 
(Ueki et al., 2002; 2007a,b). This suggests that TMJ 
symptoms are not always the result of disc displacement. In 
other words, biomechanical change from occlusal and 
skeletal change may induce improvement in the TMJ.


Stress change on the temporomandibular joint in mandibular 


prognathism subjects with asymmetry after orthognathic 


surgery
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SUMMARY  The purpose of this study was to evaluate changes in stress on the temporomandibular 
joint (TMJ) in 80 Japanese subjects (21 males and 59 females, mean age 23.7 years) with mandibular 
prognathism, with and without asymmetry after orthognathic surgery using the rigid bodies spring model 
(RBSM). The asymmetric group consisted of 40 subjects whose Mx–Md midline was more than 3 degrees. 
The remaining 40 subjects formed the symmetric group.


The geometry of the stress analysis model was based on frontal cephalograms of the subjects. Menton 
(Me), the centre point of occlusal force on a line connecting the bilateral buccal cusps of the second 
molars, and the most lateral, superior, and medial points on the condyle were plotted on a computer 
display and stress on the condyle was calculated with the two-dimensional RBSM program, Fortran. 
The degree (force partition) of the resultant force, the direction (angulation), and the displacement (X, Y) 
of each condyle were calculated and the horizontal displacement (u), the vertical displacement (v), and 
rotation displacement (q) of the mandibular body at Me were calculated pre- and post-operatively. The 
data was analysed using paired and unpaired t-tests.


For the vertical (v) and rotational (q) displacement, the post-operative value was smaller than the pre-
operative value (v: P < 0.001, q: P = 0.0063) in the asymmetric group. For angulation and the X-component, 
the post-operative value was smaller than that pre-operatively on the deviated (angulation: P = 0.0074, 
X-component: P = 0.0003) and non-deviated (angulation: P = 0.0024, X-component: P = 0.001) side in the 
asymmetric group. However, there was no significant difference between the pre- and post-operative 
value for any parameter in the symmetric group.


These findings suggest that surgical correction of mandibular prognathism, with and without asymmetry, 
could induce an improvement in stress balance on the TMJ in the frontal aspect.
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Most authors agree that the external and internal 
morphology of a given bone or joint in adults is determined 
by the biomechanical loads placed upon it during growth. 
Previous studies have suggested that mandibular asymmetry 
or occlusal plane inclination could induce TMJ ID due to 
disturbances in stress on the TMJ (Korioth et al., 1992; 
Hylander and Johnson, 1997). Paradoxically, there is a theory 
that attempts to establish a flat occlusal plane or symmetry 
can induce a favourable stress balance on bilateral TMJs.


Regarding dynamic analysis, changes in stress on the TMJ 
after orthognathic surgery using a lateral cephalogram with the 
rigid bodies spring model (RBSM) have been investigated 
(Ueki et al., 2005; 2006). However, when the asymmetry cases 
were analysed, it was found that a RBSM program for frontal 
cephalograms was necessary. Therefore, a program of RBSM 
for frontal cephalograms was developed and the stress on the 
TMJ in mandibular asymmetry subjects was investigated.


The purpose of this study was to evaluate changes in 
stress on TMJ in mandibular prognathism subjects with 
asymmetry after orthognathic surgery using RBSM for 
frontal cephalograms.


Subjects and methods


Eighty Japanese adults (21 males and 59 females) were 
included in the study with jaw deformities diagnosed as 
mandibular prognathism, with and without asymmetry. The 
patients ranged in age from 15 to 39 years (mean age 23.7 
years, standard deviation 5.5 years). Informed consent was 
obtained from the patients and the study was approved by 
Kanazawa University Hospital.


Lateral and frontal cephalograms were obtained of all 
patients. The cephalograms were taken before surgery (after 
pre-operative orthodontic treatment) and 3–6 months after 
surgery. The cephalograms were entered into a computer and 
analysed using appropriate software (Cephalometric Ato Z, 
Yasunaga Labo Com, Fukui, Japan). All patients were 
objectively diagnosed as skeletal Class III from the 
cephalometric measurements. On the frontal cephalogram, 
the angle between the ANS–Menton (Me) line and a line 
perpendicular to the bilateral zygomatic frontal suture line 
was defined as the Mx–Md midline angle. A positive value 
for this angle represented mandibular deviation to the left 
and a negative value mandibular deviation to the right. The 
Mx–Md midline angles of all cases were then given a 
positive value, so that all consecutive measurements could 
be attributed to either a deviated or non-deviated side (Ueki 
et al., 2000). The subjects were divided into a symmetric or 
asymmetric group according to the Mx–Md midline. The 
asymmetric group consisted of 40 subjects (10 males and 30 
females) whose Mx–Md midline was more than 3 degrees 
and the remaining 40 (11 males and 29 females) as the 
symmetric group.


Twenty-two of the 40 patients in the asymmetric group 
underwent a Le Fort I osteotomy and IVRO, nine a SSRO, 


seven an IVRO, and two a Le Fort I osteotomy and SSRO. 
Twenty-four of the 40 patients in the symmetric group 
underwent SSRO, 11 a Le Fort I osteotomy and SSRO, and 
5 IVRO.


Determination of the occlusal force centre


A system comprising a pressure-sensitive sheet (Dental 
Prescale; Fuji Photo Film Co., Tokyo, Japan) and its 
analysing apparatus (Dental Occlusion Pressuregraph FPD-
705; Fuji Photo Film Co.) connected to a personal computer 
was used in this study. Data on the reproducibility and the 
method of calibration have been reported (Maness et al., 
1987; Hattori et al., 1994; Harada et al., 2000; Nagai et al., 
2001). Each patient was seated with his/her head in an 
unsupported natural position, looking forward. The pressure-
sensitive sheet was placed between the maxillary and 
mandibular teeth and the patient was instructed to bite as 
forcefully as possible for approximately 3 seconds. The 
sheet was read and analysed using the Dental Occlusion 
Pressuregraph and the results were transferred to the 
computer and visualized on the display screen. The occlusal 
force centre (only value on the X-co-ordinate) was determined 
on the basis of the occlusal balance. The examination was 
carried out before surgery (after pre-operative orthodontic 
treatment) and 3–6 months after surgery.


Input data for calculations


The most lateral point of the buccal cusp of the lower second 
molar, Me, and the most medial, superior, and lateral points 
on the bilateral condyles on the computer display were 
plotted, using the frontal cephalogram, and the co-ordinates 
of the occlusal force centre point was added to the occlusal 
plane. The mandibular two-dimensional RBSM using the 
frontal cephalometric data and the occlusal force data were 
analysed pre- and post-operatively with the Fortran program 
written according to a previously reported method (Ueki 
et al., 2005; 2006).


When defining the numerical model, the geometry of the 
model was based on a frontal cephalogram of each subject 
(Figure 1). The entire mandible can be considered as a 
single rigid element. For the numerical model of the TMJ, 
the integral points for calculating the contact stress were 
defined along the contours of the uppermost face of the 
condyle. The glenoid fossa was assumed to be a rigid 
element, and the displacement of this rigid element was set 
to 0, so it may be treated as a supported element (Figure 2). 
The occlusal force and its action position were determined 
using the pressure-sensitive system. Only compressive 
force is transmitted in a contact surface. Redistribution of 
negative contact pressure was calculated, according to the 
following procedure:
 


	Step 1: The contact pressure generated on integration points 
relative to the initially given muscular force is obtained.
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	Step 2: If negative contact pressure is found for some 
integral points, it is temporarily removed and a constraint 
force is added to maintain the balance.


	Step 3: As this constraint force does not actually exist, a 
force equal to this is added in a reverse direction.


	Steps 1 and 2 are repeated until the negative contact pressure 
reduces to a negligible value. The contact pressure 
distribution without negative contact force can then be 
obtained.


 


Finally, as output data, the degree (force partition) of the 
resultant force, the direction (angulation) and the 
displacement (X, Y) of each condyle, the horizontal 
displacement vector (u), the vertical displacement vector 


Figure 1  Rigid bodies spring model (numerical model). The geometry of 
the model is based on a frontal cephalogram of each subject.


Figure 2  (a) Integral points on the codylar surface. (b) Spring model 
between the condylar surface and glenoid fossa. The integral points for 
calculating the contact stress are defined along the contours of the 
uppermost face of the condyle. The glenoid fossa is assumed to be a rigid 
element. Kn shows spring coefficient in the calculation in the rigid bodies 
spring model.


(v), and the rotation angle (q) of the mandibular body at Me 
were calculated (Figure 3).


Analysis was based on the definition that a stable 
condylar position is one in which the stress is distributed 
equally over the condylar surface. Once the final 
calculation had been performed and contact pressure was 
distributed equally over the condylar surface, any slight 
mandibular displacement may be disregarded. The 
displacement from vectors in the initial mandibular 
position to vectors in the final mandibular position after 
the calculations can be obtained by conversion calculations 
from the displacement vector. This means that the higher 
the displacement vector, the less clinically stable the 
mandible and TMJ.


Magnetic resonance imaging assessment


A detailed magnetic resonance imaging (MRI) assessment 
of each pair of TMJs was performed using a 1.5-Tesla 
MRI system (Signa Scanner, General Electric Medical 
Systems, Milwaukee, Wisconsin, USA), with bilateral 3 
inch dual surface coils with the jaw in the closed, resting, 
and maximally opened position. An initial axial localizer 
was introduced to obtain exact midcondylar sections 
perpendicular and parallel to the long axis of each 
condyle. Images of the bilateral orthogonal sagittal 
planes and coronal planes of the TMJs in the closed 
jaw position were acquired first with a repetition pulse 
(TR) of 2000 milliseconds, echo times (TEs) of 20 
milliseconds, a 3 mm image slice thickness, and a field 
of view of 10 cm. Images of the bilateral sagittal planes 
of the TMJs in the open mouth position were then 
obtained with a TR of 1000 milliseconds and TEs of 20 
milliseconds. The incidence of ADD with (ADDwR) and 
without (ADDwoR) reduction was examined pre- and 
post-operatively.


Statistical analysis


Data were compared between the groups with unpaired 
t-tests and between the pre- and post-operative value with 
paired t-tests using the Stat View™ version 4.5 software 
program (Abacus Concepts, Inc., Berkeley, California, 
USA). The differences were considered significant at  
P < 0.05.


