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Stress-Shielding Effect of Nitinol Swan-Like
Memory Compressive Connector on Fracture
Healing of Upper Limb
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In this article, the stress-shielding effect of a Nitinol swan-like memory compressive connector (SMC) is
evaluated. Patients with fracture healing of an upper limb after SMC internal fixation or stainless steel plate
fixation were randomly selected and observed comparatively. With the informed consent of the SMC group,
minimal cortical bone under the swan-body and swan-neck was harvested; and in the steel plate fixation
group, minimal cortical bone under the steel plate and opposite side to the steel plate was also harvested for
observation. Main outcome measurements were taken such as osteocyte morphology, Harversian canal
histological observation under light microscope; radiographic observation of fracture healing, and computed
tomography quantitative scanning of cortical bone. As a conclusion, SMC has a lesser stress-shielding effect
to fixed bone than steel plate. Finally, the mechanism of the lesser stress-shielding effect of SMC is discussed.

Keywords fracture healing, internal fracture fixation, nitinol,
shape memory alloy, stress-shielding effect

1. Introduction

In 1963, Buehler and Wang (Ref 1) from the American
Naval Weapon Research Institute reported on the apparent
shape memory effect of Nitinol that aroused widespread interest
from relevant scholars. Nitinol, with the effect of shape
memory and its superiority in wear and corrosion resistance
(Ref 2), has been extensively applied in the medical field
(Ref 3) and is considered to be a rare “bio-memory material.”
Biocompatibility studies have shown NiTi to be a safe implant
material (Ref 4, 5). The Chinese scholar, Zhang, has dedicated
himself to the study and application of shape memory alloy in
the medical field for many years. After intensive research on the
physical, chemical, and mechanical nature of Nitinol, and
taking into consideration the anatomical characteristics of the
long bone, he broke through the traditional concept of internal
fixation on fracture and invented the Nitinol swan-like memory
compressive connector (SMC) (Ref 6, see Fig. la, b, Chinese
Patent No. Z1.99113873.2) in 1986. By taking advantage of the
“thermo-elastic martensite-type” characteristic of Nitinol, the
SMC forms the relatively ideal local mechanical environment
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necessary for the bio-reaction of the fracture union at the
fracture end of the long bone. In addition, the SMC enables
persistent and initial axial pressure to be exerted on the fracture
end, thereby maintaining a long-term and appropriate initial
memory load at the fracture end and preventing the occurrence
of osteoporosis and re-fracture (Ref 7, 8).

After fixation of the long bone fracture of the upper limb by
either dynamic compressive plate or interlocking intramedul-
lary nail, complications often occur, such as bone nonunion,
delayed bone union, or breakage of internal fixator in different
proportions. The plate or interlocking nail is typically made of
stainless steel, whose rigidity will hinder the process of bone
reconstruction, leading to the loss of bone mass and the
disorder of bone architecture in the fixed bone segment.
Moreover, after the removal of the internal fixator, re-fracture is
very likely to occur (Ref 9-11). Clinical treatment of long bone
fracture of the upper limb by application of SMC has indicated
that under the fixation of SMC, the fracture segment of the
fractured bones is connected directly by the lamellar bone,
avoiding local external callus and osteoporosis of the cortical
bone (Ref 6). In order to further confirm such a bone-healing
phenomenon and to clarify its nature, our experiment applied
SMC to fix long bone fractures of the upper limb in adults, and
after bone-healing, the internal fixators were removed to
facilitate x-ray imaging, quantitative scanning computed
tomography (CT) (Ref 12, 13) of the cortical bone, and
histological observation. Finally, by comparing a SMC fixation
group with a stainless steel plate fixation group, the stress-
shielding effect of SMC on the fixed segment of the fractured
bone was evaluated and is discussed.

2. Subjects and Methods

2.1 Design

Controlled observation experiment.
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Swan-neck: compressive part

Swan-wing:I bone-holding part

Swan-body: connective part

(a)

(b)

Fig. 1 (a) Schematic diagram of clinical internal fixation of human long bone fracture by SMC. (b) Schematic diagram of SMC fixating shaft

of humerus, the arrow indicate the direction of pressure

2.2 Time and Setting

The experiment was performed at the Department of
Orthopedics, Changhai Hospital of Second Military Medical
University in Shanghai from March 2002 to August 2004.

