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dosis,” and “kyphosis” in the 2nd century A.D., the

evaluation and management of spinal deformity has
remained a controversial and challenging endeavor. It is
no secret that neurosurgeons today are playing an ever
larger role in the care of patients with scoliosis and other
spinal deformities. The field of adult spinal deformity is
experiencing an explosion of interest, and the need for
better evidence-based strategies to care for these condi-
tions is intensifying as the incidence and prevalence in-
crease in our society.

This issue of Neurosurgical Focus presents several
timely reviews of adult spinal deformity as well as origi-
nal articles with contributions to the field, 17 articles in
total. Highlights include the first article, a review from
Silva and Lenke on the evaluation and management of
adult degenerative scoliosis. Yadla and colleagues present
an informative meta-analysis of radiographic and clinical
outcomes in over 3000 patients who underwent surgery
for adult scoliosis, a discussion of which occurs in a pod-
cast accompanying this issue.

Kuntz and colleagues report on their software for
presurgical planning of sagittal imbalance that also al-
lows virtual surgical manipulation of the spine to test pu-
tative constructs. The authors are making this “freeware”
available to colleagues in the field. Several articles appear
regarding the extreme-lateral, transpsoas approach in the

: ; INCE Galen first coined the terms “scoliosis,” “lor-
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treatment of scoliosis, one from the University of Pitts-
burgh group, one from the University of South Florida
group, one from the Cedars-Sinai group, and one from
the University of Miami/University of California, San
Francisco. The extreme-lateral approach is one of the
newest strategies in the management of adult spinal de-
formity; a frank discussion of the major complications in
applying the approach to scoliosis is a welcome addition
to the literature.

The minimally invasive theme is furthered in a fol-
low-up study by Anand and colleagues reporting their
mid- and long-term outcomes following minimally inva-
sive scoliosis correction, and in Wang and Mummaneni’s
report of their initial minimally invasive experience. In
both instances, the results lend further support to the use
of these techniques in selected patients.

The issue also includes a treatment algorithm for
Parkinson disease; a description of a novel S2-alar-iliac
pelvic screw construct; intraoperative CT-based neuro-
navigation for placing instrumentation in deformity; a re-
view of posterior spinal osteotomy techniques; unilateral
interbody cage placement for coronal plane deformity
correction; and 2 articles on cervical deformity.
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We hope that you enjoy this issue of Neurosurgical
Focus devoted to the latest clinical issues in spinal defor-
mity surgery.
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Adult degenerative scoliosis: evaluation and management
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Degenerative scoliosis is a prevalent issue among the aging population. Controversy remains over the role of
surgical intervention in patients with this disease. The authors discuss a suitable approach to help guide surgical treat-
ment, including decompression, instrumented posterior spinal fusion, anterior spinal fusion, and osteotomy. These
treatment options are based on clinical analysis, radiographic analysis of the mechanical stability of the deformity,
given pain generators, and necessary sagittal balance. The high potential complication rates appear to be outweighed
by the eventual successful clinical outcomes in patients suitable for operative intervention. This approach has had
favorable outcomes and could help resolve the controversy. (DOI: 10.3171/2010.1 FOCUS09271)
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degenerative scoliosis ¢ decompression °

ENERALLY, scoliosis can be divided into 2 types:
Gnonstmctural and structural. The nonstructural

type includes postural, hysterical, sciatic, inflam-
matory, and compensatory scoliosis, and some of these
can become structural. The key is that the curve has no
rotatory component. On the other hand, structural sco-
liosis includes congenital, neuromuscular, idiopathic, de
novo, traumatic, and iatrogenic types among others. Our
focus is on structural scoliosis in the adult population—
more specifically, de novo ADS.

Adult scoliosis is a spinal deformity in a skeletally
mature individual, with a curve measuring > 10° ac-
cording to the Cobb method."? Scoliosis in adults can be
further divided into idiopathic and de novo types. Adult
idiopathic scoliosis refers to a patient with a history of
AIS with increasing symptoms or progression of the de-
formity into adulthood. In ADS, the curve develops dur-
ing adulthood due to the degeneration of spinal motion
segments.*'* Generally, the deformity begins as the inter-
vertebral disc starts to deteriorate, with ensuing degen-
eration and eventual lack of competency of the posterior
elements, especially the facet joints.>> Thereafter, axial
rotation of the involved spinal segments leads to lateral
olisthesis, and ligamentous laxity occurs.

Demographics

Adult scoliosis prevalence ranges from 1 to 10%.!7>+28
This new-onset deformity is observed in more than 30%
of elderly patients with no history of spinal abnormali-
ties.*?” Degenerative scoliosis is typically diagnosed in

Abbreviations used in this paper: ADS = adult degenerative sco-
liosis; AIS = adolescent idiopathic scoliosis; ASF = anterior spinal
fusion; TLIF = transforaminal lumbar interbody fusion.
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patients older than 40 years and without a history of
AIS.?” These are lumbar curves measuring > 10° with
associated distal fractional curves. Although these lum-
bar curves are not associated with structural thoracic
curves, compensatory thoracic curves can occur. As in
AIS, curve prevalence in ADS is inversely proportional
to curve magnitude. The prevalence of 10°, 10-20°, and >
20° curves is 64,44, and 24%, respectively. These curves
have roughly a 1:1 female/male ratio and are rarely pres-
ent before the age of 40 years, with a mean age of 70.5
years at the time of presentation.*

Natural History

Patients with ADS typically present in the 6th decade
with symptoms of spinal stenosis. They can also present
with a history of back pain that is worsening, radiculopa-
thy, or a combination. Symptoms from spinal stenosis in
this group of patients are not relieved by forward posture,
as has been noted in those with neurogenic claudication
not associated with scoliosis, unless a patient sits with his
or her trunk supported by the arms. This distinction is
important because the prognosis and treatment of ADS
are different from those in patients with degenerative spi-
nal stenosis. Similar to AIS curves, which can progress
into adulthood, ADS curves tend to progress 1-6° per
year (average 3° per year).” Osteopenia seems to play a
role in this progression, but this hypothesis has been re-
futed.?¢?"3! Nonetheless, certain parameters do appear to
factor into curve progression.? Patient age and sex do not
affect curve progression in this category of defomity.!®
Curves with Cobb angles > 30°, an apical rotation greater
than Grade II, a lateral olisthesis > 6 mm, and an inter-
crest line through L-5 appear to have a higher degree of
progression.?
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TABLE 1: Lenke-Silva levels of treatment for operative ADS: clinically and radiographically based decision making

matrix*
Nonop

Symptom Management Level | Level Il Level IlI Level IV Level V Level VI

neurogenic claudication/  minimal + + + + +
radiculopathy
back pain minimal minimal + + + +
ant osteophytes + + = = - -
olisthesis - - + +
coronal Cobb (<30°) = = + +
lumbar kyphosis - - - + + +
global imbalance = = = = + (flexible) + (stiff/
fused)

*

Abbreviations: ant = anterior; + = present; - = absent.

Evaluation

A thorough history and general physical examina-
tion are completed. More specifically, a history of idio-
pathic scoliosis is elicited to discount the possibility of
a degenerative idiopathic deformity. In addition, patients
are asked if they have experienced any changes in body
habitus, gait, or how their clothes fit. Pain is investigated
in terms of its initial onset, location, duration, charac-
teristics, aggravating/relieving factors, and any previous
modalities of treatment. A crucial question is whether the
pain is purely axial or is also radicular in nature. Axial
pain is more likely associated with the degree of radio-
graphic lateral subluxation and sagittal imbalance, and
therefore may require inclusion of the lumbar deformity
(lateral subluxation) as well as extensive sagittal realign-
ment. With radicular pain, it is important to note whether
the location of the pain is the same as that of the concav-
ity. Moreover, it helps to determine if leg pain stems from
central or lateral recess (entrance zone, midzone, or exit
zone) stenosis or both, as the latter may require greater
bone decompression and probably instrumented fusion at
the area of decompression. Finally, pain can include both
the lower back and the extremities, and the operative ap-
proach should be tailored accordingly.

Patients are examined in their underwear and, for fe-
males, bra. As patients stand with hips and knees fully ex-
tended, they are observed at an appropriate distance and
any trunk shift is noted. The relationship of the patient’s
head to the pelvis is also noted when evaluating over-
all coronal and sagittal balance. Any shoulder or pelvic
asymmetry is documented. Forward and lateral bending
maneuvers help assess the curve’s rigidity, which is an im-
portant factor in terms of prognosis. Leg-length discrep-
ancy and pelvic obliquity are evaluated. When leg-length
discrepancy is the likely cause of the deformity, a shoe lift
is used to reevaluate the patient to see if the curve can be
corrected, although such correction is unlikely in stiffer
curves. A neurological examination, including all cranial
nerves, motor strength, reflexes, sensory modalities, and
gait, is performed. A vascular examination, using Dop-
pler ultrasonography if needed, is performed. Sacroiliac

2

See text (Six Levels of Operative Treatment: Lenke-Silva Treatment Levels I-VI) for specific descriptions of levels of treatment.

joints and trochanters are palpated and evaluated for any
hip or knee contractures, and the degree of flexibility is
noted. Finally, cardiopulmonary, bone quality, nutritional,
and general health statuses are evaluated to determine if
the patient is a suitable operative candidate.

Fic. 1. Radiograph demonstrating features of fractional degenera-
tive lumbar scoliosis.
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Fic.2. Lenke-Silva TreatmentLevel |. A and B: Images obtained in a 62-year-old male with neurogenic claudication. C-F:
Computed tomography myelograms of L2-3, L3-4, L4-5, and L5-S1 showing spinal stenosis. G and H: Five-year postopera-
tive radiographs demonstrating maintained alignment from L-2 to the sacrum.

Radiographic Evaluation

Full-length standing anteroposterior and lateral radio-
graphs are obtained.?? Supine long cassette radiographs—
removing gravity from the trunk—are obtained if opera-
tive intervention is planned, as these images quickly show
the degree of correction spontaneously occurring. These
curves typically have an L2-3 apex and are associated
with lateral olisthesis, rotatory subluxation, and minimal
structural vertebral deformity. They tend to have lumbar
hypolordosis and short reciprocating curves without sig-
nificant scoliosis above the lumbar levels. A fractional
curve, L-4 to the sacrum, is also typically evident (Fig. 1).
Computed tomography myelograms and MR images are
also obtained. The former are particularly useful in this
older age group, as some patients cannot undergo MR im-
aging studies because of cardiac pacemaker placement.
Provocative testing helps to elucidate the pain genera-
tors, which can include facet/nerve root blocks and dis-
cograms. Such testing helps to further determine whether
the structural deformity and/or the other pathologies are
the primary pain generators, which in turn helps to de-
termine the necessary portions of pathology that should
be addressed, would best relieve the patient’s symptoms,
and produce a successful clinical outcome.” Appropriate
Cobb angle measurements as well as the parameters of
spinopelvic balance are calculated for surgical planning.
In this group of patients, sagittal balance is of the utmost
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importance as it has been correlated with successful
clinical outcomes.'® Additionally, the degree of rotatory
subluxation and olisthesis is quantified, and osteophytes
are noted.?? The latter is crucial in terms of radiographic
mechanical stability and helps in planning the type of op-
erative intervention required for a given patient.

Treatment
Nonoperative Treatment Options

Nonoperative management is started provided that
there are no significant stenotic, radicular, and/or back
pain symptoms, including curves < 30° with < 2 mm of
subluxation with anterior osteophytes.'* Patients undergo-
ing such procedures usually have reasonable sagittal and
coronal balance. Patients are asked to get involved in a
low-impact muscle-strengthening endurance program.
The use of nonsteroidal antiinflammatory drugs is in-
stituted as needed, and based on DEXA scan findings,
appropriate referral for osteopenia/porosis treatment is
requested. Epidural and/or selective nerve root injections
are carefully considered based on clinical findings and
neuroradiographic studies. Bracing really has no role in
this population. It is not likely to halt curve progression,
as the mode of progression is usually not spinal growth
but transverse instability, and its method of temporary
pain relief will be outweighed by deconditioning.*® Oper-
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ative intervention is offered to those who do not meet the
above criteria, who fail conservative pain management,
and/or those whose disease progresses.

Indications for Operative Intervention

Patients whose nonoperative pain management has
failed are considered for surgical treatment. Specific
treatment options are offered when correlation occurs be-
tween clinical and specific radiographic findings, particu-
larly, L-3 and L-4 endplate angulations, lumbar lordosis,
thoracolumbar kyphosis, and lateral olisthesis.?® Lumbar
curves with > 30-40° and/or 6 mm of olisthesis on pre-
sentation are also considered for operative intervention.
Moreover, curve progression as well as progressive neu-
rological deficits are indicators for surgical intervention.?
Patients whose curves progress more than 10° and/or have
an increase in subluxation > 3 mm with increasing clini-
cal symptomatology are offered surgical options.

Six Levels of Operative Treatment: Lenke-Silva Treatment
Levels I-VI

Six distinct levels of operative treatment are avail-
able for ASD and include the following: I, decompression
alone; I, decompression and limited instrumented poste-
rior spinal fusion; III, decompression and lumbar curve
instrumented fusion; I'V, decompression with anterior and
posterior spinal instrumented fusion; V, thoracic instru-
mentation and fusion extension; and VI, inclusion of os-
teotomies for specific deformities. A matrix is presented
to help sort the patient’s symptoms and radiographs into
these 6 levels of treatment (Table 1).

Level I treatment consists of decompression alone,
which is usually suitable for patients with neurogenic
claudication due to central stenosis and requiring a lim-

A B
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TABLE 2: Patient demographics comparing Lenke-Silva
Treatment Level | with Level II*

Treatment  Treatment
Characteristic Level | Level Il p Value
age at surgery (yrs) 75.0+6 66.3+7.6 0.01

average follow-up (yrs) 46+27 46124 0.39
preop curve magnitude (°) 16.0+6 2208 0.23
postop curve change (°) 3.0+4 10+8 0.5

* Values are presented as mean x SD unless otherwise indicated.

ited decompression. Radiographically, anterior osteo-
phytes should be present with no more than 2 mm of
subluxation and reasonable sagittal/coronal balance. Ad-
ditionally, there should be minimal or no back pain and/
or deformity complaints, and the curve should be < 30°
without thoracic hyperkyphosis and/or imbalance (Fig.
2). However, decompression alone for stenosis with as-
sociated scoliosis can lead to deformity progression and
worsening of symptoms.

Level II treatment involves adding instrumentation
limited to the area of the decompression in patients with
the above symptoms (requiring extensive decompression)
and curves < 30°, more than 2 mm of subluxation, and no
anterior osteophytes in the area of decompression. Again,
there should be no back pain/deformity symptoms or tho-
racic hyperkyphosis in a relatively well-balanced patient
(Fig. 3). In a series of 55 consecutive patients with ADS
treated using decompression alone (Level I, 16 patients)
versus decompression with limited instrumented fusion
(Level 1I, 39 patients), the Level I patients were older
and had smaller curves (Table 2). At a minimum 2-year
follow-up, 62% of Level I versus 82% of Level I patients

e o e ol \

Fic. 3. Lenke-Silva Treatment Level Il. A and B: Radiographs obtained in a 73-year-old male, showing spinal stenosis
from L-3 to L-5 and a rotary subluxation at L3—-4. He was treated with decompression and a posterior spinal fusion from L-3 to
L-5. Cand D: At 4 years postoperatively, he had a solid fusion from L-3 to L-5 with slight disc degeneration at L2-3.
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Fic. 4. Lenke-Silva Treatment Level ll.  A-D: Images obtained in a 49-year-old female with degenerative lumbar scoliosis

pal /. r

and associated back and leg pain. She underwent a T-11 to the sacrum posterior spinal fusion with TLIFs at L2-3 and L5-S1.

reported a good—excellent result (p < 0.05). By 5 years
of follow-up, 12 of the 16 Level I patients had recurrent
stenosis, whereas 14 of the 39 Level II patients had ad-
jacent level stenosis; the stenosis rate was greater in the
Level I than in the Level II patients (p = 0.008) (Cheh G,
Lenke LG, Bridwell KH, et al., presented at the Scoliosis
Research Society Annual Meeting, 2006).

For Level III treatment, the entire lumbar curve in
addition to the necessary decompressions is included in
the instrumented fusion when symptoms of primary back
pain are associated with the spinal deformity. Here, the
clinical correlation of pain with the location of the curve
becomes very important in terms of further selecting the
appropriate operative treatment. Typically, these curves
are > 45° have > 2 mm of subluxation, and lack ante-
rior osteophytes in the operative region, although there is
reasonable coronal and sagittal balance (Fig. 4). Anterior
spinal fusion via a TLIF approach can be an important
adjunct at the lower ends of the construct when fusing to
the lumbosacral junction.

Level IV treatment consists of anterior and posterior
fusion of the lumbar spine. Anterior spinal fusion has
played a significant role in correcting lumbar hypokypho-
sis and imbalance. In addition, it adds indirect decom-
pression via foraminal distraction. It helps decrease pseu-
darthrosis, especially in smokers, patients with diabetes,
and osteopenic patients. In the latter group, it also helps
prevent posterior instrumentation failure by load sharing,
especially in obese patients. Note, however, that there is
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increased mobility from a formal anterior approach in
older patients. Hence, an ASF is selectively recommended
for patients with severe stenosis, back pain, and deformity
symptoms with mild sagittal imbalance. There should be
no anterior osteophytes or thoracic hyperkyphosis and >
2 mm of subluxation (Fig. 5).

Level V treatment involves extending the fusion and
instrumentation into the thoracic region in patients satis-
fying the aforementioned criteria and having thoracic hy-
perkyphosis and/or thoracic decompensation. In addition,
those with global and/or coronal imbalance become can-
didates for thoracic extension of their fusion/instrumenta-
tion (Fig. 6). Very often, osteotomies can be particularly
useful in this subgroup of patients.

Osteotomy Choices: Treatment Level VI

Patients whose deformity demonstrates > 30% correc-
tion on bending radiographs do not require osteotomies,
as they are considered flexible. Curves that are corrected
< 30% are considered stiff deformities and might require
osteotomies. However, many deformities are rigid, and
patients are not clinically balanced or they have already
undergone fusion. It is this group of patients that may also
require osteotomies, because the deformities are stuck.
Osteotomies can aid not only in clinically rebalancing
the patient, but also in decreasing the load placed on the
instrumentation at the metal-bone interface. Rebalancing
the spine is of the utmost clinical importance as a signifi-
cant link has been found between it and outcomes.' The

5
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Fic. 5. Lenke-Silva Treatment Level IV.  A-D: Images obtained 59-year-old female with a 58° ADS lumbar curve who under-
went a same-day L-2 to the sacrum ASF and a T-12 to the sacrum posterior spinal fusion for correction of her deformity.

intelligent use of osteotomies begins with the judicious
evaluation of both clinical and radiographic coronal and
sagittal balance and is the main component of Level VI
treatment. Cases of sagittal imbalance can be classified
into Type [ or 11

Type I sagittal imbalance refers to patients who are
globally balanced but in whom a segmental portion of the

(!

spine is flat or kyphotic. In contrast, Type II sagittal im-
balance refers to global and segmental imbalance. When
sagittal and coronal imbalance coexist, they can also be
classified into Type A or B/ With Type A imbalance,
the patient’s shoulders and pelvis are tilted in opposite
directions. Conversely, with Type B imbalance, both the
shoulders and the pelvis tilt in the same direction. Once

Fic. 6. Lenke-Silva Treatment Level V. A and B: Images obtained in a 75-year-old female with degenerative lumbar scolio-
sis and associated coronal and sagittal imbalance. She underwent a posterior spinal fusion from T-2 to the sacrum and TLIFs at
L4-5and L5-S1. C and D: At 3 years postoperatively, her alignment was nicely restored and maintained. ~ E-H: Preoperative
and postoperative clinical photos demonstrating restored coronal and sagittal alignment/balance.

Neurosurg Focus / Volume 28 / March 2010
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Fic. 7. Lenke-Silva

Treatment Level VI. A and B: Images obtained in a 63-year-old female with lumbar degenerative sco-

liosis. Two months after surgery, which was performed elsewhere, early L-5 screw pullout developed as did subsequent severe
sagittal imbalance. The patient then underwent a revision posterior spinal fusion, an L-3 pedicle subtraction osteotomy, and an
ASF.  C and D: At 3 years postoperatively, images revealed corrected sagittal balance. E-H: Preoperative and postoperative
clinical photos demonstrating excellent coronal and sagittal balance.

the latter situation is recognized in the rigid spine, then
alternative options of bone resection techniques can be
determined.

With Type I sagittal imbalance, Smith-Petersen os-
teotomies are typically indicated, provided that mobility
at the disc space is adequate to permit extension.?’ If the
disc space is not sufficiently mobile but bone stock is ad-
equate, then anterior releases with a concomitant morsel-
ized graft can be used. If bone stock is inadequate, then
anterior structural grafts are used. The latter can also be
used for Type Il imbalances when Smith-Petersen osteoto-
mies will permit the weight-bearing line to fall within 3
cm of the sacrum (Fig. 7). Another alternative for Type
IT imbalance is a pedicle subtraction osteotomy, which is
useful when bone stock is poor as well as in smokers and
diabetic patients because bone-on-bone contact occurs at
the time of osteotomy closure, with high fusion rates of
the vertebral body. Typically, it affords ~ 30° of lordotic
correction; hence, it is often suitable for global imbalance
correction without the need for anterior releases or struc-
tural grafting.!”” Anterior support may be necessary when
fusing to the sacrum, but with current techniques, this can
easily be achieved via a posterior-only approach.”” The
precise amount of bone resection to achieve a balanced
spine is readily calculated using simple trigonometric cal-
culations.”® Asymmetrical pedicle subtraction osteotomies
are often useful in correcting Type A biplanar deformities.
The more radical vertebral column resection technique is
often necessary for the rare Type B deformities.5!

Fusion Levels

Proximal fusion levels should start at a neutral and
stable vertebra, as defined by the center sacral vertical
line.?%2° The fusion should never stop at a rotatory sublux-
ation. Furthermore, the thoracic physiological apex must
be avoided.’ Hence, the fusion should stop well below
T-10 or well above T5-6. Similarly, distal fusion levels
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should begin at a neutral and stable vertebra and should
never end at a rotatory subluxation. One could end the fu-
sion at L-5; however, it must be extended to the sacrum if
there is an oblique take-off of L-5 on the sacrum—typical
with fractional curves > 15°—advanced degeneration of
the L-5/S-1 intervertebral disc, L5-S1 spondylolysis, or
previous decompression at this segment. Additionally, fu-
sion at T-12 and above should be considered for extension
to the ilium/S-1. Again, fractional curves > 15° must be
included in the distal fusion to achieve balance.

Complications

Among spinal deformity surgeries, adult deformity
corrective procedures carry a high complication rate.>!0-32
Often this group of patients has multiple comorbidities,
and the operations are more involved to achieve appropri-
ate balance and proper load sharing on the instrumenta-
tion, the latter being particularly important in osteopenic
patients. Such complications include infections, CSF
leaks (especially among revision cases), implant failures,
junctional kyphosis, adjacent segment degeneration, and
pseudarthrosis. Systemic complications include myocar-
dial infarction, pneumonia, ileus, urinary tract infections,
deep venous thrombosis, and superior mesentery artery
syndrome. Blindness is a particularly ominous but an ex-
ceedingly rare complication. Hence, even when the ap-
propriate techniques and postoperative care are undertak-
en, complications can still be somewhat high; however,
the clinical outcomes appear to support such risks in ap-
propriately selected patients.> A comparative chart of the
most helpful references for ADS evaluation and treatment
is featured in Table 3.

Conclusions

Demographically and clinically, ADS is a very im-
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Adult degenerative scoliosis

Conclusion
avoid decompensation; certain parameter at L-3 can help in deciding to end instrumentation at this level, saving fusion

levels
excellent review of overall curve analysis & decision making for choosing instrumentation & fusion levels in scoliosis/defor-

standing anteroposterior radiographs important
careful attention should be paid when placing instrumentation at critical vertebrae btwn deformity curves; this will help to

careful curve analysis, including objective evaluation of curve parameters, is essential to prevent postop decompensation;
mity surgery

Study Design
instructional/review, book chapter

retrospective
data review

No. of
Patients
61
7t

95

TABLE 3: Recommended references for ADS demographics, evaluation, and treatment (continued)*
Authors & Year

Lenke & Bridwell, 1991
Bridwell & Lenke, 1994
Bridwell et al., 2004

fusion levels

Neurosurg Focus /| Volume 28 | March 2010

not applicable.

NA
t Total of 5225 articles.

*

llustrative cases.

1

portant entity to the deformity surgeon. An appropriate
history and workup guide treatment, differentiating the
therapy for stenosis from that for a deformity. Six dif-
ferent levels of treatment (Lenke-Silva Treatment Levels
I-VI) of increasing complexity are available to the sur-
geon. More specifically, these levels of treatment help to
decide when to address the stenosis alone and when to
include the deformity. Viable options based on clinical
and radiographic stability as well as balance and revision
status include nonoperative management, decompression,
instrumented posterior spinal fusion, ASF, and osteoto-
my. Restoring lumbar lordosis and sagittal balance take
precedence over scoliosis correction. Although higher
complication rates are expected, a beneficial outcome in
properly selected patients is also anticipated.
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Virtual preoperative measurement and surgical
manipulation of sagittal spinal alignment using
a novel research and educational software program
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Understanding regional as well as global spinal alignment is increasingly recognized as important for the spine
surgeon. A novel software program for virtual preoperative measurement and surgical manipulation of sagittal spinal
alignment was developed to provide a research and educational tool for spine surgeons. This first-generation software
program provides tools to measure sagittal spinal alignment from the occiput to the pelvis, and to allow for virtual
surgical manipulation of sagittal spinal alignment. The software was developed in conjunction with Clifton Labs,
Inc.

Photographs and radiographs were imported into the software program, and a 2D virtual spine was constructed
from the images. The software then measured regional and global sagittal spinal alignment from the virtual spine
construct, showing the user how to perform the measurements. After measuring alignment, the program allowed for
virtual surgical manipulation, simulating surgical procedures such as interbody fusion, facet osteotomy, pedicle sub-
traction osteotomy, and reduction of spondylolisthesis, as well as allowing for rotation of the pelvis on the hip axis.

Following virtual manipulation, the program remeasured regional and global sagittal spinal alignment.

Computer software can be used to measure and manipulate sagittal spinal alignment virtually, providing a new
research and educational tool. In the future, more comprehensive programs may allow for measurement and interac-
tion in the coronal, axial, and sagittal planes. (DOI: 10.3171/2009.12.FOCUS09283)

KEYy Worps ¢ virtual measurement

spinal deformity

regional as well as global sagittal spinal alignment.

Sagittal spinal alignment is becoming recognized as
an important predictor of patient outcome after spine
surgery.'%% A new educational and research software
program was developed for virtual sagittal modeling and
manipulation of the spine. The objective was to provide a
tool that would aid in understanding measurement tech-
niques and the effects of surgical manipulation on align-
ment. The system features an easy-to-use interface, in-
cluding a canvas for viewing images and virtual spine
models, a measurement window showing automatically
calculated angles and displacements with their relation-
ship to those calculated from the asymptomatic popula-
tion, and a toolbox consisting of 4 possible virtual surgi-
cal adjustments that may be applied to the spine. As each
adjustment is made, the effect on regional and global

INCREASING emphasis is being placed on understanding

Abbreviations used in this paper: CBVA = chin-brow to vertical
angle; HA = hip axis; PT = pelvic tilt; SVA = sagittal vertical axis.
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computer software ¢ spinal alignment

spinal alignment is immediately depicted by a graphic
representation of the adjusted spine. This software sys-
tem may be useful as a research and educational tool for
spine surgeons.

Methods

The simulation software was developed as a graphic
Windows desktop application suitable for use directly
by surgeons. Building on high-level development frame-
works such as .NET7 and Spring. NET?® allowed for a
greater focus on solving domain-related issues, and less
time was needed for solving low-level implementation
details. To allow for maximum flexibility over the course
of the project while maintaining high confidence in the
validity of the domain model, all software development
followed an iterative and test-driven methodology.

Because the software is user oriented, development
began with a nonfunctional visual prototype used to iden-
tify the major modes of user interaction. Development

1



D. B. Pettigrew et al.

B Fig 1 - CKIV Sagittal Spinal Alignment Program AAGETERES
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Fie. 1. Computer screen capture. The software interface contains a central canvas where imported images and the virtual
spine model are displayed. The model definition window is to the left of the canvas. The measurements, images, and adjustments

windows are shown to the right. STA = sagittal tilt angle.

proceeded in sprints of roughly 1 month, each followed
by hands-on user acceptance testing. This iterative devel-
opment model was very powerful, enabling the surgeons
and developers to make significant changes and additions
to the software requirements midproject.

Much of the development effort was dedicated to
capturing a computational model of sagittal spinal ma-
nipulation that was both conceptually simple and pow-
erful enough to express a wide range of 2D spinal ad-
justments. The final domain model consists of 4 major
components: 1) a vector representation of each vertebra
of the spine prior to adjustment; 2) a series of adjustments
representing standard real-world surgical procedures and
modeled as mathematical transformations of the vector
spine model; 3) a vector representation of each vertebra of
the spine following adjustment, automatically calculated
by applying adjustments to the original spine model; and
4) a series of standard measurements against both spine
models.

As the user makes changes to the inputs of any of the
components of the model, the entire model updates in real
time, with visual feedback. Consequently, minimal user

2

effort is required to experiment with different adjustment
options. The model does not require complete informa-
tion, enabling adjustments and measurements based on
the available data, permitting the user to focus on an arbi-
trary subset of vertebrae or adjustments. Last, the system
has “undo” and “reset” (undo all adjustments) options to
facilitate virtual surgery explorations. This first-genera-
tion software program is available to the public free of
charge.

The virtual modeling and virtual adjustment proce-
dure consists of the following workflow: 1) clinical and
radiographic images are imported into the software dis-
play; 2) a virtual spine model is constructed using the im-
ages as a guide; 3) inspection and analysis of this original
spine model is performed; 4) virtual adjustments are per-
formed; and 5) the adjusted spine model is reanalyzed.

The interface consists of a central canvas for display-
ing images (Fig. 1). To construct the original (preopera-
tive) spine model, the user imports a clinical photograph
and lateral radiograph into the canvas. The software sup-
ports a variety of image types, including DICOM, gif,
jpeg, bitmap, png, and tiff. The radiograph is overlaid

Neurosurg Focus / Volume 28 / March 2010



Virtual sagittal spinal measurement and manipulation

Fie. 2. A case illustrating use of the software. Preoperative lateral photographic (A) and lateral radiographic (B) images

are shown. Clinical evaluation reveals a horizontal gaze sagittal imbalance. Radiographic evaluation reveals a major structural
lumbar kyphotic curve and a minor structural lumbosacral kyphotic curve. Global spinal alignment (horizontal gaze and spinal
balance) reveals positive sagittal imbalance. Pelvic alignment reveals posterior sagittal rotation.  C: Virtual spine model con-
structed from preoperative images using the software program. Postoperative lateral photographic (D) and lateral radiographic
(E) images illustrate the outcome following L-2 and L-4 pedicle subtraction osteotomies with a spinopelvic fixation and fusion.  F:
Virtual spine model following virtual surgical L-2 and L-4 pedicle subtraction osteotomies with anterior sagittal rotation of the

pelvis on the HA.

on the clinical image, and soft tissue in the radiograph
is used for fiduciary landmarks (for example, see Fig.
1). To get the images into register, either image can be
rotated, flipped, rescaled, or cropped as necessary. The
opacity, brightness, or contrast of each image can also be
adjusted.

Once the images have been imported and put into
register, the original spine model can be constructed. To
the left of the canvas is the model definition window used
to build the original model of the spine from imported
images (Fig. 1). The vertebral body at each level is traced
manually, each modeled as a quadrilateral. The C-2 od-
ontoid process (designated “Peg” in the model definition
window) is similarly traced and represented as a quadri-
lateral. The sacrum is modeled by tracing a 7-sided poly-
gon along the borders. As adjacent vertebral bodies are
defined, the intervertebral discs are automatically drawn
by the software.

Neurosurg Focus /| Volume 28 | March 2010

The hips are represented by tracing circles around the
femoral heads. The chin-brow and MacGregor lines are
drawn using the defining landmarks in the clinical photo-
graph and radiograph, respectively. The dorsoventral axis
is defined by specifying the patient as either right- or left-
facing. Finally, to assign physical units to displacement
measurements, the model is calibrated using a known
length standard contained in the image.

After the original model is defined, analysis and ad-
justments may be performed. The software automatically
measures a variety of angles and displacements from the
occiput to the pelvis from the virtual spine model. These
values are displayed to the right of the canvas in the mea-
surements window; mean values = SDs for the asymp-
tomatic adult population are also displayed.*> Values
lying within 2 SDs of the mean are displayed in green;
values lying outside this range are displayed in red.

Virtual adjustments to the spine may be made using

3



the adjustments window (Fig. 1). To simulate shaving os-
teotomy wedges from the vertebral bodies, the angle of
either the upper or lower endplate of each vertebra may
be adjusted. Material can be added to either the anterior
or posterior aspect of each intervertebral disc space. Lis-
thesis can be simulated by specifying a translational shift
in either direction between any two vertebrae. Finally, the
hip rotation on the HA may be adjusted. This last adjust-
ment is not intended to simulate a surgical procedure per
se, but to educate the user regarding the role that hip rota-
tion plays in global sagittal spinal alignment.

The user may toggle between the original and ad-
justed spine models as desired. Angle and displacement
measurements are displayed for both models in the mea-
surement window. The user may specify angles to be
measured in addition to those that are hard-coded by the
software system. The software also constructs a log of all
adjustments that are made.

Case Illustration

A case illustrating use of the software is shown in
Fig. 2. This 67-year-old man with ankylosing spondyli-
tis presented with low-back pain and difficulty ambulat-
ing. A preoperative lateral photographic image (Fig. 2A)
revealed a horizontal gaze sagittal imbalance (CBVA,
+67°). Standing lateral cervical and long-cassette ra-
diographic images (Fig. 2B) revealed a major structural
lumbar kyphotic curve (L1-5, +3°) and a minor structural
lumbosacral kyphotic curve (L4-S1, —3°). Global spinal
alignment revealed positive sagittal imbalance (CBVA,
+67°% C7-S1 SVA, 4346 mm). Pelvic alignment revealed
posterior sagittal rotation (PT, +37°). Postoperative later-
al photographic (Fig. 2D) and long-cassette radiographic
(Fig. 2E) images showed improvement in regional as well
as global sagittal spinal alignment following L-2 and L-4
pedicle subtraction osteotomies with a spinopelvic fixa-
tion and fusion. With improvement in regional and global
sagittal spinal alignment, the pelvis had rotated anteri-
orly, with an improvement in the PT.

After importing a preoperative lateral clinical image
into the software program, preoperative lateral radio-
graphic images were imported into the software program.
The radiographic images’ brightness, contrast, and opac-
ity were adjusted. The radiographic images were then
scaled and rotated to overlay the clinical image, using
soft tissue in the radiographs as fiduciary landmarks. A
virtual model of the spine was then constructed (Fig. 2C).
The software program automatically measured the angles
and displacements from the occiput to the pelvis based
on the virtual spine model. These values were displayed
to the right of the canvas in the measurements window;
mean values + SDs for the asymptomatic adult population
were also displayed.*> Values lying within 2 SDs of the
mean were displayed in green; values lying outside this
range were displayed in red. Using the adjustments win-
dow, -30° wedge osteotomies were virtually performed
at L-2 and L-4 with a —11° anterior rotation of the pelvis
on the HA, resulting in an adjusted model (Fig. 2F) that
closely resembled the postoperative condition and con-
firming that the first-generation software could simulate
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the operative procedure and provide an educational and
research tool.

Discussion

Spine surgeons are increasingly recognizing the im-
portance of the maintenance or restoration of “normal”
neutral upright sagittal spinal alignment. From occip-
itocervical fusion to lumbosacral fusion, preservation of
neutral upright sagittal spinal alignment has been report-
ed to prevent the postoperative development of deformity
and adjacent-segment disease as well as to provide im-
proved postoperative clinical outcomes.'¢° Many mea-
surement techniques for evaluating regional and global
sagittal spinal alignment have come about in the recent
past. For spine surgeons it can be a daunting task to begin
to understand measurements of regional and global spinal
alignment and the effects of surgical manipulation.

To better understand regional and global sagittal spi-
nal alignment, we developed a first-generation, novel soft-
ware program for virtual preoperative measurement and
surgical manipulation of sagittal spinal alignment. By as-
suming that the spine is a rigid column, simple geometri-
cal principles and fiducial representations of key verte-
bral segments can serve as markers within the program.
Virtual surgical manipulation can then be portrayed and
analyzed as it impacts regional and global alignment. Us-
ing this working model, the vertebral level selected for an
osteotomy, the amount of angular bone removal required
during an osteotomy, and their anticipated impact can be
assessed for research and education.

Conclusions

This first-generation program is limited to the sagit-
tal plane, and the surgical manipulation is oversimplified,
treating the spine as a rigid column. Despite these limita-
tions, the program does provide educational information
to the user on measurement techniques and the effects
of virtual surgical manipulation. Future software genera-
tions will be more comprehensive, allowing for measure-
ment and interaction in the coronal, axial, and sagittal
planes.
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Adult scoliosis surgery outcomes: a systematic review
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Object. Appreciation of the optimal management of skeletally mature patients with spinal deformities requires
understanding of the natural history of the disease relative to expected outcomes of surgical intervention. Appropri-
ate outcome measures are necessary to define the surgical treatment. Unfortunately, the literature lacks prospective
randomized data. The majority of published series report outcomes of a particular surgical approach, procedure, or
surgeon. The purpose of the current study was to systematically review the present spine deformity literature and as-
sess the available data on clinical and radiographic outcome measurements.

Methods. A systematic review of MEDLINE and PubMed databases was performed to identify articles published
from 1950 to the present using the following key words: “adult scoliosis surgery,” “adult spine deformity surgery,”
“outcomes,” and “complications.” Exclusion criteria included follow-up shorter than 2 years and mean patient age
younger than 18 years. Data on major curve (coronal scoliosis or lumbar lordosis Cobb angle as reported), major
curve correction, Oswestry Disability Index (ODI) scores, Scoliosis Research Society (SRS) instrument scores, com-
plications, and pseudarthroses were recorded.

Results. Forty-nine articles were obtained and included in this review; 3299 patient data points were analyzed.
The mean age was 47.7 years, and the mean follow-up period was 3.6 years. The average major curve correction
was 26.6° (for 2188 patients); for 2129 patients, it was possible to calculate average curve reduction as a percentage
(40.7%). The mean total ODI was 41.2 (for 1289 patients), and the mean postoperative reduction in ODI was 15.7 (for
911 patients). The mean SRS-30 equivalent score was 97.1 (for 1700 patients) with a mean postoperative decrease
of 23.1 (for 999 patients). There were 897 reported complications for 2175 patients (41.2%) and 319 pseudarthroses
for 2469 patients (12.9%).