Results


There were significant differences post-operatively 
compared with pre-operatively in the asymmetric group in 
the Mx–Md midline (P < 0.001) and occlusal cant (P < 
0.001) but not in the symmetric group.


For vertical (v) and rotational (q) displacement, post-
operative values were smaller than pre-operative values (v: 
P < 0.001, q: P = 0.0063) in the asymmetric group. For 
angulation and the X-component, the post-operative value 
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was smaller than the pre-operative value at the deviated 
(angulation: P = 0.0074, X-component: P = 0.0003) and 
non-deviated (angulation: P = 0.0024, X-component: P = 
0.001) sides in the asymmetric group. However, there was 
no significant difference between the pre- and post-operative 
values in any parameter in the symmetric group (Tables 1 
and 2).


Comparison between the deviated and non-deviated side 
showed no significant differences in resultant force (P = 
0.0054), angulation (P = 0.0095), X-component (P = 
0.001), or Y-component (P = 0.0043) in the asymmetric 
group pre-operatively. There were significant differences 
in resultant force (P = 0.0372), X-component (P < 0.001), 
and Y-component (P = 0.0354) in the symmetric group 
pre-operatively. However, in the symmetric group, no 
significant differences were found for any parameters 
post-operatively. On the other hand, in the asymmetric 
group, significant differences remained in angulation (P < 
0.001) and X-component (P = 0.0004) post-operatively 
(Tables 1 and 3).


In the symmetric group, two joints with pre-operative 
ADDwoR did not change post-operatively. On the deviated 
side in the asymmetric group, 22 joints with pre-operative 
ADDwoR and eight with pre-operative ADD changed to 16 
joints with ADDwoR and 10 joints with ADDwR post-
operatively. On the non-deviated side in the asymmetric 


group, three joints with pre-operative ADDwoR and two 
with pre-operative ADDwR changed to three joints with 
ADDwoR; no joint showed ADD post-operatively.


Discussion


ADD has been observed mostly at the deviated side in 
patients with mandibular deviation (Link and Nickerson, 
1992; Kobayashi et al., 1999). Other authors have shown 
that in mandibular prognathism with asymmetry, there is a 
higher incidence of disc displacement on both sides (56 and 
66.7 per cent, respectively; Ueki et al., 2000; Yamada et al., 
2001), whereas minimal displacement is seen in patients with 
simple mandibular prognathism (18.2 per cent; Ueki et al., 
2000). TMD is associated with disturbed facial skeletal 
growth such as mandibular deviation in rabbits or humans 
(Schelhas et al., 1993; Isberg and Legrell, 2000; Trpkova 
et al., 2000). Some authors have reported TMJ ID as a 
primary cause of growth disturbance, including mandibular 
asymmetry (Hans et al., 1992; Schelhas et al., 1993). In 
vivo experiments of disc displacement in rabbits have also 
verified that permanent articular disc displacement is one 
causal factor in the development of mandibular midline 
asymmetry (Legrell and Isberg, 1999). However, some 
studies have suggested that disc displacement does not 
always induce mandibular asymmetry. Occlusal instability, 


Figure 3  Results of rigid bodies spring model calculation. (a) Pre-operative; (b) post-operative. The degree (force partition) of the resultant force, the 
direction (angulation) and the displacement (X, Y) of each condyle, the horizontal displacement vector (u), the vertical displacement vector (v), and the 
rotation angle (q) of the mandibular body at Menton were calculated.  by A
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midline discrepancy, right–left differences in molar 
relationship, and inclination of the frontal occlusal plane 
have been considered to be important occlusal characteristics 
in patients with TMJ disorders (Solberg et al., 1986; 
Fushima et al., 1999; Inui et al., 1999; Trpkova et al., 
2000).


Improvement in TMJ symptoms after orthognathic 
surgery has been reported in several clinical investigations. 
Kerstens et al. (1989) observed post-operative improvement 
in 66 per cent of patients who underwent orthognathic 
surgery and White and Dolwick (1992) in 89.1 per cent. 
Similar data were found by Karabouta and Martis (1985). 
Hu et al. (2000) reported post-operative improvement in 
only 30 per cent of patients who had undergone SSRO but 
in 75 per cent who had undergone IVRO. Previous studies 
(Ueki et al., 2002; 2007a) have also suggested that SSRO, 
either with or without a Le Fort I osteotomy, cannot alter the 
pre-operative disc position, including ADD, although these 
procedures can improve the symptoms of TMJ dysfunction. 
IVRO, with or without a Le Fort I osteotomy, could improve 
ADD and TMJ symptoms along with condylar position and 
angular change. However, it is difficult to predict the amount 
of improvement in ADD (Ueki et al., 2002; 2007b).


This study investigated dynamic calculations using 
geometric information from frontal cephalograms, so that 
comparison between surgical procedures could not be taken 
into account. The purpose was to clarify the theoretical 
contact stress on the TMJ on the basis of geometric 
information alone, using a single calculation technique. 
Therefore, although differences in surgical procedure, 
fixation method, and the amount of setback would influence 
stress on the TMJ, the overall skeletal morphology analysed 
in this study was considered to be geometric information 
that included these factors.


Some finite element models (FEMs) of the TMJ have 
been developed to simulate condylar motion or stress 
change (Koolstra et al., 1988; Korioth and Hannam, 1990; 
Korioth et al., 1992; Chen and Xu, 1994; Tanaka et al., 
1994; Devocht et al., 1996; Tanne et al., 1996; Hylander 
and Johnson, 1997). However, in FEM, data on many 
material properties are necessary. FEMs are suitable for 


Table 3  Comparisons between the deviated and non-deviated 
sides.


Resultant  
force


Angulation X-component Y-component


Deviated side versus non-deviated side
  Symmetric (pre) 0.0372* 0.2846 <0.0001* 0.0354*
  Symmetric (post) 0.8328 0.5170 0.4842 0.8455
  Asymmetric (pre) 0.0054* 0.0095* 0.0001* 0.0043*
  Asymmetric (post) 0.2640 <0.0001* 0.0004* 0.2679


*P < 0.05.


calculating stress within elements, while the RBSM method 
is used for calculating the surface force between elements. 
This theory has been used to analyse stress on the knee, hip, 
and wrist in the field of orthopaedic surgery (Genda et al., 
1995; Schuind et al., 1995). For this reason, RBSM was 
employed because many individual images had to be 
analysed to provide a more comprehensive biomechanical 
description of loading and the results had to be suitable for 
statistical analysis. Finally, as the amount of data collected 
was large, simple analysis was required.


From the results of FEMs, Buranastidporn et al. (2006) 
concluded that the symptomatic sides were significantly 
related to the degree of inclination of the frontal occlusal 
plane and increasing its angulation resulted in a decrease of 
symptoms on the ipsilateral and an increase on the 
contralateral sides. In their asymmetric–mandibular models, 
both TMJs were fixed in the same position and remained 
symmetric in shape. Ten asymmetric models were created 
with the frontal occlusal plane and frontal mandibular plane 
inclined by 1–10 degrees in 1 degree increments ascending 
to the left side (Buranastidporn et al., 2006).


However, the TMJ structure in jaw deformity patients 
is different from that in subjects with normal TMJs. An  
asymmetric mandible has two different TMJs (Ueki et al., 
2000). It was not realistic that in an asymmetric–mandibular 
model, both TMJs remain symmetrical in shape. Therefore, 
when TMJ stress analysis is performed, outline data derived 
from more realistic morphology of TMJs are more appropriate 
to calculate the contact stress.


A previous study (Ueki et al., 2005) using RBSM for 
sagittal tomography demonstrated that TMJ stress was 
associated with TMJ morphology in Class III patients, 
whether or not they were asymmetric. There was also a 
significant correlation between disc position and stress 
angulation. In the asymmetric group, regression analysis 
indicated a significant correlation between the difference 
in stress angulation (between the deviated side and non-
deviated side) and the degree of asymmetry (measured by 
the angle of asymmetry). These results proved that TMJ 
morphological adaptation was strongly associated with 
occlusion and skeletal morphology.


Ueki et al. (2006), using RBSM for lateral cephalograms 
before and after setback surgery, and when muscular power 
was assumed to be 1, found that the post-operative degree 
of the force vector was higher than the pre-operative value. 
The X-co-ordinate u and rotation q of the displacement 
vector in the pre-operative patients with mandibular 
prognathism were significantly greater than those in the 
control subjects. However, there were still significant 
differences between the displacement values of the post-
operative patients and those of the control subjects. The 
results suggested that the condyles of subjects with normal 
skeletal relationships and occlusions were dynamically 
more stable than those of subjects with mandibular 
prognathism.
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When the frontal occlusal plane increased in the FEM 
using frontal cephalograms, the distribution on the ipsilateral 
side showed a marked shift in direction, and the medial 
portions were loaded least, with the stress to the lateral part 
gradually increasing. For the contralateral disc, the medial 
borders were additionally loaded. The mean stress values 
on the ipsilateral (shifted) disc were smaller than those in 
the standard model and those on the contralateral side 
(Buranastidporn et al., 2006).


In contrast, in this study using RBSM, the resultant force 
on the deviated side was found to be larger than that on the 
non-deviated side, in both groups. There was a significant 
difference in stress angulation between the deviated and 
non-deviated side but only in the asymmetric group. 
Although there was no significant difference in stress 
angulation between either side in the symmetric group, that 
on the deviated side was significantly larger than that on the 
non-deviated side. Furthermore, although stress angulation 
on the bilateral condyles tended to incline to the opposite 
side in the symmetric group, in the asymmetric group, it 
tended to incline to the same (deviated) side. This tendency 
in stress angulation might promote mandibular asymmetry. 
Vertical displacement in the asymmetric group was larger 
than in the symmetric group. This suggests that the 
symmetric mandible was more stable as an element in the 
vertical dimension of the asymmetric group. On the other 
hand, the X-component of the symmetric group was 
significantly smaller than that of the asymmetric group. 
This could imply that both condyles in the symmetric group 
were more dynamically stable than those in the asymmetric 
group in the horizontal dimension.