2.3 Participants

Patients with complete healing of bone fracture of the upper
limb after SMC internal fixation or stainless steel plate internal
fixation were randomly selected. There were 20 cases in the
SMC group, including 14 males and 6 females, aged 18-
53 years (average = 28.3 years). Their distribution of fracture
sites were: eight cases of humerus fracture, one case of ulna
fracture, two cases of radius fracture, and nine cases of both
ulna and radius fracture. Their time duration from the fracture
to the treatment of internal fixation was 3.92 & 1.47 days. Their
time duration from surgery to internal fixator removal was
11.2 £ 3.68 months. There were 20 cases in the stainless steel
plate group, including 16 males and 4 females, aged 19-
46 years (average = 27.5 years). Their distribution of fracture
sites was: 7 cases of humerus fracture, 2 cases of ulna fracture,
1 case of radius fracture, and 10 cases of both ulna and radius
fracture. Their time duration from the fracture to the treatment
of internal fixation was 4.16 £ 1.52 days. Their time duration
from surgery to internal fixator removal was 12.6+
4.10 months. All of above fractures were fresh in the upper
limbs, received the first internal fixation and achieved complete
healing. Both the SMC and the stainless steel plate placed
within the body conformed to national standards. According to
statistical analysis, there were no significant differences in ages,
time duration from the fracture to the treatment of internal
fixation, and time duration from surgery to removal of internal
fixator between the two groups.

2.4 Internal Fixation Device

2.4.1 The Structure and Functional Mechanism of
SMC. The SMC was invented by Zhang et al. (Ref 6) from
the Department of Orthopedics, Changhai Hospital of Second
Military Medical University in Shanghai, and produced by
Ximai Biological Medical Equipment Corporation (Chinese
registration number of the medical equipment: 2002, No.
3040024), complying with the national standards. According to
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the anatomical and biomechanical characteristics of the bone
shaft of the upper limb, a plate with the width of 1.5-2.5 mm,
containing 50-53% of nickel (the other component being
titanium) is made with three parts: connective part (a swan-
body), compressive part (two swan-necks), and bone-holding
part (four swan-wings). The inner diameter of the SMC is
6-23 mm, and the diameter-length ratio is 1:6. It has a one-way
orientation and the shape recovery temperature is (33 £2) °C.
Before implantation, the SMC was placed in the 0-4 °C ice
water for cooling, because the Nitinol is formable at lower
temperatures (martensitic). The four swan-wings were opened
with a needle forceps, so the spreading distance could be larger
than the diameter of the fixed bone. The two swan-necks were
pulled straight toward the dorsal side of the swan-body. The
midpoint of the swan-body was aimed at the fracture site, and
two holes were drilled on the fractured bone at the same surface
with that of tail of the spread swan-neck—both proximal and
distal to the fracture site. After reduction of the fracture, the
SMC was inserted, and the tail of the spread swan-neck was
then inserted into the holes. Afterward, water at 40-50 °C was
used to warm the SMC in order to exert its mechanical
functions. The effect of shape memory of the swan-wings was
produced by the patient’s body temperature (~37 °C), and the
swan-wings embraced the bone shaft as a ring. Meanwhile,
influenced by the tail of swan-neck, the two swan-necks exerted
persistent axial pressure on the fracture segment—thus coor-
dinating three-dimensionally to fix the bone shaft (Ref 6).
2.4.2 The Stainless Steel Plate. These were imported
from other countries but all conformed to national standards.

3. Methods

3.1 Collection of Samples

Patients with long bone fracture after SMC internal fixation
or stainless steel plate internal fixation were selected, and a
follow-up showed that the patients had achieved bone-healing.
With the patient’s permission, a very small quantity of the
cortical bone and a small quantity of the normal bone, used as
a comparison, were removed when extracting the internal
fixation. The positions where the cortical bones were removed
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were: under the swan-body and swan-neck of the SMC (Ref 1)
and under the steel plate and opposite side to the steel plate
(Ref 2).

3.2 The Making and Observation of the Light Microscopic
Slices

The abovementioned cortical bones were made into light
microscopic slices and observed with an Olympus PM-CBK-G
biological microscope and photographed.

3.3 X-Ray Imaging

Images of bilateral bone shaft were taken 1 week after the
removal of the internal fixation, and the conditions of the
cortical bone at the broken and the normal parts were
compared. Exposure factors were: voltage 50 kV, time 0.1 s,
electric current 125 mA, and tube distance 100 cm.