Conclusions. Surgery for adult scoliosis is associated with improvement in radiographic and clinical outcomes
at a minimum 2-year follow-up. Perioperative morbidity includes an approximately 13% risk of pseudarthrosis and
a greater than 40% incidence of perioperative adverse events. Incidence of perioperative complications is substantial
and must be considered when deciding optimal disease management. Although the quality of published studies in this
area has improved, particularly in the last few years, the current review highlights the lack of routine use of standard-

ized outcomes measures and assessment in the adult scoliosis literature. (DOI: 10.3171/2009.12. FOCUS09254)

KeEy Worps ¢ adult scoliosis

outcome

tally mature patients with spine deformities has ex-

panded over the past several decades.! Advances in
operative techniques, along with an understanding of bio-
mechanics and advances in instrumentation, has allowed
for the development of many surgical approaches to adult
scoliosis. To determine the “best” approach to treat pa-
tients with adult deformity, clinicians must be familiar
with risks and benefits of surgical intervention. Unfortu-
nately, randomized controlled trials comparing operative
with nonoperative management are lacking."* Outcomes
for adult deformity surgery are largely reported in refer-
ence to a specific surgical technique or in relation to a
particular surgeon or surgical group. Investigators have
used varying classifications of clinical outcomes and
procedure-related complications, making analysis of the
literature difficult.

r I ~YHE number of surgical treatment options for skele-

Abbreviations used in this paper: ODI = Oswestry Disability
Index; SRS = Scoliosis Research Society; USPSTF = U.S. Preventive
Services Task Force.
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adult spine deformity °

pooled analysis °

The purpose of this systematic review was to syn-
thesize existing data on the outcomes of surgical inter-
vention for adult spine deformity. Four specific questions
regarding outcome were proposed as follows: 1) What is
the benefit of surgery for adult scoliosis in terms of cor-
rection of curve at a minimum 2-year follow-up? 2) What
is the benefit of surgery for adult scoliosis based on stan-
dard clinical outcomes measures at a minimum 2-year
follow-up? 3) What is the rate of complication with adult
scoliosis surgery? 4) What is the rate of pseudarthrosis
with adult scoliosis surgery?

Methods
Literature Review

A query of the PubMed and MEDLINE databases
was performed to identify articles pertinent to the afore-
mentioned clinical questions. First, a search of PubMed
using the key words “adult scoliosis surgery outcomes”
and “adult spine deformity surgery outcomes” was per-
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Fic. 1. Bar graph illustrating age distribution (in years) of patients in
49 reviewed series encompassing 3299 patients.

formed and returned 361 articles. The query was further
limited to the English-language literature (341 articles)
and a patient age of 19 years or older (334 articles). Ab-
stracts from these articles were reviewed, and those that
reported a minimum 2-year follow-up, average patient
age older than 18 years, or did not specify either parame-
ter in the abstract were retained for more detailed review.
This yielded 44 articles for detailed review. A minimum
2-year follow-up was specified to include chronic or sub-
acute complications (for example, pseudarthrosis) and to
account for any loss of curve correction.

Next, a search of MEDLINE was performed to iden-
tify any pertinent articles published between 1950 and
2009 that were not identified in the previous PubMed
search. A search for the key words “adult scoliosis and
outcomes” (29 articles), “adult spine deformity and out-
comes” (31 articles), and “adult scoliosis and complica-
tions” (59 articles) was performed. Abstracts from these
searches yielded 14 additional articles for detailed review
that were not identified previously in the PubMed search.
Thus, 58 articles were identified by abstract for detailed
review of methods and results. Nine of these articles were
excluded from analysis due to failure to meet the mini-
mum follow-up, patient age criteria, or report postopera-
tive outcomes. Forty-nine articles were ultimately includ-
ed in the analySiS (Table 1).2,4,8—11,15—27,29,30,34—43,45—49,51—63

The quality of evidence in the selected articles was
classified using the USPSTF system for ranking evi-
dence.?' Articles were reviewed for data on methodology
(retrospective vs prospective), number of patients, mean
patient age, and mean follow-up. Data regarding change
in major curve at last follow-up in degrees and as a per-
centage of the initial curve were recorded if available. A
major curve was defined as the coronal scoliosis Cobb
angle or lumbar lordosis Cobb angle as reported in the
study. Clinical outcomes data based on postoperative
ODI scores, change in ODI scores from preoperative,
postoperative SRS instrument scores, and change in SRS
scores from preoperative was also recorded when avail-
able. Finally, the number of complications and pseudar-
throses were tallied.
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Fic. 2. Bar graph illustrating distribution of average follow-up period
of patients in 49 reviewed series including data from 3299 patients.

Statistical Analysis

Descriptive statistics were calculated using the JMP
statistical package (version 7.02, SAS Institute). Because
of variability in the type of SRS instrument used by dif-
ferent investigators (SRS-22, SRS-24, SRS-29, or SRS-30),
SRS scores were converted to SRS-30 score equivalents
for purposes of statistical analysis. Weighted averages of
age, length of follow-up, ODI, change in ODI, SRS-30
equivalent score, change in SRS-30 equivalent score, curve
reduction in degrees, and curve reduction as a percentage
of the original curve were calculated. Complications were
not uniformly reported; classification (that is, minor vs
major) was variable as was reporting of multiple compli-
cations in the same patient. Therefore, complication inci-
dence was calculated by tallying the total number of com-
plications reported divided by total number of patients in
those studies that reported complications. The incidence
of pseudarthrosis was calculated in a similar fashion: the
number of pseudarthroses reported divided by total num-
ber of patients in those studies reporting pseudarthroses.

Results

A total of 49 articles reporting data in 3299 patients
were reviewed. Of the 49 articles reviewed, none were
classified as Level I evidence according to USPSTF cri-
teria. Four articles met criteria for Level II evidence as
well-designed matched cohort studies or multiple time
series with and without intervention. The remaining 45
articles were descriptive studies and therefore classified
as Level III evidence. Eight studies were conducted in a
prospective fashion, and the other 41 series were conduct-
ed in a retrospective manner. Only 4 articles reported on
all specified outcome measures.

The average age of the patients included in this re-
view was 47.7 years (Fig. 1). The average length of follow-
up was 3.6 years (Fig. 2). Thirty-nine studies reported
preoperative and postoperative major curve Cobb angles
(for 2188 patients). At a minimum 2-year follow-up, the
average reduction of the major curve was 26.6° (Fig. 3),
or 40.7% as a percentage of the original curve (where this
calculation was available; for 2129 patients).
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Outcomes after adult scoliosis surgery

TABLE 1: Literature review of postoperative radiographic and clinical outcomes for adult patients undergoing surgery for scoliosis with a
minimum 2-year follow-up

SRS- Major Major

Level Total Mean Mean 30 Curve Curve No. of No. of
of Evi- No.of Age FU Mean Equiv- Reduc- Reduc- Complica- Pseudar-
Authors & Year dence Study Design Patients (yrs) (yrs) ODI alent  tion(°)  tion (%) tions throses
Bridwell et al., 2009 I prospective, 85 60 2 20 114 29 52 31 —
matched cohort
Smith et al., 2009 Il prospective 147 51 2 35 93 — — — —
Khan et al., 2009 1l retrospective 14 65 3.7 — 108 40 87 4 1
Rose et al., 2009 Il prospective, 34 38.3 3 — M 29.5 47 0 0
matched cohort

Kim et al., 2009 1l retrospective 62 479 103 25 — — — 4 —
Glassman et al., 2009 1l prospective cohort 283 50 2 228 1M — — — —
Peelle et al., 2008 1l retrospective 30 40 8.3 — 90 18 50 0 0
Wu et al., 2008 Il retrospective 26 642 3 25.8 — 9.1 55 2 —
Weistroffer et al., 2008 1l retrospective 50 54 9.7 — — — — 35 12
Chang et al., 2008 1l retrospective 83 66.1 2 — 984 42.2 1 26 3
Deviren et al., 2008 1l retrospective 15 375 3.9 — 69 34 67 4

Kim et al., 2008 11l retrospective 48 49.6 3.7 — 744 25 42 10 4
Wang et al., 2008 1l retrospective 13 31 254 — 769 53.9 59 4

Kim et al., 2007 11l retrospective 125 571 45 — 675 12 51 — 21
Buchowski et al., 2007 1l prospective 108 548 2 295 971 32.2 65 15 0
Daubs et al., 2007 1] retrospective 46 67 42 25 — — — 26 —
Kim et al., 20077 1] retrospective 35 531 58 26 48 37 73 13 8
Bomback et al., 2007 1l retrospective 17 30 2 24 123 44 52 22 —
Pateder et al., 2007 Il retrospective 180 60.5 4.5 — — 25.3 50 42 20
Bess et al., 2007 I retrospective, 56 49 3.6 — 114 19.3 35 21 7

matched cohort

Kim et al., 2006°° [ retrospective 144 52 3.9 — 1071 15 29 — 34
DeWald & Stanley, 2006 1l retrospective 38 724 25 — — — — 24 4
Yang et al., 2006 Il prospective 35 408 2 — 744 20.6 18 16

Kim et al., 2006%8 1l retrospective 232 408 2 90.6 — — — — 40
Boachie-Adjei et al., 2006 1] retrospective 24 48 4 — — 40 40 17 0
Tsuchiya et al., 2006 1l retrospective 67 36.2 6 2041 — — — 23 —
Suk et al., 2005 Il retrospective 25 38 2 — — 23 60 5) 1
Glattes et al., 2005 1l retrospective 81 45 53 — 144 — — — —
Chang et al., 2005 1] retrospective 66 34.8 3.6 — 967 39.2 42 44 0
Kim et al., 2005 1l retrospective 96 422 59 — 919 37 39 — 16
Brown et al., 2004 [ retrospective 16 49 2.7 — — 23 43 — —
Rhee et al., 2003 1l retrospective 42 47 2 — 175 25 23 3 0
Bridwell et al., 20036 1] prospective 33 534 2 342 92 32.9 31 24 8
Berven et al., 20038 1l retrospective 25 58 45 — 102 19 17 9 5
Ali et al., 2003 1l retrospective 28 48.5 2 — — 38 61 5 0

(continued)
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TABLE 1: Literature review of postoperative radiographic and clinical outcomes for adult patients undergoing surgery for scoliosis with a

minimum 2-year follow-up (continued)

SRS- Major Major
Level Total Mean Mean 30 Curve Curve No. of No. of
of Evi- No.of Age FU Mean Equiv- Reduc- Reduc- Complica- Pseudar-
Authors & Year dence Study Design Patients (yrs) (yrs) ODI alent  tion(°)  tion (%) tions throses

Bridwell et al., 2003 1l retrospective 27 52.4 2 51.21 — 3441 33 24 7
Shapiro et al., 2003 1 retrospective 16 295 34 443 744 36 50 12 0
Murrey et al., 2002 1l retrospective 59 47 4.5 — — 20.7 — 10 0
Ahn et al., 2002 I prospective 83 544 46 — — 401 38 83 6
Wang et al., 2002 1l retrospective 22 26.8 4.7 — — 26.6 48 4 1
Emami et al., 2002 M retrospective 54 549 475 — 692 19.5 38 48 10
Smith et al., 2002 1l retrospective 15 375 541 — 106.9 34 66 6 0
Eck et al., 2001 1] retrospective 58 43 5] — — 14 27 13
Lapp et al., 2001 1l retrospective 44 426 35 — — 21 38 13
Buttermann et al., 2001 1] retrospective 105 44 41 60 — — — 65 43
Simmons et al., 1993 1l retrospective 49 41 2.8 — — 32 47 20 0
van Dam et al., 1987 1] retrospective 91 31 3.5 — — 21 32 13 22
Kostuik & Hall, 1983 1 retrospective 45 443 35 — — 19.5 34 65 10
Swank et al., 1981 1 retrospective 222 307 36 — — 27 33 17 26

Fifteen studies, including data from 1289 patients,
used total ODI as a measure of clinical outcomes. The
average ODI for patients in these studies was 41.2. Eleven
studies including data from 911 patients reported both
preoperative and postoperative ODIs. The average de-
crease in ODI from preoperative testing to latest follow-
up in these studies was 15.7.

Twenty-six studies with data from 1700 patients
used an SRS instrument to measure clinical outcomes at
follow-up. Scores were converted to SRS-30 equivalent
scores for purposes of comparison and analysis. The av-
erage SRS-30 score of patients in these series was 97.1.
Ten studies, with data from 999 patients, reported both
preoperative and postoperative SRS scores. The average
decrease in SRS-30 scores in these patients was 23.1.

Forty-one articles reported on complications associ-
ated with surgery; 897 complications were reported in
2175 patients, giving a pooled incidence of 41.2% for pa-
tients in these series. Thirty-nine articles (2469 patients)
reported on pseudarthroses. There were 319 pseudar-
throses in these articles, giving a rate of 12.9%.

Discussion

An adult spine coronal deformity may develop de
novo in the mature skeleton or progress from untreated
adolescent scoliosis. Estimates of prevalence vary from
1 to 9% of the adult population.”> Adult patients present
more often with pain or neurological symptoms than their
adolescent counterparts, and surgery is generally indicat-
ed for patients with significant deformity-related pain or
progressive curves.’? Several authors have reported high

4

rates of patient satisfaction and functional improvement
with operative treatment.?#23-32

Historically, outcomes in the adult deformity litera-
ture have been reported in reference to specific proce-
dures, pathology, or primary surgeon.'®!'2757 This is re-
flected in the current review in that the majority of studies
included were classified as Level III evidence (descriptive
studies) according to USPSTF criteria. Although several
prospective and matched cohort studies have been per-
formed, definitive randomized controlled trials are lack-
ing.'*1563 There has been a trend toward increasing qual-
ity in evidence and methodology of publications in this
area, particularly in the past few years. Three of 4 Level
II studies included in the current review were published
in 2009. In addition, 5 of 8 prospective studies in this re-
view were published in 2007 or later; all 8 were published
in 2002 or later.

The aim of the current study was to review different
series to generate more powerful estimates of the effect
of surgery for adult scoliosis. The current review focuses
on the ODI and the SRS outcome instruments because
these were the most consistently used measures. Com-
plications and pseudarthroses, a significant cause of pain
and reoperation in these patients,*®-** were included in the
review rather than limiting it to only potential benefits
of surgery. The inclusion criterion of a 2-year minimum
follow-up was specified to increase the capture of sub-
acute and chronic events (for example, pseudarthrosis or
loss of curve correction).

Correction of Curve

Cobb angle correction varied from 9.1 to 53.9° (mean

Neurosurg Focus / Volume 28 / March 2010
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Fic. 3. Bar graph illustrating distribution of average curve reduction
of patients as reported in 39 reviewed series with data from 2188 pa-
tients at a minimum 2-year follow-up.

correction 26.6°). As a percentage of the original curve,
correction ranged from 1 to 87% (mean 40.7%). The natu-
ral history of untreated spinal deformity is progression of
the curve, and this has been illustrated by several com-
parative series.’># Unlike adolescent scoliosis in which
bracing can prevent progression of the curve, no such util-
ity has been found in the skeletally mature patient.*

Clinical Outcome Measurements

There was no consensus in the reviewed literature on
the measurement of clinical outcomes. At least 9 sepa-
rate formal instruments were used in the reviewed series.
The most commonly used instruments were the ODI (15
studies) and SRS outcomes instrument (26 studies). Sev-
eral versions of the SRS instrument were used, including
SRS-24, SRS-29, SRS-30, and the SRS-22 (the modified
SRS instrument). However, only 21 studies (42.9%) re-
ported both preoperative and postoperative scores.

The ODI is a widely used and validated instrument
for outcomes measurement of a variety of pathological
conditions.?® The average postoperative ODI in the 15 se-
ries that reported them was 41.2. This correlates with a
clinical picture of moderate to severe disability. In their
review of 947 adults with spinal deformity, Schwab et al.>
found a mean ODI score of 30 suggesting that the patients
in the current review were more disabled by their disease
than the general adult scoliosis population.

The difference in ODI scores that correlates with sig-
nificant clinical improvement ranges from 4 to 15 points.?®
Eleven studies in the current review reported both preop-
erative and postoperative ODI scores. For the 911 patients
in these 11 studies, there was an average decrease of 15.7
points (range 3.1-32.3 points) after surgery, suggesting
that significant clinical improvement did occur in patients
in those series.

Several versions of the SRS are commonly used and
have been previously validated in adults and children with
scoliosis.>”!* Several variations of the SRS format were
used by investigators to report outcomes; the difference
in SRS versions is primarily inclusion or exclusion of cer-
tain groups of questions. For purposes of comparison, it

Neurosurg Focus /| Volume 28 | March 2010

was necessary to convert scores to the SRS-30 scale. To
our knowledge, there has been no previous validation of
such a conversion. Using this method, the average SRS-
30 equivalent score of patients in the 26 studies using a
version of the SRS instrument was 97.1. In the aforemen-
tioned study by Schwab et al., the average SRS-22 score
was 67, which is equivalent to a score of 100.5 on the
SRS-30 scale, suggesting minimal difference between
patients in these series and the general adult scoliosis
population.

Bago et al.® recently reported that the minimal im-
portant difference, the difference in score correlating to a
patient’s self-perceived improvement in outcome for raw
SRS scores is approximately 13 points. The average de-
crease in SRS-30 equivalent score found in the 10 stud-
ies that reported both pre- and postoperative SRS scores
was 23.1 points. This difference represents a significant
improvement in patient-reported outcome at a minimum
2-year follow-up for patients who underwent surgery in
those series.

Eight series reported use of both ODI and SRS score
as measures of outcome, 14 reported ODI alone, 25 re-
ported SRS score alone, and 13 reported neither. The
ability to compare outcomes in the scoliosis literature
is limited by the lack of consensus on which measure-
ment instrument to use, a consistent method of pre- and
postoperative assessment, and whether to include clini-
cal outcomes data in such series at all. An agreement on
these standards seems overdue as performance measures
in surgery become increasingly important.

Complications and Pseudarthroses

The incidence of reported complications in the re-
viewed articles ranged from O to 53%. There was no
consensus regarding the classification or categorization
of complications. Several authors divided complications
into major or minor categories while others reported early
versus late complications.'>!165263 The method used in this
systematic review may overestimate the true incidence of
complications. Several series reported only the number
of complications and did not specify whether multiple
complications occurred in the same patient. For analy-
sis, the incidence of complication was calculated as the
total number of complications divided by the number of
patients in those series reporting complications. This for-
mula implicitly assumes that multiple complications did
not occur in the same patient. Therefore, this approach
may not accurately reflect overall incidence of periopera-
tive adverse events in these series.

The rate of pseudarthroses in the reviewed series
ranged from 0 to 41%.2°4 This range is slightly broader
than other estimates, although the overall rate in the cur-
rent review of 12.9% is similar to previously published
rates.?

Conclusions

The current review analyzes outcomes data for adult
spine deformity surgery with a minimum 2-year follow-
up. The average major curve correction in these series
was 26.6°, or about 40.7% correction of the original curve.
Based on the most commonly reported clinical outcomes

5



measures, the ODI and SRS instrument, surgery for adult
scoliosis appears to improve clinical outcomes at a mini-
mum 2-year follow-up. Although the quality of studies in
this area has improved, particularly in the past few years,
this review highlights the lack of routine use of standard-
ized outcome measures and methods for preoperative and
postoperative assessment in the current literature. Such
standardization should be expanded to include methods of
complication classification and reporting.
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Osteotomies in the posterior-only treatment of complex
adult spinal deformity: a comparative review

IaN G. DorwARD, M.D.,! AND LAWRENCE G. LENKE, M..D.2

Departments of ' Neurosurgery and *Orthopaedics, Washington University in St. Louis School of Medicine,

St. Louis, Missouri

In addressing adult spinal deformities through a posterior approach, the surgeon now may choose from among a variety
of osteotomy techniques. The Ponte or Smith-Petersen osteotomy provides the least correction, but it can be used at
multiple levels with minimal blood loss and a lower operative risk. Pedicle subtraction osteotomies provide nearly 3
times the per-level correction of Ponte/Smith-Petersen osteotomies but carry increased technical demands, longer op-
erative time, and greater blood loss and associated morbidity. Vertebral column resections serve as the most powerful
method, providing the most correction in the coronal and sagittal planes, but posing both the greatest technical chal-
lenge and the greatest risk to the patient in terms of possible neurological injury, operative time, and potential morbid-
ity. The authors reviewed the literature relating to these osteotomy methods. They also provided case illustrations and
suggestions for their proper application. (DOI: 10.3171/2009.12.FOCUS09259)

Key Worps ¢ spinal osteotomy
vertebral column resection ©
adult deformity

adult kyphotic or kyphoscoliotic deformities have

become increasingly common in recent years. The
reason for this change in practice has been the advent
of polysegmental 3-column fixation through the use of
pedicle screws, as well as the use of posterior osteoto-
mies to effect greater curve correction without the need
for anterior releases or corpectomies. The status of surgi-
cal techniques and technology in adult deformity surgery
is now such that essentially any kyphotic deformity can
be addressed through a posterior-only approach, which
obviates the morbidity of an anterior approach while ob-
taining equivalent correction to what a combined anteri-
or-posterior approach can provide.

The surgeon treating patients with kyphotic deformi-
ties must be versed in the relative merits of the various
osteotomy techniques. Three major techniques are cur-
rently used for the posterior-only correction of kyphotic
deformities in adults as follows: Ponte or Smith-Petersen
osteotomy (SPO), PSO, or pVCR. The indications, surgi-
cal techniques, anatomical characteristics, kyphotic cor-
rection afforded, complications, outcomes, and relative

POSTERIOR—ONLY approaches for the correction of

Abbreviations used in this paper: PSO = pedicle subtraction
osteotomy; pVCR = posterior vertebral column resection; SPO
= Smith-Petersen osteotomy; SRS = Scoliosis Research Society;
VB = vertebral body.
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Ponte
posterior-only approach

pedicle subtraction
*  Smith-Petersen
kyphosis correction

benefits of each osteotomy technique will be described
in turn, with an illustrative case provided for each.

Ponte or Smith-Petersen Osteotomy

Although itis acommonly used osteotomy technique,
much confusion surrounds the nomenclature and tech-
nique of the Ponte or Smith-Petersen osteotomy. Smith-
Petersen and colleagues? first described the technique of
posterior element osteotomy and posterior compression.
In this technique, they used the disc space as a fulcrum
to effect anterior column lengthening and posterior col-
umn shortening in the treatment of flexion deformities
in individuals with “rheumatoid arthritis” and autofused
(that is, ankylosed) spines. This method involved viola-
tion of the anterior longitudinal ligament and entailed
significant risk of injury to vascular structures anterior
to the spine. Hehne et al.'’ also described a “polysegmen-
tal lordosis osteotomy” with resection of a portion of the
posterior elements at each level, producing a per-segment
correction of about 10°. More recently, Ponte et al.’> fur-
ther elaborated on the use of wide segmental osteotomies
and posterior compression along unfused regions of the
kyphotic deformity in patients with Scheuermann kypho-
sis. Although the description by Ponte et al. more directly
captures the technique most commonly used today for

1
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Posterior-only treatment of complex adult spinal deformity

11/25/02
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Fic. 1. Case 1. Preoperative T2-weighted sagittal MR image (A), sagittally reconstructed CT scan (B), and 3D CT reconstruc-
tion (C). Note the gradual, sweeping kyphosis, ideally suited to a series of SPOs.

posterior column osteotomies, the name Smith-Petersen
osteotomy seems to have taken hold to describe the spec-
trum of posterior column osteotomies and will be used in
this manuscript.

Surgical Technique

The technique typically involves removal of the
posterior ligaments (supraspinous, intraspinous, and lig-
amentum flavum) and facets to produce a posterior re-
lease, thereby aiding in coronal correction and sagittal
plane realignment. Compression of the osteotomy brings
about kyphosis correction, although it does require a
mobile disc space anteriorly. Additionally, compression
leads to contraction of the neural foramina, which neces-
sitates a preceding wide facetectomy to prevent nerve
root impingement. As previously noted, although some
descriptions depict the method as resulting in correction
through rupture of the anterior tension band and resul-
tant profound anterior lengthening,?¥4 this is not how the
procedure is commonly used; rather, the disc space typi-

t
17+77
1.5 yrs pe& 1.5y
3 mos sip H.E

5yrs po

cally compresses posteriorly and expands anteriorly with
a fulcrum between. Anything more would present a sig-
nificant risk of vascular or gastrointestinal complications,
as noted in the literature on extension osteotomies.?*46

Indications for Surgery

The classic indication for an SPO would be a long,
gradual, rounded kyphosis as in Scheuermann kyphosis.*
The degree of kyphotic correction afforded by an SPO
has been reported to be in the range of 9.3-10.7° per
level >!1* with another general guideline being 1°/mm of
bone resected. Because these osteotomies could practi-
cally be used at every level within a fusion construct, they
lend themselves to powerful correction globally across a
kyphotic segment; for focal regions of kyphosis, however,
other osteotomies may be more appropriate. Other com-
mon indications for the technique include application
along the apex of a rigid coronal curve to enhance curve
flexibility and correction. Furthermore, the technique
may contribute to greater technical ease and speed when

t 0
Syrs po

Fic. 2. Case 1. Preoperative standing lateral (A), preoperative supine hyperextension lateral (B), postoperative standing lat-
eral (C), and postoperative standing anteroposterior (D) 36-inch radiographs. H.E = hyperextension; HWR = hardware removal;

po = postoperative; s/p = after.
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used in conjunction with thoracic pedicle screw place-
ment, as the osteotomy creates a window through which
the pedicles can be palpated for more confident screw in-
sertion.'"*

With respect to safety and efficacy, SPOs compare
favorably with other osteotomy techniques. Blood loss
tends to be less with SPOs. Cho et al.’ found that using
at least 3 SPOs (to achieve a comparable degree of cor-
rection with a single PSO) resulted in an average blood
loss of 1392 ml, versus nearly twice as much for a PSO
(2617 ml). In that same study, no difference was noted
in fusion rates or the ODI, although patients undergoing
PSO experienced greater sagittal plane imbalance correc-
tion (= 3 SPOs 5.49 + 4.5 vs PSO 11.19 = 7.2 [p < 0.01])
and reduced risk of coronal decompensation. Further data
on the safety and efficacy of the technique came from
a study by Geck et al.,”” in which the authors success-
fully treated 17 patients using a posterior-only approach
and Ponte osteotomy, achieving an average correction of
61% of kyphosis across instrumented levels and 49% for
the largest Cobb angle, with no reoperations for pseudar-
throsis/instrumentation failure; they reported 1 proximal
junctional kyphosis and 1 distal junctional kyphosis that
were essentially asymptomatic, 1 late wound infection,
and 2 minor, transient, nonneurological complications.

Overall, the SPO is a versatile technique that can be
performed safely and rapidly to aid in the correction of
gradual kyphotic or scoliotic curves. Compared with the
PSO, the SPO offers a reduction in operative time, blood
loss, and risk of neurological complications, but it has the
drawbacks of reduced sagittal plane correction, possibly
a greater likelihood for coronal decompensation, reduced
effectiveness for sharp, angular kyphoses, and inapplica-
bility when the disc space lacks flexibility. A collection
of recent published findings relating to the SPO can be
found in Table 1.

Illustrative Case

Case 1. This 17-year-old boy had a history of Scheu-
ermann kyphosis with an 84° thoracic kyphosis. At the
age of 15 years, he underwent a T4-L1 video-assisted
thoracoscopic fusion with a hybrid hook/rod construct.
He suffered instrumentation failure with screw pullout at
the distal end, which was revised with laminar wiring;
this construct also failed, and he developed an infection
requiring instrumentation removal. He then was referred
with a progressing 115° of thoracic kyphosis that bent out
to 90° when he was lying supine over a hyperextension
bolster (Figs. 1 and 2A and B). He underwent a T2-1.2
instrumented fusion with a posterior-only, pedicle screw
construct as well as a total of 9 apical SPOs. Five years
postoperatively, he has maintained correction at 47° of
thoracic kyphosis with evidence of solid fusion at all lev-
els (Figs. 2C and D and 3).

Pedicle Subtraction Osteotomy
Surgical Technique

Pedicle subtraction osteotomy was first described

1. G. Dorward and L. G. Lenke

=

Fic. 3. Case 1. Preoperative and postoperative clinical photo-
graphs.

by Thomasen in 1985.# Like the SPO, the PSO has been
called by various names, including transpedicular wedge
procedure, closing wedge osteotomy, and eggshell os-
teotomy, which are used more or less interchangeably
throughout the literature. The technique involves removal
of the posterior ligaments and facets—as though one were
performing an SPO—followed by resection of the pedi-
cles and decancellation of a wedge of the VB via a trans-
pedicular corridor. More aggressive resections include the
disc space above the decancellated segment. Following
the osteotomy, closure occurs in a wedge fashion, which
brings about kyphosis correction through posterior short-
ening. This closure also creates a large contact area of
cancellous bone, which proves beneficial for fusion of the
PSO body (although the effect on fusion at neighboring
levels remains less clear). If performed in an asymmetric
fashion, the osteotomy can also lead to significant coronal
correction.

Indications for Surgery

The indications for a PSO overlap somewhat with the
use of multiple SPOs, but they diverge in key ways. Typi-
cally, the PSO is used for patients with sharp or angular
kyphosis, as well as at levels lacking anterior flexibility at
which effective SPOs would be precluded.* Furthermore,
patients with greater than 10 cm of sagittal imbalance
would be more likely to benefit from a PSO than SPOs.*?
A PSO may be of particular use in the treatment of lumbar
flat-back syndrome in which significant lumbar kyphosis
can be safely treated, and because of the long moment
arm of the resultant sagittal rotation, a tremendous degree
of correction in sagittal balance can be obtained.

Numerous recent cadaveric, radiographic, and clini-
cal studies have evaluated the degree of deformity correc-
tion one can produce with a PSO. In a cadaveric model,
Li et al.?® obtained 36.4° of kyphotic correction with a
standard decancellation closing wedge osteotomy, versus
48.5° for modified closing wedge osteotomy involving re-
section of part of the superior endplate of the decancellat-
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Posterior-only treatment of complex adult spinal deformity
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Fic. 4. Case 2. Preoperative (that is, before the SPO; A) and post-
operative (B) lateral standing 36-inch plain radiographs. Note improve-
ment in sagittal balance as evident by C-7 plumbline (yellow line). sva =
sagittal vertical alignment.

ed vertebra. Clinical studies to date have shown relative
uniformity for the degree of kyphosis correction obtained
at the osteotomized level, ranging from 26.2 to 40.1° with
an average of 32° across recent studies,>6-8:11:18:21-25.32.33.43.48
although the expected correction is likely less for the tho-
racic spine.** Additionally, Ondra et al.* have created a
mathematical model to determine the degrees of correc-
tion needed via PSO in the lumbar spine to bring a patient
back into proper sagittal balance.

Outcomes After Surgery

Several recent studies have also highlighted out-
comes from PSO procedures. A study by Bridwell et al.®
in 27 patients who underwent PSOs for fixed sagittal
imbalance showed highly significant improvements in
final postoperative sagittal balance (from 17.74 = 7.95
cm to 4.23 = 6.73 cm, p < 0.0001), thoracic kyphosis
(from 21.59 = 18.37° to 31.70 = 16.58°, p < 0.0001), lum-
bar lordosis (from -14.52 + 21.82° to —48.63 + 19.01°, p
< 0.0001), and height (from 156.87 = 8.18 cm to 160.30
+= 7.09 cm, p < 0.0001). Patients also experienced sig-
nificant improvements in pain scale scores (from 6.96 to
441, p = 0.0002) and the ODI (from 51.21 to 35.75, p <
0.0001). Early complications varied in severity and were
associated with patient comorbidities. Late complica-
tions included 1 case of neurogenic urinary retention
and 7 pseudarthroses (all but 1 occurred either cephalad
or caudad to the site of the PSO procedure, and none
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Fie. 5. Case 2. Preoperative sagittal (left) and axial (right) T2-
weighted MR images. Note the cauda equina draped over posterior
aspect of VB at the apex of the curve. This focal lumbar kyphosis is well
suited to a PSO at the apex.

when a PSO was used through the site of a previous fu-
sion mass). The neurological complication rate was 3.7%,
with no permanent deficits. In expanding this group of
patients who had undergone PSO to 66 patients (33 with
2 or more years of follow-up), Bridwell et al.’ found a
7.6% rate of transient neurological complications, all of
which improved; meanwhile these patients had signifi-
cant improvements in pain scale, ODI, and SRS score
outcomes. When follow-up was extended to 5 years in
35 patients, SRS scores and the ODI remained statisti-
cally unchanged, as did radiographic measures such as
proximal junctional change, thoracic kyphosis, lumbar
lordosis, and global sagittal balance—although a trend
toward an increasingly anterior sagittal vertical axis was
noted.” A more extensive complication review by the
same group in 2007 showed that, in 108 adults treated
with PSO for kyphotic deformity, the rate of intraopera-
tive and postoperative neurological deficits was 11.1%,
with a 2.8% rate of permanent deficits.” However, the
ODI still improved in the study population (from 51.5
= 16.2 to 29.5 = 18.7, p < 0.001), as did SRS-22 scores
(from 484 = 153 to 71.2 = 15.3, p < 0.001). Of note,
none of the neurological complications were predicted
by intraoperative monitoring, thus emphasizing the im-
portance of performing a wake-up test before leaving
the operating room.

Other centers have noted similar effectiveness and
complication rates with PSOs. An early report by Lehmer
etal.” in 38 patients with either posttraumatic or iatrogenic
deformity showed a 19.5% rate of new neurological defi-
cits, including a case of permanent paraplegia, although
76% of patients were satisfied enough to state that they
would repeat the surgery. In a more recent study of PSO
in 45 patients with ankylosing spondylitis and a minimum
5-year follow-up, neurological complications occurred in
11.1% while sagittal imbalance improved from 9.4 to 0.8
cm, and the modified Abnormal Involuntary Movement
Scale (AIMS) assessment improved significantly.?? An-
other review of 59 transpedicular “eggshell” osteotomies
(37 for deformity) showed a 16.9% overall complication
rate but no cases of neurological worsening.** Significant
improvement was noted in pooled 36-Item Short Form

5
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Fic. 6. Case 2. Preoperative and postoperative clinical photographs.

Health Survey scores, and 74.1% of patients were “com-
pletely satisfied” with the surgery. A somewhat higher
rate of complications was noted by Ikenaga et al.;'® of 67
patients who underwent PSO for thoracolumbar kypho-
sis, 27 (40%) had some type of complication. There were
48 total complications, including 7 pseudarthroses and 6
neurological complications (2 hematomas requiring re-
operation) for a neurological complication rate of 8.96%.
High complication rates were also found in a study by
Mummaneni et al.,*> with 70% of those in a 10-patient
PSO cohort experiencing some major or minor periop-
erative complication; this study highlights an important
point, however, which is that this subset of patients carries
many medical comorbidities (90% in this cohort) and fre-
quently has undergone multiple revision surgeries (80%
in this cohort), both of which can contribute to worse op-
erative outcomes.

Although the aforementioned studies focused largely
on the use of PSOs in the lumbar spine, the technique
may also be effective in the thoracic region. A study by
Yang et al.*® compared lumbar and thoracic PSOs for fixed
sagittal imbalance and found no difference in outcomes
between the 2 groups for modified Prolo scale scores or
SRS-22 scores. Here again, there is a fairly high early and
late complication rate ranging between 10 and 30% for
the thoracic and lumbar cohorts.

Overall, PSO offers several benefits with respect to
other osteotomy choices. First, it addresses focal kypho-
sis more effectively than SPO, although not as effec-
tively as a VCR.’# Furthermore, the ability to perform
an asymmetric bone resection may aid in the attainment
of coronal correction. A PSO may also be particularly
useful in addressing sagittal imbalance, especially when

6

used in the lumbar spine to recreate lordosis and restore
the C-7 plumbline over the sacrum. However, these ben-
efits do not come without associated drawbacks. Most no-
tably, the PSO procedure is more technically demanding
and carries with it greater operative time and blood loss
than the SPO. Multiple studies have also shown a rather
high complication rate following PSO procedures, which,
although they may not result directly from the technique
itself, highlight the medical fragility of this subset of
patients in whom prior procedures and a multiplicity of
comorbidities lead to a propensity for perioperative dif-
ficulties. Please refer to Table 1 for a collection of recent
published findings relating to PSO.

Hllustrative Case

Case 2. At the age of 23 years, this 42-year-old wom-
an suffered a flexion-distraction injury that resulted in an
88° thoracolumbar kyphosis. At that time she underwent
an instrumented fusion via an anteroposterior approach,
with correction to 59° of thoracolumbar kyphosis. In the
intervening years, she underwent implant removal and
ultimately had progression of her kyphosis to 105° with
a sagittal balance of +5 cm (Fig. 4A). Meanwhile she
complained of symptoms of neurogenic claudication, and
an MR imaging study (Fig. 5) demonstrated her lumbar
nerve roots draped anteriorly over the posterior aspect of
the vertebrae at the apex of the curve. Because her kypho-
sis was focal and largely centered over the L-2 VB, she
underwent posterior spinal fusion with an L-2 PSO. This
was followed by a second-stage anterior spinal fusion due
to extension of the fusion to her sacrum. At the 5-year
follow-up, her thoracolumbar kyphosis was reduced to
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20+205

Fie. 7. Case 3. Preoperative standing anteroposterior (A), preoperative standing lateral (B), postoperative standing antero-
posterior (C), and postoperative standing lateral (D) 36-inch radiographs. A 2-level VCR enabled profound correction of a very

severe kyphoscoliosis. sac = sacrum.

40°, and her sagittal balance was restored to 0 cm (Fig.

4B). Preoperative and postoperative clinical photographs
are depicted in Fig. 6.