A comparison of the pre- and post-operative values 
revealed no significant changes in the symmetric group. In 
contrast, the post-operative values became smaller than 
the pre-operative value, during vertical (v) and rotational 
(q) displacement of the mandible and angulation and 
X-component in both TMJs. This suggests that the direction 
of the inclined force was upwards on both sides following 
surgical correction and both condyles were more dynamically 
stable in the asymmetric group in the horizontal dimension. 
The pre-operative significant differences in three parameters 
between the deviated and non-deviated sides in the 
symmetric group were not found post-operatively. On the 
other hand, although there were significant differences in all 
four parameters between the deviated and non-deviated 
sides in the asymmetric group pre-operatively, significant 
differences in angulation and the X-component remained 
post-operatively. This suggests that the difference between 
the right and left sides could also improve after surgery in 
the symmetric group but not in the asymmetric group. 
Frontal cephalograms 3–6 months post-operatively were 
used in this study. Therefore, it was considered that the 
shapes of the bilateral condylar surface that adapted the pre-
operative mandibular asymmetry did not change immediately 
after surgery and was not dynamically stable within that 


period. Since the purpose of this study was to examine the 
change following surgery, there was only one registration 
after surgery. However, more information including the 
remodelling process would have been gained if the 
registrations had been undertaken, e.g. 1, 3, and 12 months 
after surgery and even after a longer period of follow-up.


Conclusions


The findings on frontal cephalograms suggest that surgical 
correction of mandibular prognathism, with and without 
asymmetry, could induce improvement in stress balance on 
bilateral TMJs.
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This book, published in the large colour atlas format 
typical of Thieme, can be seen as a legacy of Tom Graber. 
It tries to cover most aspects of clinical orthodontics: 
diagnosis, preventive orthodontics, early treatment measures, 
functional orthopaedic treatment with different appliances, 
fixed appliance mechanics (both segmented and modified 
straightwire mechanics), temporary anchorage devices, 
aligner treatment, stripping, retention, and mandibular 
distraction osteogenesis, in 350 pages with 1260 illustrations. 
The chapters are written by renowned clinicians and provide 


significant information for the less experienced orthodontist. 
However, the book does not, in all chapters, meet the 
promise of providing information on evidence-based patient 
care (as stated in the Introduction). Moreover, the quality of 
the illustrations does not always meet the high expectations. 
Nevertheless, the book gives a robust overview for 
postgraduate students. The price, however, may prevent 
wider dissemination.


Frank Weiland
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Introduction


General dental practitioners (GDPs) act as gatekeepers for 
specialist dental care because they generally decide whether, 
when, and where to refer patients for specialist care. As 
such, they play a central role in the referral process. 
Therefore, both from the perspectives of practice business 
and healthcare resource allocation, dental specialists have 
to rely heavily on GDPs referring patients to them, in order 
to keep a balanced relationship between the demand and 
supply of specialist dental care. To be able to provide 
satisfactory services to both the referring dentists and the 
patients, specialists must understand the factors that are 
important in the GDP decision making to refer a specific 
patient to a particular specialist. This information provides 
the specialist with the opportunity to selectively improve 
their service and create a well-organized and flourishing 
practice on the one hand, and keep a balanced relationship 
between the demand and supply of specialist care on the 
other.


Research that has been carried out in the medical and 
dental field, with respect to the referral process concentrates 
on the question of what kind of patient is referred to a 
specialist (Coulthard et al., 2000; Ree et al., 2003; 
McQuistan et al., 2006; Cottrel et al., 2007). They pertain to 
questions such as ‘When is the level of a case so difficult 
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SUMMARY  General dental practitioners (GDPs) act as gatekeepers for specialist dental care since they 
generally decide whether, when, and where to refer patients. It is important for orthodontists to understand 
the factors influencing the referral decision in order to be able to satisfy both the referring dentists and 
the patients. A specifically designed questionnaire was sent to a random sample of 634 GDPs in The 
Netherlands. In part A, general characteristics of the GDPs such as gender, years in practice, number of 
patients in the practice, possibilities to refer to an orthodontist, and number of patients referred to the 
orthodontist per year were collected. Part B assessed the importance of 20 various factors related to 
the GDPs’ usual referral decision. Intraclass correlation coefficients (ICC) were calculated to assess the 
relationship in rank scores of the items of the various groups.


The response rate was 60 per cent. Most GDPs (38 per cent) had the possibility to refer to three to four 
orthodontists, 22 per cent could choose between five and six, and 21 per cent could refer to one or two. 
Most GDPs (55 per cent) actually referred to one to two orthodontic specialists, while 34 per cent choose 
between three and four orthodontists. The rank order of the items for male and female dentists was 
nearly equal (ICC = 0.99, P < 0.001). The most important factors governing the choice of an orthodontic 
treatment provider by GDPs were patient satisfaction, favourable experience in the past, and oral hygiene 
monitoring by the orthodontist.


that the general practitioner refers a patient to a specialist 
with advanced knowledge and training?’ For example, Ree 
et al. (2003) concluded in their study of the referral patterns 
for endodontic treatment that the major factors considered 
to be important for referring to an endodontist were the 
presence of an obstruction in the canal, followed by the 
presence of a perforation or resorption, and persistent signs 
and symptoms. The general impression from these studies 
is that the most common reasons for referral are the 
anticipated difficulty of the treatment and the medical 
compromise.


However, the reasons why referrals are made to a 
particular specialist are also important. Kennedy and 
McConnell (1993) investigated factors influencing the 
decisions of general practitioners’ referrals to particular 
hospitals. Short waiting lists and personal knowledge of 
consultants’ expertise were considered to be of particular 
importance in making referral decisions for non-urgent 
elective procedures. In addition, proximity of the hospital 
played a role. Mahon et al. (1993) concluded that overall, 
the most common influences on the choice of hospital were 
its proximity and convenience, knowledge of the consultant, 
the general standard of clinical care, the patient’s own 
preference, and the patient’s previous attendance at the 
hospital.


 by A
kram


 A
l-H


uw
aizi on O


ctober 6, 2010
ejo.oxfordjournals.org


D
ow


nloaded from
 



http://ejo.oxfordjournals.org/





549REFERRAL TO ORTHODONTISTS


With respect to orthodontics, in the study by Walley et al. 
(1999) that was designed to identify who chooses an 
orthodontic office and what factors might induce the 
attraction, the results revealed that the reputation of the 
practitioner was most important along with the level of 
caring attitude the office projected. It was also important 
that the office was located near the patient’s home. 
Interestingly, the mother was the most important decision 
maker in the family in choosing the orthodontic office. 
Furthermore, McComb et al. (1995) indicated that the most 
important factors governing the choice of orthodontic 
provider by the dentist were the length of the waiting list 
and the standard of treatment provided. Finally, Guymon 
et al. (1999) carried out a study concentrating on the criteria 
general dentists use to choose an orthodontist. After 
categorizing the responses with respect to cost, convenience, 
communication, reciprocation, quality, and relationships, 
they showed that quality was the most important factor in 
referring a patient to an orthodontist. The high quality of the 
orthodontic treatment result and overall patient satisfaction 
were highlighted as the most important factors in the referral 
decision in a recent study by Hall et al. (2009). In summary, 
a number of rather diverging professional and personal 
factors have been found to play a role in the process of 
referring to a specific specialist.


There have been no previous studies on the factors that 
may influence the decision to refer a patient for orthodontic 
treatment by GDPs in The Netherlands. Therefore, the aim 
of this study was to investigate current referral patterns of 
Dutch GDPs to orthodontic specialists and to assess factors 
influencing the GDPs’ referral decisions to a specific 
orthodontist.


Materials and methods


A questionnaire was designed to investigate the factors 
that influenced the decision process to refer to a specific 
orthodontist. The material for this questionnaire was 
derived from the dental and medical literature with 
respect to studies about referral reasons from general 
medical practitioners or GDPs to specialists (Mahon et al., 
1993; McComb et al., 1995; Guymon et al., 1999; Walley 
et al., 1999).


The questionnaire comprised two parts. In part A, 
general characteristics of the GDPs were collected, that is, 
gender, number of years in clinical practice, and number of 
patients in the practice. Furthermore, the GDPs were asked 
how many orthodontists they could refer to in their region, 
to how many they referred, and the mean number of 
patients they referred for orthodontic treatment per year. In 
addition, the same questions were asked about referring 
patients for orthodontic treatment to a GDP who conducts 
orthodontic treatment in their region. Finally, the number 
of patients the referring GDP treated orthodontically was 
assessed.


In part B, GDPs were asked to assess of 20 items to 
indicate to what level this item was applicable regarding 
their decision to refer to a specific orthodontist. The first 
version of part B was initially piloted among 15 GDPs who 
were not included in the main study. Their ideas were added 
to the material and the questionnaire was amended. Answers 
could be given on a scale from 1–4 (1 = not applicable at all 
and 4 = totally applicable). The items were based on six 
referral constructs, derived from the study by Guymon et al. 
(1999), with several questions for each construct (except for 
one construct which comprised only one item). These 
constructs were costs (one item), convenience (six items), 
communication (three items), reciprocation (three items), 
quality (four items), and relationships (three items).


A sample of 634 GDPs was randomly selected from the 
Dutch Dental Association (Nederlandse Maatschappij tot 
bevordering der Tandheelkunde, NMT) database. The 
gender, year of graduation, and region of the country that 
these GDPs practiced were known. The questionnaire was 
mailed to the GDPs with a stamped addressed return 
envelope. The option was given to send the questionnaire in 
the envelope or by e-mail. To encourage a response, a 
financial incentive for a continuing postgraduate education 
course at the Academic Centre for Dentistry Amsterdam 
was offered as a raffle prize for GDPs responding within 
eight weeks, only when a response rate of 60 per cent was 
reached at that time. A second questionnaire mailing to non-
respondents was made one month later, followed by a third 
reminder 10 weeks later. All responses were treated 
anonymously but were coded with a number to enable the 
investigators to trace the responses for the follow-up letter.


Data analysis


Completed questionnaires were entered into a database prior 
to analysis (Statistical Package for Social Sciences 15.0 for 
Windows, SPSS Inc., Chicago, Illinois, USA). Differences 
between respondents and non-respondents were assessed by 
means of c2 tests. Next, the referral patterns were described 
and, where appropriate, tested with Wilcoxon signed rank 
tests. The order of importance of the items was assessed by 
ranking the items by their mean score. To assess whether the 
ranking of the importance of the items was comparable for 
different groups of dentists (male/female, number of years in 
clinical practice, and number of patients in practice), intraclass 
correlation coefficients (ICC) were calculated to assess the 
relationship in rank scores of the items of the various groups.