3.4 The Quantitative Scanning Computed Tomography
of the Cortical Bone

One week after removal of the internal fixation, cross-
section scanning with a scanning thickness of 2 mm was
carried out by a Somaton CT machine (Siemens Corp.,
Germany) on the cortical area of 1 cm distance to the center
of the broken end. Four small cortical areas were selected
randomly at the region of the cortical bone under the plate (the
SMC group:cortex under swan-body and under swan-neck of
SMC; the stainless steel plate group:cortex under plate and
opposite side to plate) after scanning and imaging, and the
average CT value of the cortical bone in each small area was
automatically calculated by a computer. The average CT value
and standard deviation of the cortical bone under the plate were
calculated. Meanwhile, the CT value of the corresponding
normal bone opposite to the fracture part at the same level was
measured as a normal control. To reduce individual variation,
the CT value in each group was converted to the percentage
form of the normal value.

3.5 Main Observatory Indexes

(1) Histological observations on the osteocyte morphous and
Haversian canal were carried out under the light microscope.
(2) The healing condition of the fractures and state of stress-
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shielding were observed from the x-ray images. (3) The CT
values of the cortical bones were measured by CT machine.

3.6 The Designer, Performer, and Evaluator

All three roles were performed by the author of this article,
and nonblind evaluation was used.

3.7 Statistical Analysis

Under the direction of faculty in the teaching and research
office of statistics at the Second Military Medical University,
the author conducted statistical analyses with the aid of SPSS
12.0 software. A difference of P < 0.05 was considered as
statistically significant.

4. Results

4.1 Histological Observation

The histological slices from all cases observed under the
light microscope were of lamellar bone structure. Compared
with the normal substantia ossea, the manifestations under the
connective part and the compressive part of SMC group were
not significantly different (see Fig. 2a, b); the lamellar bone had
regular architecture, the bone cells in the bone matrix were in
good shape, and there was no apparent osteoporosis or bone
absorption. In the stainless steel plate group, under the steel
plate there was obvious osteoporosis and bone absorption was
observed. There were also large or small absorption cavities,
expanded Haversian canals, shrinking osteocytes, and enlarged
bone lacuna in the lamellar bone (see Fig. 3a). However, the
lamellar bone opposite to the steel plate had less severe
osteoporosis, less absorption cavities, and less shrinking
osteocytes in both percentage and number compared to the
substantia ossea under the plate (see Fig. 3b).

4.2 X-Ray Imaging Observation

The fracture in all the cases had achieved healing, and the
fracture line disappeared. In the SMC group, there was no
external callus under the connective part or the compressive
part, and the thickness and density of the cortical bone were
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Fig. 2 (a) Under the body part of SMC, the lamellar bone architecture of the cortical bone was regular, the bone cells in the bone matrix were
in good shape, and there was no bone absorption cavity. HE x 200. (b) Under the compressive part of SMC, the bone substance was similar to
that of the normal cortical bone in shape, the lamellar bone architecture was regular, and the bone cells in the bone matrix were in good shape.

HE x 200
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Fig. 3 (a) Under the steel plate, obvious osteoporosis and absorption were observed, and there were large or small absorption cavities in the
architecture of the lamellar bone, expanded Haversian canals, atrophied bone cells and enlarged bone lacunas. HE x 200. (b) In the cortical bone
opposite to the steel plate, the osteoporosis of the lamellar bone was apparently less severe than that of the bone segment under the plate, and
the percentage and the number of the absorption cavities and atrophied bone cells were also less than those of the bone segment under the plate.

HE x 200

Fig. 4 (a) Fresh fracture of both the ulna and the radius shaft. (b) The healing conditions of the fracture of the ulna and the radius shaft after
fixation of SMC, and there was no formation of external callus. (c) 11 months after the operation, the SMC was removed, and the thickness and
density of the cortical bone were similar to those of the normal bone substance

similar to those of the normal bone; the cortical bone was in
good shape, and its medullary cavity structure and gray scale
had no significant differences compared with those of the
normal side, indicating good molding of the bone structures
(see Fig. 4a-c). In the stainless steel plate group, under the steel
plate there was occasionally a small quantity of external callus,
the cortical thickness became thinner, and there were pressure
marks of deossification in the lateral side of the cortical bone
after the removal of the steel plate. The cortical bone opposite
to the steel plate had higher thickness and density than those of
the cortical bone beneath the steel plate, the bone densities of
the two parts were both slightly lower than that of the normal
bone, the medullary cavity was recanalized on the whole. In
addition, in some cases the density of the medullary cavity was
higher than that of the opposite side (see Fig. 5a-c).
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4.3 The Measurement of the CT Values of the Cortical Bone