Vertebral Column Resection
Surgical Technique

Although vertebral corpectomy has been used for the
treatment of scoliosis for many years,>*° the procedure

known currently as pVCR has only recently been promot-
ed by Suk et al.* as an option for posterior-only deformi-
ty correction. The procedure involves the resection of all
posterior elements, the facet joints at the levels above and
below, and essentially the entire VB and supra-adjacent/
subjacent discs. The spine is then disarticulated, and the
proximal and distal limbs are slowly brought together. In
most cases, an anterior fusion is performed with struc-
tural support via an anterior cage in all cases; this allows

Fic. 8. Case 3. Preoperative (A and B) and postoperative (C and D) clinical photographs.
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Fic. 9. General algorithm for decision making in osteotomy selection. Surgeon experience and good medical status of the
patient are 2 prerequisites to proceeding with advanced osteotomy techniques. A gradual, sweeping kyphosis favors an SPO
or PSO, with the latter preferable in cases with severe positive sagittal balance. A mobile disc space is required for SPOs. For
sharp or focal kyphoses, VCRs are typically used in the thoracic spine and PSOs in the lumbar spine. However, individual patient
characteristics and surgeon judgment must supersede any general algorithmic approach.

for relative anterior lengthening, perhaps through the use
of an expandable cage implant,*® which enhances the de-
gree of correction. Kawahara et al.?’ have also described
essentially the same technique as involving a closing-
opening wedge osteotomy, which is to say that a kyphotic
deformity is reduced by resection of the vertebra through
a costotransverse approach, followed by “closing” of the
gap with posterior compression and then “opening” of the
anterior column with cage insertion. In any case, the ag-
gressive VCR technique provides tremendous potential
for deformity correction.

Posterior VCR primarily finds use in the thoracic
and thoracolumbar spine for the treatment of sharp, an-
gular kyphotic deformity. Other indications include the
resection of hemivertebrae*!® or intravertebral spinal tu-
mors,' 1031373 or even, as has recently been described, the
shortening of the spine proximal to a tethered region as a
novel method of treating tethered spinal cord without the
risks of dissection around adhesed nerve roots.*!!7

Outcomes After Surgery

Studies of pVCR to date have demonstrated it to be
a powerful method of focal deformity correction. Suk
et al.* noted a correction of 61.9° in the coronal plane
and 45.2° in the sagittal plane in their series of 70 pa-
tients with adult scoliosis, congenital kyphoscoliosis, and
postinfectious kyphosis. In a series of 35 children, Lenke
et al.?® noted major curve improvements that averaged
61° (51%) in scoliosis cases, 56° (55%) in global kyphosis
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cases, 51° (58%) in angular kyphosis cases, 98° (54%) in
kyphoscoliosis cases, and 24° (60%) in congenital scolio-
sis cases; in a slightly larger series of adults and children,
the average major curve improvements were 57° (69%)
for scoliosis, 45° (54%) for global kyphosis, 49° (63%)
for angular kyphosis, and a combined 109° (56%) for
kyphoscoliosis.”

Despite its effectiveness, however, pVCR poses sig-
nificant operative times and blood loss, and its use can
be fraught with complications. Reported operative times
have ranged from 266 to 577 minutes, and blood loss
has ranged from 691 to 2810 ml for this technique.?6#%
Regarding complications, in a series of 70 patients, Suk
et al.# found a 34.3% overall rate of complications and
a 17.1% rate of neurological complications was encoun-
tered, including 2 complete cord injuries (albeit in patients
with preexisting neurological deficits), 6 hematomas with
cauda equina syndrome requiring reoperation, 4 nerve
root injuries, and 5 fixation failures. For these reasons,
Suk noted, “Theoretically very appealing, the vertebral
column resection is, in fact, a challenging procedure and
is an ordeal for both the patient and the surgeon, requir-
ing an exhaustively lengthy operation with a great risk of
major complications at every turn en route.” In a study
in children, Lenke et al.?® found a similar 40% overall
rate of complications as well as an 11.4% rate of neuro-
logical complications; however, half occurred intraopera-
tively and were noted during osteotomy closure with loss
of monitoring data, allowing for reparative measures that
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prevented subsequent deficits, thereby highlighting the
importance of neuromonitoring during these cases. Fi-
nally, a recent study by Wang et al.* reported on 13 adults
with severe rigid kyphoscoliosis who underwent a modi-
fied combined multilevel eggshell osteotomy and pVCR.
These authors found a 30.7% rate of complications and a
15% rate of temporary neurological complications. They
did, however, note substantial improvements in postop-
erative pain and SRS-24 scores at 2-year follow-up.

Overall, pVCR appears to be the most powerful pos-
terior osteotomy method, but it carries a significant risk
of complications, including potentially permanent neuro-
logical lesions. It also likely entails longer operating room
time and blood loss than less invasive osteotomy tech-
niques. This method, as emphasized by multiple authors,
should be used at high-volume centers by surgeons highly
experienced with the technique, and even then patients
and families must be counseled to expect a difficult peri-
operative course. That being said, success with vertebral
column resection can be optimized by following several
key principles: There is no reason for a circumferential
approach; more severe sagittal deformities thrust the an-
terior portions of the spine further posteriorly, thereby
optimizing the anatomy for a posterior VCR approach.
Stable pedicle screw fixation above and below is vital.
A posterior VCR allows 360° access to the spinal cord
to confirm/obtain decompression. From the standpoint
of neurological risk, pVCR is safer for severe scoliosis
than kyphosis/kyphoscoliosis. It is imperative to use so-
matosensory evoked potential or motor evoked potential
monitoring throughout the period of correction, as well
as to maintain normotension with mean arterial pressures
of at least 75 to 80 mm Hg during osteotomy closure.
Temporary rod placement must precede a pVCR to avoid
potential catastrophic intraoperative subluxation. Place-
ment of an anterior structural cage prevents buckling of
the spinal cord and excessive segmental shortening. Ex-
tensive laminectomy one level above and below the VCR
area is necessary to avoid spinal cord impingement. Rib
struts can serve as “bridge grafts” to provide a bony sur-
face for fusion over the laminectomized region following
osteotomy closure. Table 1 contains a collection of recent
published findings relating to VCR.

Illustrative Case

Case 3. This 20-year-old man had a history of con-
genital kyphoscoliosis for which he had undergone fusion
in situ as a child. He presented many years later with a
severe, progressive deformity with a rigid main thoracic
curve with 124° of scoliosis in the coronal plane and 144°
of kyphosis in the sagittal plane. He underwent VCR at
T-8 and T-9 with posterior spinal fusion from T-2 to L-4.
On the 2-year follow-up radiographs, reductions were
noted in the main thoracic coronal curve to 62° and sagit-
tal curve to 65° (Fig. 7). Preoperative and postoperative
photographs are shown in Fig. 8.

Conclusions

The addition of several osteotomy techniques to the

Neurosurg Focus /| Volume 28 | March 2010

surgeon’s armamentarium, along with the advent of 3-col-
umn posterior pedicle screw fixation, have made it such
that essentially all kyphotic deformities can be treated via
a posterior-only approach. A general algorithm for the se-
lection of osteotomy techniques is provided in Fig. 9.

An understanding of the relative merits of each of
the osteotomy techniques is imperative so that the defor-
mity surgeon can use these methods to greatest effect. It
is equally imperative, however, to respect the great po-
tential for complications, even catastrophic neurological
events, when these techniques are used.
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Spinal deformity and Parkinson disease: a treatment

algorithm
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Object. The authors review the literature on the treatment of spinal deformity in patients with Parkinson disease

(PD) and formulate a treatment algorithm.

Methods. The authors provide representative cases of patients with PD and spinal deformity who underwent

deep brain stimulation (DBS) or spinal surgery.

Results. In patients with PD and spinal deformity who undergo spinal surgery there is a high rate of acute and
delayed complications. Patients who undergo DBS, while having significantly fewer complications, often do not

regain sagittal balance.

Conclusions. Cases involving PD and camptocormia have a high rate of complications when spinal surgery is
performed. The authors prefer to offer spinal surgery only to patients with coexisting spinal stenosis causing radicu-
lopathy or myelopathy. Patients with PD and camptocormia without spinal stenosis may be considered for DBS, but
the results are mixed. (DOI: 10.3171/2010.1 FOCUS09288)

Key Worps  »
Pisa syndrome

that affects over 1 million people in the US." It is

estimated that the lifetime risk of developing PD is
1.5%.7'° With the aging of the US population, the preva-
lence of PD will likely continue to grow.*> A recent esti-
mate of the prevalence of deformities (involuntary trunk
flexion/camptocormia, anterocollis, scoliosis) in PD was
33.5%?

The cardinal motor signs of PD are 4—6-Hz resting
tremor, rigidity, bradykinesia, and gait disorder/postural
instability. Other symptoms include stooped posture, hy-
pophonia, and paucity of facial expression. However, it
can be difficult to diagnose PD correctly, and the early
signs of PD can often be subtle. This has particular rel-
evance when trying to understand the impact of surgical
interventions on this population.” In the later stages of
PD, the patients have a risk of developing dementia.'??
The dementia may contribute to death due to PD.”!

Patients with PD may present with postural defor-
mities. Several factors can contribute to postural insta-
bility including axial rigidity, poor trunk coordination,
orthostatic hypotension, and difficulty integrating vari-
ous sensory inputs. The postural instability contributes
to increasing difficulty with transfers, gait, ability to live
independently at home, and falls.

PARKINSON disease is a neurodegenerative disorder

Abbreviations used in this paper: DBS = deep brain stimulation;
GPi = globus pallidus internus; PD = Parkinson disease; STN =
subthalamic nucleus.
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Parkinson disease

camptocormia ¢  spinal deformity

A number of spinal deformities have been described
in association with PD. The stooped posture classically
associated with PD is the most common abnormality.
Other disorders include camptocormia, myopathy-in-
duced postural deformity, Pisa syndrome, and degenera-
tive scoliosis. Here, we review the literature on surgical
treatment of spinal deformity in patients with PD, includ-
ing effects of DBS and spinal instrumentation.

Camptocormia

Camptocormia, or “bent spine syndrome,” is an ex-
treme forward flexion of the thoracolumbar spine, which
often worsens during standing or walking, but completely
resolves when supine. The term itself is derived from the
Greek “kamptos” (to bend) and “kormos” (trunk). While
the condition was described as early as 1818, the term
camptocormia was first proposed in 1914 to describe the
forward flexion posture of some soldiers in World War |
who had to move through the trenches in a bent posture
to avoid injury.® 182831

Camptocormia is used to describe the extreme for-
ward flexion of the spine associated with a number of
causes including dystonia, Tourette syndrome, amyo-
trophic lateral sclerosis, myopathy, myositis, multiple
system atrophy, PD, and conversion disorder. While ini-
tially thought to be a rare manifestation of PD, recent
estimates of the prevalence of camptocormia in patients
with PD vary from 3-12.9%.22033 It is unclear if the
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prevalence of camptocormia varies with the severity of
the PD‘3,6,I1,20,33

Medical management of camptocormia in PD remains
suboptimal. Azher and Jankovic® have reviewed the cases
of 16 patients with camptocormia associated with PD (11
patients), dystonia (4 patients), and Tourette syndrome (1
patient). Twelve patients received levodopa therapy with
minimal or no improvement in camptocormia. In 9 patients
botulinum toxin Type A was administered into the rectus
abdominus muscle, with improvement in 4 patients. Ho et
al.”” have described a single patient in whom camptocormia
improved after adjustments in dopaminergic therapy. Von
Coelln and colleagues®” reported on 4 patients with PD
who received ultrasound-guided injections of botulinum
toxin Type A into the iliopsoas muscle. While they found
the technique to be safe, with only patients receiving the
highest doses reporting mild weakness of hip flexion, they
also found no significant postural improvement. Bloch et
al.® have reported a case control study (8 patients in each
arm) and found that patients with PD and camptocormia
responded poorly to levodopa treatment and had levodo-
pa-unresponsive axial symptoms.

Subthalamic nucleus DBS has been reported to im-
prove camptocormia associated with PD. Sako et al.””
have reported on 6 patients in whom they documented a
mean improvement of 78 + 9.1% in thoracolumbar angle
after bilateral STN stimulation. Hellmann et al.,'® Yamada
et al.,* and Micheli et al.”? each reported on a single case
of PD and camptocormia in which the patient improved
after bilateral subthalamic DBS or GPi stimulation. Re-
ports on the responsiveness of camptocormia in PD pa-
tients have been inconsistent. Of the 16 patients reported
on by Azher and Jankovic,’ one underwent placement of
bilateral STN electrodes with no improvement in campto-
cormia. Most recently, Umemura et al.>* reported on a ret-
rospective analysis of 18 patients (8 with camptocormia,
10 with Pisa syndrome) who underwent subthalamic DBS
placement. In 13 patients with a moderate postural abnor-
mality, 11 patients ultimately improved. In the 5 patients
with severe postural abnormality, 2 patients improved
slightly. Deep brain stimulation has also been reported
to improve camptocormia associated with other move-
ment disorders. Fukaya et al.® reported improvement of
camptocormia in 3 patients with primary dystonia who
underwent placement of bilateral GPi DBS. Nandi et al.>*
published a case report of a patient with tardive dyskine-
sia and camptocormia who responded to the placement of
bilateral GPi electrodes for DBS. However, it is unclear if
the pathophysiology of camptocormia in PD is similar to
that of camptocormia associated with primary dystonia.

Babat et al.* reported on 14 patients with PD who un-
derwent spinal surgery (mostly short-segment laminecto-
mies/fusions; 1 patient underwent multiple-level cervical
corpectomy, 1 underwent deformity correction, and 1 un-
derwent L-1 transpedicular decompression for burst frac-
ture). They noted that 11 patients underwent 22 additional
operations at the same or adjacent levels for instability.
Four of these patients had hardware failure or pullout,
requiring 10 additional operations. Their conclusion was
that the primary cause of failure was persistent kyphosis
or segmental instability. Peek et al.?® recently described

2

the case of a patient with PD and camptocormia who un-
derwent posterior T7—ilium fixation. The patient required
several surgical revisions, prolonged hospitalization, and
rehabilitation. Although they were ultimately successful
in restoring spinal balance, their conclusion was to con-
sider surgical intervention only after subthalamic nucleus
DBS has been performed and then only in patients who
were highly motivated to walk.

Myopathy Associated
Postural Deformity in PD

Inflammatory myopathy of the paraspinal muscles
can mimic the appearance of camptocormia in PD. Wun-
derlich et al.*® have described a 63-year-old man with PD
in whom a camptocormia-like deformity developed. They
noted hyperintensity (consistent with edema) within the
paraspinal muscles and histopathological features consis-
tent with myositis. The patient was treated with steroids
and they noted marked improvement in forward flexion.

Myopathy with nemaline rods, end-stage myopa-
thy with autophagic vacuoles, mitochondrial myopathy,
and necrotizing myopathy have all been associated with
camptocormia in patients with PD.'5?3 Gydnia et al.®
have studied 19 consecutive muscle biopsies obtained in
patients with PD and either camptocormia or dropped-
head syndrome (anterocollis), finding abnormal muscle
biopsies in all patients. Although MRI images were not
abnormal in all patients, MR imaging generally showed
fatty degeneration of the paravertebral musculature or
neck extensor musculature in many of them. Electro-
myography was also generally consistent with myopathy
changes.

Pisa Syndrome

Pisa syndrome is characterized by a lateral flexion of
the trunk when sitting or standing.’ In addition, there is
an associated backward axial rotation of the spine. The
term itself is derived from the image of the patient lean-
ing much like the Leaning Tower of Pisa. The condition
was first described by Ekbom et al.'? in 1972. It is gener-
ally associated with the use of neuroleptics, antiemetics,
and/or cholinesterase inhibitors.>3¢ Treatment generally
consists of removing the offending medication or reduc-
ing the dosage. Gambarin et al."* reported on one patient
with PD in whom Pisa syndrome developed without hav-
ing received neuroleptic drugs, antiemetic medications,
antipsychotics, selective serotonin reuptake inhibitors, or
benzodiazepines. Cannas et al.” described 8 patients with
PD and Pisa syndrome whose symptoms were brought
on by the introduction of or increase in a dopaminergic
medication. In a single case report Santamato et al.?® de-
scribed a patient with PD and Pisa syndrome who ben-
efited from a rehabilitation program and botulinum toxin
Type A therapy after medication adjustments were made.

We present representative cases from our experience
of treating camptocormia in patients with PD. We then
propose a treatment algorithm incorporating a multimo-
dality treatment strategy.
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Case Reports
Case 1: Bilateral STN DBS

This patient was a 59-year-old man with advanced id-
iopathic PD and motor fluctuations. Preoperatively it was
noted that he had severe camptocormia (Fig. 1 left). He
underwent placement of bilateral STN deep brain stimu-
lators and a right chest dual channel pulse generator. He
was discharged to an acute rehabilitation facility on post-
operative Day 6 in good condition for several weeks after
his hospitalization. At 2-year follow-up, his gait and ease
of ambulation had improved, but he had no significant im-
provement in his camptocormia posture (Fig. 1 right).

Case 2: Bilateral GPi DBS

This patient was a 59-year-old man with PD and se-
vere camptocormia. Parkinson disease was diagnosed
based on the initial presenting symptoms of a severe
stooped posture, decreased fine finger movements, and
bilateral hand tremor. The patient’s camptocormia only
minimally responded to dopaminergic medications, and
he would fall several times a day. He had begun wearing
kneepads to prevent further injury from his frequent falls.
He underwent placement of bilateral GPi DBS electrodes
to alleviate his parkinsonian symptoms as well as treat his
camptocormia. He was discharged to an acute rehabilita-
tion facility on postoperative Day 5 in good condition. At
15-month follow-up, while having some improvement in
his parkinsonian symptoms, he continued to suffer from
severe camptocormia.

Case 3: Short-Segment Spinal Fusion

This patient was a 68-year-old man with PD, severe
camptocormia, chronic low-back pain, bilateral lower-
extremity pain, and severe spinal stenosis (Fig. 2 left).
He had previously undergone a left L4—5 hemilamino-
tomy that gave him 6 weeks of relief. Lumbar MR imag-
ing demonstrated multilevel high-grade stenosis at L.2-3,
L3—4, and L4-5. He also had mobile Grade 1 L4-5 anter-
olisthesis. He underwent an L1-5 posterior spinal fusion
with Smith-Petersen osteotomies at L2-3,1.3—4, and L4—

Fie. 1. Case 1. Preoperative image of patient with severe campto-
cormia prior to DBS (left), and postoperative image obtained after DBS
at 24-month follow-up (right).
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Fic. 2. Case 3. Standing 36-in radiographs. Preoperative image
demonstrating severe camptocormia (left), and postoperative image
revealing progression of kyphosis above the construct (right).

5. In addition, a transforaminal lumbar interbody fusion
was performed at L2-3,L.3—4, and L4-5. Postoperatively,
a marked bradykinesia and rigidity developed, which
ultimately improved over the following several days.
Furthermore, he remained confused during much of his
acute inpatient course and was treated for diarrhea due to
Clostridium difficile. He was ultimately discharged to re-
habilitation in good condition with a thoracolumbosacral
orthosis brace on postoperative Day 17. At 6-week follow-
up he remained in a skilled nursing facility. Imaging stud-
ies caused concern regarding the progression of postural
kyphosis above his construct (Fig. 2 right). At 3 months,
CT scanning of the lumbar spine demonstrated hollowing
of the L-1, L-2, and L-5 screws. At 6 months, imaging
studies suggested pseudarthrosis at L3—4 and L4-5, and
we were concerned by the possibility of discitis at these
levels. The patient underwent CT-guided biopsy of these
levels and the cultures grew Enterobacter cloacae. He
was started on long-term antibiotic therapy.

Case 4: Long-Segment Spinal Fusion

This patient was a 65-year-old woman with PD who
complained of back pain and worsening capacity to am-
bulate due to her sagittal imbalance (Fig. 3). She required
a wheelchair when outside of her home. She had no sig-
nificant spinal stenosis. She underwent a T3—4 posterior
spinal fusion. After 7 days of hospitalization, she was
discharged to rehabilitation. Initially she was ambulatory
with a walker and was weaned off oral narcotics. She
returned to clinic 4 months postoperatively with recur-
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Fic. 3. Case 4. Preoperative radiograph showing significant sagittal
imbalance.

rent back pain and was found to have pseudarthrosis due
to partial screw pullout at L3—4 as well as a new lateral
fixed listhesis at L4—5 (below her fusion) (Fig. 4 left). She
underwent posterior spinal revision surgery in which the
fusion extended to the sacrum and pelvis (Fig. 4 right).
Again she was discharged to rehabilitation after 7 days of
hospitalization and regained her ability to ambulate with
a walker. She returned to clinic 2 years later in a wheel-
chair. She reported that she ambulated short distances in
her home, but she was not motivated to ambulate outside
her home and preferred to be in a wheelchair. She report-
ed her back pain was improved and her capacity to sit up-
right was improved. A radiographic fusion was achieved.

Discussion

The surgical management of patients with PD and
spinal deformity is difficult for a number of reasons. First,
a number of conditions that can be treated nonsurgically
must be considered. For example, patients with severe
motor fluctuations and transient abnormal truncal pos-
tures associated with wearing-on or wearing-off dystonia
could respond to changes in antiparkinsonian medica-
tions. Patients with myopathy of the paraspinous muscles
should also be excluded from surgical consideration. Pa-
tients with severe anterocollis or “dropped head” may
suffer from a form of atypical parkinsonism that does not
respond to DBS. Second, our experience, as well as the
limited published surgical experience of spinal surgery
in patients with PD, suggests that there is a high postop-
erative complication rate. Furthermore, the symptoms of
postural instability, depression, and cognitive impairment,
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Fic. 4. Case 4. Left: Four-month postoperative radiograph demon-
strating pseudarthrosis and lateral fixed listhesis at L4-5. Right: Post-
operative radiograph demonstrating extension to S-1 and the ilium.

which are common features of later-stage PD, can make
postoperative rehabilitation a challenge. Table 1 summa-
rizes the current literature regarding camptocormia and
either spinal surgery or DBS.

The role of DBS in the management of severe spi-
nal deformity associated with PD is not yet known. Given
that there is limited evidence that some patients’ spinal
deformities may improve after DBS, the presence of spi-
nal deformity should not be considered a contraindica-
tion for DBS as long as other standard criteria for DBS
surgery exist. The standard criterion for DBS in PD is the
presence of motor fluctuations in the setting of optimal
medical management by a movement disorders neurolo-
gist (in patients who do not have dementia).

Our proposed algorithm attempts to classify the range
of spinal deformity in patients with PD (Fig. 5). In any pa-
tient with PD and a spinal deformity, an appropriate his-
tory and physical examination, along with imaging stud-
ies, should be obtained. Furthermore, consultation with a
movement disorders neurologist is essential in ensuring
an accurate diagnosis of idiopathic PD and in ensuring
that the patient’s medical regimen is optimized. Imaging
studies should be acquired to evaluate for the possibility
of myopathy, noted in particular with high T2 signal on
MR imaging. If there is doubt, then a muscle biopsy can
also be considered. Myopathy does not respond well to
spinal surgery or DBS.

In patients in whom symptoms meet standard criteria
for DBS (debilitating motor fluctuations in the setting of
optimal medical management), DBS can be considered.
However, it should be noted that in the experience of one
of the authors (P.A.S.), at most 50% of the patients experi-
ence persistent benefit in their postural deformity follow-
ing DBS of either the STN or GPi. Thus, if all parkin-
sonian motor symptoms other than abnormal posture are
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TABLE 1: Summary of reports on the treatment of camptocormia with medical management, DBS, or spinal surgery*

No. of PD
Patients w/ Type of Camptocormia
Authors & Year Deformity Study Intervention Outcomes Complications
Azher & Jankovic, 11withPD,1  case series 12 treated w/ dopaminergic ~ patients treated w/ medica- none reported
2005 w/ general- medication adjustment; tion adjustment only had

ized dystonia

9 w/ clinical evidence of
contractions of rectus
abdominus received
botox; 2 received intrathe-
cal baclofen infusion; 1
patient received bilat STN

minimal to no effect on
camptocormia; 4 treated
w/ botox noted moderate
to marked improvement;
no benefit to intrathecal
baclofen infusion; no im-

DBS

Ho et al., 2007 1 case report medical management

von Coellnetal., 4 case series

2008

Bloch et al., 2006 16 case control

Sakoetal, 2009 6 case series bilat STN stimulation

Hellmann et al, 1 case report bilat STN stimulation
2006

Yamada et al., 1 case report bilat STN stimulation
2006

Micheli et al., 2005 1 case report  bilat GPi stimulation

Umemuraetal., 8w/ camp- case series bilat STN stimulation
2009 tocormia,
10 w/ Pisa
syndrome

Peek etal., 2009 1 case report  spinal surgery

Babat et al., 20041 14 case series  spinal surgery

botox injection into iliopsoas

dopaminergic treatment

provement in single patient
who received DBS
reported improvement w/
adjustments to dopaminer-
gic therapy
no improvement

none reported

transient & mild itching at injection
site in 1 patient

no significant difference between
groups

none reported

none reported

poor response

reported improvement
reported improvement

reported improvement none reported

reported improvement

early: 4/8 patients reported
improvement; late: 5/8
patients reported improve-
ment

ultimately improved

none reported

1 had severe skin erosion at site of
internal pulse generator requir-
ing op repair; 1 suffered from
prolonged depression

multiple revision ops, percuta-
neous gallbladder drainage,
prolonged hospital & rehabilita-
tion course

NA 12 (86%) had reops; 4 (29%) had

hardware pullout, requiring 10

additional ops

* Botox = botulinum toxin Type A; NA = not applicable.
T This study did not specifically address camptocormia.

adequately treated medically, there is limited evidence to
support DBS for camptocormia as the primary surgical
indication.

In patients with camptocormia, one must also evalu-
ate for the presence of myelopathy or radiculopathy due
to spinal stenosis (Fig. 6). Patients with spinal stenosis
and camptocormia who are candidates for DBS may first
undergo DBS placement. In these patients, if the camp-
tocormia does improve following DBS, a short-segment
spinal decompression can be considered to treat spinal
stenosis. If the patient does not meet standard criteria for
DBS implantation (and does not undergo DBS), then spine
surgeons may consider short-segment decompression and
fusion alone. Long-segment spinal deformity correction
and decompression should only be considered in patients
who have minimal other comorbidities and are very well

Neurosurg Focus /| Volume 28 | March 2010

motivated to walk. It should be noted that long-segment
spinal fixation in camptocormic patients is associated
with a very high complication rate (essentially 100%).

In patients with camptocormia who do not have spi-
nal stenosis, treatment follows a similar algorithm. If they
have typical indications for DBS surgery in addition to
their spinal deformity, then DBS can be offered. If they
do not have indications for DBS, then long-segment defor-
mity correction should probably not be offered because of
the very high complication and revision surgery rate.

In patients who have a camptocormic posture with
coexistent rigid degenerative scoliosis our recommenda-
tions are to consider short-segment decompression/fu-
sion in patients with symptomatic stenosis, and to reserve
long-segment deformity correction (with osteotomies)
only for those patients who are motivated to walk, given
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s Mmanagement,
muscle biopsy
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PD with Spinal B Camptocormia
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Spinal Deformity g

Fie. 5. Proposed surgical algorithm for the management of spinal
deformity in patients with PD.

our experience with a high complication rate (> 50% ma-
jor complications) (Fig. 7).

Conclusions

We present our algorithm for the management of pa-
tients with PD and spinal deformity. In our experience,
patients with PD who undergo spinal surgery have a high
rate of both acute and delayed complications. Nonsurgi-
cal management is preferred in this patient population. In
addition, DBS can be considered in the correctly selected
patient as an option for the treatment of some spinal de-
formities associated with PD. However, DBS is not uni-
versally effective in treating camptocormia.

Short-segment spinal decompression and fusion may
be considered in patients with coexistent camptocormia
and spinal stenosis with myelopathy or radiculopathy.
Long-segment spinal fixation procedures should be per-
formed sparingly due to the very high complication rates
reported in the literature.
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Mid-term to long-term clinical and functional outcomes of
minimally invasive correction and fusion for adults with
scoliosis

NEEL ANAND, M.D.,! REBECcA ROSEMANN, P.A.-C.,! BHAVRAJ KHALSA, B.S.,?
AND EL1 M. BArRON, M.D.3

Departments of 'Surgery and ’Neurosurgery, Cedars Sinai Spine Center, Cedars Sinai Medical Center,
Los Angeles; and ?University of California Irvine School of Medicine, Irvine, California

Object. The goal of this study was to assess the operative outcomes of adult patients with scoliosis who were
treated surgically with minimally invasive correction and fusion.

Methods. This was a retrospective study of 28 consecutive patients who underwent minimally invasive correc-
tion and fusion over 3 or more levels for adult scoliosis. Hospital and office charts were reviewed for clinical data.
Functional outcome data were collected at each visit and at the last follow-up through self-administered question-
naires. All radiological measurements were obtained using standardized computer measuring tools.

Results. The mean age of the patients in the study was 67.7 years (range 22-81 years), with a mean follow-up
time of 22 months (range 13—37 months). Estimated blood loss for anterior procedures (transpsoas discectomy and
interbody fusions) was 241 ml (range 20-2000 ml). Estimated blood loss for posterior procedures, including L5-S1
transsacral interbody fusion (and in some cases L4-5 and L5-S1 transsacral interbody fusion) and percutaneous
screw fixation, was 231 ml (range 50400 ml). The mean operating time, which was recorded from incision time to
closure, was 232 minutes (range 104448 minutes) for the anterior procedures, and for posterior procedures it was
248 minutes (range 141-370 minutes). The mean length of hospital stay was 10 days (range 3—-20 days). The preop-
erative Cobb angle was 22° (range 15-62°), which corrected to 7° (range 0-22°). All patients maintained correction
of their deformity and were noted to have solid arthrodesis on plain radiographs. This was further confirmed on CT
scans in 21 patients. The mean preoperative visual analog scale and treatment intensity scale scores were 7.05 and
53.5; postoperatively these were 3.03 and 25.88, respectively. The mean preoperative 36-Item Short Form Health
Survey and Oswestry Disability Index scores were 55.73 and 39.13; postoperatively they were 61.50 and 7, respec-
tively. In terms of major complications, 2 patients had quadriceps palsies from which they recovered within 6 months,
1 sustained a retrocapsular renal hematoma, and 1 patient had an unrelated cerebellar hemorrhage.

Conclusions. Minimally invasive surgical correction of adult scoliosis results in mid- to long-term outcomes
similar to traditional surgical approaches. Whereas operating times are comparable to those achieved with open ap-
proaches, blood loss and morbidity appear to be significantly lower in patients undergoing minimally invasive defor-
mity correction. This approach may be particularly useful in the elderly. (DOI: 10.3171/2010.1 FOCUS09272)

Key Worps *  minimally invasive spine surgery °
transpsoas approach

adult deformity

mately 6% of the population older than 50 years
of age.” In adults, scoliosis may arise secondary to
untreated adolescent idiopathic scoliosis, failed surgical
or nonsurgical treatment, or de novo spinal deformity oc-

E ;COLIOSIS has been estimated to occur in approxi-

Abbreviations used in this paper: AxialLIF = axial lumbar inter-
body fusion; DBM = demineralized bone matrix; DLIF = direct
lateral interbody fusion; HRQOL = health-related quality of life;
ODI = Oswestry Disability Index; PLIF = posterior lumbar inter-
body fusion; thBMP-2 = recombinant human bone morphogenetic
protein—2; SF-36 = 36-Item Short Form Health Survey; TIS = treat-
ment intensity scale; VAS = visual analog scale; XLIF = extreme
lateral interbody fusion.
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curring when the patient is an adult; for example, lumbar
degenerative scoliosis.!” Adults with scoliosis typically
present with back pain.!° Furthermore, 15% of the popu-
lation with low-back pain and older than 60 years of age
has been noted to have scoliosis.?®

Among the most common forms of adult scoliosis
seen in the elderly is lumbar degenerative scoliosis. It
has been postulated to develop because of asymmetrical
degeneration of discs, osteoporosis, and vertebral body
compression fractures.”?! The treatment of adult scoliosis
remains controversial. Although nonsurgical manage-
ment is the mainstay of treatment for this condition, its
efficacy is not well supported in the literature.’’ When
surgery is performed, little consensus exists for optimal

1



management because of the heterogeneous presentation
of the disorder, controversial surgical indications, numer-
ous surgical options, and heterogeneous outcomes in re-
ported series. Surgery is also associated with consider-
able complication rates, especially in the elderly.’!

Minimally invasive spine surgery theoretically al-
lows for less tissue damage and blood loss, and as a result
less morbidity in the treatment of adult scoliosis.*?” Ear-
lier we reported the feasibility and technique of using 3
novel minimally invasive methods for circumferential de-
formity correction and fusion of scoliosis.* In this paper
we report on a consecutive series of patients with adult
scoliosis in whom 3 or more levels were treated with in-
strumentation and fusion according to minimally inva-
sive methods, and in whom more than 1 year of clinical
and radiographic follow-up was available.

Methods

A research associate identified all patients who had
undergone minimally invasive circumferential adult sco-
liosis deformity correction through a review of the da-
tabase of surgical cases performed by the senior author
(N.A)). Seventy-two consecutive patients were identified
who had undergone minimally invasive percutaneous in-
strumentation and fusion for adult scoliosis. Only patients
with fusions of 3 or more levels were included, and all
had to have a minimum of 1 year of follow-up. Addition-
ally, all had to have a minimum 15° Cobb angle to be
included. Twenty-eight patients were identified who met
the selection criteria. All patients had severe predomi-
nantly low- to middle-back pain, worsening over the day
with any loading activity. Sitting was the worst position
for pain, with stiffness in the morning being a ubiqui-
tous symptom in all. Eighteen of these patients had as-
sociated radiculopathy; 10 had severe radiculopathy that
worsened with standing and walking. These patients had
central and lateral recess stenosis documented on MR
imaging. The other 8 had intermittent radiculopathy and
foraminal stenosis on MR imaging. There were 13 men
and 15 women (mean age 67.7 years, range 22—81 years),
and the mean follow-up time was 22 months (range 13-37
months). All patients had participated in extensive con-
servative therapies without adequate relief of their symp-
toms before being considered for surgery.

Data for this study were obtained through retrospec-
tive chart review with Internal Review Board approval.
Outcome data were prospectively collected at each visit
through self-administered patient questionnaires, with
100% follow-up. All surgery was performed by the senior
spine surgeon at a single institution.

Surgical Technique

Fusion levels were based on the extent of degenera-
tion and segmental instability. All degenerated discs in
the Cobb angle were fused, and fusion extent was up to
the first parallel normal disc on MR imaging. The tech-
niques used for minimally invasive percutaneous correc-
tion and fusion for adult scoliosis have been described
by us previously.* In summary, the patients in this study
underwent a single or a combination of the following
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surgical interbody disc release and fusion procedures:
1) XLIF (NuVasive, Inc); 2) DLIF (Medtronic Sofamor
Danek, Inc.); or 3) AxiaLLIF for L5-S1 fusion, or in some
cases L4-5 and L5-S1 fusion (TranS1, Inc.). Posteriorly,
all patients underwent multilevel percutaneous pedicle
screw instrumentation, for which the Medtronic CD Ho-
rizon Longitude system was used. If 3 or more levels were
being treated, the surgeries were staged 2 to 3 days apart,
with the lateral interbody discectomies and fusions being
performed in the first stage, followed by the second stage,
in which the axial interbody fusion and the posterior in-
strumentation and fusion were done.

The techniques of lateral lumbar interbody fu-
sion procedures (XLIF and DLIF) have been well de-
scribed.?6:1623.2526 The technique was nearly identical for
both the XLIF and DLIF procedures, with the exception
of access to the disc space and use of different retrac-
tor systems. Proprietary instrumentation was used for
disc space access, in addition to continuous neurophysi-
ological monitoring, including free-running and trig-
gered electromyography. In degenerative scoliosis, the
side selected for access to the disc space was determined
by the side where the L.4-5 disc space was more readily
accessible given the morphological features of the iliac
crest. If L4-5 was not being fused, then access was al-
ways obtained on the side of the convexity. In adult id-
iopathic scoliosis, the MR imaging study was carefully
reviewed with regard to the vascular anatomy, and access
was obtained from the convex side. The disc was released
all the way to the contralateral side to obtain maximal
coronal correction at that segment. After endplate prep-
aration, lordotic polyetheretherketone spacers supple-
mented with hBMP-2/ACS (Infuse, Medtronic Sofamor
Danek) and Grafton putty DBM (Osteotech) were then
used to maintain the correction and perform fusion. A
single large Infuse sponge (infused with 12 mg rhBMP-2)
was equally divided among all the levels being fused, and
placed within the polyetheretherketone cage in the DLIF
procedure, augmented with Grafton putty DBM. This av-
eraged to 3.5 mg of rhBMP-2 (range 2—4 mg/level) per
disc space fused via the transpsoas technique. The lowest
level was always treated first, with sequential segmental
discectomy and fusion being performed from a caudal to
rostral direction.

The TranS1 AxiaLIF procedure was used as the per-
cutaneous interbody fusion technique for L5-S1, and in
some cases L4-5 and L5-S1 (when access to the L4-5
interspace via the transpsoas approach was not feasible
because the patient’s iliac crest was relatively high). The
general technique for this approach has also been de-
scribed in detail elsewhere.?* The AxialIF nondistract-
ing screws were placed across the L5—S1 disc space (and
in some cases also L4-5). Lordosis was obtained by po-
sitioning the patients’ legs in extension, and by perfor-
mance of discectomies. Fusion was obtained with local
bone, Grafton putty DBM, and use of one-half of a small
sponge of Infuse (from an additional kit) per level. This
amounts to 2.1 mg of rhBMP-2 per disc space fused with
this technique.

Posterior multilevel percutaneous pedicle screw sta-
bilization was obtained using the Medtronic CD Horizon
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Longitude system. All screws were placed percutane-
ously with the aid of fluoroscopic guidance. Cannulated
screws were placed over guide wires. All screws had
extenders attached to them containing a slot to receive
an unconstrained rod. Rods were shaped according to
the sagittal contour desired, and then passed freehand
through the slots under direct fluoroscopic control. After
they were passed into all the screw extenders, the rods
were reduced to seat them into the tulips of pedicle screw
heads. Once reduced, a top locking nut was inserted to
fix the rod to the screw, starting from the caudal screw
and working proximally in a sequential manner. After all
the nuts were placed in the screw heads, extenders were
unseated and detached from the screws. Posterior fu-
sion was then performed in long fusions at the levels that
were not done anteriorly, and at all levels that underwent
transsacral procedures. This was done through the same
incision used for screw placements, via a Wiltse-style ap-
proach with an expandable tubular retractor. Facet joints
and pars were identified, then decorticated with a high-
speed bur and grafted with local bone augmented with
Grafton putty DBM and rhBMP-2. Approximately 1.62
mg of hBMP-2 was used per facet—pars complex fused
with this technique. In patients in whom segments had
already been treated with anterior lumbar fusion, pedicle
screw instrumentation was used as a posterior tension
band for increased stability and correction; there was no
posterolateral fusion at these levels.*

Study Measures

Study measures included operative data consisting
of blood loss and operating time. Length of hospital stay
was noted, as were perioperative complications.