The next step was to determine whether the set of 20 
items could be reduced to a meaningful set of underlying 
latent variables or constructs, based on both an explorative 
factor analysis (principal component analysis, PCA) and a 
confirmative factor analysis using LISREL 8.80 (linear 
structural relationships; Scientific Software International, 
Inc., Lincolnwood, Illinois, USA). Factor analysis is used in 
this type of questionnaire study to limit the number of 
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variables. The items of a questionnaire are combined into 
several so-called factors based on linear associations 
between the items. Depending on the distribution of the 
frequencies of the item scores (skewness and kurtosis), a 
correlation matrix based on Pearson correlation coefficients, 
or a polychorical correlation matrix, was used in the factor 
analyses.


Subsequently, in order to assess which constructs were the 
most important, analysis of variance (ANOVA) for repeated 
measures was used to compare the scale scores. Independent 
sample t-tests and one-way ANOVAs were used to determine 
whether the scale scores were related to gender, number of 
years in clinical practice, and number of patients in practice. 
A significance level of 5 per cent was used.


Results


Respondents


From the 634 questionnaires, 383 replies (60.4 per cent) 
were received (Figure 1). There was no statistically 
significant difference between respondents and non-
respondents with respect to gender [c2 = 3.22, degrees of 
freedom (df) = 1, P = 0.073] or year of graduation (c2 = 
6.60, df = 5, P = 0.253). There was, however, a difference 
with respect to region of the country (c2 = 18.33, df = 8, 
P = 0.019). The response rate per region varied between 
41.9 per cent (province of Flevoland) and 74.6 per cent 
(province of Noord-Brabant).


Incompletely filled-out questionnaires were discarded 
from the study (n = 58). Overall, 325 (85 per cent) 
respondents qualified for data collection and comparison. 
Using the data of these 325 respondents, there appeared to 
be a statistically significant difference in the year of 
graduation between the respondents and non-respondents 
(c2 = 21.32, df = 5, P = 0.001). There were fewer respondents 
in the oldest age group in comparison with the complete 
respondent group. There was no difference between males 
and females (c2 = 3.38, df = 1, P = 0.066) or between regions 
(c2 = 11.29, df = 8, P = 0.186).


General information about referral for orthodontic treat-
ment (part A questionnaire)


Of the respondents, 233 were male (71.7 per cent) and 92 
were female (28.3 per cent). Table 1 shows the distribution 
of the number of years in clinical practice and the number of 
patients in the practice. Of the GDPs, 53.6 had fewer than 
2500 patients in their office. Figure 2 shows the number of 
orthodontists and GDPs providing orthodontic treatment, 
who the GDPs could refer to in their region, and to how 
many orthodontists the GDPs actually referred. Wilcoxon 
signed rank tests showed that dentists actually referred to 
fewer treatment providers than were regionally available (P 
< 0.001). Furthermore, there were more orthodontists 
available than GDPs providing orthodontic treatment (P < 
0.001) and dentists referred to more orthodontists than to 
other GDPs for orthodontic treatment (P < 0.001). Most 
GDPs (90 per cent) felt that they had sufficient possibilities 
to choose the orthodontist to whom they wished to refer. 
Figure 3 shows the number of patients referred for 
orthodontic treatment to orthodontists and GDPs providing 
orthodontic treatment, as well as the number of orthodontic 
patients treated by the GDPs themselves. More patients 
were referred to orthodontists than to GDPs providing 
orthodontics, than were orthodontically treated by the GDPs 
in their own practice (P < 0.001).


Factors related to referral (part B questionnaire)


The percentages of responses to factors related to the referral 
to a specific orthodontist are shown in Table 2. As can be seen, 
‘patients are satisfied’ and ‘favourable experiences in the past’ 
were the most important factors. Table 3 shows the ranking 
of the importance of the items for the total group as well as 
for male and female GDPs. The rank order of the items of 
male and female GDPs was nearly equal and this was 
confirmed by an ICC of 0.99. The group was divided into 
three different periods of the GDP’s time in clinical practice: 
0–10 years, 11–20 years, and 21 years or more. The rank 
order of the items between these different groups was tested 


Sample
N=634


Moved
N=16


Retired
N=25


Other reasons
N=17


Real respondents
N=325


315 do refer to
orthodontist


10 do not refer to
orthodontist


Figure 1  Flow chart of the respondents and non-respondents.
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Next, a PCA was performed to reveal whether another 
underlying set of dimensions could be identified. The first 
explorative analysis (varimax rotation) extracted five factors 
with an eigenvalue higher than 1, explaining 60.3 per cent 
of the variance in the items. The fourth and fifth factors did 
not appear to be easily interpretable. Therefore, the analysis 
was repeated with a forced extraction of four factors. This 
resulted in a better interpreted solution, explaining 54.4 per 
cent of the variance. Only one item (fees of orthodontists 
are lower than the orthodontic fees of dentists) did not fit the 
factor with the highest factor loading of this item. Therefore, 
it was decided to exclude this item from calculating scale 
scores. If an oblique rotation method was used (direct 
oblimin), the same pattern occurred; thus, the results from 
the varimax rotation method are presented. The results are 
shown in Table 4.


The first factor was characterized by a mix of items, 
mostly of the original communication and quality constructs 
(items 1, 3, 5, 13, 15, 16, 17, and 18; Cronbach’s alpha = 
0.79). The second factor was characterized by a reciprocal 
relationship between the dentist and orthodontist (items 6, 
8, 9, and 20; Cronbach’s alpha = 0.60). The third factor 
concerned the proximity of the orthodontist and preference 
of the patient (items 2, 4, 7, and 19; Cronbach’s alpha = 
0.55) and the fourth factor concerned a small and efficiently 
working practice (items 10, 11, and 12; Cronbach’s alpha = 
0.63). Total scores were calculated by determining the mean 
score per factor. As stated above, one item, treatment fees, 
was not included in any of the scales.


The mean scores for the four scales are shown in Table 5. 
ANOVA for repeated measures with pairwise comparisons 
(Bonferroni) indicated that all means differed significantly 
(F3, 307 = 385.94, P < 0.001). Independent sample t-tests 
showed that female GDPs scored slightly higher [mean = 
2.48, standard deviation (SD) = 0.57] than male GDPs 
(mean = 2.32, SD = 0.57) on the scale ‘proximity of the 


and found to be nearly equal (ICC = 0.98). The rank order 
between groups of GDPs with different numbers of patients 
was also the same (0–2500, 2500–4000, greater than 4000; 
ICC = 0.97).


For the next analyses, 315 GDPs were included, that is, 
all GDPs who actually referred patients to specialist 
orthodontists. The analyses of skewness and kurtosis showed 
that for all 20 items, either the ratio of skewness and standard 
error of the mean (skewness/SE), the ratio kurtosis/SE, or 
both were higher than 2. Therefore, for the confirmative and 
explorative factor analyses, a polychoric correlation matrix 
was used. Using a confirmative factor analysis, excluding 
the item ‘fees of orthodontists are lower than the orthodontic 
fees of dentists’, the five-factor model described in ‘Materials 
and methods’ was fitted. This model did not fit (c2 = 1119.96, 
P < 0.001, goodness of fit index = 0.684, root mean square 
error of approximation = 0.159). Slight adjustments of the 
model also did not lead to a significant fit.


Table 1  Frequency distribution of years in practice, practice 
organization, and number of patients in the office.


% General dental practitioners


Years in practice
  0–5 years 5.6
  6–10 years 11.1
  11–15 years 7.1
  16–20 years 22.8
  21–25 years 25.6
  Greater than 26 years 27.8
Number of patients in the office
  Less than 1000 10.8
  1000–2500 42.8
  2500–4000 33.2
  4000–5500 5.8
  Greater than 5500 7.4
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Figure 2  Possible and actual referral percentages to orthodontists and general dental practitioners providing orthodontic treatment.
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orthodontist’ and ‘preference of the patient’ (t = −2.22, df = 
312, P = 0.027). There were no differences between male 
and female GDPs for the other scales. There was no 
difference between years in clinical practice (0–10 years, 
11–20 years, greater than 20 years) in the scale scores, nor 
between number of patients in the practice (all P > 0.05).


Discussion


In the current study, 325 respondents qualified for data 
collection, representing a reasonable sample of Dutch 
GDPs. This study was conducted using a randomly selected 
group of Dutch practitioners from the database of the 
NMT. This database includes all registered dentists in The 


Netherlands. As a result, a percentage of this sample was 
not in active clinical practice because of retirement or 
other reasons and had to be excluded from this study. The 
final group of respondents appeared to differ from the non-
respondents in year of graduation, most probably because 
the majority of the dropouts belonged to the group of 
retired dentists (n = 25). Although the final response rate is 
on the low side, it is in line with this type of questionnaire 
studies among GDPs. The response rate might have been 
higher if the incentive to respond, a cheque for a continuing 
postgraduate education course, was offered as a raffle 
prize for all GDPs responding, without a time limit. 
Overall, there seems to be no reason to doubt the validity 
of this sample.
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Figure 3  Number of patients referred per year to orthodontists and other general dental practitioners (GDPs) and the number of patients treated in the 
GDPs’ own practice.


Table 2  Percentage of responses to factors related to the referral to a specific orthodontist.


Items Not applicable Somewhat applicable Applicable Totally applicable


1 Easy to reach by telephone 25.0 38.5 28.8 7.7
2 Proximity to patient’s school 13.8 34.6 40.4 11.2
3 Orthodontist is known personally to you 8.0 29.3 44.1 18.6
4 Proximity to own practice 29.9 46.0 19.0 5.1
5 Pays attention to oral hygiene 6.1 16.8 50.6 26.5
6 Expresses thanks for the referral 19.2 44.1 30.0 6.7
7 Proximity to patient’s home 18.5 33.2 40.6 7.7
8 Orthodontist helps you with your orthodontic patients 69.7 16.5 10.4 3.4
9 Gives your patients priority on his/her waiting list 11.5 31.1 39.7 17.6
10 Small practice 51.9 38.4 8.1 1.6
11 No lengthy waiting list 18.4 31.4 40.8 9.4
12 Finishes cases quickly 29.8 51.0 15.4 3.8
13 Patients are satisfied 2.6 6.5 43.9 47.1
14 Fees of orthodontists are lower than the orthodontic fees of the dentists 71.0 24.4 2.9 1.6
15 Is nice to children 6.8 20.9 47.9 24.4
16 Agreement on extraction decisions 20.0 21.9 34.8 23.2
17 Favourable experience in the past 5.4 7.0 43.5 44.1
18 Gives information about the treatment plan very quickly 11.5 31.1 39.7 17.6
19 Patient prefers the orthodontist 13.8 28.8 40.7 16.7
20 Refers patients to you 64.2 25.6 7.0 3.2
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Table 3  Responses to items based on the mean and standard deviation (SD).