There were no significant differences in the CT values
between the connective part and the compressive part of the
SMC group (92.9+6.8% vs. 93.3£5.6%, P> 0.05; see
Fig. 6a). In the stainless plate group, the CT value of the
cortical bone under the steel plate was lower than that of
the bone opposite to the steel plate, indicating there were
significant differences (85.3 +5.3% vs. 91.2 £4.9%, P < 0.05;
see Fig. 6b). Comparison between groups showed that the CT
values of the two parts in the stainless steel plate group were
both lower than the CT values of the two parts in the SMC
group (P < 0.05 or P < 0.01); the CT value of the cortical
bone under the plate was the lowest, the CT value opposite to
the steel plate was the lower, while those under the connective
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Fig. 5 (a) Fresh fracture of both the ulna and the radius shaft. (b) The healing conditions of the fracture of the ulna and the radius shaft after
fixation of stainless steel plate. There was a small quantity of external callus. (c) 13 months after the operation, the steel plate was removed. The
cortical bone absorption under the plate became thinner, and the thickness and density of the cortical bone opposite to the steel plate were higher

than those of the cortical bone under the plate

Fig. 6 (a) After the removal of SMC, CT scan was performed on the area with the original fractured ends of the ulna and the radius shaft as
the center, and the average CT value of the specified area was measured and compared with that of the opposite normal bone shaft at the same
level. (b) After the removal of the steel plate, CT scan was performed on the area with the original fractured ends of the ulna and the radius

shaft as the center

part and the compressive part of SMC were at the same
high level.

5. Discussion

5.1 The Development of Internal Fixation
and Stress-Shielding Effect

Bone fracture refers to the consecutive destruction of the
bones due to mechanical high force. Its union is a very
complicated biological process influenced by many factors,
especially a favorable local mechanical environment that is
considered as one of the prerequisites to successful union. The
importance of the stress environment to the fracture union has
been generally recognized (Ref 14). During the treatment of
internal fixation for bone fractures, the influence of bone plate
on the blood supply of the fractured site should be reduced into
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the minimum. In addition, stress stimulation should be exerted
on the fracture segment in order to promote bone-healing at the
same time as maintaining the stability of the fractured site.
As early as in 1886, Hansmann (Ref 15) from Germany
reported the method of treating bone fractures with a plate-
screw system. In the past 30 years, the AO School, with Muller
et al. (Ref 16) in Switzerland as the leader, established the
principle of firm internal fixation that was widely accepted. The
firm internal fixation plate can provide stable mechanical
environment for the fractured site, ensuring its primary healing.
The correct application of firm internal fixation is also
conducive to the early exercise of the affected limb, avoiding
the occurrence of such complications as myatrophy and
anchylosis. However, a large amount of laboratory and clinical
experiments have shown that at the advanced period of bone-
healing—due to the stress-shielding effect of the bone plate on
the fractured part—the local cortical bone lacked physical
stimulation and the plate was hence unfavorable for the
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reconstruction of the bony callus, leading to local osteoporosis
and thinning of the cortical bone. Re-fracture was liable to
occur after the removal of the internal fixator.

As is known, when two or more materials with a different
moduli of elasticity constitute a mechanical system, a redistri-
bution of force will occur. Consequently, the material with
greater modulus of elasticity will support more force, and the
material with lesser modulus of elasticity will support less
force; the strain will be reduced accordingly. This is called the
stress-shielding effect. Due to the comparatively large differ-
ence between the modulus of elasticity of the material of the
bone plate and the bone tissue, the influence of the firm
compressive bone plate on the fixed part of bone is consider-
able. Cochran et al. (Ref 17) applied an AO compressive steel
plate with four holes to fix the femur of dogs and found that
after fixation, the average compressive strain of the fixed
segment was decreased by 45% (especially that of the cortical
bone under the bone plate, which was decreased by 84%).
According to our current study and the studies of many other
scholars, after firm fixation, the local cortical bone became
thinner, some absorption cavities appeared, and the medullary
cavity of bones became increasingly larger. In histology, there
were large or small absorption cavities, expanded Haversian
canals, shrinking osteocytes and enlarged bone lacuna in the
bone architecture. The more conspicuous the abovementioned
changes, the poorer the mechanical property of the bone will
be. Due to the lack of stress stimulation in the fractured site, the
cell function (controlled by mechanical environment) will be
abnormal, such as a decrease of proliferation of the osteoblast
and a delayed appearance of osteoblast, leading to local
osteoporosis.