Clinical and functional outcome was evaluated using
the VAS, the ODI and TIS questionnaires, and the SF-36
health survey. These were collected prospectively preop-
eratively and at 6-week, 3-month, 6-month, 1-year, 2-year,
and 3-year intervals. The TIS questionnaire’ was admin-
istered to document objectively the amount of treatment
for pain that patients received postsurgery. It consists of 5
questions with 6 choices each. The questionnaire is scored
0 to 100, and it objectively quantifies the basic postop-
erative treatment received by each patient, and assigns a
score at follow-up.’ The self-administered questionnaires
and radiographic data were scored and tabulated in a da-
tabase. Patients were asked to rate the surgery as excel-
lent, good, fair, or poor, and to state whether they would
recommend the surgery to another patient or friend.

Results

The demographic data of the patients in the cohort
are listed in Table 1, along with the levels treated and the
number of anterior and posterior levels fused. Seventeen
patients underwent a TranS1 AxiaLIF procedure at L5—
S1 or at L4-5 and L5-S1.

Surgical and Clinical Data

Surgical data are shown in Table 2. For anterior pro-
cedures (transpsoas discectomy and interbody fusions),
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the estimated blood loss was 241 ml (range 20-2000
ml). A single patient incurred a 2000-ml blood loss sub-
sequent to retrocapsular renal bleeding, which tampon-
aded off without any sequelae. Estimated blood loss for
posterior procedures, including L.5-S1 transsacral inter-
body fusion and percutaneous screw fixation, was 231 ml
(range 50—400 ml). The mean operating time, which was
recorded from time of incision to closure, was 232 min-
utes (range 104—448 minutes) for the anterior procedures,
and for posterior procedures it was 248 minutes (range
141-370 minutes). The mean length of stay was 10 days
(range 3-20 days).

All patients had a solid arthrodesis documented at 1
year. This was confirmed on plain radiographs, and fur-
ther documented on CT scans in 21 patients. The mean
Cobb angle preoperatively was 22.3° (range 15-62°), and
postoperatively it was 7.47° (range 0.6-22°) (p < 0.0001;
see Figs. 1 and 2).

Clinical results were all found to be statistically sig-
nificant, and are shown in Table 3. The mean preoperative
VAS and TIS scores were 7.05 and 53.5; postoperatively
these were 3.03 and 25.88, respectively. The mean preop-
erative SF-36 and ODI scores were 55.73 and 39.13; post-
operatively these were 61.50 and 7, respectively.

Postoperative Complications

Seventeen patients were noted to have immediate
postoperative thigh dysesthesias, which resolved within
6 weeks. Transient hip flexor weakness and pain was also
noted in several patients, which completely resolved again
within 6 weeks of surgery. All patients showed fusion on
imaging studies, with no evidence of pseudarthrosis. One
patient required removal of the proximal screw at T-12
once fusion was confirmed on CT scans; the screw had
to be removed because of its prominence. Another patient
had an asymptomatic proximal screw fracture at L-2, with
solid fusion confirmed on imaging studies. Two patients
developed quadriceps palsy with weakness of the vastus
medialis, and these patients went on to achieve complete
recovery by 6 months. There were no vascular or perma-
nent neurological issues. One patient had an intraopera-
tive retrocapsular renal hematoma, which tamponaded
off and needed no further intervention. She did lose 2000
ml of blood, and received appropriate transfusions, with
no untoward sequelae. Another patient had an unrelated
cerebellar hemorrhage that presented as lethargy 2 days
postoperatively. The patient required emergency craniec-
tomy, clot evacuation, and ventriculostomy placement.
She recovered well without long-term sequelae: she has
no dysarthria, dysmetria, ataxia, or other cerebellar signs
and symptoms. No durotomy occurred during surgery,
and the extensive cardiac and neuroimaging workup was
negative for an embolic, ischemic, or aneurysmal/vascu-
lar malformation source (Table 4).

Discussion

Adult scoliosis remains a challenge for the spine sur-
geon. Given the patients’ age and the often-associated
medical comorbidities in this population, surgical treat-
ment can be particularly challenging.* In their series of

3



N. Anand et al.

TABLE 1: Demographic characteristics, surgical data, and follow-up time in 28 patients with adult scoliosis*

No. of Procedures

Indica-  Levels  Transpsoas Lat Pst Perc Axia-  LOS FU EBL (m) OR Time (min)
tion Treated Interbody Fusion Screws & Rods LIF  (days) (mos) Stage1 Stage?2 Stage 1 Stage 2

DLS L2-5 3 3 17 37
DLS L2-5 3 3 6 33 100 167 276
DLS L1-$1 4 5 1 1" 32 100 50 366 208
DLS L1-$1 3 3 3 31 100 156
DLS T12-$1 5 6 1 10 30 150 350 425 267
DLS T10-S1 3 8 1 1" 29 20 150 225 336
DLS L1-S1 4 5 1 29 500 448
DLS L2-S1 3 4 1 28 100 100 124 263
AIS T12-S1 5 6 1 7 26 300 300 225 227
DLS L2-S1 3 4 1 10 26 150 150 137 261
DLS L1-5 3 3 6 26 100 300 208 270
DLS L2-5 3 3 6 24 300 200 248 186
postlami  T12-S1 1 6 4 23 300 250
AlS T12-$1 5 6 1 7 21 100 300 257 310
DLS L1-$1 4 5 1 9 21 100 150 206 178
AIS L1-$1 4 5 1 4 20 300 200 255 308
DLS T12-S1 4 6 2 9 18 100 300 193 296
DLS L2-5 3 3 15 18 250 313
AIS L2-S1 2 4 7 17 150 100 104 191
AlS T12-$1 4 6 2 10 17 100 400 150 221
AIS T12-$1 4 6 2 20 16 200 300 169 370
AIS L1-5 3 3 9 16 150 200 139 141
DLS L2-S1 2 4 2 16 100 300 114 192
postlami  T10-S1 5 8 1 9 16 250 200 197 354
DLS L3-S1 2 3 1 17 15 200 296
DLS L1-S1 4 6 8 15 100 150 431 165
AIS T12-L5 5 5 16 14 2000 400 255 153
AlS T12-S1 5 6 1 17 13 200 250 196 276

* AIS = adult idiopathic scoliosis; DLS = degenerative lumbar scoliosis; EBL = estimated blood loss; FU = follow-up; LOS = length
of stay; OR = operating room; Perc = percutaneous; postlami = after laminectomy; Pst = posterior.

28 patients undergoing surgery for adult scoliosis, Ali et
al.? noted that 18% of patients experienced a periopera-
tive complication. The average blood loss was reported
as 1600 ml, with patients receiving a transfusion of 2.4 U
on average. Similarly, Shapiro et al.* reported outcomes
in 16 patients undergoing circumferential deformity cor-
rection for adult scoliosis with concurrent low-back pain
and spinal stenosis. In patients undergoing combined sur-
gery as an index procedure, they noted a mean blood loss
of 3665.7 ml, and they reported a complication rate of
75%. Daubs et al.'* reported complications in 46 patients
with arthrodesis of 5 or more levels undergoing adult
deformity correction surgery. Among these patients, 28
(60%) had the diagnosis of lumbar degenerative scoliosis
or adult idiopathic scoliosis. These authors noted a mean
blood loss of 2056 ml, and an average transfusion of 5 U
packed red blood cells per patient. They noted an overall

4

complication rate of 37%, with 20% of patients sustaining
a major complication.

Historically, complication rates ranging from 20 to
80% have been reported in the treatment of lumbar de-
generative scoliosis.!''>2% Recent series have reported
similar complication rates. Cho et al.'* reviewed their ex-
perience with 47 patients undergoing PLIF with instru-
mentation for lumbar degenerative scoliosis. They noted
an overall complication rate of 68%, with 30% of patients
having early perioperative complications and 38% having
late complications. These authors concluded that abun-
dant blood loss was a significant risk factor for early pe-
rioperative complications. They noted a mean blood loss
per patient of 2.1 = 1 L, with an average hospital stay
of 20.7 = 9.6 days. They further noted that patients with
degenerative lumbar scoliosis often require long-segment
fusion, which may increase the risk of complications re-
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TABLE 2: Surgical data in 28 patients with adult scoliosis

Parameter Anterior Procedures®  Posterior Procedurest
EBL 241 ml (range 231 ml (range 50-400
20-2000 ml) ml)
op times (time in 232 min (range 248 min (range
OR to time out) 104-448 min) 141-370 min)

* Transpsoas discectomy and interbody fusion.
T Percutaneous pedicle screw and rod placement; possible transsacral
L5-S1 interbody fusion.

lated to instrumentation. An overall pseudarthrosis rate
of 4.3% was noted.

The surgical environment of degenerative lumbar
scoliosis remains challenging for patients, especially
given the hypolordosis associated with this condition, os-
teoporosis, and the advanced patient age. Thus, interbody

fusion has been suggested for achieving a higher fusion
rate and theoretically achieving better alignment than
posterolateral instrumented fusion alone.®> Wu et al.®
reported on 29 consecutive patients with degenerative
scoliosis who underwent a PLIF procedure. They noted a
mean blood loss of 1.7 L + 129 ml, with an average hos-
pital stay of 11.7 = 8.3 days. They noted no major medical
complications, except for 1 patient who had a superficial
infection. The ODI scores were noted to improve from 58
+ 11.5 preoperatively to 25.8 = 19 postoperatively. Lum-
bar scoliosis improved considerably with this technique,
with a preoperative Cobb angle measuring 16.5 = 5.7°
and postoperatively measuring 7.4 + 3.4°. The authors
concluded that PLIF, performed after laminectomy in pa-
tients with degenerative lumbar scoliosis, is a safe and
effective procedure.

Bono and Lee® pooled 78 articles regarding spinal
fusion for lumbar degenerative disc disorders, and they

Fic. 1. A and B: Preoperative anteroposterior and lateral long-cassette standing radiographs demonstrating ~ 35° adult
lumbar scoliosis, with the apex to the left, in a 61-year-old woman. C and D: The 1-year postoperative anteroposterior and
lateral radiographs reveal excellent correction (Cobb angle of 4°), with good sagittal balance.
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Fic. 2. Postoperative CT scans, sagittal (A and B) and coronal (C) reconstruction images, demonstrating a solid arthrodesis.

reported the pooled outcomes for lumbar decompression
and fusion for degenerative scoliosis. They reported an
overall good-to-excellent outcome in 82% of patients; the
fusion rate was reported at 87%. Nevertheless, compli-
cation rates for scoliosis based on the pooled data were
55%. Clearly, surgery for a subset of patients with lumbar
degenerative scoliosis appears to be of benefit, but peri-
operative complications remain a major problem. Blood
loss is a major concern. Given that the average blood loss
for adult deformity correction has been reported as 1.5
L, and has been reported to range from 360 ml to 7 L
for instrumented fusion, such operative interventions may
be considered very risky in elderly patients, given their
increased risk for cardiovascular morbidity.?>* Weiden-
baum?* recommended consideration of focal surgical in-
tervention rather than long-segment deformity correction
within this patient population.

Our operative results are particularly attractive when
comparing complications and blood loss to historical
controls. Clearly, the total blood loss for circumferential
procedures averages < 500 ml, which is considerably less
than any of the abovementioned series for treatment of
similar patients. Additionally, operating times were com-
parable to those for open procedures, and the length of
stay was considerably shorter than those reported by the
above-named authors. The clinical outcomes, in terms of
both VAS and TIS scores, which are measures of patient
narcotic use and pain intervention requirements,’ demon-
strate excellent results for these procedures.

Nevertheless, the utility of such an approach needs
to be analyzed by studying clinical outcomes data. The

6

HRQOL measures such as the SF-36, the ODI, and VAS
scores allow the clinician to achieve better understand-
ing of the degree of patient improvement for any given
intervention, and have become standard instruments for
studying outcome for lumbar degenerative conditions.'®"°
In our study, the mean ODI improvement was 32.13 points
at 1 year, the mean SF-36 improvement was 5.77, and the
mean VAS improvement was 4.02 points. This compares
quite favorably to the data reported by Glassman et al.'®
in a study in which they assessed patients who had under-
gone posterolateral instrumented lumbar fusion. In their

TABLE 3: Clinical and radiological outcomes at 1 year in 28
patients with adult scoliosis*

Average
Outcome Preop Postop  Change  p Valuet
clinical
VAS 7.05 3.03 -4.02  <0.0001
TIS 53.5 25.88 -27.62 0.02
SF-36 55.73 61.50 5.77 0.014
oDl 3913 7.00 -32.13 0.02
radiological
Cobb angle 22.3° T47° -14.9° <0.0001
(range) (15-62°)  (0.6-22°)

* All values are presented as means unless otherwise indicated. All patients
had fusion confirmed on plain and flexion-extension radiographs; 21 patients
had confirmed solid arthrodesis on CT scans.

T According to paired t-tests.
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TABLE 4: Surgery-related complications in 23 patients with adult
scoliosis

Complication No. of Patients
minor
transient dysesthesia 17 (recovered w/in 6 wks)
major

quadriceps palsy 2 (recovered w/in 6 mos)
retrocapsular renal hematoma 1
cerebellar hemorrhage 1
miscellaneous
screw prominence 1

asymptomatic proximal screw fracture 1

series, 17 patients with degenerative scoliosis were noted
to have a l-year improvement in ODI scores of 21.2, and
an improvement in the SF-36 physical component score
of 6.8. These results are consistent with achieving a mini-
mally and clinically important difference for each out-
come measure, where a value change of 10 points for the
ODI and 5.42 points for the SF-36 physical component
score are considered an important difference.”* In the
same series, Glassman et al. noted an overall complica-
tion rate of 41.2% for patients undergoing surgery for de-
generative scoliosis.

In our series, all patients had a solid arthrodesis on
plain radiographs, which was further confirmed on CT
scans in 21 patients at 1 year. In terms of dosing of rh-
BMP-2, we used between 2 and 4 mg per interbody level
fused, and approximately 1.62 mg per facet—pars complex
(3.24 mg per posterolateral level) fused. In terms of in-
terbody fusion technique, these doses were considerably
lower than the 12—18 mg per level used in 3 different clin-
ical trials in which thBMP-2 was used with anterior lum-
bar interbody fusion.!" Similarly, much less hBMP-2 was
used posteriorly than the 10—40 mg per level reported by
other groups performing instrumented posterolateral fu-
sions.32? Given the successful fusion achieved in our se-
ries with much lower dosing of rhBMP-2 per level, further
studies are probably warranted to determine the mini-
mum effective dose of thBMP-2 necessary to achieve a
successful arthrodesis.

There was only 1 case noted of screw fracture, and
another with screw prominence due to inadequate con-
touring of the rod. Longer-term follow-up will determine
whether there are long-term problems. Although not re-
ported in this series, sagittal balance correction achieved
via this technique was excellent. Additionally, no pseud-
arthrosis at L5—S1 was seen, and no sacral stress frac-
tures or sacral screw loosening were noted. Patients did
not receive instrumentation to the ilium. Longer-term
follow-up will address the issue of whether techniques
such as the ones described by us may obviate the need
for iliac bolts.

Conclusions
Circumferential minimally invasive correction and
fusion for adult scoliosis represents a newer method of
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achieving long-term outcomes similar to those obtained
with open methodologies in terms of clinical improve-
ment, but has considerably lower morbidity and com-
plication rates. Blood loss and hospital stays are sig-
nificantly lower than those reported in earlier literature.
The HRQOL measures revealed that clinical outcomes
achieved with these techniques at > 1 year of follow-up
were comparable to those of historical open controls. Re-
cently, Glassman et al.?° noted that HRQOL parameters
stabilized at 1 year postoperatively: they noted no sta-
tistically significant differences when comparing 1- and
2-year outcomes in 283 adult patients with deformity who
underwent surgery. Given all this, minimally invasive
circumferential deformity correction remains attractive,
especially in elderly patients and in patients with medi-
cal comorbidities who are being considered for deformity
correction, decompression, and fusion.
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Complications and radiographic correction in adult scoliosis
following combined transpsoas extreme lateral interbody
fusion and posterior pedicle screw instrumentation

MATTHEW J. TORMENTI, M.D., MATTHEW B. MASERATI, M.D.,
CHRISTOPHER M. BONFIELD, M.D., DAVID O. OkONKWO, M..D., PH.D.,
AND ApAM S. KANTER, M.D.

Department of Neurological Surgery, University of Pittsburgh Medical Center, Pittsburgh, Pennsylvania

Object. The authors recently used a combined approach of minimally invasive transpsoas extreme lateral in-
terbody fusion (XLIF) and open posterior segmental pedicle screw instrumentation with transforaminal lumbar in-
terbody fusion (TLIF) for the correction of coronal deformity. The complications and radiographic outcomes were
compared with a posterior-only approach for scoliosis correction.

Methods. The authors retrospectively reviewed all deformity cases that were surgically corrected at the Uni-
versity of Pittsburgh Medical Center Presbyterian Hospital between June 2007 and August 2009. Eight patients
underwent combined transpsoas and posterior approaches for adult degenerative thoracolumbar scoliosis. The com-
parison group consisted of 4 adult patients who underwent a posterior-only scoliosis correction. Data on intra- and
postoperative complications were collected. The pre- and postoperative posterior-anterior and lateral scoliosis series
radiographic films were reviewed, and comparisons were made for coronal deformity, apical vertebral translation
(AVT), and lumbar lordosis. Clinical outcomes were evaluated by comparing pre- and postoperative visual analog
scale scores.

Results. The median preoperative coronal Cobb angle in the combined approach was 38.5° (range 18-80°). Fol-
lowing surgery, the median Cobb angle was 10° (p < 0.0001). The mean preoperative AVT was 3.6 cm, improving
to 1.8 cm postoperatively (p = 0.031). The mean preoperative lumbar lordosis in this group was 47.3°, and the mean
postoperative lordosis was 40.4°. Compared with posterior-only deformity corrections, the mean values for curve
correction were higher for the combined approach than for the posterior-only approach. Conversely, the mean AVT
correction was higher in the posterior-only group. One patient in the posterior-only group required revision of the
instrumentation. One patient who underwent the transpsoas XLIF approach suffered an intraoperative bowel injury
necessitating laparotomy and segmental bowel resection; this patient later underwent an uneventful posterior-only
correction of her scoliotic deformity. Two patients (25%) in the XLIF group sustained motor radiculopathies, and 6
of 8 patients (75%) experienced postoperative thigh paresthesias or dysesthesias. Motor radiculopathy resolved in
1 patient, but persisted 3 months postsurgery in the other. Sensory symptoms persisted in 5 of 6 patients at the most
recent follow-up evaluation. The mean clinical follow-up time was 10.5 months for the XLIF group and 11.5 months
for the posterior-only group. The mean visual analog scale score decreased from 8.8 to 3.5 in the XLIF group, and it
decreased from 9.5 to 4 in the posterior-only group.

Conclusions. Radiographic outcomes such as the Cobb angle and AVT were significantly improved in patients
who underwent a combined transpsoas and posterior approach. Lumbar lordosis was maintained in all patients under-
going the combined approach. The combination of XLIF and TLIF/posterior segmental instrumentation techniques
may lead to less blood loss and to radiographic outcomes that are comparable to traditional posterior-only approaches.
However, the surgical technique carries significant risks that require further evaluation and proper informed consent.
(DOI: 10.3171/2010.1 FOCUS09263)

adult scoliosis ¢
Cobb angle

Key Worps  ©
spinal deformity °

extreme lateral interbody fusion

in deformity correction surgery are well known

THE benefits of anterior approaches for arthrodesis
and include load sharing and increased fusion rates

Abbreviations used in this paper: A/P = anterior/posterior; AVT
= apical vertebral translation; CSVL = center sacral vertebral line;
PA = posterior-anterior; PLIF = posterior lumbar interbody fusion;
TLIF = transforaminal lumbar interbody fusion; VAS = visual ana-
log scale; VB = vertebral body; XLIF = extreme lateral interbody
fusion.
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when compared with posterior-only fusion constructs.
The application of anterior interbody fusion—initially
developed for the treatment of spinal tuberculosis—
to the treatment of spondylolisthesis was first reported
by Burns in 19333 Lane and Moore'? first described its
use in the treatment of intervertebral disc degeneration
in 1948, and interbody arthrodesis has seen increasingly
widespread use ever since.

Cloward* introduced the technique of posterior inter-
body fusion in 1953, in his classic paper arguing for the

1
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TABLE 1: Patients undergoing combined XLIF and posterior instrumentation*

Posterior
Case No. XLIF Levels Interbody Levels  Instrumented Levels XLIF Allograft TLIF Graft
1 L2-4 L5-81 T10-ilium AF IC, BMP
2 L1-4 L5-S1 T10-ilium AF IC, BMP
3 L2-5 L5-S1 T9—ilium AF IC
4 L1-4 L4-$1 T8—ilium AF BMP
5 L1-4 L5-S1 T11=ilium AF IC
6 L1-5 L5-S1 T10-ilium DBM IC, BMP
7 L1-3 L5-81 T6—ilium DBM IC, BMP
8 L2-5 L5-S1 L1-S1 DBM local bone only

* AF = Actifuse bone graft; BMP = bone morphogenetic protein; DBM = demineralized bone matrix; IC = autologous iliac crest.

superiority of an approach that offered the spine surgeon
the ability to accomplish decompression of the neural ele-
ments and circumferential arthrodesis, all from a single,
posterior approach, and without the inherent risk to the
abdominal viscera and retroperitoneal structures incurred
by a transperitoneal approach.

In 2001, Pimenta'? introduced a novel approach to
the anterior lumbar spine, using a lateral, transpsoas ap-
proach that was later popularized by Ozgur et al.’” in 2006
as “extreme lateral interbody fusion.” The extreme lateral
approach offers several advantages over traditional inter-
body approaches. It obviates the need for mobilization of
the great vessels—thereby avoiding the associated risk of
sexual dysfunction—and does not require the assistance
of a general surgeon. Similarly, it avoids transgression of
the nerve roots and thecal sac and, therefore, places these
structures at a lower theoretical risk. The extreme lateral
approach has also been reported to decrease operating
time when compared with other approaches to the anterior
lumbar spine, including even mini-open and laparoscopic
techniques. The lateral approach also offers the advan-
tage of decreased blood loss, both through the avoidance
of the epidural venous plexus, and through shorter operat-
ing times. For these reasons, transpsoas XLIF is a prom-
ising alternative to traditional interbody techniques in the
treatment of adult degenerative scoliosis, because those
affected by this condition are often more advanced in age
and suffer from multiple medical comorbidities that make
them less ideal candidates for traditional, “open” multi-
level interbody fusions.

The application of transpsoas XLIF to adult lumbar
degenerative scoliosis was first reported by Pimenta in
2001,"7 and thus is still in its infancy, with a dearth of
published results on the effectiveness of the technique
for this indication. Over the past 18 months at our insti-
tution, we have applied the extreme lateral approach to
the treatment of adult degenerative scoliosis. Herein we
report our initial radiographic results and perioperative
complications, and compare them to those achieved using
traditional interbody techniques for the same indication
during the same time period.

2

Methods
Study Design

We retrospectively reviewed all deformity correc-
tions performed at the University of Pittsburgh Medical
Center Presbyterian Hospital between June 2007 and
August 2009. The purpose of the study was to evaluate
radiographic deformity correction parameters and peri-
operative complications following posterior instrumented
fusion supplemented with transpsoas interbody fusion,
and to compare these results to those achieved following
posterior-only correction in which TLIF or PLIF tech-
niques were used. Eight patients underwent deformity cor-
rection via a combined A/P approach. Anterior interbody
fusion was performed via an extreme lateral transpsoas
approach, and 4 patients underwent deformity correction
via a posterior-only approach. Laterally placed interbody
spacers contained either Actifuse synthetic bone graft
material (ApaTech, Inc.) or demineralized bone matrix
(Table 1). All posterior instrumentation was placed via an
open posterior approach. Posterior arthrodesis was per-
formed at all instrumented levels by using a combination
of decortication, local autograft, autologous iliac crest,
and bone morphogenetic protein (Tables 1 and 2). In all
patients, both pre- and postoperative standing PA and lat-
eral long-cassette scoliosis series plain radiographs were
available for review in our computerized radiographic ar-
chives. Medical records and patient interviews conducted
at follow-up evaluations were used to document intra-
and postoperative complications and to establish the VAS
score in each treatment group.

TABLE 2: Patients undergoing posterior-only correction

Case Posterior Instrumented
No. Interbody Levels Levels Interbody Allograft
1 L2-5 L1-5 AF
2 L5-$1 T9—ilium BMP
3 none L1-$1 BMP
4 L3-4 T7-ilium IC, BMP
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Fic. 1. Preoperative (left) and postoperative (right) standing PA
long-cassette scoliosis series radiographs in a patient who underwent
a combined approach with minimally invasive transpsoas XLIF and revi-
sion open posterior segmental pedicle screw instrumentation for cor-
rection of adult degenerative scoliosis. Interbody grafts were placed via
a transpsoas approach from L-1 to L-4. The patient had 90% correction
of her coronal Cobb angle.

Radiographic Evaluation

All patients had pre- and postoperative standing PA
and lateral scoliosis series radiographs available on our
hospital’s radiographic archival system. The software on
this archival system provides measurement tools for the
determination of distances and angles on the radiographs.
Coronal Cobb angles, as well as the AVT, were measured.
Preoperative and postoperative radiographs were com-
pared to determine the degree of correction achieved fol-
lowing surgery.

The Cobb angle is used frequently to assess the se-
verity of coronal and sagittal deformity. For coronal de-
formity, it is determined from the standing PA radiograph
by drawing a line parallel to the superior endplate of the
most superior VB, and a second line parallel to the inferi-
or endplate of the most inferior VB of the scoliotic curve
(Fig. 1). A second set of lines is drawn perpendicular to
these first lines, and the angle subtended by these perpen-
diculars is the Cobb angle.

The AVT is the distance from the CSVL to the mid-
point of the apical VB of the curve. The CSVL is a line
that extends superiorly from the midpoint of the sacral
promontory on a standing PA radiograph (Fig. 2).

Lumbar lordosis was measured using the Cobb
method, with the superior endplate of L-1 and the inferior

Neurosurg Focus /| Volume 28 /| March 2010

Fic. 2. Preoperative (left) and postoperative (right) standing PA
long-cassette scoliosis series radiographs in a patient who underwent a
combined approach with minimally invasive transpsoas XLIF and open
posterior segmental pedicle screw instrumentation for correction of
adult degenerative scoliosis. A satisfactory correction in coronal Cobb
angle, AVT, and sagittal balance (not depicted) was achieved.

endplate of L-5. Hyperlordosis was defined as any Cobb
angle > 60°, and hypolordosis as any angle < 20°. Return
to normal lordosis after surgery was evaluated.

Statistical Analysis

Statistical analysis of correction of radiographically
evaluated parameters was performed using SPSS soft-
ware to evaluate statistical significance between pre- and
postoperative radiographic measurements. Analysis was
also performed to determine if there was any significant
difference between the combined transpsoas and poste-
rior and the posterior-only approach groups.

Results
Combined Lateral Transpsoas and Posterior Group

Eight patients underwent combined lateral trans-
psoas and posterior approaches for deformity correction.
The average age of patients in this group was 60 years
(range 48—69 years). Twenty-three interbody spacers
were placed from a lateral approach (mean 2.8 spacers
per patient), and in all patients an L5—-S1 interbody spacer
was placed from a posterior approach. The L5-S1 inter-
body space is not accessible from a lateral approach due
to the iliac crest.
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TABLE 3: Preoperative and postoperative radiographic parameters for combined and posterior-only approaches

Coronal Cobb Angle AVT Lumbar Lordosis
Case No. Preop (°) Postop (°) Preop (cm)  Postop (cm) Preop (°) Postop (°)
combined approach
1 26 7 2.8 1.7 84 43
2 41 4 1.9 1.1 69 45
3 39 24 3.7 3.2 79 40
4 38 16 25 1.9 50 46
5 18 2 1.2 0 37 39
6 48 8 57 24 22 41
7 80 46 10.0 4.0 2 38
8 21 0 1.0 0 35 42
posterior-only approach
1 17 14 2.0 1.3 26 37
2 10 2 0 0 44 43
3 25 18 4.2 1.9 31 36
4 21 8 25 1.2 19 35

Posterior lateral arthrodesis was performed in all
patients. This was accomplished with the combination
of transpedicular instrumentation, along with local au-
tograft and allograft placement. Two patients had the pos-
terior procedure on the same day as the lateral procedure,
whereas the other 6 had the second stage within 1 week
of the lateral procedure.

In all patients, pre- and postoperative standing PA
and lateral scoliosis series radiographs were available for
assessment of deformity. Preoperative and postoperative
coronal Cobb angles were compared (Table 3). The me-
dian preoperative Cobb angle was 38.5° (range 18—80°).
Following surgery, the median Cobb angle was 10°. The
mean percent of curve correction was 70.2%. According
to paired t-test analysis, curve correction was statistically
significant between pre- and postoperative Cobb angles
(p <0.0001).

The AVT is measured as the distance from the CSVL
to the center of the apical VB in the curve. The mean
preoperative AVT was 3.6 cm, and it was 1.8 cm postop-
eratively (p = 0.031).

The mean preoperative lumbar lordosis in this group
was 47.3 = 28.7° (mean = SD, range 2-84°). Three patients
had a hyperlordotic lumbar spine, defined as a Cobb angle
> 60°, and 1 patient had a loss of lumbar lordosis, defined
as a Cobb angle < 20°. The mean postoperative lordosis
was 404 = 2.8° (range 38—46°). Postoperatively, all pa-
tients either maintained lumbar lordosis or attained resto-
ration of their previous hyper- or hypolordotic curvatures.

Posterior-Only Group

Four patients during the study time period underwent
a posterior-only approach that combined TLIF and PLIF
techniques with transpedicular instrumentation and pos-
terolateral fusion. The average age in this group was 61
years (range 48—-81 years). A total of 5 interbody grafts
were placed via TLIF or PLIF approaches.

The mean preoperative coronal Cobb angle was 19°

(range 17-25°), and postoperatively the mean coronal
Cobb angle was 11° (Table 3). The mean percent curve
correction was 44.7%, a statistically significantly differ-
ence from preoperative values (p = 0.05). The mean pre-
operative AVT for the posterior-only group was 2.2 cm,
and it changed to 1.1 cm postoperatively. This change was
not significant (p = 0.114). The mean preoperative lumbar
lordosis in this group was 30 = 10.5° (range 19-44°). No
patient had preoperative hyperlordosis, and 1 patient had
a loss of lumbar lordosis. The mean postoperative lordosis
was 37.7 = 3.5° (range 35-43°). All patients had a normal
lumbar lordosis postoperatively.

Comparison of Approaches

The percentage of curve correction and the AVT cor-
rection were used to compare efficacy of the 2 approaches.
The mean values for curve correction were higher for the
combined approach than for the posterior-only approach.
Conversely, the mean AVT correction was higher in the
posterior-only group. An independent-samples t-test re-
vealed no significant difference between percentage of
curve correction for either of the Cobb angles, or in AVT
correction (Table 4).

Postoperative Complications

Of the 8 patients who underwent combined lateral
transpsoas and posterior approaches for deformity cor-
rection, 2 (25%) sustained motor radiculopathies, and 6
(75%) experienced postoperative thigh paresthesias or
dysesthesias. Motor radiculopathy resolved in 1 patient
after 2 months, whereas the other patient had a persis-
tent radiculopathy 3 months postoperatively. All but 1 of
the sensory radiculopathies persisted at the most recent
follow-up evaluation. One patient had resolution of the
postoperative numbness approximately 2 months postsur-
gery. One additional patient was originally scheduled for
a combined lateral transpsoas and posterior instrumenta-
tion approach; however, during the transpsoas approach,
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TABLE 4: Comparison of approaches

Approach
Parameter Combined  Posterior-Only p Value
no. of patients 8 4
% change, Cobb angle 70.2 447 0.08
% change, AVT 54.6 60.4 0.763
mean follow-up (mos) 10.5 1.5

a cecal perforation occurred, necessitating an emergency
exploratory laparotomy and segmental bowel resection.
This patient underwent a posterior-only approach for cor-
rection of her scoliotic deformity 6 months later, with-
out incident. (This patient’s radiographic outcomes were
excluded from the analysis.) There were no instances of
hardware failure or pseudarthrosis at the most recent fol-
low-up in the combined group.

Additional postoperative complications in the com-
bined-approach group included incidental durotomy
during posterior decompression, pleural effusions ne-
cessitating chest tube placement, pulmonary embolism,
and postoperative ileus (Table 5). Also, one patient had a
wound infection that progressed to meningitis and sepsis.
This patient required wound debridement and application
of a vacuum dressing, and he eventually underwent pri-
mary closure of his wound.

Complications in the posterior-only group included 1
patient who required a total colectomy for toxic megaco-
lon secondary to Clostridium difficile colitis. This patient
had undergone an uneventful scoliosis surgery without
complication. One patient in this group also had an inci-
dental durotomy that was closed primarily. At a mean of
11.5 months of follow-up, there have been no infections
or evidence of hardware failure in this group. One patient
in the posterior-only group developed a junctional kypho-
sis requiring superior extension of her instrumentation as
well as pelvic instrumentation.

Clinical Outcomes

In the combined XLIF and posterior group, follow-
up VAS scores were available in 6 patients, with a mean
follow-up period of 10.5 months (range 3—16 months).
The mean preoperative VAS score was 8.8, and the mean
postoperative VAS score for the combined group was
35.

The mean follow-up duration for the 4 posterior-only
patients was 11.5 months (range 10—12 months). The mean
preoperative VAS score was 9.5, and the mean postopera-
tive VAS score was 4 for the posterior-only group.

There was not a significant difference between pre-
operative (p = 0.379) or postoperative VAS scores (p =
0.835) between the two operative groups.

Discussion

Adult scoliosis may be defined as a coronal deformity
with a Cobb angle > 10° in a skeletally mature patient. It
arises from degeneration of adolescent scoliosis, or may
occur de novo in a previously straight spine. Several au-
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TABLE 5: Complications arising from the combined approach for
deformity correction with XLIF in 8 patients

No. of

Complication Patients

bowel perforation

infection/meningitis

postop sensory radiculopathy

postop motor radiculopathy

pleural effusion necessitating chest tube placement
intraop hemodynamic instability

pulmonary embolism

ileus

durotomy (during posterior stage)

[EENREIE G G N S ST ) R Ny

thors have correlated radiographic parameters with clini-
cal symptoms in adults.”18:22 Restoration of sagittal and
global spinal balance leads to improvements in quality of
life measures.”"* Loss of normal lumbar lordosis has also
been associated with increases in pain and decreases in
quality of life measures.!®-??

The use of interbody grafts in deformity correction
surgery has gained popularity as a means of providing an-
terior column structural stability, increased fusion rates,
and restoration and preservation of lumbar lordosis.?!!1%20
Graft placement has traditionally been achieved through
either an anterior (anterior lumbar interbody fusion) or
posterior (PLIF or TLIF) approach. The introduction of
the transpsoas interbody technique has offered the sur-
geon treating deformity a new approach to interbody
placement,'?!> whose theoretical advantages of decreased
blood loss, shorter operating time, and lower risk to the
neural elements make it attractive for deformity correc-
tion in adults.

Restoration of balance and a return to near-normal
anatomical alignment are associated with improved out-
come and are the principal goals of most deformity cor-
rection surgeries. Traditional approaches to deformity
correction include A/P approaches and posterior-only
approaches, both of which have been shown to be ef-
fective.>!S However, the anterior approach is associated
with complications such as vascular injury, ileus, and
retrograde ejaculation.?! Posterior approaches (PLIF and
TLIF) place the nerve roots and thecal sac at greater risk
because these structures must necessarily be exposed,
and then protected, during graft insertion.

The transpsoas approach provides an alternative to
these traditional interbody approaches. Although it is not
entirely without risk—the most serious approach-related
complication being injury to the bowel or other abdomi-
nal viscera—the technique uses a corridor that is designed
to protect the vital structures both anterior and posterior
to the VB.

Nevertheless, as our initial experience reported here
demonstrates, these theoretical advantages of extreme
lateral approaches have not translated without incident
into practical application in our scoliosis practice. We
had an 11% bowel perforation rate, and moreover, during
a second procedure, at-risk bowel was clearly identified,

5



causing us to abort a level in that procedure. Subsequent
review of these cases has revealed to us that the rotatory
component of scoliotic spines significantly increases the
risk of injury to intra- and retroperitoneal structures. (Of
note, we have performed transpsoas XLIFs in more than
60 patients for indications other than scoliosis, and have
not had a bowel perforation in that series.)

The choice of approach may also influence the bio-
mechanical soundness of the final construct. In general,
anteriorly placed grafts have been viewed as more biome-
chanically stable.?® This is due mostly to the destabilizing
effect of the posterior facetectomy required for appropri-
ate posterior graft placement, as well as to disruption of
the tension band provided by the posterior longitudinal
ligament.>*> However, anterior graft placement involves
disruption of the anterior longitudinal ligament, also a
stabilizing structure.'” Placement of grafts via a lateral
approach allows for preservation of the anterior longitu-
dinal ligament, and has been shown in cadaver studies
to be biomechanically equivalent to grafts placed via an
anterior approach.?

Pateder and colleagues,'® in a large series of patients,
showed comparable outcomes in curve correction for
those undergoing A/P or posterior-only correction. They
achieved 54% correction in the posterior-only group and
46% correction in the A/P group. The mean correction
rate in our combined posterior and transpsoas approach
was higher (~ 70%); however, we had a smaller number
of patients, and thus, no definitive conclusions can be
drawn, other than that adequate correction appears to be
achievable with this approach. In comparison with our
posterior-only group, there was no significant difference
in correction, and thus, the 2 techniques appear to be at
least equivalent in terms of radiographic outcome.

Apical vertebral translation is a measure of coronal
balance, defined as the distance from the CSVL to the
midpoint of the apical vertebra. The transpsoas group in
this study showed a significant change in the AVT, sug-
gesting a return to coronal balance (p = 0.031). Restora-
tion of coronal balance has been shown to improve pain-
related outcomes and may have an additional cosmetic
benefit.!8

Degenerative changes in the lumbar spine may lead
to changes in lumbar lordosis and contribute to global
spinal imbalance in complex deformity. In their most ex-
treme forms, these changes may result in hyperlordosis
or, alternatively, in flat-back syndrome.'>>* Schwab and
colleagues?? showed that patients with near-normal lordo-
sis had lower VAS pain scores than patients with severe
aberrations from the norm.

Conclusions

The purpose of the current study was to evaluate the
efficacy of transpsoas interbody fusion, in combination
with posterior release, transpedicular instrumentation,
and posterior fusion, in achieving deformity correction
in adults. It is readily apparent that the complication risk
for extreme lateral approaches for scoliosis is higher than
this approach for other spinal disorders. Although long-
term radiographic outcomes, combined with validated
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clinical measures of pain and quality of life, are the gold
standard by which this new technique will be judged,
these data are not yet available because the transpsoas
approach is still in its infancy. We hope, as our experi-
ence grows, to provide these data in the near future, and
to correlate radiographic outcomes with validated clini-
cal outcome measures and to further delineate the risk
spectrum of the transpsoas extreme lateral approach in
scoliosis surgery.
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Early outcomes and safety of the minimally invasive, lateral
retroperitoneal transpsoas approach for adult degenerative
scoliosis

EvLias DAKWAR, M.D., RAFAEL F. CARDONA, M.D., DoNALD A. SmiTH, M.D.,
AND JuaN S. UriBE, M.D.