Rank Item Total group Male Female


Mean SD Mean SD Rank Mean SD Rank


1 Patients are satisfied 3.35 0.72 3.35 0.71 1 3.40 0.73 1
2 Favourable experiences in the past 3.26 0.81 3.21 0.84 2 3.33 0.81 2
3 Pays attention to oral hygiene 2.97 0.82 2.90 0.82 3 3.18 0.79 3
4 Is nice to children 2.90 0.85 2.89 0.84 4 2.93 0.90 4
5 Orthodontist is known personally to you 2.73 0.86 2.70 0.90 5 2.79 0.80 5
6 Gives information about the treatment plan very quick 2.63 0.90 2.61 0.91 6 2.71 0.90 8
7 Agreement on extraction decisions 2.61 1.05 2.56 1.03 7 2.76 1.11 7
8 Patient prefers the orthodontist 2.60 0.92 2.54 0.92 8 2.79 0.94 6
9 Proximity to patient’s school 2.49 0.87 2.46 0.87 10 2.55 0.87 9
10 No lengthy waiting list 2.41 0.90 2.47 0.90 9 2.31 0.87 11
11 Proximity to patient’s home 2.37 0.87 2.31 0.87 11 2.58 0.87 10
12 Expresses thanks for the referral 2.24 0.84 2.21 0.83 12 2.32 0.86 12
13 Easy to reach by telephone 2.19 0.90 2.15 0.87 13 2.30 0.97 13
14 Proximity to own practice 1.99 0.84 1.99 0.88 14 2.03 0.75 14
15 Finishes cases quickly 1.93 0.78 1.94 0.80 15 1.93 0.76 15
16 Gives your patients priority on his/her waiting list 1.77 0.93 1.75 0.91 16 1.83 1.00 16
17 Small practice 1.59 0.71 1.63 0.73 17 1.53 0.66 17
18 Refers patients to you 1.49 0.76 1.49 0.78 18 1.53 0.75 18
19 Orthodontist helps you with your orthodontic patients 1.47 0.81 1.48 0.78 19 1.48 0.91 19
20 Fees of orthodontists are lower than the orthodontic fees of the dentists 1.35 0.62 1.31 0.54 20 1.46 0.78 20


The results of the present study provide information about 
current referral patterns of Dutch GDPs to orthodontic 
specialists and factors influencing GDPs’ referral decisions 
to a specific orthodontist. Although Dutch GDPs are allowed 
to undertake orthodontic treatment, dentists tend to refer their 
patients to specialists specifically trained for this work. 
However, given the recent development involving the fee 
difference for orthodontic treatment between orthodontist 


specialists and GDPs conducting orthodontic treatment (the 
fee being higher for the GDP than for the specialist as 
prescribed by the health authorities on the basis of the 
assumption of more efficient care delivery in the specialist 
practice), it is even more important for orthodontists to invest 
in the working relationship with GDPs in their region, 
although dentists did not seem to consider treatment fees in 
their decision to refer to a specific orthodontist. The item ‘fees 


Table 4  Results of the principal component analysis based on a polychoric correlation matrix (varimax rotation, four factors forcedly 
extracted).


Items 1 2 3 4


1 Easy to reach by telephone 0.425 0.296 0.093 0.143
2 Proximity to patient’s school 0.073 −0.041 0.684 0.211
3 Orthodontist is known personally to you 0.550 0.460 0.081 −0.219
4 Proximity to own practice 0.103 0.446 0.452 −0.142
5 Pays attention to oral hygiene 0.639 0.194 0.243 −0.122
6 Expresses thanks for the referral 0.347 0.559 0.282 0.023
7 Proximity to patient’s home 0.013 0.051 0.826 −0.034
8 Orthodontist helps you with your orthodontic patients 0.023 0.693 −0.200 0.127
9 Gives your patients priority on his/her waiting list 0.306 0.577 −0.177 0.263
10 Small practice 0.186 0.389 0.191 0.614
11 No lengthy waiting list 0.065 0.090 0.333 0.671
12 Finishes cases quickly 0.184 0.068 −0.063 0.804
13 Patients are satisfied 0.748 −0.067 0.018 0.282
14 Fees of orthodontists are lower than the orthodontic fees of the dentists −0.111 0.533 0.120 0.432
15 Is nice to children 0.717 0.066 0.145 0.275
16 Agreement on extraction decisions 0.722 0.221 0.042 0.123
17 Favourable experiences in the past 0.766 −0.029 −0.284 −0.064
18 Gives information about the treatment plan very quick 0.653 0.203 0.080 0.075
19 Patient prefers the orthodontist 0.054 −0.047 0.563 0.158
20 Refers patients to you 0.223 0.721 0.048 0.100


The highest factor loadings per item are given in bold.
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of orthodontists are lower than the orthodontic fees of 
dentists’ was rated as the least important.


Although the findings of this research do not support 
definitive statements about the factors that influence the 
GDP’s choice of a particular orthodontist, they do help to 
give an insight. In this study, the major reason for referral 
was patient satisfaction. Other powerful factors in the 
decision to refer were favourable experiences in the past, 
attention to oral hygiene by the orthodontist, and the fact 
that the orthodontist is nice to patients. All these attributes 
belong to the construct ‘communication and quality’ and are 
in agreement with the findings of previous studies (Guymon 
et al., 1999; Hall et al., 2009). However, McComb et al. 
(1995) found that the most important factors governing the 
choice of a treatment provider were the length of the waiting 
list and the standard of treatment provided. In the present 
investigation, these specific factors were of moderate 
importance, possibly because of differences in treatment 
resource allocation in the countries from which these studies 
originate.


Items pertaining to the proximity of the orthodontist and 
preference of the patient were rated somewhat lower than 
those of communication and quality, but higher than items 
pertaining to a small and efficiently working practice and 
those regarding a reciprocal relationship between the dentist 
and orthodontist. An orthodontist striving for a better 
relationship with the referring GDPs in his or her region and 
aspiring for a higher number of referrals to their practice, 
might, for example, be well advised to train the practice 
personnel in communication skills. Items that ranked high 
pertain both to communication with the patient and with the 
referring GDP. The GDPs seem to appreciate when they are 
consulted and informed by the orthodontist. Patient 
satisfaction alone is also likely to be dependent on a good 
communicative relationship with the patient.


It is not entirely clear why GDPs only refer to one or two 
orthodontists when they have a choice of more. Possibly, 
this is a result of a subjective personal selection on the basis 
of the items assessed in the present study. Strictly speaking, 
these findings are applicable to countries with a similar 
structure and wide availability of specialist care delivery 
and cannot be unreservedly extrapolated to other European 
countries without third party payment for treatment. 
However, it is conceivable that the issues of quality of 
treatment and caring attitude in the specialist practice have 


Table 5  Means and standard deviations (SDs) for the subscales.


Mean SD N


Communication and quality 2.84 0.54 310
Reciprocation 1.75 0.57 310
Efficiency 1.98 0.61 310
Proximity 2.36 0.57 310


an equally high rating in the referral decision irrespective of 
the financial basis of orthodontic treatment provision.


It was an explicit choice of the authors not to include 
‘quality of the treatment’ or ‘good treatment result’ as items 
in the questionnaire. From comments of dentists in the 
questionnaire, it appeared that they do regard quality of 
treatment as an important factor. However, the concept of 
quality of treatment is too broad to capture with one item, 
whilst a good treatment result is the end goal of all 
orthodontic treatment. These items would not provide tools 
for improvement for the orthodontist; moreover, they raise 
the question of what a good treatment result actually is. 
Nevertheless, the importance of the quality of orthodontic 
treatment to the referring GDPs was highlighted in a recent 
investigation by Hall et al. (2009).


Conclusions


The findings of this study show that the most important 
factors governing the choice of an orthodontic treatment 
provider by GDPs were: patient satisfaction, favourable 
experience in the past, and oral hygiene monitoring by the 
orthodontist. Furthermore, these findings were consistent 
among different groups of GDPs.
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Introduction


The canines have an important role in oral function and 
aesthetics. Their unique position connects the anterior and 
posterior segments of the dental arch and makes their 
orthodontic movement of clinical importance, especially in 
premolar extraction cases.


In edgewise mechanics, orthodontic tooth movement 
during space closure can be achieved through two types of 
mechanics. The first is frictional mechanics in which the 
canine slides distally, guided by a continuous wire. The 
second, frictionless, involves closing loops fabricated 
either on full or sectional archwires. The teeth move due to 
activation of the wire loop, which can be designed to provide 
a low load/deflection curve and a controlled moment to 
force ratio (Boester and Johnston, 1974; Burstone and 
Koening, 1976; Gjessing, 1985, 1994; Ziegler and Ingervall, 
1989; Staggers and Germane, 1991).


Frictional systems for canine retraction have potential 
disadvantages, such as delay in tooth movement. Increasing 
the force to overcome this delay causes loss of anchorage, 
tipping of canines, and extrusion of incisors (Andreasen and 
Johnson, 1967; Burstone and Koening, 1976; Gjessing, 
1985; Ziegler and Ingervall, 1989).


It has been claimed that it is possible to apply a more 
controlled force with frictionless systems during canine 
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SUMMARY  The aim of this study was to compare the effects of the Gjessing (PG) retraction spring used 
with and without the zygoma anchorage system (ZAS) on canine retraction.


Thirty patients, with an Angle Class I or Class II malocclusion, whose upper first premolars were 
scheduled for extraction, were divided into two equal groups. Group 1 comprised maximum anchorage 
cases (nine females and six males with a mean age of 16 years 8 months) in which the ZAS was used to 
improve posterior anchorage and the PG retraction springs for canine retraction. Moderate anchorage 
cases (10 females and 5 males with a mean age of 15 years 5 month) were included in group 2 and 
canine retraction was achieved using only PG retraction springs. Study models and lateral cephalometric 
radiographs obtained at the initial and final stages of canine retraction were used for comparison of 
the groups to determine the effects of zygoma anchorage on canine retraction. All measurements were 
evaluated statistically using a Student’s t-test, 2 × 2 repeated measures analysis of variance, Bonferroni-
adjusted t-test, and Mann–Whitney U and Wilcoxon tests according to the normality of the distribution 
of the variables.