Therefore, the correct application of internal fixation and the
reduction of the stress-shielding effect are important factors for
improving the quality of bone-healing (Ref 18). At the end of
the 1970s, many scholars put forth the concept of nonfirm
internal fixation. Animal experiments have confirmed that the
low-rigidity bone plate made of compound materials can
significantly reduce the osteoporosis caused by the stress-
shielding effect. However, this plate was weak in stabilizing the
fixed site and had a comparatively high rate of delayed union
and nonunion of the fracture. Subsequently, people began to
use such absorbable biodegradation materials as polylactic acid
and polyglycolic acid to make the bone plate, but the
degradation speed was hard to control, and the initial mechan-
ical intensity was also hard to meet the requirements of internal
fixation of the long bone fracture.

The ideal bone plate should provide stable mechanical
environment at the initial stage of bone-healing, and then
decrease gradually, rather than abruptly, its stress-shielding
effect, thus ensuring a gradual increase of the stress stimulation
to the physiological level at the fracture site, hastening the
process of bone-healing and molding and preventing the
occurrence of local osteoporosis and re-fracture. To meet these
ideal requirements, Zhang et al. invented the Nitinol SMC
based on the shape memory effect of Nitinol. It is composed of
a connective part (swan-body), two pairs of a horizontal
encircling part (swan-wings), and a pair of a longitudinal
compressive part (swan-necks). The swan-wings resemble a
circle when holding the bone and provide point contact instead
of close contact with the uneven bone surface. The swan-necks,
driven by the body temperature and assisted by the shape
memory effect, exert a persistent and dynamic longitudinal load
effect on the fracture segment. The combination of the three
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parts of SMC constitutes the 3D fixation of the long bone shaft.
The combination of this unique metal material with the
geometric structure is, from the angle of biomechanics,
conducive to the prevention of osteoporosis and osteanabrosis
(Ref 7, 8).

5.2 The Relation Between Bone Tissue and Stress

Some studies (Ref 19) have indicated that changes of the
bone structure are closely related to the mechanical properties
of the bone. The mechanical environment of the fractured site
impacts greatly on the process of bone-healing (Ref 20).
Studies on biochemistry and molecular biology have revealed
that under proper stress stimulation, the expression level of the
related genes will be changed and the cytokine that regulates
bone-healing will be produced (Ref 21). The primary callus
reaction in the early stage of bone fracture is the basic reaction
of bone tissues to injury, and the subsequent bone callus
bridging process is closely related to the mechanical factors
(Ref 22). In the early stage of bone-healing, the longitudinal
compressive stress drives the differentiation of osteoblast and
fibroblast into bone tissues, which is beneficial to the bone-
healing. The sheering and the torsion of load will produce sheer
stress force, which drives the fibroblast into fibrous tissues and
redistributes the stress within the bone, leading to the over-
concentration of layer interface stress of the fractured ends.
Thus, it is unfavorable for the healing of fracture (Ref 23) and
may directly destruct the newly born capillaries and bone
callus. However, in the advanced stage of union, the various
stresses are all capable of the reconstruction of bone callus, and
the increase of sheer stress can promote the differentiation of
osteoblast, resulting in more osteoid deposition and the
mineralization of bones (Ref 24). If the stress is too small,
the mechanical induction of tissue differentiation will be
decreased, often resulting in delayed union and nonunion of the
bone. If the stress is too large, the reactive surface absorption
will take place in the bone-bone interface and the bone-internal
fixation interface of the intravital bone, leading to osteanabro-
sis. When the stress surpasses a specific critical point, further
differentiation or union may both stop.

Bone tissue may be functionally adaptive to stress, which
ensures its growth in certain directions under the influence or
direct action of stress. This is because the changes of stress in
the bone tissue can induce the corresponding changes of the
electric field, while the changes of the electric field will in turn
stimulate the production of the bone tissue. The reaction and
the functional adaptation of the bone tissue to the applied load
are mainly due to reaction of the bone cell, ossein and bone
extracellular fluid to stress or strain caused by the load,
constituting a complicated auto-feedback regulatory system
within the body. The manifestations are that the bone formation
increases at the compressed side due to the stress effect, while
bone absorption accelerates at the tension side. However, under
certain compressive stress, the re-aggregation and re-absorption
of bone tissue are mutually balanced. Additionally, if the
compressive stress increases, the bone formation strengthens,
and if the compressive stress decreases, the bone re-absorption
strengthens (Ref 25, 26).