Department of Neurological Surgery, University of South Florida, Tampa, Florida

Object. The object of this study was to evaluate an alternative surgical approach to degenerative thoracolumbar
deformity in adults. The authors present their early experience with the minimally invasive, lateral retroperitoneal
transpsoas approach for placing interbody grafts and providing anterior column support for adult degenerative de-
formity.

Methods. The authors retrospectively reviewed a prospectively acquired database of all patients with adult tho-
racolumbar degenerative deformity treated with the minimally invasive, lateral retroperitoneal transpsoas approach at
our institution. All patient data were recorded including demographics, preoperative evaluation, procedure used, post-
operative follow-up, operative time, blood loss, length of hospital stay, and complications. The Oswestry Disability
Index and visual analog scale (for pain) were also administered pre- and postoperatively as early outcome measures.
All patients were scheduled for follow-up postoperatively at weeks 2, 6, 12, and 24, and at 1 year.

Results. The authors identified 25 patients with adult degenerative deformity who were treated using the mini-
mally invasive, lateral retroperitoneal transpsoas approach. All patients underwent discectomy and lateral interbody
graft placement for anterior column support and interbody fusion. The mean total blood loss was 53 ml per level. The
average length of stay in the hospital was 6.2 days. Mean follow-up was 11 months (range 3-20 months). A mean
improvement of 5.7 points on visual analog scale scores and 23.7% on the Oswestry Disability Index was observed.
Perioperative complications include 1 patient with rhabdomyolysis requiring temporary hemodialysis, 1 patient with
subsidence, and 1 patient with hardware failure. Three patients (12%) experienced transient postoperative anterior
thigh numbness, ipsilateral to the side of approach. In this series, 20 patients (80%) were identified who had more
than 6 months of follow-up and radiographic evidence of fusion. The minimally invasive, lateral retroperitoneal
transpsoas approach, without the use of osteotomies, did not correct the sagittal balance in approximately one-third
of the patients.

Conclusions. Degenerative scoliosis of the adult spine is secondary to asymmetrical degeneration of the discs.
Surgical decompression and correction of the deformity can be performed from an anterior, posterior, or combined
approach. These procedures are often associated with long operative times and a high incidence of complications.
The authors’ experience with the minimally invasive, lateral retroperitoneal transpsoas approach for placement of a
large interbody graft for anterior column support, restoration of disc height, arthrodesis, and realignment is a feasible
alternative to these procedures. (DOI: 10.3171/2010.1. FOCUS09282)

Kty Worps  ©
retroperitoneal °
direct lateral interbody fusion

is a 3D deformity that affects the spine in the
coronal, sagittal, and axial planes. Degenerative
scoliosis is believed to develop because of asymmetrical
degeneration of discs, osteoporosis, and vertebral body
compression fractures.” The primary presenting symp-
tom of this condition is chronic back pain in the major-

DE novo or degenerative scoliosis in the adult spine

Abbreviations used in this paper: BMP = bone morphogenetic
protein; EMG = electromyography; ODI = Oswestry Disability
Index; VAS = visual analog scale.
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minimally invasive surgery °
adult scoliosis

thoracolumbar
extreme lateral interbody fusion

ity of patients. Patients can also present with neurogenic
claudication caused by the concurrent stenosis with a
structural degenerative deformity.2’-’

The goals of adult deformity surgery are to obtain
sagittal and coronal balance, pain relief, and solid fu-
sion.** In many cases, these patients require treatment
strategies that address both the anterior and posterior
columns. An interbody graft placement allows for resto-
ration of anterior column height, arthrodesis, and correc-
tion of the deformity. Anterior column support, by way
of interbody graft placement, can be achieved using an

1
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TABLE 1: Clinical summary of 25 patients with adult degenerative deformity treated using the minimally invasive, lateral retroperitoneal

transpsoas approach*

Coronal Angle (°)

Case Age (yrs), Instru-  Fixation Follow- Sagittal
No. Sex Interbody Levels mentation  Levels Fusion Up (mos) Preop Postop Balance Complications
1 74,F L2-3,L3-4 LP L2-4 yes 20 13 8 no
2 68,M L3-4,14-5 LP L3-5 yes 20 10 5 yes subsidence
3 65,F L1-2, L2-3, L34, L4-5 PS T10-llia  yes 20 25 4 no
4 64M  L2-3,L3-4,L4-5 LP L2-5 yes 20 1 4 yes
5 77,F L2-3, L3-4, L4-5 LP L2-5 yes 18 16 7 yes
6 51,F L3-4,L4-5 LP L3-5 yes 17 22 2 yes
7 50,M L3-4, L4-5 none L3-5 yes 17 17 7 yes
8 72,F L2-3,L3-4, L4-5 LP L2-5 yes 13 NA 12 yes numbness
9 50,M [1-2,L2-3, L3-4, L4-5 LP L1-5 yes 13 23 19 no hardware failure
10 65M  L1-2,L2-3,L3-4,L4-5 LP L1-5 yes 13 22 1 yes
1" 65,F L2-3,L3-4, L4-5 LP&PS L2-$1 yes 11 20 7 yes
12 65M  L2-3,L3-4,L4-5 LP L2-5 yes 10 18 2 yes
13 70M  L3-4,14-5 LP L3-5 yes 10 13 4 yes
14 64M  L3-4,L4-5 LP L3-5 yes 10 21 10 yes
15 55,F L3-4,L4-5 LP L3-5 yes 10 24 2 yes
16 56,F L2-3,L3-4,L4-5 LP L2-5 yes 9 12 4 yes
17 53,F L4-5 LP L4-5 yes 9 11 3 no
18 70,F T12-11, L1-2, L2-3,L3-4,L4-5 PS T10-llia  yes 9 48 8 no numbness
19 851 T12-11, L1-2, L2-3, L3-4,L4-5 PS T10-llia  yes 8 49 12 yes
20 75M  L2-3,L3-4,L4-5 PS T12-$1 yes 7 19 2 no
21 60,M  T10-11, T11-12, T12-L1, L1-2,  none T10-L4 no 5 34 24 NA rhabdomyolysis
L2-3,L3-4
22 72,F L2-3,L3-4, L4-5 PS L2-5 no 4 18 3 no
23 52,F L3-4, L4-5 LP L3-5 no 4 15 1 yes
24 75,F L2-3,L3-4, L4-5 PS L2-5 no 4 10 3 yes numbness
25 59,F L1-2, L2-3, L3-4, L4-5 PS T11-llia no 3 36 6 no

* LP = lateral plate; NA = not available; PS = pedicle screws.

anterior, posterior, or lateral approach. The minimally
invasive, lateral retroperitoneal transpsoas approach al-
lows for interbody graft placement and anterior column
support, while avoiding the potential complications asso-
ciated with anterior or posterior approaches.? In this pa-
per, we describe our early experience with the minimally
invasive, lateral retroperitoneal transpsoas approach for
discectomy and interbody graft delivery for adult degen-
erative scoliosis.

Methods

We retrospectively reviewed a prospectively acquired
database of all patients with adult thoracolumbar degener-
ative deformity treated via the minimally invasive, lateral
retroperitoneal transpsoas approach at our institution. All
patient data were recorded, including demographics, pre-
operative evaluation, procedure used, postoperative fol-
low-up, operative time, blood loss, length of hospital stay,
and complications. We also administered the ODI and the
VAS (for pain) pre- and postoperatively as early outcome

2

measures. All patients were scheduled for follow-up post-
operatively at weeks 2, 6, 12, and 24, and at 1 year.

All patients presented with mechanical back pain
and/or radicular pain that was refractory to at least 12
months of conservative management. Patients with idio-
pathic curves or scoliosis secondary to neurological or
neuromuscular conditions were excluded from the study.
The surgical procedure, as previously described,?® con-
sisted of placing patients in the lateral decubitus posi-
tion, performing fluoroscopic localization of the affected
level, and using lateral retroperitoneal blunt dissection
to expose the lateral surface of the spine. Once an arm-
mounted expandable retractor was placed, discectomies
and placement of interbody grafts were performed later-
ally. The discectomies were performed across the mid-
line to the contralateral annulus, while preserving the
anterior and posterior longitudinal ligaments. The inter-
body grafts were made from polyetheretherketone and
filled with recombinant human BMP-2, tricalcium phos-
phate, and hydroxyapatite. The amount of BMP that was
used was approximately 0.7 cm?® of recombinant human
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Fic. 1. Standing radiographs obtained in a patient who underwent a 5-level lateral transpsoas lumbar interbody fusion, and
posterior instrumentation from T-10 to the ilia. Views shown are anteroposterior preoperative (A) and postoperative (B), and
lateral preoperative (C) and postoperative (D).

BMP-2/absorbable collagen sponge per interbody level.
The interbody cages were positioned on the apophyseal
ring and measured 18 mm wide, 8—12 mm in height, and
55-60 mm in length. Interbody grafts were augmented
with lateral plates or posterior pedicle screws for stability
and completion of the deformity correction. Additionally,
EMG neuromonitoring was used throughout the proce-
dure to aid in localizing the motor nerves and roots of the
lumbar plexus and potentially prevent injury.

Results

Between 2007 and 2009, 25 patients (15 women, 10
men) underwent a minimally invasive, lateral retroperito-
neal transpsoas approach for the placement of interbody
grafts in the treatment of adult degenerative deformity
(Table 1). The mean patient age was 62.5 years (range
35-77 years). All patients successfully underwent lateral
discectomies and placement of interbody grafts for ante-
rior column support and interbody fusion (Figs. 1 and 2).
Seventy-six lateral interbody grafts were placed. Twen-
ty-three patients underwent additional instrumentation,
7 with pedicle screws, 15 with lateral plates, and 1 with
both. The mean operative time from induction to extuba-
tion was 108 minutes per level. A significant portion of this
time was devoted to patient positioning and fluoroscopic
localization of the targeted levels. The mean total blood

Neurosurg Focus /| Volume 28 | March 2010

loss was 53 ml per level. The average length of stay in
the hospital was 6.2 days. Mean follow-up was 11 months
(range 3-20 months). No patient required a blood trans-
fusion. There were no intraoperative CSF leaks, wound
infections, or postoperative weaknesses identified. There
were no injuries to the peritoneal or retroperitoneal struc-
tures. There were no deep venous thromboses, urinary
tract infections, or ileus identified. Perioperative compli-
cations include 1 patient with rhabdomyolysis requiring
temporary hemodialysis, 1 patient with asymptomatic
subsidence, and 1 patient with asymptomatic hardware
failure. Three patients (12%) experienced transient post-
operative anterior thigh numbness ipsilateral to the side
of approach in the distribution of the anterior femoral
cutaneous nerve. Evidence of fusion was assessed radio-
graphically in all patients with more than 6 months of
follow-up. In our series, we identified 20 patients (80%)
who underwent more than 6 months of follow-up; all of
these patients demonstrated radiographic evidence of fu-
sion on CT scans or flexion-extension radiographs.

Outcome measures assessed include the VAS pain
score and the ODI (Fig. 3). Mean improvement of 5.7
points in VAS scores and 23.7% in the ODI was observed.
The VAS score averaged 8.1 preoperatively and improved
to 2.4 at the last follow-up visit. The ODI averaged 53.6%
preoperatively and improved to 29.9% at the last follow-
up visit.
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Discussion

Adult degenerative or de novo scoliosis is believed to
develop as a result of asymmetrical degeneration of the
spine. It most often occurs in the lumbar spine and typi-
cally presents with pain as the primary complaint in 90%
of patients.?*” The pain may be axial, radicular, or both.*
Axial pain is more prevalent among older patients with
spinal deformity, as compared with younger patients."”
This pain occurs most commonly from a combination of
muscle fatigue, trunk imbalance, facet arthropathy, and
degenerative disc disease.® All patients should first un-
dergo conservative treatment prior to being considered
for surgical intervention.* However, surgically treated
patients with adult scoliosis had a significantly greater
improvement in back pain and quality of life when com-
pared with nonoperatively treated patients.”3* Once a pa-
tient has failed to respond to conservative treatment or
has met the indications for surgery,'* the surgeon is faced
with the decision to approach the spine from the anterior
or posterior aspect, or a combination of both.

4

- g

Fic. 2. Preoperative (left) and postoperative (right) standing radiographs obtained in a patient who underwent a 3-level lateral
transpsoas lumbar interbody fusion with lateral plate fixation.

The goals of adult deformity surgery are to obtain
sagittal and coronal balance, pain relief, and solid fusion.
Typically, wires, hooks, and pedicle screws have been used
to address the posterior columns in deformity correction
operations.”* In many cases, patients require treatment
strategies that address both the anterior and posterior col-
umns. Unlike adolescent spinal curves, adult deformities
are usually rigid and require a combined anterior-poste-
rior approach.’ This approach usually involves multiple
anterior releases, followed by a posterior procedure in
which the deformity correction is completed."* Anterior
releases can range from a discectomy to a corpectomy,
which aid in extending the spine. Anterior reconstruction
with a bone graft or cage maintains distraction between
the endplates, provides an area for arthrodesis, corrects
kyphosis, and restores lordosis.*

Structural anterior column support provides several
benefits such as improved stability, decreased stress on
posterior instrumentation, improved fusion rates, and bet-
ter lumbar lordosis.'>!6-2327.28.38 Anterior column support,
by way of interbody graft placement, can be achieved

Neurosurg Focus / Volume 28 / March 2010



Lateral transpsoas approach for adult degenerative scoliosis

o

(=TI (VR TYR ST, - A R S

T ———— lm% P T A A R PR
90%
80%
70%
60%
50%
40%
30%
20%
10% -

0%

Preoperative

Postoperative Precperative Postoperative

Fie. 3. Bar graphs showing mean preoperative and postoperative
values of the VAS (for pain) and ODI.

with an anterior, posterior, or lateral approach. Anterior
interbody fusion allows complete visualization of the disc
space and placement of a large interbody graft. Reported
complications from the anterior approach include retro-
grade ejaculation, great vessel injury, ureteral trauma, and
prolonged ileus.®12243931 The posterior and transforam-
inal interbody fusions allow incomplete anterior release
and smaller cage sizes when compared with the anterior
approach. The posterior placement of interbody grafts
places the nerve roots at risk for traction injuries.

The minimally invasive, lateral retroperitoneal
transpsoas approach provides the surgeon with an alter-
native option when placing an interbody graft. The goals
of minimally invasive surgery are to minimize dissec-
tion and trauma of muscle related to the approach, reduce
blood loss, shorten hospital stays, mobilize patients early,
and hasten recovery.>!!3¢ Similar to the anterior approach,
the minimally invasive lateral approach allows for place-
ment of a large interbody graft without need for an access
surgeon. When compared with posteriorly placed inter-
body grafts, laterally placed grafts have a much larger
area for potential fusion and are able to restore disc height
and lordosis more easily.

When planning to surgically correct adult deformity
secondary to degenerative changes of the spine, we must
consider the patient population undergoing the operation.
Degenerative scoliosis is generally observed in the older
population, who tend to suffer from osteoporosis and a
higher number of medical comorbidities.! Advanced age
and medical comorbidities have been reported to cause
more complications in deformity surgery.®?° In addition,
the surgical correction of adult deformity is believed to be
more difficult than in adolescent patients and is associat-
ed with a higher rate of complications.>!%3233 The pseud-
arthrosis rate after deformity surgery for adult patients
after long fusions has been reported to be 24%, which is
significantly higher than in pediatric patients.”” Despite
the increased risk, adult patients with scoliosis who were
older than 65 years of age and were treated operatively
experienced significantly less pain, a better quality of life,
and were more satisfied than patients treated conserva-
tively.?!

Scoliosis is a 3D deformity of the spine and all 3
planes need to be addressed to maximize patient out-
comes. These procedures tend to be lengthy and invasive
due to the need to expose and fuse a large portion of the
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spine. The incidence of complications has been reported
to be between 20 and 80%."%?23 In his series of patients
undergoing posterior fusion and instrumentation for de-
generative lumbar scoliosis, Cho et al.? reported an over-
all complication rate of 68% and an early perioperative
complication rate of 30%. One of the main risk factors
that increased the early perioperative complications in
this study was a blood loss of more than 2 liters.’

Although the minimally invasive, lateral retroperito-
neal transpsoas approach avoids many of the disadvantag-
es of both the anterior and posterior approaches, it does
have certain limitations and disadvantages of its own.
Secondary to the anatomical constraints of the iliac crest,
the L5-S1 disc space is not easily or safely approachable
with this technique. This approach relies on indirect de-
compression of the spinal canal and neural foramen by
restoring disc height and lordosis. If supplemental poste-
rior instrumentation or direct decompression is required,
a separate posterior incision and approach must be per-
formed.

As with all new techniques and technologies asso-
ciated with minimally invasive spine surgery, there is a
steep learning curve associated with this approach. The
use of EMG neural monitoring and intraoperative fluo-
roscopy is critical to the safe passage within the psoas
muscle. Prior reports of lateral retroperitoneal approaches
included mobilization of the psoas muscle from the lum-
bar spine, with a high incidence (30%) of paresthesias in
the thigh/groin region.>?* Knight et al.®® reported a 10%
incidence of lateral femoral cutaneous nerve deficit and a
3% incidence of L-4 motor deficit using the lateral retro-
peritoneal transpsoas approach. In our series of patients,
we identified 3 patients (12%) with transient postoperative
ipsilateral sensory deficits that resolved by the 3-month
follow-up visit. There were no patients with postoperative
motor deficits.

As stated above, in our series of patients, the incidence
of postoperative sensory deficit (12%) using the minimal-
ly invasive, lateral retroperitoneal transpsoas approach
is consistent with rates in the published literature.”® The
approach-related complications of sensory deficits are not
prevented by EMG neuromonitoring, which only helps
identify motor nerves. Because most of these deficits are
transient, we believe they are stretch or neurapraxic inju-
ries. The origin is most likely secondary to placement of
the dilators/retractor system and aggressive dissection of
the retroperitoneal space. In an effort to minimize these
approach-related complications, we decrease the amount
of lateral flexion of the patient and flex the hip during po-
sitioning. We believe that this may decrease the amount
of tension on the lumbar plexus. Some nerves have mixed
motor and sensory fibers, such as the femoral nerve, which
carries the fibers of the anterior femoral cutaneous nerve.
Neuromonitoring using EMG will not directly assist in
detection or localization of sensory nerves; however, lo-
cating the femoral nerve will indirectly indicate the loca-
tion of the sensory fibers of the anterior femoral cutane-
ous nerve. In addition, we advocate acquiring knowledge
of the anatomy of the disc space in relation to the neural
structures, gentle dissection, and minimizing expansion
of the retractor whenever possible.



In addition to the transient sensory deficits already
noted, 1 patient suffered from perioperative rhabdomy-
olysis. He underwent a 6-level interbody cage placement
via the lateral transpsoas approach. This patient required
approximately 4 months of hemodialysis prior to return
of his renal function. Secondary to the rhabdomyolysis,
he did not undergo the second stage of his surgery for
placement of posterior pedicle screws.

Conclusions

Degenerative scoliosis of the adult spine is second-
ary to asymmetrical degeneration of the discs. Surgical
decompression and correction of the deformity can be
performed from an anterior, posterior, or combined ap-
proach. These procedures are often associated with long
operative times and a high incidence of complications.
Our experience using the minimally invasive, lateral ret-
roperitoneal transpsoas approach for placement of a large
interbody graft for anterior column support, restoration
of disc height, arthrodesis, and realignment shows that
this approach is a feasible alternative to more traditional
approaches.
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Minimally invasive surgery for thoracolumbar spinal
deformity: initial clinical experience with clinical and
radiographic outcomes

MicHAEL Y. WANG, M.D.,! AND PRAVEEN V. MUMMANENI, M..D.?

'Department of Neurological Surgery, University of Miami Miller School of Medicine,
Lois Pope LIFE Center, Miami, Florida, and *Department of Neurological Surgery,
University of California, San Francisco, California

Object. Adult degenerative scoliosis can be a cause of intractable pain, decreased mobility, and reduced quality
of life. Surgical correction of this problem frequently leads to substantial clinical improvement, but advanced age,
medical comorbidities, osteoporosis, and the rigidity of the spine result in high surgical complication rates. Mini-
mally invasive surgery is being applied to this patient population in an effort to reduce the high complication rates
associated with adult deformity surgery.

Methods. A retrospective study of 23 patients was undertaken to assess the clinical and radiographic results with
minimally invasive surgery for adult thoracolumbar deformity surgery. All patients underwent a lateral interbody
fusion followed by posterior percutaneous screw fixation and possible minimally invasive surgical transforaminal
lumbar interbody fusion if fusion near the lumbosacral junction was necessary. A mean of 3.7 intersegmental levels
were treated (range 2—7 levels). The mean follow-up was 13.4 months.

Results. The mean preoperative Cobb angle was 31.4°, and it was corrected to 11.5° at follow-up. The mean
blood loss was 477 ml, and the operative time was 401 minutes. The mean visual analog scale score improvement for
axial pain was 3.96. Clear evidence of fusion was seen on radiographs at 84 of 86 treated levels, with no interbody
pseudarthroses. Complications included 2 returns to the operating room, one for CSF leakage and the other for hard-
ware pullout. There were no wound infections, pneumonia, deep venous thrombosis, or new neurological deficits.
However, of all patients, 30.4% experienced new thigh numbness, dysesthesias, pain, or weakness, and in one patient
these new symptoms were persistent.

Conclusions. The minimally invasive surgical treatment of adult deformities is a promising method for reduc-
ing surgical morbidity. Numerous challenges exist, as the surgical technique does not yet allow for all correction
maneuvers used in open surgery. However, as the techniques are advanced, the applicability of minimally inva-
sive surgery for this population will likely be expanded and will afford the opportunity for reduced complications.

(DOI: 10.3171/2010.1 FOCUS09286)
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cy of Americans has increased significantly over

the past half century. However, with this length-
ening of the human lifespan has come an increase in the
prevalence of disorders associated with aging, including
adult spinal deformity. Adult thoracolumbar scoliosis and
kyphosis can be the consequence of numerous etiologies,
including progression of a preexisting deformity, delayed
posttraumatic sequelae, infection, progressive disc and
facet joint degeneration, iatrogenic spinal destabiliza-
tion, and arthropathies such as rheumatoid arthritis.’ In
most cases these deformities will progress with age as

DUE to advances in medical care, the life expectan-

Abbreviations used in this paper: EMG = electromyography;
rthBMP = recombinant human bone morphogenetic protein; VAS =
visual analog scale.
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patients experience progressive loss of muscular bulk,
bone mass, and joint integrity."”

While the treatment of these debilitating disorders
can be highly rewarding and meaningful for the patient
in terms of pain reduction, improved functional capabili-
ties, and cosmesis, the morbidity associated with surgi-
cal correction can be substantial. Given the need for lon-
ger-construct multilevel surgery, as well as the need for
extensive spinal mobilization and reconstruction, these
procedures are typically associated with long anesthesia
times and large quantities of blood loss. Thus, in this pa-
tient population, which is frequently already medically
deconditioned, surgery presents unique hazards.

Traditional open surgery has been associated with
a major complication rate as high as 28—-86%, even at
specialized centers,'#2* and the risks of morbidity have

1
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Fic. 1. Case 19. Radiographic examples of lumbar degenerative scoliosis treated via an anterior-posterior minimally invasive

approach. A and B: Preoperative images demonstrating a 32° Cobb angle.  C and D: Postoperative images demonstrating
curve correction to 5° with maintenance of proper local sagittal balance.

been shown to increase with advancing age.”> Minimally
invasive surgical approaches offer the potential to reduce
some of the complications associated with traditional open
spinal surgeries.'”* Because minimally invasive surgery
may reduce soft-tissue trauma, intraoperative blood loss,
and surgical site infections, patients may experience re-
duced postoperative pain and narcotic consumption and
more rapid mobilization. While yet unproven, these fac-
tors may be especially important in the setting of the
medically compromised patient. In the study by Rosen et
al.'” 50 patients older than 75 years with significant medi-
cal comorbidities underwent minimally invasive spinal
surgery for spinal canal decompression. While the study
had no control arm, the authors were able to demonstrate
that the procedure could be performed efficiently and
safely. More importantly, the authors reduced their aver-
age length of stay to 29 hours, an impressive feat in this
age group.

Recently, instruments and implants have been devel-
oped for longer-segment fixation, fusion, and segmental
manipulation—making minimally invasive surgery for
deformities a feasible option in select patients.?? This re-
port describes our initial experience with minimally in-
vasive surgery for adult thoracolumbar spinal deformity.

Methods
Patient Population

A continuous series of 23 patients undergoing mini-
mally invasive primary or supplemental fixation for adult
thoracolumbar spinal deformities at 2 academic medical
centers was included in this study: University of California
at San Francisco (4 patients) and the University of Miami
(19 patients). The patient mean age was 64.4 years (range
42-84 years), and 74% were women. The mean follow-
up time was 13.4 months (range 6—34 months) (Table 1).
Inclusion criteria were the presence of coronal deformity

2

greater than 20° and/or significant sagittal decompen-
sation with loss of global spinal balance. Patients with
limited or focal sagittal imbalance, such as those present-
ing primarily with a spondylolisthesis, were excluded. In
addition, patients with severe central canal stenosis that
could not be managed with unilateral minimally invasive
decompression were excluded from this study.

The patient population was assessed with regard to
clinical outcomes, complications, surgical blood loss, and
operative times. Separate VAS scores were obtained for
leg (radiculopathic) and axial back pain by patient self-re-
port. Radiographic parameters included preoperative and
postoperative Cobb angles to assess sagittal and coronal
plane deformity correction based on standing 36-inch ra-
diographs. The sagittal alignment was obtained between
the T-11 or T-12 and the S-1 endplates. Fusion status was
assessed using fine-slice helical CT scans as determined
by attending neuroradiologists. All data were collected
with institutional review board approval.

Surgical Technique

All patients underwent combined anterior-posterior
surgery in a single anesthesia session (Fig. 1). The anterior
procedure was performed using a mini-open direct lateral
exposure of the intervertebral discs, as described previ-
ously.?® Retraction or spreading of the psoas muscle al-
lowed for disc or vertebral body removal, anterior release,
and anterior height restoration. Direct local stimulation
as well as continuous live EMG were used in all cases
involving a transpsoas approach, and the anterior recon-
struction was achieved using femoral ring allograft, poly-
etheretherketone interbody cages (Medtronic Sofamor
Danek or Nuvasive), or expandable cages (Fig. 2) (Globus
Medical or Synthes Spine). These interbody devices were
filled with rhBMP-2 (InFuse, Medtronic Sofamor Danek).
Posterior supplemental fixation was performed with the
use of Viper percutaneous pedicle screws and connecting
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TABLE 1: Clinical characteristics and demographics for 23 patients* (continued)

N

Procedure

Dis-
charge

LOS
(days)

EBL Op Time

(ml)

350

No. Levels

Case Age (yrs),

(min)

Graft Type

BMP, rib autograft

Fused

Stage 2

Stage 1
L1-2,L2-3, & L3-4 TP lat IF

Pathology

Sex
59, F

No.

4 home

360

5

T11-L4 percutaneous MIS screws,

LDS

19

T11-L1 posterolat fusion
T11-S1 percutaneous screws, T11-L1

490 7 rehab

400

BMP

7

L2-3,L3-4, & L4-5TP lat IF

61,F LDS

20

posterolat fusion, L5-S1 MIS TLIF

T11-L2 percutaneous screws

700 420 20 home

BMP, vertebral autograft

3

T-12 corpectomyt

delayed posttraumatic

54, F

21

kyphosis from T-12
burst fracture

660 10 home

650

BMP, rib autograft, iliac
crest autograft

MIS TLIF
L1-S1 percutaneous screws & L5-S1

L1-S1 percutaneous screws, L5-S1

proach IF
L2-3 TP partial corpectomies,

L1-2, L2-3, & L3-4 TP ap-

61,F LDS

22

kyphosis from post-

10 home

660

3500

BMP, vertebral autograft

5

MIS TLIF, unilat percutaneous iliac

screw

L3-4 & L4-5 interbody

fusion

vertebroplasty
osteomyelitis

61, M

23

transforaminal

minimally invasive surgical; rehab = rehabilitation facility; TLIF

length of stay; MIS =

lumbar degenerative scoliosis; LOS =

interbody fusion; LDS =

estimated blood loss; IF

* EBL=
lumbar IF; TP = transpsoas.

T Inthis case, the anterior surgery was performed via open approach.

M. Y. Wang and P. V. Mummaneni

rods (DePuy Spine) introduced through the proximal or
distal screw entry site. The screw insertion technique was
based on using primarily anteroposterior fluoroscopy, and
no image guidance was used. Posterolateral intersegmen-
tal fusion was achieved at levels without interbody fusion
by exposing the facet joints and transverse processes of
interest, decorticating with a high speed bur, and laying
in autograft, rhBMP-2, or bone graft substitutes. These
are both off-label uses for thBMP-2.

Results
Operative Statistics

An average of 3.7 intersegmental levels (range 2-7
levels) were fused per patient as seen in Table 1. The mean
operative time was 401 minutes (range 200—660 minutes)
including the anterior component of the combined surger-
ies. Surgical blood loss averaged 477 ml (range 200-3500
ml). Seven (30.4%) of the patients were discharged to in-
patient rehabilitation, and the remainder were discharged
home.

Clinical Outcomes

The VAS scores for leg pain averaged 4.35 preop-
eratively and improved to 1.57 postoperatively, reflect-
ing a mean improvement of 2.78 (Table 2). Utilizing a
single-tailed t-test, this revealed a significant change with
p < 0.01. The VAS scores for axial back pain averaged
7.30 preoperatively and improved to 3.35 postoperatively,
reflecting a mean improvement of 3.96. Using a single-
tailed t-test, this revealed a significant change (p < 0.01).
There were no instances of worsening back pain; how-
ever, 3 patients experienced minimal or no improvement
in their symptoms.

Radiographic Outcomes

With regard to coronal plane abnormalities, 16 of the
patients had preoperative deformities. The mean pre- and
postoperative Cobb angles were 31.4 and 11.5°, respec-
tively, reflecting a mean 20.0° improvement in coronal
alignment. The degree of sagittal deformity, as measured
by the degree of lordosis between the thoracolumbar junc-
tion and S-1 endplate, was 37.4°. This increased to 45.5°
following surgery and reflected an 8.0° increase in global
thoracolumbar lordosis.

Fusion was demonstrated at all interbody levels as
assessed on fine-cut CT scanning. Of the 7 cases with
a posterolateral (without interbody) fusion at the thora-
columbar junction, 2 (28.6%) did not demonstrate radio-
graphic fusion. In 1 case, this resulted in asymptomatic
screw loosening at the 9-month follow-up. All fusion sites
and levels involved the use of hBMP-2 except in Case 21,
although the dose was not standardized.

Complications

There were no intraoperative complications identi-
fied at the time of the surgical procedures or anesthesia.
There were also no intraoperative complications related
to the anterior approach (hollow viscus or vascular in-
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Fic. 2. Case 23. Example of kyphosis treated via a minimally invasive approach. A and B: The patient presented with spinal
osteomyelitis status after vertebroplasty. ~C: The patient underwent a partial corpectomy with expandable cage reconstruction
and posterior percutaneous fixation with cannulated pedicle screws. Mini-open posterolateral fusion was performed at the sites
where there was no interbody fusion.  D: Follow-up CT scanning demonstrated pseudarthrosis and proximal screw loosening,
although the patient did not complain of any new symptoms.

jury), except a case of pneumothorax due to exposure at
T-12. There were no complications due to pedicle screw
placement. In the postoperative period, one patient expe-
rienced new-onset atrial fibrillation, which was treated
with medical management, and another patient developed
a pneumothorax that was not identified intraoperatively.
This necessitated chest tube placement and a longer hos-
pitalization (20 days). One patient developed a CSF leak
not seen at the time of the initial surgery that resulted
in reexploration, which did not reveal any obvious CSF
dural tear. Another patient required a return to the operat-
ing room to extend the construct to the ilium after an S-1
screw pullout on postoperative Day 34. There were no
cases of superficial or deep wound infections. One patient
(Case 23) underwent partial corpectomies with a signifi-
cant blood loss of 3500 ml. This was due to excessive
bone bleeding during the partial corpectomies and was
unrelated to any vascular injury. This patient required al-
logeneic blood transfusions.

Thigh numbness, pain, weakness, and dysesthesias,
all lateralized on the side of the anterolateral approach,
were seen in 7 patients (30.4%) despite the use of continu-
ous EMG neuromonitoring during exposure in all cases.
In all but 1 case, these symptoms resolved in the postop-
erative period. However, this resulted in 2 patients being
admitted to inpatient rehabilitation rather than discharged
home. The patient in Case 21 experienced sensory and
motor changes that were severe and persistent enough to
require use of an assistive device for ambulation.

Discussion

The minimally invasive surgical treatment of spinal
disorders is increasingly being recognized as safe and ef-
fective, with the opportunity for a reduction in pain and
postoperative complications. The advantages of minimal-

6

ly invasive surgery have been disputed in the treatment
of localized pathologies that are well managed using tra-
ditional methods, as evidenced by a recent randomized
study of minimally invasive surgery versus open lumbar
discectomy by Arts et al.® In that study of 328 patients,
the authors concluded that there was no advantage of tu-
bular discectomy over traditional open surgery. However,
surgeons are increasingly recognizing that as the morbid-
ity of the procedure and/or debility of the patient increas-
es, the advantages of a minimally invasive approach are
likely to be increased.

We recently reported our initial results using mini-
mally invasive surgical techniques to treat adult spinal
deformities.?? Other authors have corroborated our expe-
rience, demonstrating that adult spinal deformities may
be treatable using minimally invasive methods.>#!® This
report summarizes our early experiences with percutane-
ous thoracolumbar spinal fixation for adult degenerative
deformities through a combined anterior-posterior tech-
nique for deformity correction. It should be noted that
these procedures and corrections have been made pos-
sible only because of the recent confluence of commer-
cially available devices, advanced surgeon training, and
modern intraoperative imaging techniques. Specifically,
percutaneous pedicle screws, anterolateral approaches,
neuromonitoring, specialized deformity correction in-
struments, and BMP have been critical in allowing spine
surgeons to manage these complex pathologies in a mini-
mally invasive fashion.

In this report, our clinical and radiographic results
for these 23 patients demonstrate that an anterolateral
minimally invasive surgical approach for release, anterior
height restoration, and interbody fusion followed by per-
cutaneous pedicle screw fixation was safe and effective.
Overall, the mean correction in the coronal plane was 20°
with maintenance or improvement of sagittal plane align-
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Minimally invasive surgery for thoracolumbar spinal deformity

ment (mean correction of 8°). Clinical improvement in
back pain (as measured by VAS) at this early follow-up
averaged 3.96 cm. This is similar to larger cohort studies
of open surgery, such as the 317-patient cohort of the Spi-
nal Deformity Study Group, which experienced a mean
3.7-point improvement on the numeric rating scale at
2-year follow-up.”® There were no cases of wound infec-
tion, with the only medical perioperative complications
being the new onset of atrial fibrillation and pneumotho-
rax in 1 case each. Ultimately, 2 patients required a return
to the operating room, one to repair a CSF leak and an-
other to revise instrumentation for an S-1 screw pullout.
Overall, these complication rates compare favorably with
those of other open surgical series. In particular, the low
incidence of surgical site infections has been a finding in
other minimally invasive surgical series.

We have found that the transpsoas approach leads to
a high frequency of thigh numbness, pain, weakness, and
dysesthesias, which are likely the result of retraction in
proximity to the lumbosacral plexus and have been well
described in previous anatomical studies.’ Seven (30.4%)
of our patients experienced new thigh symptoms due to
exposure through the psoas muscle, despite the use of
continuous EMG and direct stimulation testing to local-
ize the lumbosacral plexus in all cases. While the trans-
psoas approach has been described in numerous previous
reports 5131623 there has been little mention of this com-
plication, and it is likely underreported in the literature.
We have typically avoided using this approach below the
L3—4 disc space due to anatomical studies on the location
and proximity of the lumbosacral plexus in the low lum-
bar spine. Nevertheless, despite its drawbacks, the mini-
open direct lateral approach is a powerful complement
to posterior minimally invasive techniques. An interbody
fusion obviates the need for an extensive posterolateral
exposure, which may be compromised in the setting of
minimally invasive surgery. This was demonstrated in
our study, which found no anterior pseudarthroses com-
pared with a 29% pseudarthrosis rate with the posterior
mini-open exposure on early follow-up.

One of the major limitations of this study is the lack
of longer-term follow-up. These data would be essential
in determining whether the progression of adjacent-lev-
el disease rates is acceptable, as many of the patients in
this series may potentially have undergone longer fusion
constructs with an open operation. In addition, while CT
scans were obtained to confirm the presence of a bony fu-
sion, it is possible for instrumentation failure or deformity
progression to occur due to an occult pseudarthrosis.

It should also be noted that the radiographic out-
comes in this series are likely to be inferior as an aggre-
gate when compared with open surgical series in terms of
deformity correction. Given current limitations in tech-
nology, specific reconstruction techniques, such as spinal
osteotomies, remain challenging with minimally invasive
surgery due to issues with blood loss, risk of neural injury,
exposure, and segmental control. While this is currently
an area of active research,?' it remains a tradeoff when
trying to achieve lower complication rates than those as-
sociated with open surgery. Similarly, the lack of dorsal
bony exposure for a fusion surface will likely result in
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higher rates of pseudarthrosis at segments where an in-
terbody fusion is not used. The longer-term implications
of smaller, residual deformities for curve progression, ad-
jacent-level deterioration, or the persistence of symptoms
remain unknown.

In this light, it is important to emphasize that the treat-
ment of this patient population is often primarily focused
on the management of symptoms due to spinal column
incompetency at specific discs and facet joints or due to
neural entrapment. The treatment is thus not necessarily
directed at the deformity per se, but rather with deformity
as an important subcontext. This is unlike the manage-
ment of idiopathic adolescent deformities in terms of the
indications for intervention, specific techniques used, and
natural history of the disease.’

Conclusions

This initial clinical series demonstrates that select
thoracolumbar deformities can successfully be treated
using a combined anterolateral transpsoas interbody fu-
sion followed by a posterior minimally invasive approach
using percutaneous transpedicular instrumentation. Ul-
timately, longer-term follow-up and comparison studies
will be needed to demonstrate any advantages over tradi-
tional open surgical techniques.
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Correction of lumbar coronal plane deformity using
unilateral cage placement

RoOBERT F. HEARY, M.D., AND REZA J. KARIMI, M.D.