Mesial crown movement of the molars was 0.63 mm (P < 0.05) in group 1 and 1.50 mm (P < 0.001) 
in group 2. There was a statistically significant difference (P < 0.05) between the groups. No significant 
difference was observed between the groups for the rate of canine retraction or sagittal and vertical 
movement of the canines.


The ZAS is a reliable and successful anchorage reinforcement method for canine retraction in extraction 
cases.


distalization (Boester and Johnston, 1974; Burstone and 
Koening, 1976; Gjessing, 1985, 1994; Ziegler and Ingervall, 
1989; Staggers and Germane, 1991). Various retraction 
mechanics have been devised to overcome undesired 
movements, such as canine tipping, rotation, and anchorage 
loss, in sectional arch mechanics. It has been reported that 
the PG retraction arch (Gjessing, 1985, 1994) provides the 
desired biomechanical properties for retraction of the 
canines in a controlled manner.


Anchorage control is an important aspect of orthodontic 
therapy. During orthodontic treatment, the teeth are exposed 
to forces and moments, which generate reciprocal forces of 
the same magnitude but in opposite directions. Maintaining 
the position of the posterior teeth has always been a concern 
during canine retraction, mainly in cases where maximum 
anchorage is needed. When extraoral devices are employed, 
anchorage can be stable but depends on the patient’s 
cooperation. An advantage of appliances using intraorally 
derived anchorage is that they do not require patient 
cooperation. However, intraoral anchorage is unstable and 
has some undesirable side-effects, including protrusion, 
extrusion, and tipping of anchorage teeth. Using orthodontic 
implants can prevent these disadvantages (Gray et al., 1995; 
Park et al., 2004; Chen et al., 2005; Thiruvenkatachari  
et al., 2006; Kuroda et al., 2007).


 by A
kram


 A
l-H


uw
aizi on O


ctober 6, 2010
ejo.oxfordjournals.org


D
ow


nloaded from
 



http://ejo.oxfordjournals.org/





A. Çetinşahin et al.506


A number of studies have been reported in the literature 
in which screw type implants, palatal implants, and zygoma 
anchorage systems (ZAS) have been used to increase the 
anchorage of posterior teeth, or as direct anchorage for 
the retraction of canines or en masse retraction of the six 
anterior teeth (Wehrbein et al., 1999; Park et al., 2001, 
2005; Bae et al., 2002; De Clerck et al., 2002; Miyawaki 
et al., 2003; Hayashi et al., 2004; Park and Kwon, 2004; 
Crismani et al., 2005; Erverdi and Acar, 2005; Herman et al., 
2006; Iino et al., 2006; Thiruvenkatachari et al., 2006).


The purpose of this study was to compare the effects of 
the PG retraction spring used with and without anchorage 
reinforcement using the ZAS for canine retraction.


Subjects and method


Nineteen females and 11 males at the completion of 
craniofacial growth, or at the post-pubertal development 
stages according to their hand-wrist radiographs, with an 
Angle Class I or Class II malocclusion, whose upper first 
premolars were scheduled for extraction, were included in 
the study. All patients and parents were informed of the 
experimental protocols and signed an informed consent 
form. The research had previously been approved by the 
Ethics Committee of Başkent University.


The patients were divided into two groups of 15 subjects. 
The first group comprised maximum anchorage cases (nine 
females and six males aged between 12 years 8 months and 
21 years 9 months, respectively, mean 16 years 8 months). 
Zygomatic anchors (Orthodontic Bone Anchor; Surgitec, 
Bruges, Belgium) were placed in the zygomatic buttress 
regions, while PG retraction springs were used for canine 
retraction. Group 2 consisted of moderate anchorage cases 
(10 females and 5 males aged between 11 years 4 months 
and 21 years 5 months, respectively, mean 15 years 5 
months) in whom PG retraction springs were used for 
canine retraction without ZAS (Table 1). Anchorage 
requirement was determined according to the subject’s arch 
length discrepancies, incisor positions, molar relationships, 
and soft tissue profiles during initial treatment planning.


Table 1  Descriptive values of chronological age, treatment time, 
and retraction rate parameters and comparison of mean values of 
group 1 [zygoma anchorage system (ZAS) + Gjessing (PG) spring] 
and group 2 (PG spring). x , arithmetic mean; xs , standard error.


Group 1 Group 2 P


xx s xx s


Chronological age (years) 16.63 ± 0.74 15.40 ± 0.89 ns
Retraction duration (months) 4.71 ± 0.22 4.08 ± 0.30 ns
Retraction rate (mm/month) 1.20 ± 0.13 1.64 ± 0.26 ns


ns: Not significant.


Subsequent to extraction of the upper first premolars, 
0.018 inch slot Roth brackets (Ormco Corporation, Orange, 
California, USA) and molar bands (GAC International Inc., 
Bohemia, New York, USA) were applied. Levelling of the 
canines, second premolars, and first molars was achieved 
using 0.016, 0.016 × 0.016, and 0.016 × 0.022 inch nickel 
titanium arches sequentially. The anchors were then placed 
in left and right zygomatic buttress regions to improve 
posterior anchorage in group 1. The maxillary canines were 
then retracted with PG retraction springs in both groups in 
accordance with the recommendation of Gjessing (1985).


The ZAS consists of a three-holed titanium miniplate and 
a round bar connecting the plate with the fixation unit (De 
Clerck et al., 2002). A 1 cm vertical incision was made at 
the inferior crest of the zygomaticomaxillary buttress, which 
extended to the border of the mobile and attached gingivae, 
under local infiltrative anaesthesia without sedation. A 
mucoperiosteal flap was elevated and the cortical bone 
surface at the implant side was exposed. After the zygoma 
anchor was adapted to the curvature of the bone crest, three 
holes were drilled and the anchor was fixed with three 
self-tapping miniscrews (2.0 mm diameter and 6 mm long; 
Figure 1a) covered with mucoperiosteum and sutured 
(Figure 1b). Care was taken to position the round bar and 
fixation unit of the zygoma plate on the attached gingiva. 
The patients were prescribed antibiotics and were advised to 
use analgesics and an antiseptic mouthwash for 1 week and 
to practice good oral hygiene during the healing period.


One week after surgery, the sutures were removed and 
the fixation unit of the plates and gingival tube of the molar 
bands were fixed with a 0.016 × 0.022 inch stainless steel 
wire (Figure 1c). At the same appointment, 0.016 × 0.022 
inch stainless steel PG retraction springs were placed for 
canine retraction. For activation, the two sections of the 
double helix were separated 1 mm from each other by 
pulling the wire distal to the molar tube and bending it over 
(Gjessing, 1985). The springs were activated every 4 weeks 
during space closure.


Treatment was also carried out on the lower arches of the 
patients in both groups. The lower premolars were extracted in 
10 patients in group 1 and in 14 in group 2. No Class II or Class 
III mechanics were used during the canine retraction period.


Study models and standardized lateral cephalograms 
were obtained for each patient at the initial and final stages 
of canine retraction. All radiographs were traced on a light 
box in a dark room using a 0.3 mm lead pencil. Model 
measurements were undertaken directly on the models using 
a digital calliper (Mitutoyo, Kanagawa, Japan) accurate to 
0.01 mm. All model and cephalometric measurements were 
undertaken by the same investigator (AÇ).


Twenty-nine measurements (12 angular and 17 linear) 
were made on the cephalometric tracings (Figure 2a, b, and 
c). The palatal plane (PP) and a vertical plane constructed 
from PNS to the palatal plane (VR) were used to measure 
the dentoalveolar parameters. The retraction rate of the 
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Figure 1  (a) The zygoma anchor adapted and fixed to the 
zygomaticomaxillary bone crest. (b) Covered with mucoperiosteum and 
sutured. (c) Fixation unit of the plates and gingival tube of the molar bands 
with a 0.016 × 0.022 inch stainless steel wire.


canines was also calculated as the ratio between the change 
in the U3i–VR measurement and the duration of retraction. 
Five measurements were made on the study models (Figure 2d). 
Rotation of the canines was determined by subtracting the 
distance between the distal contact points of the upper 
canines from the distance between their mesial contact 
points. Rotation of molars was again determined by 
subtraction of the distance between the distobuccal cusp 
tips of upper first molar crowns from the distance between 
their mesiobuccal cusp tips (Figure 2d).


Statistical analysis


Statistical analysis was performed using the Statistical Package 
for Social Sciences Version 13.0 (SPSS Inc., Chicago, Illinois, 


USA). The normality of the distribution of the variables was 
verified using Shapiro–Wilk test and the homogeneities of the 
group variances by Levene’s test. The group means of age and 
retraction time parameters were compared with a Student’s 
t-test, while the group means of variables, including repeated 
measures, normally distributed with homogeneous variances 
were compared by 2 × 2 repeated measures analysis of 
variance and Bonferroni-adjusted t-test. For comparison of 
the group means of variables not normally distributed, a 
Mann–Whitney U-test was used for the independent groups 
and a Wilcoxon test for the dependent groups. The results 
were determined as the mean ± the standard error (SE) of the 
mean, median, minimum, and maximum values. P < 0.05 was 
considered to be statistically significant.


Method error


Four weeks after the first measurements, the tracings and 
measurements were repeated by the same investigator on 
20 lateral cephalograms and dental models of 10 randomly 
selected patients. To assess the reliability of the 
measurements, the intraclass correlation coefficients (r) 
were calculated for each variable. Intraclass correlation 
coefficients ranged from 0.93 to 1.00.


Results


The mean treatment duration for canine retraction was 
4.71 ± 0.22 months in group 1 and 4.08 ± 0.30 months in 
group 2. The difference between the groups was not significant 
(Table 1).


The rate of canine retraction was 1.20 ± 0.13 and 1.64 ± 
0.26 mm/month in groups 1 and 2, respectively. There was 
no significant difference between the groups (Table 1).


Comparisons of the pre-retraction measurements of the 
two groups are given in Table 2. U6a–VR distance (P < 
0.001), U1a–VR distance, U3a–VR distance, U6–PP angle 
(P < 0.01), U1i–VR distance, and U3i–VR distance (P < 
0.05) showed statistically significant differences, while all 
other measurements were similar, showing homogeneity of 
the groups.


Changes in each group as a result of canine retraction and 
comparison of the changes in the two groups are given in 
Table 3. All skeletal parameters remained unchanged in 
both groups (P > 0.05).