5.3 The Mechanism of Low Stress-Shielding Effect of SMC

This study has confirmed that the SMC has low or almost no
stress-shielding effect on the fixed segment of bone. By
comparison of the x-ray images, CT values, and histological
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observation results between the SMC group and the steel plate
group, it was found that there was osteoporosis of the cortical
bone under the plate in the steel plate group, while there was
hardly any bone absorption and osteoporosis in the SMC
group’s cortical bone, suggesting the low stress-shielding effect
of SMC on the fractured ends.

The SMC’s effective mechanism may lie in the unique
property of the nickel-titanium memory alloy and special
structure of SMC. The elasticity modulus of the human bone
is 7-30 GPa. Compared with stainless steel (183.6 GPa), the
elasticity modulus of the nickel-titanium memory alloy
(61.7 GPa) is similar to that of the human bone (Ref 27).
Hence, the stress-shielding effect that existed in the utilization
of medical metal materials is greatly reduced by the utilization
of nickel-titanium memory alloy, and the weakening and
absorption of bones close to the inserted materials are
avoided.

The special structure of SMC forms a unique biomechanical
environment at the local fracture site, which is very important
for the speed and quality of the bone-healing. (1) The 3D
multipoint fixation between the SMC and the fracture segment.
The interaction between the standard inner diameter of SMC
and the nonstandard outer diameter of the bone shaft forms the
3D multipoint fixation that spreads the pressure produced by
the shape memory (Ref 28) and thus avoids the compression of
local cortical bone due to the over-concentration of stress.
Therefore, there is almost no absorption and atrophy of the
bone substance. (2) The persistent longitudinal compressive
stress effect on the fracture segment. The longitudinal com-
pressive parts (swan-necks) continuously exert their force value
on the anatomical fracture segment. Some studies (Ref 29)
found that in the early stage of bone-healing, the compressive
stress produced by the longitudinal load can drive the
differentiation of osteoblasts and fibroblasts into bones, while
in the middle and advanced stages, compressive stress is
important to the molding of the fracture. The holistic 3D
memory fixation of SMC on the fracture site and the dynamic
memory compressive stress are more stable than the screw
system and more customized to the bone mechanical behavior.
This fixation mode may have the physiological guidance force
value which stimulates the bone formation, and is thus bound to
influence the process of bone-healing and the molding of bone
tissues. (3) The integrative design of SMC forms the holistic
effect of the fracture fixation. The device is capable of molding,
and the original shape can be resumed, driven by the body
temperature after placing into the body. It holds the bone in
axial direction and exerts pressure on the fracture segment.
These features combine into one and are mutually restricted,
forming holistic 3D fixation and dynamic compressive effect
that are conducive to the bone-healing and the reconstruction of
the bone substance, and can alleviate or avoid the loss of bone
substance and osteoporosis due to the stress-shielding effect
(Ref 7, 8).

Although the stainless plate has a sliding compressive
design, the screw can also provide compressive force for
the fracture segment when sliding at the compressive hole.
However, this compressive force can only be exerted
passively and statically once and is bound to be weakened
or disappear following the absorption of the fracture segment.
More importantly, due to the apparent difference of the stress
environment of the stainless steel plate and the SMC fixation
approaches, there are obvious differences in the reconstruc-
tion activities of the bone tissue and the degree of the
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osteoporosis between these two approaches. Wu et al.
(Ref 30) reported the influence of a Nitinol encircling
connector and bone plate on the reconstruction of bones,
which showed that at the advanced stage of the internal
fixation of Nitinol encircling connector, there was less bone
absorption, the degree of osteoporosis is less severe, and the
speed of its formation is slower. The current experiment
confirmed this conclusion.

6. Summary

In summary, after fixation of the long bone fracture of adult
upper limb by SMC and achieving bone-healing, the internal
fixator was removed and x-ray imaging observation, CT
scanning of the cortical bone and histological observation were
conducted. The results confirmed that the SMC has lesser
stress-shielding effect than that of the stainless steel plate, is
superior in the period of bone molding, and is helpful for the
bone-healing. It is believed that the lesser stress-shielding effect
of SMC is related to the special property of Nitinol and the
unique geometric structure of SMC, suggesting that new modes
of treatment for bone fracture may appear with the improve-
ment of material property and architectonic development of
internal fixator.
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