Department of Neurological Surgery, University of Medicine and Dentistry of New Jersey—New Jersey
Medical School, Newark, New Jersey

The authors describe a surgical technique for the correction of symptomatic degenerative lumbar scoliosis. Us-
ing a single, unilateral, interbody cage placed on the concave side of the coronal deformity, combined with a dorsal
decompression and instrumented posterolateral fusion, this technique has resulted in excellent curve correction, fu-
sion results, and clinical outcomes in a series of 4 patients. Each of these patients presented with intractable, axial
low-back pain and symptomatic unilateral nerve root compression on the concave side of a lumbar scoliotic defor-

mity. The management is described in detail. (DOI: 10.3171/2009.12. FOCUS09283)

KEy Worps  »

cause of debility in the adult population.3#8:17.20.22.25

In contrast to thoracic scoliosis, in which the defor-
mity itself is often the cause of concern for the patient, in
lumbar scoliosis, the most frequent presenting complaint
is radicular pain caused by nerve root compression.?? The
causes of lumbar scoliotic deformities can be categorized
as idiopathic, degenerative, or iatrogenic due to factors
following prior unsuccessful spinal surgery."'” In each of
these categories, there is a coronal curvature of the lum-
bar spine that is frequently associated with an oblique
angulation and/or rotation of the involved VBs.7:11:18:1922
Degenerative lumbar scoliosis is the result of a progres-
sive, coupled, asymmetrical degeneration of the interver-
tebral discs and facet joint complexes.®?° Additionally,
both an asymmetrical collapse of the VBs and lateral
listhesis may occur, which further increases the degree
of coronal plane deformity.?® This phenomenon is most
commonly observed as a focal deformity, involving only
1 or 2 motion segments, and occurs in the midportion
of the lumbar spine.?! In the lumbar spine, the resulting
scoliotic deformity has a concave curve that leads to a
relative narrowing of the ipsilateral neural foramen, and a
convex curve that opens the corresponding contralateral
neural foramen.®'* Clinical symptoms of lumbar scolio-
sis most frequently result from bony compression—by
either bone, disc, or both—of the ipsilateral nerve root
on the concave side. Additionally, severe disc space col-

l UMBAR scoliosis is increasingly recognized as a

Abbreviations used in this paper: BMD = bone mineral density;
DEXA = dual-energy x-ray absorptiometry; VB = vertebral body.
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degenerative lumbar scoliosis

interbody cage *  spinal deformity

lapse, which is frequently observed on the concave side
of the deformity, may lead to a bone/nerve root/bone
phenomenon at the neural foramen, with resulting intrac-
table radicular pain that is unresponsive to any attempts
at nonsurgical therapy. Furthermore, it is not uncommon
for a translational deformity to occur where the L-2 or
L-3 vertebra is translated laterally with respect to the
adjacent vertebrae, further compounding the degree of
nerve root compression.?

The surgical goals in the treatment of lumbar sco-
liosis are neural decompression, reduction of the coro-
nal plane deformity, maintenance of sagittal balance, and
mechanical stabilization of the spine.>381216.2425 [n this
report, we describe a modification of our usual surgical
technique of posterior lumbar interbody fusion,” which
has been found useful for treating patients with lumbar
scoliosis resulting in ipsilateral, symptomatic, nerve root
compression.

Methods

Four female patients, age 33—71 years (mean age 55
years), who presented to our institution with complaints
of axial low-back pain and intractable unilateral radicu-
lar pain, were found to have lumbar scoliotic deformities.
All patients harbored a left-convex lumbar scoliosis, with
two patients having a double-curve thoracolumbar type
of deformity. Coronal plane deformities were measured
according to the Cobb method, using the maximally an-
gled end-vertebrae of the coronal curve. The magnitude
of the lumbar scoliotic deformity varied from 22-36°

1



TABLE 1: Summary of demographic data in 4 patients who
underwent unilateral interbody cage placement

Factor Case 1 Case 2 Case 3 Case 4
age (yrs), sex 7, F 61, F 33,F 53, F
T-score -3.2 +1.5 -2.9 +1.6
smoking status yes yes yes yes
yrs of follow-up 2 1.75 2.5 2

with a mean of 29.9°. In each case, imaging studies dem-
onstrated significant narrowing of the neural foramen and
disc spaces on the concave side of the curve. On the con-
tralateral convex side, the neural foramina were enlarged,
and the disc spaces were of normal height. Dynamic lat-
eral bending radiography demonstrated that the lumbar
scoliotic curves were rigid in all 4 patients. Flexion and
extension radiographs revealed unstable lumbar degener-
ative spondylolisthesis in 3 patients. Prolonged attempts
at conservative therapy had been undertaken in each of
these patients without success. All patients were smokers
and were referred to smoking-cessation programs during
preoperative evaluation. Surgery was performed only af-
ter preoperative smoking abstinence was achieved. De-
tails of the patients are presented in Table 1.

In addition to obtaining a detailed history and physi-
cal examination, a full medical evaluation was conducted
in each case prior to surgical treatment. Furthermore,
DEXA scans with a bone densitometer (QDR-2000, Ho-
logic Inc.) were obtained in each patient. We determined
T-scores (comparison with normal 30-year-old women)
for the lumbar spine in each case (T-score range -3.2 to
+1.6 [mean -0.75]).

Surgical Technique

The surgical technique for each case was identical
at the level of maximal coronal curvature. At the index
coronally deformed segment(s) a dorsal osseous decom-
pression was performed that included removal of the
spinous process, bilateral laminae, bilateral pars interar-
ticularii, bilateral inferior zygapophyseal facet joints, and
the medial and superior aspects of the subjacent superi-
or facet joints. This degree of bone resection allows for
the involved nerve roots to be completely decompressed
in addition to a dorsal release of the coronal deformity
and passive deformity correction. At this point, pedicle
screws are placed above and below the involved segment.
In addition, if more levels need to be treated, the pedicle
screws are placed at these levels as well.

Once the pedicle screws are in position, and intra-
operative fluoroscopy has confirmed their appropriate
placement, then the bone graft is harvested. Autologous
bone graft is obtained from the iliac crest and combined
with the additional local bone graft which was obtained
during the dorsal bony decompression. All soft tissue is
removed from the bone prior to mixing the local bone
with the iliac crest autograft.

An aggressive discectomy is performed at the index
level where the coronal correction is to be performed.

2
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This is performed bilaterally, using curettes, pituitary
rongeurs, and paddle-shaped disc “shavers,” which al-
lows virtually all of the disc material to be removed from
the disc space. This process alone helps to gain some
degree of coronal plane correction. After the discecto-
my is completed, attention is directed toward the place-
ment of the structural interbody strut graft. We routinely
use a lordotic-shaped carbon fiber cage, which is filled
with morcelized autologous bone graft. A distractor is
placed between the pedicle screws on the concave side
of the coronal deformity. With distraction between these
screws, the cage is impacted into the disc space. Follow-
ing impaction to the appropriate depth, the distractors are
released, the VBs recoil, and the unilateral cage serves
to maintain the coronal curve correction that has been
achieved. The contralateral disc space on the convexity
is then addressed. Generous amounts of autologous fu-
sion substrate bone are packed into the disc space on the
convex side, extending from the anterior annulus fibro-
sis back to the posterior annular defect. In this manner, a
very significant amount of bone graft can be compacted
into the intervertebral space.

After the index coronally deformed segment has
been treated, the remainder of the procedure is carried
out in the usual fashion. Prior to securing the rods to
the pedicle screws, a compressive force is applied to the
screws, bilaterally, at the index level; however, the force
applied is greater on the convex side. This allows for a
further degree of coronal curve correction. Importantly,
by providing dorsal compression, the posterior column is
effectively shortened and lumbar lordosis is maintained.
The remainder of the construct is secured and a layered
wound closure, over 2 suction drains, is performed.

Postoperatively, plain radiographs are obtained in the
recovery room on the day of surgery. A CT scan is ob-
tained on the third postoperative day. Serial neurological
examinations are performed throughout the hospital stay.
Routine follow-up includes clinical examinations with
plain radiographs at 6 weeks, 3 and 6 months, and 1 and
2 years. The degree of deformity correction is initially
assessed on the postoperative CT scan and compared
with the preoperative imaging studies. The final amount
of curve correction is determined from the most recent
plain radiographs where Cobb angles are determined for
both coronal and sagittal alignment on 36-inch standing
anteroposterior and lateral films.

Results

Data regarding preoperative coronal plane deformi-
ty, and the levels included in this determination for each
patient, are provided in Table 2. The levels treated with
unilateral interbody cages for coronal plane deformity re-
duction, as well as the spinal levels that were treated with
an instrumented posterolateral fusion, are summarized in
Table 2. In one patient, unilateral interbody cages were
placed at 2 adjacent spinal levels. In another patient, bilat-
eral interbody cages were placed at separate spinal levels,
in addition to the single unilateral interbody cage. Post-
operative values are reported from the most recent plain
radiographic measurements. The duration of clinical and
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Lumbar coronal deformity correction

TABLE 2: Summary of pre- and postoperative data*

Factor Case 1 Case 2 Case 3 Case 4
lumbar coronal curve levels/type L1-5/1t convex T12-L5/1t convex T10-L5/It convex T10-L5/It convex
unilat cage level(s) rtL2-3 rtL2-3 rtL1-2, L2-3 rtL2-3
bilat cage level(s) NA L3-4,14-5 NA NA
fusion levels L2-S1 L2-5 T11-81 T11-L4
reference levels for Cobb angle L2-5 L2-3 T12-L4 L1-4
preop coronal curve (Cobb anglein ®)  22.3 35 35.9 26.5
postop coronal curve (°) 10.4 21 24.7 1.1
coronal curve correction (%) 11.9 (53) 32.9(94) 11.2 (31) 15.4 (58)
preop global sagittal alignment (cm) +4.5 +2.5 +2.5 -2
postop global sagittal alignment (cm) +5 +2 +1.9 -1.8
fusion achieved yes yes yes yes

* NA = not applied.

radiographic follow-up ranged from 1.75 to 2.5 years. The
mean duration of both clinical and radiographic follow-
up was 25 months. Representative pre- and postoperative
radiographs are shown in Figs. 1 and 2.

A successful radiographic spinal fusion was defini-
tively documented in each case. One patient with a long
fusion construct (T10-L5), in whom a pseudarthrosis
developed and focal kyphosis occurred at the rostral ex-
treme of the construct (T10-11), required revision surgery
and rostral extension of the fusion to the T-5 level. The
mean correction of coronal plane deformity achieved with
this technique was 17.9° over the involved segments. The
magnitude of scoliosis correction varied from 94 to 31%.
Importantly, no loss of sagittal plane balance occurred as
a result of the coronal curve correction procedure. The
global sagittal balance was preserved in all cases. The
mean preoperative global sagittal alignment was +1.9 cm,
and the mean postoperative global sagittal alignment was
+1.8 cm. Based on Odom criteria, we determined that
clinical outcomes were excellent in 3 patients and good
in 1 patient. All 4 patients responded that they would un-
dergo the same procedure again provided that the same
postoperative result was achieved.

Discussion

With an increase in the aging population, there has
been an increasing awareness of degenerative spinal de-
formity as a cause of significant morbidity.?#8:17.20-22.25
In the lumbar spine, scoliotic deformities will often be
associated with a degree of VB angulation as well as a
rotational deformity. Furthermore, unlike thoracic spinal
deformity in which cosmetic concerns are prevalent, in
lumbar degenerative scoliotic deformity the presenting
complaint leading to treatment is most often a combina-
tion of axial and radicular pain.%!1.13:20.21

When patients present with lumbar radiculopathy,
it is important to perform a detailed clinical and radio-
graphic evaluation. Accordingly, this assessment should
routinely include plain radiographs of the lumbar spine
to investigate for, and quantify the degree of, any lumbar
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scoliotic deformity that may be present. Although herni-
ated intervertebral discs and/or spinal stenosis are more
frequent causes of lumbar radiculopathy, a careful and

Fic. 1. Case 4. Left and Right: Preoperative anterolateral and
lateral 36-inch standing radiographs demonstrating a 26° left-convex
lumbar scoliotic deformity with a degenerative listhesis of L2-3 and an
asymmetrical collapse of the right L-2 and L-3 VBs.
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Fic. 2. Case 4. Postoperative 36-inch standing anterolateral and lateral radiographs (A and B) and lumbar spine AP and
lateral radiographs (C and D) following a posterolateral instrumented T11-L4 fusion and placement of a single unilateral interbody
cage at the right L2-3 interspace. A coronal plane correction of 15.4° (58%) was achieved with preservation of the global sagittal

balance.

systematic review of the radiographic studies will dem-
onstrate that a significant proportion of these patients
also harbor a concomitant lumbar spinal deformity. It is
important to determine whether radicular symptoms are
related to the spinal deformity, spinal stenosis, herniated
discs, or a combination thereof, to formulate an effective
treatment plan and achieve satisfactory clinical results.

Previously, the technique we had used for patients
with lumbar scoliosis requiring spinal fusions was to
place bilateral cages into the involved intervertebral disc
space. In this manner, the nerve roots were able to be well
decompressed and the lumbar lordosis was maintained or
improved in most cases; however, the degree of coronal
plane deformity did not change appreciably. The modified
surgical technique has allowed us to achieve substantial
curve corrections while also providing a thorough de-
compression of the involved nerve roots.

It is important to note that an aggressive bony de-
compression and disc removal not only provide an excel-
lent decompression of the neural elements, but also serve
as a deformity-release maneuver. When combined with
proper surgical positioning, with the patient’s hips fully
extended on a radiolucent operating table, a substantial
degree of passive curve correction can be achieved by re-
moving aggressive bony and disc material, and thus less

4

corrective mechanical force needs to be applied to the
construct to produce a satisfactory degree of deformity
correction. To lessen the incidence of failure of the bone-
implant interface or fracture, it is necessary to minimize
the corrective mechanical forces on constructs in patients
with low BMD. Furthermore, in patients with low BMD,
the use of carbon fiber cages, which have a similar modu-
lus of elasticity to that of the adjacent bone, may serve to
lessen the incidence of cage subsidence.>6:10:14.15

By placing a single cage on the concave side of the
deformed segment and by applying asymmetrical dor-
sal compressive forces to the stabilizing construct, we
have been able to achieve excellent coronal curve cor-
rection. The selective application of relatively increased
compressive forces on the convex side of the curve al-
lows for an additional coronal plane curve correction
and applies a compressive force on the interbody graft
material in the disc space proper. At the same time, this
technique allows a very generous quantity of bone graft
to be packed into the convex side of the intervertebral
disc space. The application of bilateral compressive forc-
es also shortens the posterior column, which is pivotal in
the maintenance or improvement of lumbar lordosis and
global sagittal balance.!?

All 4 patients in this series were smokers and 2 pa-
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tients had significantly decreased BMD shown on DEXA
evaluation. Despite the presence of these significant risk
factors for nonunion, the packing of generous amounts of
bone into the intervertebral disc space, in addition to bi-
lateral posterolateral autograft fusions over the transverse
processes, has led to successful circumferential arthrod-
esis of the coronally deformed segments in all 4 cases. In
one patient, in whom a pseudarthrosis developed at the
rostral-most extreme of the fusion construct, requiring
a revision surgery, the pseudarthrosis occurred at spinal
segments that were not involved with the coronal plane
deformity and were treated with an instrumented poste-
rolateral fusion rather than circumferential stabilization
and fusion.

Conclusions

The preliminary results with this minor technical
improvement have been gratifying. In all 4 patients we
have documented excellent improvements in coronal
plane alignment, noted no instance of deterioration in
sagittal balance, and observed solid circumferential fu-
sions at the levels of the coronal deformity. In addition,
the clinical outcomes have been uniformly positive. In
candidates for lumbar spinal fusion surgeries who also
possess focal coronal curvatures, consideration and im-
plementation of unilateral intervertebral cage placement
has produced excellent overall results in our preliminary
experience.
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Intraoperative computed tomography image—guided
navigation for posterior thoracolumbar spinal
instrumentation in spinal deformity surgery

MatTHEW J. TorMENTI, M.D., DEAN B. Kostov, M.D., PAUL A. GARDNER, M.D.,
ApaM S. KANTER, M.D., RicHARD M. Spiro, M.D., AND Davip O. OkoNnkwo, M.D., PH.D.

Department of Neurological Surgery, University of Pittsburgh, Pittsburgh, Pennsylvania

Object. Placement of thoracolumbar pedicle screws in spinal deformity surgery has a reported inaccuracy rate as
high as 30%. At present, image-guided navigation systems designed to improve instrumentation accuracy typically
use intraoperative fluoroscopy or preoperative CT scans. The authors report the prospective evaluation of the accura-
cy of posterior thoracolumbar spinal instrumentation using a new intraoperative CT operative suite with an integrated
image guidance system. They compare the accuracy of thoracolumbar pedicle screw placement using intraoperative
CT image guidance with instrumentation placement utilizing fluoroscopy.

Methods. Between December 2007 and July 2008, 12 patients underwent posterior spinal instrumentation for
spinal deformity correction using intraoperative CT-based image guidance. An intraoperative CT scan of the ster-
ile surgical field was obtained after decompression and before instrumentation. Instrumentation was placed, and a
postinstrumentation CT scan was obtained before wound closure to assess the accuracy of instrumentation placement
and the potential need for revision. The accuracy of pedicle screw placement was later reviewed and recorded by in-
dependent observers. A comparison group of 14 patients who underwent thoracolumbar instrumentation utilizing flu-
oroscopy and postoperative CT scanning during the same time period was evaluated and included in this analysis.

Results. In the intraoperative CT-based image guidance group, a total of 164 thoracolumbar pedicle screws
were placed. Two screws were found to have breached the pedicle wall (1.2%). Neither screw was deemed to need
revision due to misplacement. In the comparison group, 211 pedicle screws were placed. Postoperative CT scan-
ning revealed that 11 screws (5.2%) had breached the pedicle. One patient in the fluoroscopy group awoke with a
radiculopathy attributed to a misplaced screw, which required revision. The difference in accuracy was statistically
significant (p = 0.031).

Conclusions. Intraoperative CT-based image guidance for placement of thoracolumbar instrumentation has an
accuracy that exceeds reported rates with other image guidance systems, such as virtual fluoroscopy and 3D iso-
centric C-arm-based stereotactic systems. Furthermore, with the use of intraoperative CT scanning, a postinstrumen-
tation CT scan allows the surgeon to evaluate the accuracy of instrumentation before wound closure and revise as
appropriate. (DOI: 10.3171/2010.1 FOCUS09275)

Key Worps *  neuronavigation °
spinal instrumentation °

image guidance ¢  spinal deformity °
intraoperative computed tomography

has provided the spine surgeon with a multitude of

options when planning posterior instrumentation
strategies. Although the technique of such instrumenta-
tion is becoming commonplace in the everyday practice
of spine surgery, it still carries the risks of neural element
or vascular injury associated with misplacement.'* Fur-
thermore, the biomechanical strength of the construct is
directly related to the accuracy of instrumentation place-
ment.

The evaluation of the accuracy of transpedicular tho-
racolumbar instrumentation is a subject of great interest in
the spine community as we attempt to limit complications
and improve patient outcomes. This has led to numerous
published evaluations of the accuracy of pedicle screw

THE development of transpedicular instrumentation
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placement and the development of innovative techniques
to improve the accuracy of instrumentation.!34916.19.21.22
Currently, several techniques are used to assist the
surgeon with placement of posterior instrumentation.
These include free-hand techniques using anatomical
landmarks, fluoroscopy, and image-guided navigation
systems that typically use intraoperative fluoroscopy or
preoperative CT scanning. The use of image-guided nav-
igation systems has been shown to improve accuracy and
safety in the placement of posterior instrumentation.?$23
We present a novel application of image guidance
technology combined with intraoperative CT scanning.
The technique is performed in a new operative suite
equipped with a CT scanner interfaced with the operative
table, allowing rapid CT scanning of the sterile surgical
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Fic. 1. Left: The intraoperative CT suite at UPMC Presbyterian Hospital with a 64-slice multidetector CT scanner.  Right
Upper: Prior to the intraoperative CT scan, the wound is covered with an adhesive antimicrobial dressing and sterile drape. Fol-
lowing the scan, the additional drapes are removed and the field is block draped with new sterile drape. Right Lower: View
through the CT gantry from the vantage point of the anesthesiologist. Real-time neuronavigation feedback is provided on the
monitors, one of which can be seen in the background.

field. This application increases accuracy and safety of
instrumentation while allowing the surgeon an intraop-
erative assessment of instrumentation placement.

Methods

Patient Population

Between November 2007 and July 2008, 12 patients
underwent posterior spinal instrumentation using intra-
operative CT-based image-guided navigation for spinal
deformity. All screws were placed under the direction
of the senior surgeon (D.0.0.). A comparison group of
14 patients who underwent thoracolumbar instrumenta-
tion utilizing fluoroscopy during the same time period
and who had postoperative CT scans was evaluated and
included in this analysis. All patients in the comparison
group underwent surgery for correction of scoliosis.

Operative Technique

In the image guidance group, patients underwent
intraoperative CT-based image guidance of spinal in-
strumentation in a newly installed intraoperative suite at
UPMC Presbyterian Hospital (Fig. 1). Patients underwent
induction of general anesthesia and were then placed
prone. Surgical exposure was carried out in routine fash-
ion. If removal of hardware was planned, this was car-
ried out prior to CT scanning. Reference fiducials were
then placed in rigid bone landmarks. An intraoperative
CT scan of the operative field was then obtained using
a 64-slice multidetector CT scanner (GE LightSpeed).

2

Contiguous 0.625- or 1.25-mm images at 120 kVP and
240 mA were obtained. Image acquisition time was < 1
minute in all cases.

Because of the design and movement of the CT scan-
ner table, intraoperative CT scanning of the sterile field
is possible. Patients are draped using 4 sterile drapes
in a square block-drape fashion. Prior to beginning the
scan, the wound is covered with an antimicrobial adhe-
sive dressing. The entire operative field is then covered
with another sterile drape, and all operative instruments
placed on a sterile table away from the field (Fig. 1). Fol-
lowing CT scanning, the drape is removed and the ad-
hesive dressing is incised to expose the wound. A new
adhesive drape and 4 sterile drapes are used to recreate
the sterile operative field. Using this method, no patient in
this series suffered a wound infection. A 3D volume set
of contiguous axial CT images was uploaded to an im-
age guidance workstation (Stryker). Reference fiducials in
the surgical field were registered after securing the image
guidance tracker to a spinous process. System accuracy
ranged between 1.0 and 1.8 mm.

Coronal, axial, sagittal, and trajectory views are
available to the surgeon in real time during drilling, tap-
ping, and placement of instrumentation (Fig. 2). Prior to
placement of screws, the pedicle tract is palpated using a
ball-tipped “feeler” probe. This was performed in both
the image guided and fluoroscopy groups. Triggered elec-
tromyography was used in the non—image guidance cases
to assess for potential pedicle breeches by lumbar pedicle
screws. A threshold of 10 mA is used. Any screw with
nerve root stimulation at < 10 mA is removed and revised
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Fie. 2. A screen capture from the image guidance screen during pedicle probing. Coronal, axial, sagittal, and trajectory views
are available to the surgeon in real time during drilling, tapping, and placement of instrumentation.

as necessary. Triggered electromyography was used in an
early subset of the CT image guidance cases. Rods and set
screws were placed on each side to complete the screw-
rod construct. A final intraoperative CT scan through the
region was obtained to confirm proper placement, trajec-
tory, and length of all screws before wound closure.

Patients in the fluoroscopy group underwent similar
procedures for induction, exposure, and decompression.
Instrumentation was placed with serial lateral fluoro-
scopic images. Anatomical landmarks and direct visual-
ization were used to confirm the mediolateral trajectory.
Following surgery and extubation, the patients underwent
CT scanning to assess accuracy of instrumentation place-
ment, as is our standard postoperative protocol in patients
with spinal deformities.

Postoperative Evaluation

The postoperative CT scans were reviewed by 2 inde-
pendent observers. The main objective was to determine
if any screws were malpositioned. Once malpositioned
screws were identified, the spinal level, positioning, and
the presence of impingement or invasion of adjacent neu-
rovascular structures were recorded. Follow-up radio-
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graphs were evaluated for the presence of instrumenta-
tion failure and pseudarthrosis.

Results
Image Guidance Group

One-hundred sixty-four pedicle screws were placed
in 12 patients via a posterior approach using the afore-
mentioned intraoperative CT guidance protocol. Of these
screws, 85 were placed in the thoracic spine and 79 in the
lumbosacral spine.

Independent, blinded review of postinstrumenta-
tion CT scans revealed that 2 screws (1.2%) breached the
pedicle cortex. Both screws were located in the thoracic
spine. We reviewed the operative reports of these 2 pa-
tients after unblinding the data. In 1 patient, a right-sided
T-5 screw broke through the cortex medially. Notation
was made to leave the screw in place, as less than half of
the screw diameter had penetrated the pedicle wall and
there was no impingement on adjacent neural elements.
The second patient had a left-sided T-8 screw minimally
breach the medial pedicle wall. Again, it was noted that
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the spinal canal and adjacent structures were not at risk,
so the decision was made to leave the screw in its initial
position. The overall accuracy for the image guidance
group was 98.8%.

No intraoperative instrumentation-related complica-
tions (that is, screw breakage, pedicle fracture, or neu-
rovascular injury) were encountered during any of these
procedures. Following postinstrumentation intraopera-
tive CT scanning, the surgeons determined that all screws
were in a satisfactory position and no screws were revised
during the initial procedure. The mean follow-up for pa-
tients undergoing CT-based image guidance was 16.8
months (range 14-21 months). During the follow-up pe-
riod, no patient showed evidence of instrumentation fail-
ure or pseudarthrosis. No patient required reoperation for
revision of instrumentation.

Fluoroscopy Group

In the comparison group, 211 screws were placed in
14 patients. Ninety-one screws were placed in the thoracic
spine, and 120 were placed in the lumbar spine. Eleven
screws were found to breach the pedicle wall. The overall
accuracy for the fluoroscopy group was 94.8%. The dif-
ference in accuracy between the 2 systems was found to
be statistically significant (p = 0.031).

Postoperatively, 1 patient awoke with a radiculopathy
attributable to a medially misplaced screw. This patient
returned to the operating room for revision of this screw.
Two patients in the comparison group had postoperative
wound infections that required operative debridement.

Discussion

Intraoperative CT-based spinal navigation is an ef-
fective and accurate means of achieving complex instru-
mentation of the thoracolumbar spine. Its use improves
the accuracy of instrumentation placement and decreases
the risk to adjacent neurovascular structures. Further-
more, with intraoperative CT-based image guidance, the
operating room staff is spared the radiation exposure of
traditional procedures that use fluoroscopy.

The accuracy of intraoperative CT-based image guid-
ance is maximized because the images off of which the
guidance is performed are obtained with the patient in
the same position as that during placement of the instru-
mentation. Fiducial reference markers are placed after
exposure and within millimeters of the intended starting
points for the instrumentation, further enhancing accu-
racy of the image guidance.

The use of intraoperative CT-based spinal navigation
allows real time feedback to the surgeon of instrumenta-
tion placement in the coronal, sagittal, and axial planes.
Any errors in starting point, trajectory, screw size, or
anatomical relationships may be corrected through ad-
justment of the drill. Final instrumentation placement is
assessed by a second intraoperative CT scan such that any
suboptimal screw may be replaced at the surgeon’s dis-
cretion if necessary.

A major concern of spine surgeons when placing
instrumentation is the accuracy with which the instru-
mentation has been placed. A recent meta-analysis on
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pedicle screw placement accuracy found a median accu-
racy for thoracolumbar instrumentation without naviga-
tion to be 86.6% (range 27-100%) when compared with
a navigation-assisted median accuracy of 93.7% (range
72-100%).° In our series, all lumbar/lumbosacral instru-
mentation was accurately placed within the pedicle 100%
of the time. An analysis of our thoracic instrumentation
showed 2.4% of our thoracic pedicle screws (1.2% of all
screws placed) were outside of the pedicle. However, nei-
ther screw had more than half of its diameter outside of
the pedicle. No neurovascular structures were impinged
on, and no significant change in spinal canal diameter
resulted. In our series, image guidance was superior to
fluoroscopy. Three patients in the fluoroscopy group re-
quired a second surgery, including a patient who required
instrumentation revision for neurological impingement.

The use of 3D image guidance software also al-
lows not only for placement of instrumentation within
the boundaries of the pedicles but also with the desired
axial and sagittal angles required to maximize construct
strength. Surgical correction of spinal deformity requires
that implants withstand the force necessary to achieve the
correction. Increasing biomechanical stiffness will lead
to higher arthrodesis rates.'> Maximizing bone-implant
interface assists in resisting pullout. In the thoracic and
lumbar spine, triangulation of pedicle screws has been
shown to significantly increase pullout strength in in
vitro studies.!®!®2* The surgeon may maximize conver-
gence, as well as screw size, via surgical planning on the
axial images provided by the navigational software. Fur-
ther strength may be added to the construct by choosing
an optimal sagittal trajectory. A biomechanical study by
Lehman et al.!" showed an increase in pullout strength if
transpedicular instrumentation was placed parallel to the
endplate rather than down the axis of the pedicle. The
sagittal reconstructions afforded by intraoperative im-
age guidance allow the surgeon to capitalize on real-time
imaging to place instrumentation parallel to the endplate
and maximize pullout strength.

Current image guidance systems can be classified
by the imaging they use and include standard fluoros-
copy and 3D C-arm fluoroscopy systems. A weakness of
a standard C-arm image guidance system is the lack of
coronal and sagittal reconstructions that allow the sur-
geon a real-time visual feedback regarding the trajectory
of instrumentation.

Three-dimensional C-arm fluoroscopy is able to ac-
count for many of the limitations of fluoroscopy-based
systems. The systems rely on an isocentric C-arm fluo-
roscope combined with a navigational computer. The im-
ages can be reconstructed in 3D to provide axial, coronal,
and sagittal reconstructions. In addition, intraoperative
and postinstrumentation imaging can be obtained to as-
sess accuracy. Application of this technology to spinal
instrumentation has provided encouraging results,>2!7
and it is readily available. While image quality of 3D C-
arm fluoroscopy is an improvement, it is not on par with
thin-slice CT scanning. In the face of complex deformity,
image quality allows for improved accuracy during uti-
lization of image-guided navigation systems. The new
intraoperative CT scanner at our institution provides for
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improved image quality, and the accuracy of instrumenta-
tion reported herein confirms that.

The introduction of intraoperative CT in the 1980s
enabled surgeons to adapt their operative plans with up-
to-date high-resolution imaging.'* While the use of intra-
operative CT scanning in spinal surgery is not new,%°
we believe we are the first to report its marriage to im-
age guidance for instrumentation placement in complex
spinal deformity. Our use of intraoperative CT scanning
with spinal neuronavigation eliminates the disadvantages
of other navigational systems. The image-guidance CT
scan is obtained with the patient in the operative posi-
tion and takes into account operative decompression or
surgical landmark manipulation. The images obtained
are thin-slice CT images of the same quality as those ob-
tained using diagnostic CT scanners. This resolution is
absolutely necessary when attempting to maximize screw
length, diameter, and trajectory in the vicinity of neuro-
vascular structures.

A criticism of this technology is the cost required
to install and use an intraoperative CT suite. The debate
rests between the cost of installation of this system and
the cost of reoperation in patients with misplaced screws.
Our current investigation is not able to address a cost-
benefit analysis as sample size and length of follow-up
are insufficient to power such a study. As our experience
grows, we hope to make this a focus of future analyses.

An important issue is whether intraoperative imag-
ing may lead to unnecessary replacement of radiographi-
cally suboptimal screws that are otherwise not clinically
significant. Unnecessary repositioning of screws places
the patient at an increased risk for complications related
to screw placement and runs the risk of biomechanically
weakening the construct. Of the 164 screws placed in the
image guidance group, none were revised following the
second intraoperative scan. This includes the 2 screws that
were deemed suboptimal. The surgeon must judge wheth-
er the risks of replacing a screw outweigh the potential
clinical implications of its misplacement. For each of the 2
misplaced screws in the CT image—guided group, the sur-
geon made a conscious decision not to revise the screws as
neither vascular nor neural elements were at risk.

Conclusions

Intraoperative CT-based spinal navigation for the
placement of thoracolumbar pedicle screw instrumenta-
tion improved accuracy to 98.22%. It also allowed for
revision of misplaced instrumentation before closure.
When compared with standard fluoroscopy, intraopera-
tive CT-based spinal navigation significantly improves
the accuracy of instrumentation placement.
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Variable positions of the sacral auricular surface:
classification and importance

NiLADRI KuUMAR MAHATO, M.B.B.S., M..S., D.N.B.

Department of Anatomy, Sri Aurobindo Institute of Medical Sciences, Indore, Madhya Pradesh, India

Object. Although the area at the auricular surface defines the magnitude of weight transmission to the hip bones,
this study proposes that the position of the auricular surfaces may also significantly influence load bearing patterns
at the sacrum. This study attempts to investigate and classify variable positions of the auricular surfaces that may
cause vertical shifts in weight-bearing patterns between the L-5 and S-1 segments, altering weight distribution at the
lumbosacral and sacroiliac regions.

Methods. Three hundred human sacra were studied to determine the position and extent of their auricular sur-
faces in relation to the sacral segments. Specimens were grouped as “normal,” “high-up,” and “low-down” auricular
surface-bearing sacra. All bones were also scrutinized for the presence of accessory articulating facets on the ala of
the sacrum and sacralization of the L-5 segment or lumbarization of the S-1 segment. Seven dimensions and 5 articu-
lar areas were measured in all sacra. Nine indices were calculated to show proportional representation of dimensions
and areas in the bones. Obtained data were analyzed for differences in groups of sacra bearing different auricular
surface positions.

Results. Thirty-nine of the sacra (13%) showed auricular surfaces that occupied a high-up position (from upper
S-1 to low S-2 segments). Forty-four of the sacra (15%) exhibited a low-down auricular surface (from the low S-1
to low S-3 sacral segments). The remaining bones demonstrated a normal position of the surface (from the S-1 to the
middle of the S-3 segments). Twenty of the high-up sacra demonstrated unilateral or bilateral accessory articulating
facets on the alae that articulated with extended transverse processes of the L-5 vertebrae. The low-down sacra trans-
mitted load predominantly via lower (S2-3) segments and exhibited stouter, broader, and efficient weight-bearing
lower sacral elements, and a prominent gap between the S-1 segment and the rest of the sacrum. The high-up sacra:
1) were shorter and broader in comparison with the normal sacra; 2) at times presented accessory articular facets on
their alae; 3) had a smaller body span and a wider ala; 4) were found to have the plane of the facet joints nearer to the
posterior aspect of the S-1 body; and 5) had the smallest of the facet areas. The low-down sacra were longer than they
were broad, had a substantially broad body span at S-1, possessed the smallest interauricular distance, and showed
considerable depth of the plane of the facet joints.

Conclusions. The position of the auricular surface varies in human sacra. These variations are associated with
differential load bearing at the sacral joints. Only the high-up sacra demonstrated the presence of accessory articulat-
ing facets between L-5 and S-1. The position of the auricular surface can explain or possibly predict low-back pain
situations. (DOI: 10.3171/2009.12.FOCUS09265)

KEy Worps ¢  auricular surface

low-back pain

sacral segment e facet joint

and the appendicular skeleton. The word sacrum

means “sacred (bone).”!” The entire load received
at the upper end of the sacrum is transmitted bilaterally
to the ilium through the strong sacroiliac articulations.>'8
The associated ligaments and muscles around the joint
actively assist in the transmission of load toward the
hip joint. The sacral component of the sacroiliac joint
is formed by a pair of inverted, L-shaped, extensive ar-
ticular surfaces, called the auricular surface, due to its
resemblance to the pinna of the external ear. A “normal”
auricular surface is located on the outer surface of the
lateral mass of the sacrum and extends from the S-1 to
the middle of the S-3 sacral segments.? As studied by Pal

THE sacrum acts as the interface between the axial
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et al.,'8 the auricular surfaces measured in 44 human sa-
cra showed that the normally located auricular surfaces
(extending from the S-1 to the middle of the S-3 sacral
segments) transmitted weight predominantly through the
S-1, S-2, and upper half of the S-3 components to the
sacroiliac joint.!®

The upper 3 segments bear strong transverse bars
(costal elements) that connect the bodies of the S-1, S-2,
and superior half of the S-3 segments to the lateral mass
of the sacrum, bearing the auricular surface. As a conse-
quence, the lower segments of the sacrum beyond and be-
low the auricular surface appear to be grossly diminished
in size and become narrow.>®2> Unlike the ilium, the
position and orientation of the sacrum does not undergo
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TABLE 1: Comparison of the mean linear parameters in the 3 groups*

Linear Dimensions (mm) Normal Group | (217 cases)

High-Up Group Il (39 cases)

Low-Down Group Ill (44 cases)

interfacet distance 5212 (4.34)
facet depth 15.24 (2.90)
interauricular distance 102.79 (10.09)
body width 46.34 (6.62)
mean auricular height 61.15 (8.16)

It auricular height 61.49 (8.44)
rt auricular height 60.82 (8.51)
sacral height 105.05 (10.24)

47.88 (5.07) 47.90 (6.10)
13.98 (2.70) 15.88 (3.62)
102.04 (6.3) 100.86 (10.25)
42.90 (5.90) 46.97 (5.63)
60.04 (6.36) 61.97 (5.01)
60.60 (5.54) 62.12 (5.46)
60.32 (5.41) 61.81 (5.64)
94.82 (7.81) 108.40 (14.72)

* All data presented as mean (SD).

drastic changes as a result of a transition from the qua-
drupedal to bipedal mode of locomotion.?! Nevertheless,
the sacra are the first of the bones to undergo changes
in shape across hominoid evolution.'*"* The changes ob-
served in human sacrum are a more vertical orientation of
the bone and the “stockpiling” of its segments, implying
its weight-bearing nature. The changes in the sacrum are
accompanied by certain morphological adjustments such
as an increase in width in comparison with the other pri-
mates.'>'*172! [n contrast to other primates, the human sa-
crum exhibits a more compact body consisting of 5 fused
segments, comparatively more vertical orientation, and
marked load-bearing features across its upper elements,
with features of vertical “stacking” of its individual seg-
ments? and development of the lumbosacral angle.! 1324
Much scientific literature is available related to the
size, shape, and dimensions of the sacroiliac joint in both
healthy and diseased states.3%!! There is no available
literature pertaining to the variation of position of the
auricular surface on the lateral mass of the sacrum, ex-
cept for a superficial comment about the relative change
of position of the surface in the Australopithecus fossil
remains of A. africanus (the skeletal remains Sts 14 [fe-
male A. africanus] and A.L. 288-1 [female A. afarensis,
or “Lucy”]) bearing a “high” auricular surface in com-
parison with the A. afarensis (Stw 431 [A. africanus])
that has a “low” surface.!” Several other important skel-
etal factors, especially the orientation of the pelvis, the
curves of the spine, the alignment of the center of grav-
ity, and the fanning of the iliac blades act as deciding
variables for developing a complete bipedal mode of
locomotion.'® The position of the auricular surfaces in
the context of their orientation with the iliac bone is vi-
tal in maintaining an upright posture, because any shift
of the auricular surface can alter the dynamics of load
transmission within the sacrum (between the sacral seg-
ments) at the lumbosacral and sacroiliac articulations.
Conversely, specific auricular morphology of the sacrum
may be associated with unique load transmission patterns
associated with the upright spine observed in humans or
perhaps be linked to certain pathological conditions at
articulations of the sacrum. The aims of this study were
to: 1) detect any gross alteration in the position of the
auricular surfaces in human sacra in relation to the sacral
segments; 2) attempt to classify sacra according to varia-

2

tions in the relative position of the auricular surfaces; 3)
correlate variations in the positions of auricular surfaces
with other observable morphological changes in the sa-
crum; and 4) provide a detailed morphometry of the pro-
posed functional varieties of sacra.