When dentoalveolar changes due to canine retraction  
were examined, SN–OP angle showed a significant increase in 
group 1 (P < 0.05), and a significant difference was found 
between the groups (P < 0.01). In both groups, the upper and 
lower incisors were retracted and retroclined and the upper 
incisors were significantly extruded. The increase in overbite 
was found to be significant in both groups (P < 0.01).


The upper canines showed distal tipping (P < 0.001), 
distal crown movement (P < 0.001), and intrusion (P < 0.05) 
in both groups.
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While the upper first molars showed 1 degree of mesial 
tipping (P < 0.01) and 0.63 mm of mesial crown movement 
(P < 0.05) in group 1, 1.5 mm of mesial crown (P < 0.001) 
and 1.1 mm of root (P < 0.05) movement was found in 
group 2. There was a statistically significant difference 
between the groups for mesial crown movement of the 
upper molars (P < 0.05).


When the dental models were evaluated for both groups, 
a statistically significant decrease was found for intermolar 
distance (P < 0.01) and the distance between the distobuccal 
cusp tips of the right and left first molars (P < 0.001) and a 
statistically significant increase for canine rotation (P < 0.001). 
Intercanine distance (P < 0.05), the distance between the mesial 
contact points (P < 0.01) and the distance between the distal 
contact points of the right and left canines (P < 0.05) and molar 
rotation (P < 0.01), showed a significant increase in group 1. 


Statistically significant differences were found between the 
groups for intercanine distance (P < 0.05), the distance between 
the mesial contact points of the right and left canines (P < 0.01) 
and molar rotation (P < 0.05).


Intraoral lateral views of patients from groups 1 and 2 are 
shown in Figure 3.


Discussion


Anchorage control is an important factor affecting the 
treatment results during fixed orthodontic treatment with 
extractions. Anchorage loss can lead to unsuccessful 
treatment outcomes by increasing the difficulty of correction 
of the malocclusion in the antero-posterior direction 
(Geron et al., 2003; Erverdi et al., 2004; Chen et al., 2005; 
Thiruvenkatachari et al., 2006). In order to increase 


Figure 2  Measurements used in this study. Skeletal (a) 1: SNA, 2: SNB, 3: ANB, 4: GoGn–SN; (b) dentoalveolar—5: SN–OP, 6: overjet, 7: 
overbite, 8: IMPA, 9: U1a–VR (mm), 10: U1i–VR (mm), 11: U1–PP (degree), 12: U1–PP (mm); (c) 13: U3–PP (degree), 14: U3–PP (mm), 15: 
U3a–VR (mm), 16: U3i–VR (mm), 17: U6–PP (degree), 18: U6–PP (mm), 19: U6a–VR (mm), 20: U6c–VR (mm); and (d) study model—21: 
intercanine, 22: U3m, 23: U3d, 24: intermolar, 25: U6db, 26: canine rotation (22–23), 27: molar rotation (24–25).
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maxillary posterior anchorage, transpalatal arches, Nance 
holding appliances, or extraoral appliances have been used 
(Hart et al., 1969; Baker et al., 1972; Perez et al., 1980; 
McLaughlin and Bennett, 1991; Rajcich and Sadowsky, 
1997; Chen et al., 2005; Crismani et al., 2005; Prabhu and 
Cousley, 2006). However, anchorage loss can be seen with 
intraoral anchorage devices due to insufficient stability, 
and poor patient cooperation can be a major drawback of 
extraoral appliances (Egolf et al., 1990; Gray et al., 1995; 
Keleş et al., 2003).


Screw type implants can be used both indirectly for 
anchorage reinforcement and directly for canine retraction 
(Bae et al., 2002; Herman et al., 2006; Thiruvenkatachari 
et al., 2006) or en masse retraction (Park et al., 2001, 
2005; Park and Kwon, 2004) with frictional mechanics. 
Microscrews have advantages such as simple implantation 
procedures, high patient tolerance, early loading, and low 


cost. On the other hand, there are potential risks  of 
damaging adjacent teeth during tooth movement when 
implanted between roots. In addition, since maxillary buccal 
cortical bone is thinner than mandibular bone, maxillary 
implants show a lower success rate than mandibular implants 
(Miyawaki et al., 2003).


The ZAS is usually used as direct anchorage for space 
closure. Having an ideal bone structure, the inferior border 
of the zygomaticomaxillary process is a suitable site for 
implantation and is situated away from the upper molar 
roots. In addition, a miniplate fixed to the bone with three 
screws provides sufficient anchorage for immediate loading 
(De Clerck et al., 2002; Erverdi and Acar, 2005; Iino et al., 
2006).


When the parameters regarding the maxillary canines 
were evaluated, it was seen that the type of tooth movement 
was controlled tipping and the crowns of canines were 


Table 2  Pre-retraction descriptive and comparative statistics of measurements in group 1 [zygoma anchorage system (ZAS) + Gjessing 
(PG) spring] and group 2 (PG spring). x , arithmetic mean; xs , standard error; Min, minimum; Max, maximum.


Group 1 Group 2 P


xx s Median Min–Max
xx s Median Min–Max


Skeletal
  SNA 80.63 ± 0.84 81.50 76 to 85 80.96 ± 1.06 80.50 75 to 88.50 ns
  SNB 74.93 ± 0.69 75 69 to 80 76.30 ± 1 77 69.50 to 83 ns
  ANB 5.70 ± 0.74 5 1 to 10 4.66 ± 0.48 4 2 to 8.50 ns
  GoGn–SN 34.50 ± 1.68 36 22 to 43 36.73 ± 1.55 35 25 to 47 ns
Dentoalveolar
  SN–OP 15.53 ± 1.13 17 9 to 22 17.30 ± 1.04 18 11 to 24 ns
  Overjet 5.80 ± 0.76 5.50 2 to 12 5.33 ± 0.61 5 2.50 to 9 ns
  Overbite 2.53 ± 0.76 3 −3 to 7 1.76 ± 0.63 3 −3 to 5 ns
  IMPA 94.90 ± 1.71 93 86 to 106 91.43 ± 1.85 89 78.50 to 104 ns
  U1a–VR (mm) 37.63 ± 0.90 37 30.50 to 45 41.33 ± 0.67 41 36 to 46 **
  U1i–VR (mm) 46.46 ± 1.39 46 37 to 58.50 50.66 ± 0.87 50 45 to 57 *
  U1–PP (degree) 110.63 ± 2.80 111 90 to 131 111.20 ± 1.50 109 102 to 121 ns
  U1–PP (mm) 30.43 ± 0.98 30.50 21 to 36.50 31.06 ± 0.72 31 26 to 38 ns
  U3–PP (degree) 101.36 ± 1.37 102.50 93 to 111 100.93 ± 1.39 101 91 to 109 ns
  U3–PP (mm) 29.13 ± 0.88 29 22.50 to 36.50 28.90 ± 0.75 28.50 25 to 37 ns
  U3a–VR (mm) 32.93 ± 0.94 32 29.50 to 43 36.26 ± 0.54 36 33 to 40 **
  U3i–VR (mm) 37.90 ± 1.05 38.50 32.50 to 47 41.10 ± 0.63 40 37.50 to 47 *
  U6–PP (degree) 87.60 ± 1.03 88 81 to 97 82.90 ± 1.06 83 75 to 90 **
  U6–PP (mm) 24.66 ± 0.60 24.50 20 to 29 24.43 ± 0.65 24.50 21 to 32 ns
  U6a–VR (mm) 18.33 ± 0.88 18.50 13 to 24.50 22.16 ± 0.58 22.50 17.50 to 26 ***
  U6c–VR (mm) 17.53 ± 0.91 17.50 11.50 to 24.50 19.76 ± 0.46 20 16 to 23.50 ns
Study model
  Intercanine 33.63 ± 0.58 33 31 to 38.50 34.56 ± 0.78 35 28.50 to 40.50 ns
  U3m 28.93 ± 0.61 28.50 25.50 to 33.50 30.10 ± 0.69 31 24 to 34.50 ns
  U3d 35.90 ± 0.50 36 33.50 to 40.50 36.66 ± 0.64 36.50 33 to 42 ns
  Canine rotation −6.96 ± 0.40 −7 −9.50 to −4.50 −6.56 ± 0.36 −6.5 −9 to −3.50 ns
  Intermolar 49.33 ± 0.78 49.50 42.50 to 54 50.20 ± 0.63 50 45.50 to 55.50 ns
  U6db 51.70 ± 0.83 51.50 44.50 to 57 52.23 ± 0.66 52 48 to 58.50 ns
  Molar rotation −2.36 ± 0.23 −2.50 −3.50 to −0.50 −2.03 ± 0.19 −2 −4 to −1 ns


ns, not significant. *P < 0.05, **P < 0.01, ***P < 0.001.
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tipped distally without any root movement. The amount of 
distal tipping was 11.93 degrees in group 1 and 13.03 
degrees in group 2. Significant canine intrusion was also 
observed in both groups. No statistically significant difference 
was found regarding canine movement between the two 
groups. The amount of canine tipping observed was higher 
than in previous studies evaluating the effects of PG springs 
(Ziegler and Ingervall, 1989; Dinçer and İşcan, 1994; 
Dinçer et al., 2000).


Eden and Waters (1994) demonstrated that the PG 
retraction spring tends to tip the canines distally during 
retraction unless the canine arm is gabled to approximately 
45 degrees. It has been reported that the angle of the gable 
bend could decrease as a result of deformation, which may 
occur during insertion of the spring in the bracket slot. 
Besides any increase in the activation force can negate 


bodily movement of the canines (Caputo et al., 1974; 
Burstone and Koening, 1976; Eden and Waters, 1994).


The rate of canine retraction was 1.20 ± 0.13 and 1.64 ± 
0.26 mm/month in groups 1 and 2, respectively, 
demonstrating no significant intergroup difference. In previous 
studies examining the effects of the PG retraction arch, the 
canine retraction rate was reported as 0.85 mm/month by 
Dinçer and İşcan (1994), 0.92 mm/month by Dinçer et al. 
(2000), and 1.91 mm/month by Ziegler and Ingervall (1989).