Methods

Three hundred human sacra were used for the study.
All the sacra were from the adult age group (18—65 years
of age) and included both the sexes. Each of the sacra was
measured for the following parameters: 1) the distance
between the 2 articular facets; 2) the distance between the
posterior limit of the S-1 segment and the coronal plane
of the 2 zygapophyseal joints; 3) the width of the body of
the S-1 segment; 4) the height of the auricular surface;
5) the height of the sacra; and 6) the maximum distance
between the 2 auricular surfaces. The auricular surfaces,
area of the zygapophyseal facets, and areas of the upper
surface of the body of the sacrum were determined. All
linear measurements were obtained using digital sliding
vernier calipers with a sensitivity of 0.01 mm. The sur-

TABLE 2: Comparison of the different surface areas in the 3
groups*

Surface Normal High-Up Low-Down

Areas (cm?) Group | Group Il Group llI
auricular

mean 10.36 (1.86) 10.98 (1.78) 10.06 (1.58)

rt 10.47 (1.92) 11.08 (2.01) 10.13 (1.78)

It 10.24 (2.00) 10.88 (1.95) 9.97 (1.63)
facet

mean 1.71(0.51) 1.52 (0.48) 1.77 (0.48)

It 1.68 (0.58) 1.53 (0.51) 1.74 (0.52)

rt 1.73 (0.52) 1.52 (0.57) 1.80 (0.52)
body 10.02 (2.35) 9.85(2.30) 9.89 (2.82)
accessory 2.13(1.06)

facet areas

on high-up

sacra

* All data presented as mean (SD).
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TABLE 3: Comparison of the indices in the 3 groups*®

Indices (mm) Normal Group |

High-Up Group Il

Low-Down Group Il

tripod index (IFD/FD) 3.53 (0.70)
transverse index (IAD/BW) 2.24 (0.34)

auricular index (SH/AH) 1.74 (0.22)
articular index (IAD/IFD) 1.94 (0.21)
sacroauricular index (IAD/SH) 1.02 (0.08)
auriculofacet depth index (IAD/FD) 6.92 (1.25)
Index | (ASA/BSA) 1.01(0.24)
Index Il (ASA/FSA) 6.27 (2.24)
Index Il (BSA/FSA) 6.17 (1.91)

3.54 (0.75) 3.16 (0.80)
2.66 (0.67) 214(0.23)
155 (0.28) 1.87 (0.24)
214(0.21) 212 (0.26)
0.93 (0.89) 0.94 (0.13)
7.56 (1.48) 6.63 (1.53)
144(0.27) 1.05(0.21)
7.97 (3.13) 6.43 (3.86)
6.9 (2.76) 6.24 (3.62)

* All data presented as mean (SD). Abbreviations: AH = auricular surface height; ASA = auricular surface area; BSA = upper
surface of the body of the sacra; BW = body width; FD = facet depth; FSA = area of the zygapophyseal facets; IAD = interauricular

distance; IFD = interfacet distance; SH = sacral height.

face areas were traced on tracing paper and measured
with a digital planimeter. All sacra were inspected to
detect the position and extent of the auricular surfaces,
the presence of any accessory articulating facet on the
alae of the sacrum, and the presence of any lumbosacral
vertebral fusion. The sacra were identified as 1 of 3 types
according to the position of their auricular surface. The
sacra showing an auricular surface extending from the
S-1 to the middle of the S-3 sacral segments were desig-
nated as Group I (normal). Auricular surfaces beginning
superiorly above the upper level of the S-1 segment and
extending inferiorly up to the upper S-3 segment were
categorized as Group II sacra (“high-up;” Fig. 1). Bones
with auricular surfaces beginning at the lower half of the
S-1 segment and extending up to the inferior aspect of the
S-3 segment were categorized as Group III (“low-down;”
Fig. 2). Several indices were calculated, based on the ob-
served values. Differences in the absolute values of the
data among the groups were analyzed and interpreted.
Seven sacra exhibited complete sacralization of the L-5
vertebra; these sacra exhibited low-down auricular sur-
faces and were included in Group III (Fig. 2 right).

Results

Table 1 shows the mean values of all linear parameters
in each of the 3 groups of sacra. Analysis of the dimen-
sions revealed that the mean height of the high-up sacra
(Fig. 1) was smaller than the height in the normal and low-
down groups. The mean body width of the S-1 segments
was considerably smaller in the Group II specimens, and
the interfacet distance was smaller, but the mean interau-
ricular distance in this group was comparable to that in
the normal group. The plane of the facet joints in Group
IT appeared to be nearer to the S-1 vertebral body, given
that the mean facet depth was found to be lower in Group
II than in the other 2 groups. The heights of the auricular
surfaces were similar in all 3 groups. The sacra in Group
III (low-down) demonstrated a greater length, wider S-1
body, and closer auricular surfaces (smaller interauricular
distances).

Table 2 compares the mean superior surface areas of
the S-1 segment body in the 3 groups. The mean facet
surface areas were found to be smaller in Group II in
comparison with the other groups. No significant differ-
ences were observed among the groups for the auricular

Fic. 1. Representative sacra from Group Il (high-up).  A: In this image, note that the auricular surface is limited to the upper
2 sacral segments (S-1 and S-2) and begins above the level of the S-1 segment. The arrowhead indicates the accessory articula-

tion on the left sacral ala.

B: Upper view demonstrates the small body area, the smaller facets (arrowheads), and the accessory

articulating areas (Acc Art). BW = body width; IAD = interauricular distance. C: Example showing 4 segments (lumbarization) and

2 accessory facets (arrowheads) on the alae.
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Fic. 2. Representative sacra from Group Il (low-down).

Left: Note the relatively low position of the auricular surface in the

N. K. Mahato

sacrum. The surface occupies the lower half of S-1 and extends well into the S-3 component. Note the increased space between
the upper 2 sacral components.  Right: Example showing complete sacralization of L-5. The arrowheads in both figures show

the gap between the upper 2 components.

surface areas. Among the indices shown in Table 3, the
following are noteworthy. Index I (auricular surface area/
body surface area) showed a higher value for Group II,
indicating a larger auricular surface area in comparison
with the small body area at S-1. A high Index II (auricular
surface area/facet surface area) value in Group II indi-
cated a lower percentage of weight shared by the smaller
facet joints at the sacrum. All absolute values as well as
the indices indicate no appreciable variations in the di-
mensions of the auricular surfaces. Group I auricular sur-
faces extend from the upper S-1 segment to the middle
S-3 segments. The Group II auricular surface sacra show
well developed S-1 and S-2 sacral components; the upper
limits of the auricular surfaces jut beyond the superior
surface of the S-1 segment in this group.

Of the 39 high-up sacra detected in the study (13%),
20 demonstrated the presence of unilateral or bilateral ac-
cessory articulating facets (mean area 2.13 + 1.06 cm?)
on their alar surface that articulated with a well-defined
reciprocal area on the tip of an extended transverse pro-
cess of L-5. The rest of the high-up sacra demonstrated
evidence of stronger attachments of the sacroiliac liga-

4

ments than usually encountered. The sacral segments
below the S-2 element exhibited narrow bodies that
ended abruptly with approximating lateral borders. No
accessory articulating facets were visualized in Group I
or Group III sacra. The 44 low-down auricular surfaces
(14.6%) stretched between the middle S-1 up to the lower
S-3 levels (Fig. 2). In all groups, the auricular surface area
occupied approximately 2.5 sacral segments. Three sacra
exhibited unilateral fusion of the L5-S1 transverse pro-
cesses (Fig. 3). The unfused sides demonstrated a high-up
auricular surface whereas the fused (opposite) sides pre-
sented a low-down surface, probably due to incorporation
of the L-5 transverse elements into the auricular surface
(with the body of L-5 now representing the top of the sa-
cra). Seven sacra showed complete sacralization of the
L-5 vertebrae. These bones presented bilateral low-down
auricular surfaces (Fig. 2 right).

Two of the high-up sacra presented only 4 sacral seg-
ments (Fig. 1C). Both of their alae bore bilateral accesso-
ry articulations. In fact, these spines revealed that the S-1
components of their sacral columns were incompletely
lumbarized and now presented as the sixth lumbar ver-
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Fie. 3. A representative sample of a partially sacralized L-5 vertebra. The sacralized side exhibits a low-down auricular
surface (left), whereas the unfused side bears a high-up surface (right). The arrowhead indicates the gap between the L-5 and

S-1 segments.

tebra. The L-6 vertebrae connected to the sacral alae by
bilateral accessory articulations. The majority of the low-
down sacra presented wider gaps between the S-1 and the
S-2 components of the sacral corpus (Fig. 3).

Discussion

Human sacra are structurally adjusted to a bipedal
mode of locomotion and therefore assume specific spatial
orientation and angulation.'>?' The sacrum bears weight
and is transformed into a compact triangular bone. The
sacrum receives weight from the upper vertebral column
via the upper surface of the body of the S-1 segment
and also through the articular facets that constitute the
lumbosacral zygapophyseal joints. The magnitude of the
forces received is proportional to the articulating surface
areas'® and is also dependent on the sacral articulation an-
gle.! The load is transferred bilaterally to the ilium through
the auricular surfaces via the sacroiliac joints. The less-
weight-bearing sacrum in the quadrapeds is longer and
is composed of a fewer number of segments.>#!72! The
fusion of sacral segments imparts stability as well as ef-
ficiency in load transmission in a vertically oriented ver-
tebral column.!”® In fact, the fusion results from the need
to stabilize the sacral column at the expense of its mo-
bility, for a complete and proficient transmission of load.
In addition to fusion of the sacral bodies, the transverse
processes of the sacral segments coalesce to represent the
massive lateral masses of the sacrum.

As observed in Group I (normal sacra), load is pri-
marily routed through the first 2.5 segments at the au-
ricular surfaces that are located exactly at the level of the
S-1, S-2, and upper S-3 segments. These sacral segments
show robust costal elements and a prominent trabecular
pattern’® at these levels. These sacra also exhibit attenu-
ation of their sacral segment sizes below with a quick
narrowing of the lateral borders. The sacrum assumes
its characteristic anteroposterior curve only below these
stable and vertical components.

The Group III (low-down) auricular surfaces indicate

Neurosurg Focus /| Volume 28 /| March 2010

increased stability and strength at the lower (S-2 and S-3)
sacral segments. The occasional presence of exaggerated
gaps (increased intervertebral spaces) between the S-1
and S-2 segments in low-down sacra indicates that more
weight is transmitted through the lower segments of these
vertebrae, which obviates the need for complete fusion of
the S-1 segment. This situation can be viewed as a condi-
tion of incomplete incorporation of the S-1 segment in
the sacral “stockpiling” due to already stable and efficient
lower segments.

The Group II sacra demonstrated stable upper seg-
ments (S-1 and S-2) with strong features of load trans-
mission at their costal and transverse elements and sacral
bodies. Weight transfer in these sacra occurs chiefly at
the upper vertebral levels due to the superior position of
the auricular surfaces. This weight is transferred later-
ally to the 2 sacroiliac joints. This transverse direction
of load shift in Group II high-up sacra is more acute
when compared with Group I or III sacra, because the
auricular surfaces in Group II sacra are situated higher
up. The observation that the alar slopes of the S-1 seg-
ment are similar in Group I and Group I11,> and that they
are steeper in Group II, demonstrates that the transmitted
load in the high-up category possesses a more horizontal
trajectory and influences the load-bearing pattern at this
region. In fact, a good number of these sacra with high-up
auricular surfaces present with unilateral or bilateral ac-
cessory articulations between the ala of the sacrum and
extended transverse processes of the L-5 vertebra. This
may indicate a partial “recruitment” of an additional up-
per component (transverse process of the L-5 vertebrae)
into the sacral stockpiling to increase its load-bearing ca-
pability. Observation of successive lumbar vertebrae from
above downward reveals that the plane of the facet joints
gradually moves away from the vertebral body and act
as a tripod to support weight.'” The continuation of this
phenomenon can be encountered in Group III, Group I,
and Group II specimens in decreasing order of the rela-
tive distances of the plane of the facet joints from the ver-
tebral body. The role of the sacral anatomical orientation
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angle in this recruitment of additional segments to facili-
tate load bearing is a matter of further research.
Observation of the sacra with unilateral sacralization
of L-5 demonstrates 2 types of auricular surfaces on the
2 sides of the bone (Fig. 3). On the side of fusion of the
L-5 transverse process, the auricular surface appears to
represent a low-down variety. It appears so because of the
inclusion of the body of the L-5 vertebra on top of the
corpus of the sacrum. This characteristic also imparts a
greater height to the bone. A part of the transverse pro-
cess also contributes to increase the area of the auricular
surface on that side. The point to be noted is that this side
of the sacrum now exhibits an added area to the overall
auricular surface but presents a decreased area at the su-
perior facet articular surface of the bone (because the L-5
superior articular facet surface is smaller than the nor-
mal S-1 superior facet surface). The lower limit of the
auricular surface never extends below the level of the S-2
segment at these fused sides (or in the specimen showing
completely sacralized L-5 vertebrae). The opposite half
of the sacrum exhibits a high-up auricular surface with an
extended transverse process of the L-5 vertebra above it.
This process abutted near the sacral ala but failed to artic-
ulate with the ala (Fig. 3 right). It may be asked whether a
high-up auricular surface necessitates a gradual extension
of the transverse process of the L-5 vertebrae to either
form an accessory articulation with the ala of the sacrum
or fuse with the ala (sacralize), due to functional reasons
of load bearing. The evidence of stronger dorsal sacroiliac
ligaments in the high-up sacra also indicates the require-
ment of stronger ligamentous function at these bones. Au-
ricular surfaces in bilaterally and completely sacralized
L-5-bearing sacra can be visualized as high-up surfaces
in the Group 3 sacra that now appear to be lower in posi-
tion after the union of L-5 atop the S-1 segment.
Classification of sacrum according to sex has been
well documented in the literature. The attempt to clas-
sify sacrum according to the dynamics of load sharing
has not been attempted before. The present study is an
attempt to establish that: 1) the position of the auricular
surfaces varies in the context of the sacral segments; 2)
variations can be grouped under 3 broad categories; and
3) variations signify different patterns of load bearing
within the sacra. The high-up sacra demonstrate consid-
erable association with accessory unilateral or bilateral
articulations for functional requirements. These acces-
sory joints present increased levels of stress and activity,
indicating active load sharing at the regions.*2° It could be
of immense value for clinicians to assess and understand
the gross morphology of sacra in light of the positions of
their auricular surfaces. Load-sharing, shear, and strain
patterns involved with a particular group of sacra can
be better understood and transitional states at the lower
back? can be better explained when the relative positions
of the auricular surfaces are taken into account. Biome-
chanical classification of sacrum may help identify poten-
tial low-back pain situations.'>!>22 No accessory articu-
lations (transitional states) were observed in sacra other
than those in Group II. In light of the argument put forth
in this study, it could be further investigated as to whether
the accessory articulations observed in the high-up vari-
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ety of sacra possibly induce structural changes that would
lead to a transitional state at the lumbosacral junction,
supplementing genetic determinants implicated in the de-
velopment of transitional states at the lumbosacral junc-
tion.*?* From the observations obtained from this study,
it may also be asked whether a complete lumbarization of
the S-1 component of a sacrum would lead to the forma-
tion of a high-up auricular surface in the remainder of
the sacrum. In contrast, it may also be asked whether a
complete sacralization of the L-5 vertebrae could result in
a low-down auricular surface in the resulting sacral mass,
in the trail of its formation. It can be a matter of further
investigation as to whether the dynamics of load bearing
at the lumbosacral junction directs a fusion (sacralization)
of the L-5 vertebrae or determines a separation (lumba-
rization) of the S-1 sacral component, or arrests events
at a transitional state. In any of these circumstances, the
vital position of the auricular surfaces determines the
load-bearing pattern in the sacrum, including the specific
sacral segments that are involved in transmission of load
towards the hip bone.
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An S-2 alar iliac pelvic fixation

Technical note

LAUREN E. MATTEINI, M.D.,! KHALED M. KEBAISH, M.D.,> W. ROBERT VOLK, M.D.,!
Patrick F. BERGIN, M.D.,! WARREN D. Yu, M.D.,! aND JosepH R. O’Brien, M.D., M.P.H.!

'Orthopaedic Surgery, George Washington University, Washington, DC; and ?Orthopaedic Surgery,
Johns Hopkins University, Baltimore, Maryland

Multiple techniques of pelvic fixation exist. Distal fixation to the pelvis is crucial for spinal deformity surgery.
Fixation techniques such as transiliac bars, iliac bolts, and iliosacral screws are commonly used, but these techniques
may require separate incisions for placement, leading to potential wound complications and increased dissection. Ad-
ditionally, the use of transverse connector bars is almost always necessary with these techniques, as their placement
is not in line with the S-1 pedicle screw and cephalad instrumentation. The S-2 alar iliac pelvic fixation is a newer
technique that has been developed to address some of these issues. It is an in-line technique that can be placed during

an open procedure or percutaneously. (DOI: 10.3171/2010.1 FOCUS09268)

KEy WoRrRDs  °

surgery is crucial when arthrodesis to the sacrum

is indicated.!® Multiple studies have shown that
long instrumentation and fusion to the sacrum without
supplemental pelvic fixation predisposes to fixation fail-
ure and reoperation.’*!? Kim and colleagues® have shown
that the L5-S1 junction is the single level with the high-
est incidence of pseudarthrosis in adult scoliosis surgery,
with a rate of 24%. Pseudarthrosis in adult thoracolumbar
spinal deformity surgery is associated with adverse clini-
cal outcomes.* Multiple techniques exist for spinal fixa-
tion distal to S-1 pedicle screws. Techniques for pelvic
fixation include transiliac bars, iliac bolts, and iliosacral
screws. These techniques frequently require separate in-
cisions for placement or the use of offset connectors, add-
ing to surgical time and morbidity.'7!! The S2—Al tech-
nique is an alternative, low-profile, in-line technique that
can provide distal fixation in spinal deformity surgery.

DISTAL fixation in thoracolumbar spinal deformity

Case Report

We describe the case of a 73-year-old woman who
underwent laminectomy 10 years prior to presentation.
At presentation she complained of significant low-back
pain, which had worsened over the last few years, and,
at present time, she had pain at rest as well. Her activity
level had declined significantly due to her pain. Nonop-

Abbreviation used in this paper: S2—-Al = S-2 alar iliac.
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sacropelvic fixation

e iliac fixation ¢ percutaneous approach

erative management, including 8 epidural injections and
2 courses of physical therapy, had failed to resolve her
pain. At the time of presentation, she was taking high-
dose oral narcotics on a daily basis without durable pain
relief. The patient was neurologically intact with respect
to leg sensation and motor function.

Imaging studies showed a postlaminectomy degen-
erative scoliosis with severe hypertrophy of facet joints.
The worst areas were 1L.2—3 and L4-5, with moderate
degeneration of L3—4. Radiographs demonstrated a 35°
dextroscoliotic degenerative lumbar curve from T-11 to
L-5. Lateral listhesis of 5 mm was noted at L3—4. After a
discussion of the risks and benefits of surgery, the patient
agreed to undergo corrective spinal surgery to address
her postlaminectomy spinal deformity.

Operative Technique

The patient underwent a 2-stage posterior—anterior
lumbar fusion and stabilization with instrumentation.
The first operation was a revision posterior decompres-
sion and fusion with instrumentation placed from T-10 to
the pelvis, including S2—AlI screws.

The patient was given general anesthesia and placed
prone on a Jackson frame to enhance lumbar lordosis.
Prophylactic antibiotics were administered and the pa-
tient’s back was prepared and draped in a sterile fashion.
The previous incision was used and extended proximally
to the T-9 level. Dissection was carried out through the
subcutaneous tissue to the fascial layer. Using a Cobb

1



Fie. 1. Standing 3-ft radiographs of S2—Al pelvic fixation in a patient
treated for thoracolumbar spinal deformity.

elevator and electrocautery for dissection, the spinous
processes of L-1 and L-2, remnant laminae of L-2, L-3,
L-4,L-5, S-1, along with S-2, were exposed. A localizing
radiograph was acquired to confirm the levels. Dissec-
tion was carried out over the facet joints to the transverse
processes. The sacrum was exposed to the level of the
S-1 foramen. Next, revision decompression of the neural
elements was undertaken from L-1 to S-1 by mobilizing
the scar-bone interface and performing complete bilateral
facetectomy. Then, pedicle screws were placed using in-
ternal and external landmarks from T-10 to S-1, with the
exception of the right pedicle of T-12, which was skipped
due to medial wall perforation.

Following this step, using fluoroscopic guidance, S2—
Al screws were placed bilaterally. The starting point is 1
mm inferior and 1 mm lateral to the S-1 dorsal foramen,
which was directly visualized. Angulation was directed
toward the greater trochanter and approximately 30° ante-
rior from the floor. A 3.5-mm pelvic drill (extended length)
was used to “tap” drill through the sacroiliac articulation.
On average, it will be at 35—40 mm before the ilium is
reached. The anteroposterior radiograph is used to ensure
placement cephalad to the sciatic notch. The pelvic inlet
radiograph is then used to ensure extrapelvic placement,
as judged by viewing the anterior sacroiliac joint (see Fig.
4). Once the drill was in the ilium, a ball-tipped probe was
placed into the ilium and manually advanced through the
cancellous bed until a cortex is reached. The length was
measured and the tract was then tapped past the sacroiliac
articulation. A 7 x 80—mm screw was inserted. Again, ra-
diography was used to evaluate placement.

2
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Fie. 2. Percutaneous placement in a cadaveric specimen: the
screws have been placed in full on the left side and the rod advanced.
This image illustrates the S2—Al screw in line with the cephalad instru-
mentation.

Final steps during this operation included the place-
ment of posterior interbody cages at L.2-3 and L.3-4, as
well as prophylactic vertebroplasty at T-9 to prevent prox-
imal junctional kyphosis due to fracture. Appropriate-
length rods were contoured and the spine was reduced to
the coronally straight rods. Segmental compression was
applied to the construct and the end caps were torqued
down. Copious irrigation of the wound and arthrodesis
followed. Local bone, cancellous chips, demineralized
bone matrix, and iliac crest were placed onto the decor-
ticated surfaces. The wound was closed in layers. The
patient tolerated this procedure well and recovered in the
hospital until transfer to a rehabilitation center on postop-
erative Day 10.

The second-stage anterior discectomy and fusion of
L5-S1 was performed 1 month after the first operation. A
right retroperitoneal exposure was done by a fellowship-
trained vascular surgeon. The L5-S1 disc space was ex-
posed and the great vessels protected. A discectomy was
performed, the endplates prepared, and a femoral ring al-
lograft filled with demineralized bone matrix was placed
at L5-S1. An anterior plate was used with 2 locking
screws in both L-5 and S-1. The surgical wound was ir-
rigated and closed by the approach surgeon without com-
plication. The patient again recovered in the hospital and
was discharged to home on postoperative Day 3. Standing
radiographs showed adequate alignment and hardware
placement at 1 year postoperatively (Fig. 1).

At 1-year follow-up, the patient was off all narcotic
medications and had returned to independent activities.
Her Oswestry Disability Index score improved from 50
preoperatively to 20 at 1 year postoperatively.
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Fic. 3. A: Axial CT scan cut through the ilia demonstrating the trajectory of the S2—Al screws. The black line on the patient’s
right illustrates the trajectory of a traditional iliac screw. B: Open cadaveric specimen with a probe illustrating the trajectory
of the S2-Al screw. The line demarcates the articular and nonarticular portion of the sacroiliac joint. The medial ilium has been
excised for better visualization. C: Removed left ilium of a cadaveric specimen after S2-Al screw placement. Asterisk marks
the greater sciatic notch. The line demarcates the articular and nonarticular portion of the sacroiliac joint. VV = ventral.

Discussion

An S2-Al sacropelvic fixation is a new technique
described contemporaneously by Dr. Sponseller'® and Dr.
Kebaish for use in the pediatric and adult population, re-
spectively. O’Brien et al.? adapted it for use in minimally
invasive applications (Fig. 2). The S2—-AI technique for
pelvic fixation is a modification of an S-2 alar screw driv-
en through the sacroiliac articulation into the iliac wing.
This technique is preferable because the screws have a
lower profile*!° and are in line with cephalad instrumen-
tation. On average, the S2—Al screw was 2 cm deeper than
the starting point for a traditional iliac screw.!” The rela-
tively deeper location and smaller dissection to place the
S2-Al screw is crucial in cases where wound breakdown
can be an issue—such as in neuromuscular scoliosis.!”
Furthermore, with 4 years of clinical experience, the au-
thors have found no need for the use of offset connectors

Fic. 4. The pelvic inlet view is used to ensure that placement is ex-
trapelvic. The anterior sacroiliac joint is a key reference.
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to link long constructs to the S2—Al screws, even with the
presence of dual-bilateral S2—Al screw placement.

Concerns have been raised regarding the penetra-
tion of the sacroiliac articulation by the S2—AI screw. It
is important to review the sacroiliac joint articulation to
address these concerns. Anatomical studies have demon-
strated that the projection of the lateral sacral mass on the
ilium is larger than the projection of the sacroiliac articu-
lar cartilage.”® The posterior aspect of the sacroiliac joint
corresponds to a nonarticular area.”® In a cadaveric study,
O’Brien et al® found that approximately 60% of S2—Al
screws did violate the articular cartilage of the sacroiliac
joint (Fig. 3). Though a concern, the clinical significance
of this penetration is unknown. It is important to note that
traditional iliac screws do bridge the sacroiliac joint with
fixation on either side of it. At 5—10 years postoperatively,
Tsuchiya et al.!! found no increase in sacroiliac degenera-
tion with traditional iliac fixation. Two-year prospective
clinical data have been presented on the S2—Al technique
at the 2009 Annual Meetings of the Scoliosis Research
Society and North American Spine Society (Sponseller
PD et al., presented at the Scoliosis Research Society
Annual Meeting, 2009; and Kebaish K et al., presented
at the North American Spine Society Annual Meeting,
2009). The authors have found no increase in sacroiliac
degeneration or pain at 2-year follow-up in either adult or
pediatric populations. More long-term data are needed,
but the S2—AlI technique exhibits promise as a good alter-
native to iliac fixation at this time.

The S2-Al screw can be placed by either open or
percutaneous approaches, a detail that currently limits
the application of traditional iliac fixation. Wang et al.'?
used minimally invasive technique to place iliac screws;
however, these constructs did not include S1 pedicle
screws. No reports currently exist that have placed mini-
mally invasive iliac screws with S1 pedicle screws. Re-
cently, O’Brien and colleagues® found that percutaneous
S2-Al placement was feasible, reproducible, and safe
in a cadaveric feasibility study. As centers move toward
expanding the application of minimally invasive spine
surgery, it is crucial to have a minimally invasive pelvic
fixation option.



Conclusions

The S2—-Al fixation is a potential option in open and
minimally invasive spinal surgery. The screws are in-line
with cephalad instrumentation, are approximately 2 cm
deeper compared with iliac screws, cross-connectors are
not needed, and lengths of 80—100 mm are attainable.
Limitations of the technique include direct penetration of
the sacroiliac joint, and pending biomechanical evalua-
tion.

Disclosure

The authors report no conflict of interest concerning the mate-
rials or methods used in this study or the findings specified in this
paper.

References

1. Bridwell KH, Edwards CC II, Lenke LG: The pros and cons
to saving the L5-S1 motion segment in a long scoliosis fusion
construct. Spine (Phila Pa 1976) 28:S234-S242, 2003

2. Chang TL, Sponseller PD, Kebaish KM, Fishman EK: Low
profile pelvic fixation: anatomic parameters for sacral alar-
iliac fixation versus traditional iliac fixation. Spine (Phila Pa
1976) 34:436-440, 2009

3. Edwards CC II, Bridwell KH, Patel A, Rinella AS, Berra A,
Lenke LG: Long adult deformity fusions to LS and the sa-
crum. A matched cohort analysis. Spine:1996-2005, 2004

4. Edwards CC II, Bridwell KH, Patel A, Rinella AS, Jung Kim
Y, Berra AB, et al: Thoracolumbar deformity arthrodesis to
L5 in adults: the fate of the L5-S1 disc. Spine (Phila Pa 1976)
28:2122-2131,2003

5. Emami A, Deviren V, Berven S, Smith JA, Hu SS, Bradford
DS: Outcome and complications of long fusions to the sacrum
in adult spine deformity: luque-galveston, combined iliac and

L. E. Matteini et al.

sacral screws, and sacral fixation. Spine (Phila Pa 1976) 27:
776-786,2002
6. Kim YJ, Bridwell KH, Lenke LG, Cho KJ, Edwards CC II,
Rinella AS: Pseudarthrosis in adult spinal deformity follow-
ing multisegmental instrumentation and arthrodesis. J Bone
Joint Surg Am 88:721-728, 2006
7. Lebwohl NH, Cunningham BW, Dmitriev A, Shimamoto
N, Gooch L, Devlin V, et al: Biomechanical comparison of
lumbosacral fixation techniques in a calf spine model. Spine
(Phila Pa 1976) 27:2312-2320, 2002
8. O’Brien JR, Matteini LM, Kebaish KM, Yu WD: Feasibility
of minimally invasive sacropelvic fixation: percutaneous S2
iliac fixation. Spine 35 [in press], 2010
9. O’Brien JR, Yu WD, Bhatnagar R, Sponseller P, Kebaish KM:
An anatomic study of the S2 iliac technique for lumbopel-
vic screw placement. Spine (Phila Pa 1976) 34:E439-E442,
2009
10. Sponseller P: The S2 portal to the ilium. Semin Spine Surg 2:
83-87,2007
11. Tsuchiya K, Bridwell KH, Kuklo TR, Lenke LG, Baldus C:
Minimum 5-year analysis of L5-S1 fusion using sacropelvic
fixation (bilateral S1 and iliac screws) for spinal deformity.
Spine (Phila Pa 1976) 31:303-308, 2006
12. Wang MY, Ludwig SC, Anderson DG, Mummaneni PV: Per-
cutaneous iliac screw placement: description of a new mini-
mally invasive technique. Neurosurg Focus 25(2):E17, 2008
13. Xu R, Ebraheim NA, Douglas K, Yeasting RA: The projection
of the lateral sacral mass on the outer table of the posterior
ilium. Spine (Phila Pa 1976) 21:790-795, 1996

Manuscript submitted November 13, 2009.

Accepted January 5, 2010.

Address correspondence to: Joseph R. O’Brien, M.D., M.P.H.,
2150 Pennsylvania Avenue, NW, Department of Orthopaedic
Surgery, George Washington University MFA, Washington, DC
20037. email: obrienjr@gmail.com.

Neurosurg Focus / Volume 28 / March 2010



See the corresponding article in this issue, E13; DOI: 10.3171/2010.1. FOCUS09268. DOI: 103171/2009 3 FOCUS09268a

Erratum

An S-2 alar iliac pelvic fixation. Technical note

To THE READERSHIP: An error should have been cor-
rected during the publication process in the article “An
S-2 alar iliac pelvic fixation. Technical note” (Neuro-
surg Focus 28 (3):E13, 2010; DOI: 10.3171/2010.1.FO-
CUS09268) but was missed.

The first sentence of the Discussion section was orig-
inally published as “An S2-Al sacropelvic fixation is a
new technique, described contemporaneously by Spon-
seller'® in the pediatric population and adapted by Ke-
baish for use in the adult population.” This sentence has
been corrected to the following:

An S2-AlI sacropelvic fixation is a new tech-
nique described contemporaneously by Dr. Spon-
seller'and Dr. Kebaish for use in the pediatric and
adult population, respectively.

We apologize for this error. The error has been cor-
rected online as of March 4, 2010.

Gillian Shasby

Director of Publications—Operations

Charlottesville, Virginia

Please include this information when citing this paper: published
online March 4, 2010; DOI: 10.3171/2010.3 . FOCUS09268a.
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Outcomes after surgery for cervical spine deformity:
review of the literature

ArnNoLD B. ETamME, M.D., ANTHONY C. WaNG, M.D., Knot D. THaN, M.D.,
FrANK LA MARcA, M.D., AND PauL PArk, M.D.

Department of Neurosurgery, University of Michigan Health System, Ann Arbor, Michigan

Object. Symptomatic cervical kyphosis can result from a variety of causes. Symptoms can include pain, neuro-
logical deficits, and functional limitation due to loss of horizontal gaze.

Methods. The authors review the long-term functional and radiographic outcomes following surgery for symp-
tomatic cervical kyphosis by performing a PubMed database literature search.

Results. Fourteen retrospective studies involving a total of 399 patients were identified. Surgical intervention
included ventral, dorsal, or circumferential approaches. Analysis of the degree of deformity correction and func-
tional parameters demonstrated significant postsurgical improvement. Overall, patient satisfaction appeared high.
Five studies reported mortality with rates ranging from 3.1 to 6.7%. Major medical complications after surgery were

reported in 5 studies with rates ranging from 3.1 to 44.4%. The overall neurological complication rate was 13.5%.
Conclusions. Although complications are not insignificant, surgery appears to be an effective option when con-
servative measures fail to provide relief. (DOI: 10.3171/2010.1 FOCUS09278)

KEYy WORDS  »

outcomes ¢ review

potentially debilitating condition with multiple

causes, including but not limited to spondylosis,
inflammatory arthropathy, trauma, infection, iatrogenic,
neoplastic, congenital, and neuromuscular processes.
Sagittal plane deformities result in kyphosis, whereas
coronal plane deformities lead to a scoliotic configuration.
The most common cause of cervical kyphotic deformity
is prior surgical destabilization.>* Scoliotic deformities
are mostly encountered in congenital and neuromuscular
conditions.

Progressive cervical kyphosis can cause neurologi-
cal symptoms, such as myelopathy.® Moreover, severe
kyphotic deformities, as seen in spondylitic arthropathies,
can lead to a chin-on-chest deformity with significant
compromise of horizontal gaze, swallowing, and breath-
ing.>! Even in the absence of neurological symptoms, the
pain associated with deformity contributes to functional
disability.

Surgical intervention remains an option for patients
with progressive symptomatic cervical kyphosis in whom
conservative treatment has failed. Surgery can be accom-
plished through multiple approaches. Correction can be

CERVICAL spine deformity is an uncommon but

Abbreviations used in this paper: CBV = chin-brow vertical;
JOA = Japanese Orthopaedic Association.
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cervical kyphosis

deformity ¢  spine surgery °

ventral ,+122% dorsal,' or through a combined ventral-
dorsal approach.''1522 The overall surgical objectives
entail correction of deformity and decompression of
neural elements.

The increased potential for neurological morbidity
associated with deformity correction greatly underscores
the utility of functional outcome data. A recent review
of outcomes in patients who underwent corrective sur-
gery for cervicothoracic kyphosis due to a specific cause,
ankylosing spondylitis, supported the effectiveness of
surgery.” However, the long-term outcome for individu-
als undergoing surgery for symptomatic cervical kypho-
sis caused by other factors has not been systematically
studied. Hence, we systematically reviewed the literature
to assess functional and radiographic outcomes in all pa-
tients, regardless of cause, who underwent kyphotic de-
formity correction in the subaxial cervical spine.

Methods

A comprehensive literature search was performed
using the PubMed database for all journal articles pub-
lished until October 2009. Key words used in the search
included “cervical deformity,” “cervical kyphosis,” “cor-
rection,” “surgery,” and “fusion;” terms were searched

individually or in combination. The appropriate articles

1
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TABLE 1: Demographic data from patients undergoing cervical kyphotic deformity correction*

Authors & Year No. of Patients  Mean Age (Yrs) Male/Female  Mean Follow-Up (mos) Study Type
Zdeblick & Bohlman, 1989 14 46 11/3 31 retrospective
Herman & Sonntag, 1994 20 58 14/6 28 retrospective
McMaster, 1997 15 48 13/2 18 retrospective
Abumi et al., 1999 30 47 17113 42 retrospective
Steinmetz et al., 2003 10 40 713 9 retrospective
Ferch et al., 2004 28 57 17111 25 retrospective
Belanger et al., 2005 26 NA NA 54 retrospective
Simmons et al., 2006 131 50 112/19 103 retrospective
Langeloo et al., 2006 16 5 14/2 min 12 mos retrospective
Tokala et al., 2007 13 54 6/2 24 retrospective
O’Shaughnessy et al., 2008 16 52 97 54 retrospective
Mummaneni et al., 2008 30 56 16/14 31 retrospective
Gerling and Bohlman, 2008 9 67 5/4 72 retrospective
Nottmeier et al., 2009 4 61 20/21 19 retrospective

* NA = not available.

for our study were subsequently selected using several
criteria. Only studies that specifically addressed surgical
correction of cervical kyphosis were selected. In addition,
outcome data with respect to the degree of kyphosis cor-
rection as well as functional outcome had to be included
in the study. We excluded case reports, case series with
fewer than 5 patients, as well as series that did not incor-
porate outcome parameters. Using the above criteria, we
identified 14 retrospective clinical studies that described
postsurgical outcomes following deformity correction for
cervical kyphosis.