The mean anchorage loss measured at the first molar 
crown was 0.63 mm in group 1 and 1.50 mm in group 2. The 
molar roots showed no significant movement in group 1, 
while the 1.10 mm of anchorage loss was significant in group 
2. The difference between the groups was also significant. 
Even though the observed anchorage loss at the molar 
crowns was significant in group 1, movement of 0.63 mm 


Table 3  Changes in groups 1 [zygoma anchorage system (ZAS) + Gjessing (PG) spring] and 2 (PG spring), significance of changes in 
each group and statistical comparison of changes in groups. D , mean difference; SD, standard error; Min, minimum difference; Max, 
maximum difference.


Group 1 Group 2 P


DD s Median Min–Max P
DD s Median Min–Max P


Skeletal
  SNA 0 ± 0 0 0 to 0 ns 0,03 ± 0,03 0 0 to 0.50 ns ns
  SNB −0.10 ± 0.07 0 −1 to 0 ns 0.10 ± 0.09 0 −0.50 to 1 ns ns
  ANB 0.10 ± 0.07 0 0 to −1 ns −0.07 ± 0.07 0 −0.50 to 0.50 ns ns
  GoGn–SN 0.33 ± 0.22 0 −1 to 2.50 ns −0.20 ± 0.28 0 −2.50 to 1 ns ns
Dentoalveolar
  SN–OP 0.57 ± 0.24 0.50 −1 to 2 * −0.40 ± 0.24 0 −2.50 to 1 ns **
  Overjet −0.47 ± 0.36 −0.50 −3 to 2.50 ns −0.33 ± 0.23 −0.50 −1.50 to 1.50 ns ns
  Overbite 0.83 ± 0.17 1 −0.50 to 1.50 ** 1.07 ± 0.31 1 −1 to 3.5 ** ns
  IMPA −1.20 ± 0.56 −1 −5 to 3 *** −2.17 ± 0.64 −2 −6.50 to 1.50 *** ns
  U1a–VR (mm) 0 ± 0.18 0 −1 to 1.50 ns 0.40 ± 0.19 0.50 −1 to 1.50 ns ns
  U1i–VR (mm) −1.10 ± 0.27 −1 −3 to 0.50 ** −0.80 ± 0.13 −1 −1.50 to 0 *** ns
  U1–PP (degree) −3.17 ± 0.74 −4 −7 to 2 ** −2.10 ± 0.40 −2 −5 to 1 *** ns
  U1–PP (mm) 0.43 ± 0.12 0.50 −0.50 to 1 ** 0.13 ± 0.14 0 −1 to 1 ** ns
  U3–PP (degree) −11.93 ± 1.36 −11.50 −21.50 to −2 *** −13.03 ± 1.53 −12 −22.50 to 0 *** ns
  U3–PP (mm) −0.57 ± 0.29 −0.50 −2.50 to 1 * −0.37 ± 0.25 −0.50 −2 to 1.50 * ns
  U3a–VR (mm) −0.40 ± 0.27 −0.50 −2.50 to 1 ns 0 ± 0.29 0 −2 to 2 ns ns
  U3i–VR (mm) −5.57 ± 0.55 −5.50 −9 to 0 *** −6.20 ± 0.67 −6 −12.50 to 2.50 *** ns
  U6–PP (degree) 1 ± 0.25 1 0 to 3 ** 0.97 ± 0.57 1 −3 to 5.50 ns ns
  U6–PP (mm) −0.33 ± 0.17 0 −2 to 0.50 ns 0.27 ± 0.20 0 −1 to 1.50 ns ns
  U6a–VR (mm) 0.27 ± 0.19 0.50 −1 to 1.50 ns 1.10 ± 0.43 1 1 to 4.50 * ns
  U6c–VR (mm) 0.63 ± 0.19 1 −1 to 1.50 * 1.50 ± 0.28 1.50 0.50 to −3.50 *** *
Study model
Intercanine 5.50 ± 0.64 6 1.50 to 9.50 * 3.43 ± 0.51 3.50 1 to 7.50 ns *
  U3m 8.20 ± 0.54 8 5 to 12.50 ** 5.70 ± 0.66 5.50 2.50 to 10 ns **
  U3d 1.93 ± 0.72 3.50 −3 to 5 * 0.33 ± 0.30 0 −1.50 to 2.50 ns ns
  Canine rotation 6.27 ± 0.49 6 4 to 9.50 *** 5.37 ± 0.53 4.50 2.50 to 9.50 *** ns
  Intermolar −0.27 ± 0.27 0 −2.50 to 2.50 ** −1.23 ± 0.40 −1 −5 to 1 ** ns
  U6db −1.07 ± 0.39 −1 −4.50 to 2 *** −1.37 ± 0.44 −1 −6 to 1.50 *** ns
  Molar rotation 0.80 ± 0.21 0.50 0 to 2.50 ** 0.13 ± 0.13 0 −1 to 1 ns *


ns, not significant. *P < 0.05, **P < 0.01, ***P < 0.001.
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In studies in which the PG retraction spring was used 
for canine retraction without any maxillary posterior 
anchorage reinforcement, the mean anchorage loss at the 
maxillary molars was reported as 1.50 mm by Dinçer 
et  al. (2000) and 1.63 mm by Dinçer and İşcan (1994). 
These results are similar to the findings for group 2. 
Ziegler and Ingervall (1989) found 0.60 mm anchorage 
loss for the upper molars with the PG retraction spring 
applied together with a Goshgarian palatal arch and 
headgear. The present results in group 1 are similar to 
their findings.


The incisors were slightly retracted and retroclined due 
to transmission of the distal force applied to the canines 
by transseptal ligaments, in both groups (McCollum and 
Preston, 1980).


In group 1, there was a statistically significant increase in 
the occlusal plane angle, while a slight decrease, which was 
not significant, was found in group 2. The difference was 
significant between the two groups. This difference may be 
due to the significant extrusion of the incisors and intrusion 
of the molars in group 1, while extrusion of molars was 
evident in group 2.


A significant increase in overbite was found in both 
groups. This increase could be due to the slight retraction of 
the upper and lower incisors.


Different methods are advised for surveying study 
models. Maxillary palatal rugae are known to remain stable 
during development of the dentition and are used as fixed 
references to evaluate the positional changes of buccal 
teeth (Van der Linden, 1978). After marking the rugae, 
photocopies (Champagne, 1992) or photographs (Ziegler 
and Ingervall, 1989) of dental models are taken. On the 
other hand, measurements can also be carried out directly 
on the study models (Schütze et al., 2007). In the present 
study, the direct measurement method was preferred as 
obtaining exact one-to-one photographs is difficult and 
photocopy images may be distorted due to different occlusal 
planes. Therefore, the amount of canine and molar rotation 
is reported in millimetres instead of degrees.


The study model measurements revealed that the distance 
between the right and left canine was increased. There are 


Figure 3  Pre-treatment (a), pre-retraction (b), and post-retraction (c) lateral 
intraoral views of a patient in group 1. Pre-treatment (d), pre-retraction 
(e), and post-retraction (f) lateral intraoral views of a patient in group 2.


could be considered clinically irrelevant as the width of the 
periodontal ligament is almost 0.5 mm.


Gjessing (1994) reported that against the b-moment 
formed by the PG retraction spring, anchorage loss can 
occur without side-effects, such as extrusion. The vertical 
force exerted by the b-moment at the posterior side of  
the PG retraction spring, neutralizes the extrusion  
force exerted by the a-moment (Figure 4). While 0.33 
mm of molar intrusion was observed in group 1, group 2 
demonstrated 0.27 mm of molar extrusion. The vertical 
movement of the molars was not statistically significant 
in either group.


Figure 4  Diagram demonstrating the a- and b-moments of the Gjessing 
retraction spring.
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studies reporting an increase in intercanine width in 
extraction cases, reflecting distal movement of the canines 
into wider parts of the dental arch (Paquette et al., 1992; 
Luppanappornlarp and Johnston, 1993; Bishara et al., 1997; 
Kim and Gianelly, 2003). The reason for the more significant 
intercanine width increase in group 1 may be the different 
action of the anterior and posterior parts of the spring from 
the original spring design due to fixation of the molars with 
the ZAS. Also in agreement with Ziegler and Ingervall 
(1989), significant distopalatal rotation of the canines was 
found in both groups.


The distance between the mesiobuccal cusp tips of the 
right and left molars significantly decreased in group 2, 
while the distance between the distobuccal cusp tips of 
the right and left molars decreased in both groups. 
Distopalatal rotation of the molars was found to be 
significant in group 1. A decrease in intermolar distance 
has been reported in premolar extraction cases (Paquette 
et  al., 1992; Luppanappornlarp and Johnston, 1993; 
Bishara et  al., 1997; Kim and Gianelly, 2003). The 
antirotation bend in the PG retraction spring may be the 
cause of the distopalatal rotation of the molars. Again, the 
reason for the more significant molar rotation in group 1 
may be the effects of the ZAS restricting mesial movement 
of the molar teeth.


In the present study, the ZAS was used as indirect 
anchorage to increase the anchorage of the maxillary first 
molars against the mesially directed force exerted by the 
PG retraction spring during canine retraction. The 
maxillary canines demonstrated significant distal tipping 
during retraction with the PG spring. The maxillary molar 
crowns showed statistically significant but minimal 
anchorage loss in both groups, while the molar roots 
moved mesially only in group 2. The two groups showed 
statistically significant intergroup differences regarding 
molar movement.


Clinically, when choosing a treatment method, the 
clinician has to consider available options. Placement of 
ZAS requires a procedure usually performed by a 
surgeon and has an extra cost. Therefore, ZAS may be an 
alternative for anchorage reinforcement of the PG spring 
only in extraction cases requiring maximum anchorage 
with no molar movement. Mini- or microscrews may, 
however, be more viable options for anchorage with 
their easier application and lower costs.


The ZAS was stable throughout the canine retraction 
period and was also used during retraction of the incisors in 
the second stage of treatment. Records at the end of treatment 
should be evaluated to determine stability.


Conclusions


The present study was conducted in order to examine the 
effects of the ZAS on maxillary canine retraction with the 
PG retraction spring. The following results were observed:
 


1.  �The PG retraction spring demonstrated significant dis-
tal tipping of the maxillary canines (11.93 degrees in 
group 1 and 13.03 degrees in group 2). There was no 
significant intergroup difference regarding movement 
and retraction rates of the canines.


2. � The mean anchorage loss observed at the molar crowns was 
0.63 mm in the ZAS supported group and 1.50 mm in group 
2. The molar roots were stable in group 1, whereas 1.10 mm 
mesial movement was found in group 2. Molar movement 
showed statistically significant intergroup differences. 
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