Results
Patient Demographics

We identified 14 clinical studies that described a
total of 399 patients who underwent surgical correction
for symptomatic cervical kyphotic deformity. The demo-
graphic data are illustrated in Table 1. The mean age at
the time of surgery was 52.6 years based on data from 13
of the 14 studies. There was a male predominance of 261

patients (71%) based on 13 studies that included informa-
tion on Sex‘l,8,9,I2,I4,]6—18,21,23,26,28,29

Preoperative Assessment

Patients were preoperatively evaluated clinically as
well as radiographically. Surgery was generally reserved
for patients who were symptomatic from their kypho-
sis or, in some instances, for patients who demonstrated
progression of deformity. Axial neck pain and neurologi-
cal symptoms of myeloradiculopathy were indications
for surgical intervention. Multiple studies used cervical
myelopathy as the predominant indicator for correc-
tion.31718.21.26 Tn patients with severe fixed cervicothoracic
kyphosis, the significant compromise of horizontal gaze
served as the basis for surgical intervention.3!416.23.28

Radiographic assessments were used to ascertain the
extent of deformity, possible stenosis, and the degree of

2

correction necessary. These studies usually entailed MR
imaging, CT scanning, and static and dynamic plain ra-
diographs of the cervical spine.

Surgical Technique

Techniques for correction of cervical spine deformity
were quite varied and depended on pathology. In patients
with ventral compressive pathologies or compromised
integrity of the ventral column, a ventral approach was
considered in conjunction with dorsal fusion. If dynamic
radiographs suggested a flexible deformity or if the de-
formity was reducible by traction, correction could be
accomplished via a dorsal approach alone. With fixed
kyphotic deformities, a ventral approach was usually con-
sidered for correction.

Ventral correction with or without fixation was the
main surgical modality in 4 clinical studies.®!22%% Zde-
blick and Bohlman?® used ventral corpectomies with
strut-grafting to treat 14 patients with cervical kyphosis
and myelopathy. In a subsequent study, ventral reduction
with interbody fusion and ventral plating was used by
Herman and Sonntag!? to treat 20 patients who had post-
laminectomy kyphosis. Using a ventral strategy, Ferch et
al.? treated 28 patients with progressive myelopathy and
cervical kyphosis, mostly due to degenerative spondylo-
sis. Nine patients who had focal canal compression at the
disc interspace were treated with discectomies and graft-
ing. The remaining patients who had diffuse canal steno-
sis underwent corpectomies. Similarly, Steinmetz et al.?
used a ventral approach in their series of 10 patients with
progressive kyphosis, presumably caused by prior dorsal
and ventral cervical operations. Canal decompression was
typically attained either through multiple discectomies or
corpectomies. Grafts were secured using either rigid or
dynamic constructs.

In situations in which the predominant presenta-
tion was kyphosis at the cervicothoracic interface with
facet ankylosing 4162328 correction was mainly accom-
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Fic. 1. Diagram illustrating CBV angle, which is the angle between
lines A and B. In the figure with the flexion deformity (left) the angle
is approximately 90°, while in the figure with near-normal alignment
(right) the angle is closer to 0°.

plished through a C7-T1 dorsal osteotomy, as reported
by Simmons.?*?* This entailed complete laminectomy of
C-7, partial laminectomies of C-6 and T-1, partial pedicle
osteotomy, osteoclasis of the ventral vertebral body, and
finally correction of the deformity. Reduction was then
maintained by either external halo-casting!®?* or internal
fixation.>*1628 In instances in which patients exhibited
flexible kyphosis, they were treated via a dorsal approach
without ventral release.”

Combined ventral and dorsal approaches were used
in several clinical studies.!*!7182! In these studies, pa-
tients underwent discectomies or corpectomies based on
the extent of canal compression. Some patients required
ventral osteotomies for correction in the setting of anky-
losis. Posterior osteotomies were carried out as needed
for decompression and reduction. Instrumented fixation
was used ventrally and dorsally.

Intraoperative monitoring was documented in mul-
tiple studies.”!?!172! This typically entailed somatosensory
evoked potential, electromyography, and transcranial mo-
tor evoked potential monitoring.

Kyphosis Correction Outcomes

Kyphosis correction outcomes were assessed us-
ing several parameters, as illustrated in Table 2. Several
studies used the CBV angle as an index of horizontal
gaze.*?2 The CBV angle, which is ascertained from
photographs, measures the angle between the vertical
axis of an upright patient and a line drawn from the chin
to the brow. In very severe cases, this angle can approach
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Fic. 2. Diagram showing Ishihara curvature index. On a lateral radio-
graph, a vertical line (A) is drawn between the dorso-inferior edges of
C-2 and C-7. For a1-a4, perpendicular lines are drawn from line A to the
dorsoinferior edge of C-3 to C-6. The lines are measured in millimeters.
The Ishihara index = (a1+a2+a3+ad)/A x 100.

90° (Fig. 1). Hence, increases in the CBV angle corre-
spond to increased compromise of horizontal gaze. All
3 studies reported significant improvement in CBV angle
following surgical intervention (Table 2).!423:28

Another radiographic outcome measure is the Ishi-
hara index, which assesses cervical curvatures on the
basis of lordosis and kyphosis (Fig. 2).1%132” Mummane-
ni et al.” reported significant improvement in the mean
Ishihara indices from a preoperative kyphotic index of
-17.7 to a postoperative lordotic index of +11.4. Some
authors reported degrees of kyphotic correction based
on comparisons of preoperative and postoperative val-
ues.!38:910.18212628.29 (verall, as illustrated in Tables 2 and
3, significant deformity correction was achieved in most
cases. However, a subset of patients subsequently lost

some degree of correction noted at subsequent follow-
up.3,9,16,26

Functional Outcome

Functional outcome measures varied between stud-
ies, as illustrated in Table 4. In studies in which loss
of horizontal gaze was the main surgical indicator, all
patients reportedly achieved restoration of horizontal
gaze 314162328 Patients were generally satisfied with their
surgical outcomes.??8
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TABLE 2: Postsurgical outcome data for patients undergoing cervical kyphotic deformity correction*

Main Correction

Authors & Year Approach Results
Zdeblick & Bohlman,  ventral mean preop kyphosis of 45° corrected to 13° for a mean correction of 32°; most patients experienced
1989 residual kyphosis
Herman & Sonntag, ventral mean preop kyphosis of 38° corrected; most patients experienced an average residual kyphosis of 13°
1994
McMaster, 1997 dorsal

Abumi et al., 1999

dorsal/combined

mean preop kyphosis of 23° corrected to 31° for mean correction of 54°; mean loss of correction at FU of
60

mean preop kyphosis of 29.4° corrected to 2.3°; dorsal correction improved kyphosis from 28.4 to 5.1° in
17 patients; combined dorsal/ventral correction in 13 patients improved kyphosis from 30.8 to 0.5° at FU

mean correction 20° w/ mean loss of 2.2° at FU; w/ exception of 1 patient, lordotic curvature was attained

26/30 patinets improved toward lordosis w/ a mean local sagittal angle correction of 14° & mean regional
sagittal angle correction of 11°; 4 patients had persistent kyphosis

CBV angle improved from 56 to 4° in 114 patients treated w/ smaller osteotomy; CBV angle improved from

based on Cobb angles, kyphosis improved from a preoperative mean of 38° corrected to -10° for mean

based on Ishihara indices, kyphosis improved from preop mean of -17.7° to postop mean of +11.4°

overall preop kyphosis was 69.6° w/ a mean correction of 57.1° postop & 41.4° at FU for all 9 patients; in
3 patients w/ dorsal wire constructs, kyphotic correction was lost from 37° postop to 18° at FU; loss of

correction was intermediate in 4 patients w/ wire/rod constructs from 69 to 49°; 2 patients w/ rod/screw
constructs retained their correction from 64 to 63°; mean correction for dorsal approach was 53.8° & for

Steinmetz et al., 2003  ventral
in all
Ferch et al., 2004 ventral
Belanger et al., 2005  dorsal mean correction 38° w/ a mean loss of 3° at FU
Simmons et al., 2006  dorsal
49 t0 12° in 17 treated w/ a wider osteotomy
Langeloo et al., 2006  dorsal CBV angle improved from 42 to 5°
Tokala et al., 2007 dorsal CBV angle improved from 41 to 6°
O’Shaughnessy et al., combined
2008 correction of 48°
Mummaneni et al., combined
2008
Gerling and Bohlman, dorsal/combined
2008
combined was 61.3°
Nottmeier et al., 2009  combined mean correction of sagittal angle was 24°

*FU = follow-up.

The Nurick score,'*?° which ranges from 0 to 5 with 5
being considered wheelchair-bound, was the outcome as-
sessment used in several studies.!”?'? There was a tenden-
cy toward improvement of mean Nurick scores following
deformity correction. The modified JOA provides an as-
sessment of sensory and motor function in the extremities
as well as urinary function. Mummaneni et al.”” noted im-
provement in modified JOA scores from 10 to 15 at follow-
up. When modified JOA scores were assessed by Ferch
and colleagues® in 28 patients with cervical myelopathy,
there was improvement in 41% of patients, while 56% re-
mained stable. When patients were assessed for cervical
neck pain outcome in the same study, there was no sig-
nificant difference between preoperative and postopera-
tive neck pain. The authors stressed that neck pain was a
secondary indication for surgery, and myelopathy was the
main indication. There was also significant improvement
in mean Odom outcome grades, suggesting symptomatic
improvement.>? Gerling and Bohlman® reported high pa-
tient satisfaction rates and improved pain scores. Abumi
et al.! used the Frankel grading system to assess outcomes
in 24 patients. Three patients experienced a 2-grade im-
provement, while 11 patients improved by a single grade.
The remaining 10 patients were reportedly stable.

4

Not every author used a validated functional assess-
ment tool. Steinmetz et al.?® reported improvement in pre-
operative symptoms in all patients, with a small subset of
patients experiencing complete resolution of symptoms.
Similarly, Nottmeier et al.'® reported improved preopera-
tive symptoms of neck pain, myelopathy, and radiculopa-
thy in 39 of 41 patients. One patient remained stable while
another patient experienced clinical deterioration. When
Zdeblick and Bohlman® corrected cervical kyphosis in
14 patients, there was complete or partial recovery of
neural function in 13 patients. In addition, 3 of 4 patients

TABLE 3: Summary of radiographic outcomes for patients
undergoing cervical kyphotic deformity correction

Approach Mean Correction on Radiography
ventral 11 to 32° (Cobb angle)
dorsal 23.3 to 54° (Cobb angle)

35 to 52° (CBV angle)
combined 24 10 61.3° (Cobb angle)*

* Ishihara index was used in only 1 study and, as a result, was not
included in the summary table.
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TABLE 4: Postsurgical functional outcome data for patients undergoing cervical kyphotic deformity correction*

Stan-
Main dardized
Correction Outcome
Authors & Year  Approach Results Measure
Zdeblick & Bohl-  ventral Nurick scores improved from preop mean of 3.6 to a postoperative mean of 1.3; 3/4 previously nonambu- no
man, 1989 latory patients were ambulatory at FU
Herman & Sonn-  ventral 2120 patients experienced complete resolution of sx, 11 experienced substantial improvement in sx, 6 no
tag, 1994 improved w/ respect to pain but not neurologically, & 1 patient who previously improved experienced

progressive sx

McMaster, 1997  dorsal
return to work

horizontal gaze was restored in all patients; of 15 patients unable to work at time of op, 4 were able to no

Abumi et al., dorsal/com- some patients showed improvement in Frankel score; 3/24 myelopathic patients obtained a 2-grade no
1999 bined improvement, 11 obtained a 1-grade improvement, & 10 remained stable

Steinmetzetal,  ventral all patients experienced significant improvement in neck pain & myeloradiculopathy sx; 3 patients experi- no
2003 enced complete resolution of sx

Ferch etal., 2004 ventral mJOA scores improved in 11 patients, remained stable in 15, & deteriorated in 1; cervical neck pain yes

scores remained unchanged following the op

Belanger et al., dorsal horizontal gaze was restored in all patients; dysphagia sx improved in 18/19 patients no
2005

Simmons etal.,  dorsal horizontal gaze restored in all patients; all patients expressed satisfaction w/ op no
2006

Langelooetal.,  dorsal horizontal gaze restored in all patients no
2006

Tokala et al., dorsal horizontal gaze restored in all patients; of 3/8 patients treated, 3 expressed excellent satisfaction w/ op & no
2007 5 reported good satisfaction

O'Shaughnessy  combined  mean Nurick scores improved from 2.4 to 1.5 in all 16 patients; similarly, there was improvement in Odom no
etal., 2008 classification w/ 6 patients rated excellent, 8 good, 1 fair, & 1 poor; 9 patients denied dysphagia, 6

reported minor swallowing problems, & 1 major swallowing problems

Mummaneni et combined  mean Nurick scores improved from 3.2 to 1.2, & mJOA scores improved from 10 to 15 in statistically yes
al., 2008 significant manner

Gerling and Bohl-  dorsal/com- based on Odom scale, 5 patients had excellent outcome, 2 had good, & 2 had fair; patient satisfaction no
man, 2008 bined was reported as excellent by 7 patients & fair by 2 patients

Nottmeieretal.,  combined in 41 patients, preoperative sx were improved in 39, stable in 1, & worse in 1 patient no
2009

* mJOA = modified Japanese Orthopaedic Association scale.

who were previously nonambulatory became ambula-
tory following surgery. Herman and Sonntag'? reported
outcomes in patients with predominantly degenerative
kyphosis who were treated by a ventral approach. Of the
20 patients, 2 experienced complete symptomatic resolu-
tion, 11 had significant improvement in pain and neuro-
logical symptoms, and 7 had improvement in pain but not
neurological symptoms.

Complications

A total of 9 surgery-related deaths were reported in
5 of the 14 studies (Table 5).3841723 In these 5 studies,
the mortality rate ranged from 3.1 to 6.7%. With these
9 reported cases, the overall surgery-related mortality
encompassing all 399 patients from the 14 clinical stud-
ies was 2.3% (Table 6). Two studies noted 3 additional
deaths that were not related to surgery. In the study by
Zdeblick and Bohlman,? 1 patient died of a carcinoma
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10 months after surgery, while the other died of a myo-
cardial infarction 6 months after surgery. Ferch et al.® had
a patient who died of pneumonia 3 months after surgery.
Major medical complications, such as pulmonary embo-
lism, pneumonia, symptomatic pneumothorax, seizure,
and deep venous thrombosis, were noted in 5 of the 14
studies, affecting 13 total patients with rates ranging from
3.1 to 44.4% (Table 5).3%121423 Based on 13 cases, the
incidence of major medical complication within the se-
ries of 399 patients from all 14 studies was 3.3%. A total
of 53 neurological complications (13.5%) were reported.
The most significant number of neurological complica-
tions was seen in patients treated by dorsal osteotomy at
the cervicothoracic interface.>!#162328 In these 5 studies
comprising a total of 196 patients, 46 (23.5%) had post-
operative neurological deficits. Surgical wound infections
were noted in 13 patients for an incidence of 3.3%. This
does not take into account the high incidence of halo pin-

5
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TABLE 5: Complications in patients undergoing cervical kyphotic deformity correction

No. of
Authors & Year Patients Results (no. of patients)
Zdeblick & Bohlman, 1989 14 graft dislodgment & pseudarthrosis (3)

vocal cord paresis (3); pneumonia (2); wound dehiscence/infection (1); hardware failure (1); deep venous

quadriparesis (1); C-8 weakness (2); C-8 radiculopathy (4); transient dysphagia (3); wound infection (1);

death (4); paraplegia (2); hemiparesis (1); transient C-8 radiculopathy (18); halo-site infection (15); pulmonary
death (1); C-6 spinal cord injury (1); transient C-8 paresthesia (9); wound infection (2); viral meningitis (1)
quadriplegia (1); C-5 palsy (3); adjacent segment kyphosis not requiring revision (1); durotomy (2); gastros-
death (2); wound infection (2); durotomy (1); dysphagia (1); pseudarthrosis (1); dysphonia (1); hardware failure

pulmonary edema & hypotension (1); pneumonia (1); pneumonia & pneumothorax (1); implant failure & dys-

phagia (1); dysphagia, gastrostomy tube, & pneumonia (1); periincisional ulcer (1); pseudarthrosis (1)

Herman & Sonntag, 1994 20

thrombosis (1)
McMaster, 1997 15

pseudarthrosis (2)
Abumi et al., 1999 30  radiculopathy (2); durotomy (1); wound infection (1)
Steinmetz et al., 2003 10  dysphagia (1); hoarseness (2)
Ferch et al., 2004 28  death (1); wound infection (1); dysphagia (2); residual spinal canal stenosis (1)
Belanger et al., 2005 26  death (1); radiculopathy (5); seizure (1); pseudarthrosis (1)
Simmons et al., 2006 131

embolism (4); pseudarthrosis (6)
Langeloo et al., 2006 16
Tokala et al., 2007 13 transient C-8 radiculopathy (3); wound infection (2)
O'Shaughnessy et al., 2008 16

tomy tube (4); tracheostomy (3)
Mummaneni et al., 2008 30

(1); gastrostomy tube/tracheostomy (4)
Gerling & Bohiman, 2008 9
Nottmeier et al., 2009 M

quadriparesis (1); C-8 radiculopathy (1); pseudarthrosis (1); dysphagia (1); wound dehiscence/infection (3);

hardware failure requiring revision (2); adjacent segment kyphosis not requiring revision (3)

site infections reported in the series by Simmons et al.
Ventral graft dislodgments were seen in 3 of 14 patients
in the study by Zdeblick and Bohlman.? Pseudarthrosis
rates ranged from O to 13.3% in the McMaster series.!®
There were a total of 15 reported cases of pseudarthrosis,
accounting for an overall incidence of 3.8%.

Discussion

Cervical kyphosis can be a progressive, debilitating
condition caused by multiple factors. Symptomatic pa-
tients can experience axial neck pain, myelopathy, and/
or radiculopathy resulting in significant functional limita-
tions. Patients can also experience loss of horizontal gaze,
making mundane activities such as swallowing, breath-
ing, or eating a challenging task. When patients remain
symptomatic or exhibit disease progression despite con-
servative therapies, surgical correction is typically con-
sidered a high-risk but viable option.

In the preoperative evaluation of patients, all studies
reviewed were similar in terms of the general indications
for surgery. Surgery was mainly recommended to pa-
tients who had pain, significant neurological symptoms,
compromise of horizontal gaze, and/or progression of de-
formity. In the articles in which the predominant etiology
was ankylosing spondylitis, the loss of horizontal gaze
was the primary indication for surgery.3-14:16:23.28

Surgical management was attained through various
approach strategies dictated mostly by anatomical as well
as pathological considerations. In several articles in which

6

patients had fixed cervicothoracic kyphosis from ankylo-
sing spondylitis, C7-T1 dorsal wedge osteotomy was the
main surgical intervention.>!41623.28 [t was reasoned that at
this location there was a lower risk to vertebral artery in-
jury. In addition, the nerve root that was most at risk with
closure of the osteotomy was the C-8 nerve root, which
was less critical for hand function than for other nerve
roots. The dorsal approach alone was also most useful in
situations in which the kyphosis was reducible without
significant residual compression of the spinal canal, as
was the case with some patients in the series by Abumi
et al.!

In general, ventral-only approaches resulted in mild
to moderate deformity correction with mean correction
ranging from 11 to 32° (Table 2). Dorsal approaches with
osteotomy or circumferential approaches resulted in
greater correction. The mean correction ranged from 23.3
to 53.8° and 35 to 52° based on Cobb and CBV angles,
respectively, for dorsal approaches. For combined ap-
proaches, the mean correction ranged from 24 to 61.3°. In
chin-on-chest deformities, often occurring due to ankylo-
sing spondylitis, the dorsal approach with osteotomy was
most frequently used with significant correction.

Ventral strategies for correcting kyphosis have
evolved. Initial attempts to correct cervical kyphosis
through a strictly ventral approach proved to be very
challenging. Zdeblick and Bohlman? reported one of the
earlier series of ventral correction by using corpectomies
without ventral cervical plating. As a result, there was a
higher incidence of graft dislodgment, and most patients
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TABLE 6: Summary of complications for patients undergoing
cervical kyphotic deformity correction

Complication No. of Patients (% of cohort)
mortality 9(2.3)
major medical complication 13 (3.3)
neurological 54 (13.5)
durotomy 4(1.0)
dysphagia 10 (2.5)
vocal cord paresis/hoarseness 6 (3.4)t
pseudarthrosis 15 (3.8)
infection 13 (3.3)
tracheostomy 7(1.8)
gastrostomy tube 9(2.3)

* Of these 10 patients, 7 underwent a ventral-only or combined proce-
dure. The percentage is based on 176 of the 399 patients who under-
went ventral-only or combined approach (4.0%).

1 All 6 patients underwent ventral-only or combined approach. The
percentage reported is based on 176 patients who underwent ventral
or combined approach.

were left with residual kyphosis following correction.
Herman and Sonntag'? subsequently incorporated ventral
cervical plating. Using a combination of rigid and dynam-
ic ventral instrumentation with multiple points of fixation,
Steinmetz et al.?® subsequently demonstrated the feasibil-
ity of achieving cervical lordosis in kyphotic patients
from a ventral approach. Most recently, there has been
an increase in combined ventral and dorsal approaches,
which appears to be most useful in patients with fixed
kyphosis from ankylosed facets. An attractive feature of
this procedure is the combination of ventral lengthening
and dorsal shortening to attain correction. The feasibility
of attaining significant correction with this approach was
best demonstrated by Abumi et al.! In his cohort of 30
patients, 17 were corrected dorsally while the remaining
13 underwent a circumferential approach. While he noted
an improvement in kyphosis from 28.4 to 5.1° within the
group that had dorsal correction, correction in the com-
bined group was even more impressive, with a preopera-
tive kyphosis of 30.8 to 0.5° at follow-up. The sequence of
surgery in combined approaches is also a factor consid-
ered in clinical decision-making. In general, the ventral
approach was initially undertaken except in situations in
which an initial dorsal osteotomy was deemed necessary
to enhance correction.

The means of assessing the degree of deformity
correction varied among studies, although significant
improvement was noted in all studies. However, several
studies noted subsequent loss of some degree of correc-
tion at follow-up examination.>*1626¢ McMaster'® reported
a mean loss of 6° from a previously corrected mean of
54°, while Belanger et al.? reported a mean loss of 3° from
a corrected mean of 38°. These patients had been treated
with dorsal cervicothoracic osteotomies with internal
fixation or halo-casting. Gerling and Bohlman® reported
on 9 patients who had an average preoperative kyphotic
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angle of 69.6° and who underwent correction using dorsal
wiring, wire and rod constructs, or rod and screw con-
structs. The most significant loss of correction was seen
in patients with wire constructs, whereas patients who
had the rod and screw constructs maintained their correc-
tion. Steinmetz et al.?® reported a mean loss of 2.2° from
a mean correction of 20° using ventral instrumentation.
Nonetheless, the lordotic curvature was not significantly
compromised.

Functional outcomes were significantly improved for
patients who underwent correction for kyphosis. Horizon-
tal gaze was uniformly restored in all patients with cervi-
cothoracic kyphosis from ankylosing spondylitis.>-14.16-23.28
Where documented, patients expressed great satisfac-
tion with surgical outcome for compromised horizontal
gaze >?2 There was improvement in symptoms and my-
elopathy as documented by Nurick score outcomes,’-?!?°
modified JOA scores,®'” Odom outcome grading,”?' and
Frankel grade.! Even when patients were not formally as-
sessed with a standardized assessment tool, surgery was
reported to improve symptoms in most patients.’*2¢ Of
note, patients in the series by Herman and Sonntag'? were
more likely to report improvement in pain symptoms than
improvement in myelopathy.

The overall surgery-related mortality rate was 2.3%.
The incidence of major medical complications was 3.3%.
Of note, only 5 of the 14 reviewed articles reported major
medical complications. It is unclear whether an evalua-
tion for a major medical complication was performed in
the remaining studies, and thus, the overall incidence of
3.3% should be interpreted accordingly. Some surgery-
related complications were approach-dependent. Dys-
phagia®®16-18.26 and hoarseness!??° were almost exclusively
seen in strategies that incorporated a ventral approach.
These symptoms were mostly transient. The most com-
mon neurological complications in patients treated by dor-
sal osteotomies through a modified Simmons technique
were C-8 radiculopathy and spinal cord injury.!4.162328
During closure of the dorsal wedge osteotomy, the C-8
nerve root is vulnerable. In addition, durotomies ap-
peared to be more common in dorsal approaches."'7?! All
durotomies were successfully managed without residual
CSF fistulas. Surgical wound infections had an overall in-
cidence of 3.3%. Hardware failures were more common
with ventral approaches, consisting most commonly of
graft dislodgment.

Conclusions

The best clinical evidence for outcomes in patients
treated for cervical spine deformity comes from retro-
spective clinical studies. Overall, a dorsal approach with
osteotomy or circumferential approach appeared to result
in greater deformity correction than a ventral-only ap-
proach. Although complications were not insignificant,
the majority of patients had improvement in neurological
and functional symptoms.
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Comparison between anterior and posterior decompression
with instrumentation for cervical spondylotic myelopathy:
sagittal alignment and clinical outcome

MaRrIO CABRAJA, M.D., ALEXANDER ABBUSHI, M.D., DANIEL KOEPPEN,
STEFAN KROPPENSTEDT, M.D., AND CHRISTIAN WOICIECHOWSKY, M.D.

Department of Neurosurgery, Charité-Universititsmedizin Berlin, Germany

Object. A variety of anterior, posterior, and combined approaches exist to decompress the spinal cord, restore

sagittal alignment, and avoid kyphosis, but the optimal surgical strategy remains controversial. The authors compared
the anterior and posterior approach used to treat multilevel cervical spondylotic myelopathy (CSM), focusing on
sagittal alignment and clinical outcome.

Methods. The authors studied 48 patients with CSM who underwent multilevel decompressive surgery using an
anterior or posterior approach with instrumentation (24 patients in each group), depending on preoperative sagittal
alignment and direction of spinal cord compression. In the anterior group, a 1-2-level corpectomy was followed by
placement of an expandable titanium cage. In the posterior group, a multilevel laminectomy and posterior instrumen-
tation using lateral mass screws was performed. Postoperative radiography and clinical examinations were performed
after 1 week, 12 months, and at last follow-up (range 15-112 months, mean 33 months). The radiological outcome
was evaluated using measurement of the cervical and segmental lordosis.

Results. Both the posterior multilevel laminectomy (with instrumentation) and the anterior cervical corpectomy
(with instrumentation) improved clinical outcome. The anterior group had a significantly lower preoperative cervical
and segmental lordosis than the posterior group. The cervical and segmental lordosis improved in the anterior group
by 8.8 and 6.2°, respectively, and declined in the posterior group by 6.5 and 3.8°, respectively. The loss of correction
was higher in the anterior than in the posterior group (-2.0 vs —=0.7°, respectively) at last follow-up.

Conclusions. These results demonstrate that both anterior and posterior decompression (with instrumentation)
are effective procedures to improve the neurological outcome of patients with CSM. However, sagittal alignment
may be better restored using the anterior approach, but harbors a higher rate of loss of correction. In cases involving
a preexisting cervical kyphosis, an anterior or combined approach might be necessary to restore the lordotic cervical
alignment. (DOI: 10.3171/2010.1. FOCUS09253)

KeEy Worps ¢  instrumentation

lordosis

cause of neurological morbidity.34! Although de-

compression is an accepted procedure for CSM,!2
the optimal surgical strategy for this condition remains
controversial. Patients with cervical deformities and
kyphosis are associated with a higher risk of developing
neurological deficits or pain.22#263537 Therefore, the loss
of lordosis and postoperative development of kypho-
sis should be prevented if possible. Thus, a variety of
anterior,>"-13142147 posterior,’ and combined approach-
es,! 20293034 with and without instrumentation, have been
advocated to achieve an adequate decompression of the
spinal cord, restore or maintain sagittal alignment, and
avoid kyphosis.

CERVICAL spondylotic myelopathy is a common

Abbreviations used in this paper: CSM = cervical spondylotic
myelopathy; mJOA = modified Japanese Orthopaedic Association;
VAS = visual analog scale.
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decompression  °
alignment

kyphosis

Although isolated anterior pathologies can be treated
adequately using an anterior approach,'*#® the extension
of the pathology over many vertebral levels can require
a posterior approach.?®¥” The development of postlamin-
ectomy kyphotic deformities®® lead to different modifi-
cations of posterior decompressive techniques, such as
laminoplasty or laminectomy in combination with poste-
rior screw-rod fixation. Extensive anterior decompression
and instrumentation includes the danger of pseudarthro-
sis, stress to adjacent levels, induction of an accelerated
degeneration, development of swallowing difficulty, and
construct failure.*10-1417.193343 Therefore, many surgeons
restrict anterior approaches to diseases that involve only
1 or 2 vertebral body levels**!? and advocate posterior
approaches in these other cases.!>!926.2730 However, pre-
cise data concerning changes of the cervical alignment
before and after these operations are rare.*> The aim of
the present study was to compare the efficacy of multi-
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level anterior or posterior decompressive surgery of the
cervical spine with instrumentation, focusing especially
on sagittal alignment.

Methods

Between 1998 and 2008, 67 patients underwent mul-
tilevel decompressive surgery for CSM. Thirty-nine pa-
tients underwent a corpectomy followed by placement
of an expandable titanium cage to reconstruct the ante-
rior column, and 28 patients underwent a laminectomy
followed by posterior instrumentation with lateral mass
screws. Based on our past experience, patients who under-
went a corpectomy with implantation of an “all-in-one”
device (AddPlus, Ulrich GmbH & Co. KG) were excluded
from this study due to a higher loss of lordotic correc-
tion.’ For a more accurate comparison with the anterior
group, patients who underwent a laminectomy greater
than 4 levels were excluded from the posterior group.

Fie. 1. Sagittal preoperative (A and C) and postoperative (B and D) images of a patient with progressive myelopathy resulting
from cervical spinal canal stenosis (A). A corpectomy and reconstruction of the anterior column was performed using an ante-
rior distraction device with a plate (D). Postoperative MR imaging demonstrated sufficient decompression (B). A postoperative
radiograph shows good cervical balance (D). The methods of measurement for the cervical and segmental lordosis are shown
in panels C and D, respectively.

Thus, 48 patients were included in the study: 24 in
the anterior group, and 24 in the posterior group. These
patients suffered from degenerative cervical spinal canal
stenosis, and underwent decompressive surgery of the
cervical spine sometime between 1998 and 2008. The
primary symptom in all patients was myelopathy (CSM).
In total, there were 29 men (12 anterior group, 17 poste-
rior group) and 19 women (12 anterior group, 7 posterior
group) who underwent operations. The patients’ ages at
operation ranged from 45 to 84 years old, with a mean of
64 years. The posterior group (66.2 + 8.8 years) was sig-
nificantly older than the anterior group (60.4 = 9.9 years;
p =0.045).

The reasons for using the anterior approach were
spondylosis in 14 patients, ossification of the posterior
longitudinal ligament in 6, degenerative kyphosis in 2,
and spondylolisthesis in 2. The reasons for using the pos-
terior approach were spondylosis in 17 patients, and os-

Fic. 2. Preoperative (A) and postoperative (B-D) MR images of a patient with progressive myelopathy resulting from cervical
spinal canal stenosis. A laminectomy and posterior instrumentation were performed. Sagittal postoperative imaging demon-
strates sufficient decompression, but immediate loss of lordosis (B) due to intraoperative fixation (C). For the posterior instru-
mentation, lateral mass screws were used (C and D). The size of the screw heads might be a further handicap to achieving
adequate lordosis, because big screw heads tend to touch each other even in a straight position.
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TABLE 1: Clinical outcomes in both groups according to the VAS,
mJOA scale, and Odom criteria*

Anterior Posterior
Assessment Group Group p Value
VAS scoret
preop 48+12 44+11 0.6
12 mos 33+10 35+10
last FU 3.3+11 36+09 0.56
p value preop/last FU <0.001 <0.001
mJOA scale scoret
preop 125+21 1M7+£32 0.522
12 mos 15.2+2.1 143+28
last FU 15.8+2.8 149+3.2 0.537
p value preop/last FU <0.001 <0.001
Odom criteriat
excellent 11+£458 13+54.2
good 8+33.3 7+29.2
fair 4+16.7 4+16.7
poor 1£4.2 0
* FU = follow-up.

t Values given as mean + SD.
1 Values given as number of patients (%).

sification of the posterior longitudinal ligament in 7. All
patients were refractory to conservative treatment. The
decision to use the chosen procedure depended on 2 main
factors: direction of spinal cord compression, and preop-
erative cervical alignment.

Radiological examinations included plain radiogra-
phy, MR imaging, CT, myelography, and lateral tomogra-
phy. Radiological outcome was evaluated using measure-
ment of cervical lordosis as an angle between C-2 and
C-7, according to Cobb. An angle between the adjacent
vertebral bodies to the affected or removed vertebral body
was measured to evaluate segmental lordosis (Fig. 1).

Stability was assessed in the anterior and posterior
groups. Solid arthrodesis was evaluated using flexion-
extension radiographs and defined as the absence of mo-

tion between the spinous processes in the anterior group
and between the vertebral bodies of the posterior group.
Additionally, in the anterior group, the operated segment
was considered solid in the absence of a radiolucent gap
between the cage and the endplate. Because titanium
cages were used, trabeculation between the adjacent
segments could not be assessed correctly in all patients;
therefore, CT scans were additionally performed in some
of these cases. However, the absence of motion was the
main criterion used to determine solid arthrodesis, which
had also been used in other analyses involving cervical
fusion cages.!!"846

The 24 patients in the anterior group were treated us-
ing a corpectomy followed by placement of an expandable
titanium cage to reconstruct the anterior column (Add,
Ulrich GmbH & Co. KG). A cervical plate was added in
all cases (17 cases with an ABC plate [Aesculap]; 7 cases
with an Alpha semiconstrained plate [Stryker]). Autograft
bone from the corpectomy was placed around or into the
cages.

In the posterior group, a 2- to 4-level laminectomy
followed by posterior instrumentation with lateral mass
screws was performed in 10 cases with the Spine System
Evolution cervical system (Aesculap), in 13 cases with
the S* cervical system (B Braun Melsungen AG), and in
1 case with the Oasys system (Stryker). Local bone au-
tograft from the laminectomy was packed beneath and
around the instrumentation.

Postoperative radiographs were obtained after 1 week
and after 12 months in all cases, and at last follow-up after
15—-112 months (mean 33 months). Clinical outcome was
assessed before and after surgery using the VAS score of
neck pain and the mJOA scale score, and using the Odom
criteria.’!

The chi-square test, nonparametric Mann-Whitney
U-test, and t-test were used for statistical analysis of data.
Results were considered significant at a p value < 0.05.
The analyses were performed using SPSS statistical soft-
ware, version 17 (SPSS Inc.).

Results

In the anterior group, corpectomies were performed
in 5 cases at the C-4 level, in 4 cases at C-5, in 4 cases

TABLE 2: Radiological outcomes of both groups according to cervical and segmental lordosis*

Lordosis (°) Preop 1wk 1yr Last FU p Valuet
cervical
anterior group 5.3+26.2 16.1 £10.7 13.8+11.5 14112 0.006
posterior group 124 £12.9 6.6 +13.3 6.1+13.8 591126 0.004
p valuet 0.039 0.027
segmental
anterior group -25+18.0 45+12.0 3.6+13.8 3.7+131 0.004
posterior group 6.1+105 3.0+10.3 24100 2389 0.004
p valuet 0.030 0.870

* All values given as mean £ SD.
T Between groups.
T Preop/last FU in same group.
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at C-6, in 2 cases at C-7, and in 9 cases at multiple levels
(C4-5 in 5 cases and C5-6 in 4 cases). The follow-up pe-
riod in this group ranged from 15 to 112 months (mean 35
months). The implantation of the expandable cages was
performed without complications and the adjustment of
the height could be performed in situ.

In the posterior group, all laminectomies and instru-
mentation were performed at multiple levels, involving
2 levels in 1 case (C3-4), 3 levels in 11 cases (C3-5 in
4 cases, and C4—6 in 7 cases), and 4 levels in 12 cases
(C3-6 in 9 cases, C4-7 in 2 cases, and C1-4 in 1 case).
The follow-up period in this group ranged from 15 to 67
months (mean 28 months).

In all patients undergoing operations, an adequate
decompression was achieved, as demonstrated on post-
operative MR images or myelograms that were compared
with preoperative images (Figs. 1 and 2). Clinical evalua-
tion revealed significant improvement of both groups fol-
lowing spinal cord decompression according to scores on
the mJOA scale and VAS (p < 0.0001). The comparison
between the anterior and posterior groups did not show
any significant differences before or after the operations
according to the VAS score, mJOA scale score, and Odom
criteria (Table 1). All patients stated that they would have
undergone the operation again, even the patient with a
poor outcome. The flexion-extension radiographs did not
show any motion of the operated segment in any cases in
either group.

Cervical lordosis improved in the anterior group
by 8.8° (p = 0.006) and declined in the posterior group
by 6.5° (p = 0.004) at last follow-up (Table 2). Despite a
significantly higher preoperative cervical and segmental
kyphotic angle in the anterior group (p = 0.039), the surgi-
cal change of segmental lordosis immediately improved
the overall cervical lordosis in the anterior group (7°),
whereas an immediate loss of segmental lordosis was ob-
served in the posterior group (3.1° p = 0.004). However,
the loss of correction of the overall cervical lordosis was
higher in the anterior group compared with the posterior
group at last follow-up (2.0 = 1.1° vs =0.7 = 0.7°, respec-
tively; p = 0.041).

Complications were noted in 7 cases, 5 requiring re-
vision surgeries. In the anterior group, in which semicon-
strained plates were used, follow-up imaging revealed 1
screw break and 1 screw loosening without the necessity
of a revision operation. One case in the anterior group re-
quired additional dorsal fixation due to adjacent segment
disease 1 year after surgery.

In the posterior group, epidural bleeding occurred
in 1 case involving 2-level decompression and in 1 case
involving 3-level decompression, requiring immediate
surgical revision. A wound infection and a CSF fistula
required surgery in another 2 cases.

Discussion

The optimal approach in the treatment of CSM re-
mains a controversy in spine surgery. However, the aim of
the present study was to compare the exact achievement
of sagittal alignment and the possibility of sagittal main-
tenance and correction, rather than to test the clinical su-
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periority of the presented operative techniques. Data of
exact pre- and postoperative sagittal changes are rare in
the literature.*?

We presented 48 patients who underwent multi-
level cervical decompression for CSM. Twenty-four pa-
tients were treated with a 1-2 level corpectomy followed
by placement of an expandable titanium cage (anterior
group), and 24 patients underwent a multilevel lamin-
ectomy followed by posterior instrumentation with lateral
mass screws (posterior group). The clinical outcome did
not differ between groups; however, radiological analysis
revealed a better restoration of sagittal alignment in the
anterior group, but better maintenance of this alignment
in the posterior group.

Decompressive Surgery of the Cervical Spine

There are different approaches to decompressive sur-
gery of the cervical spine, including multilevel discectomy,
corpectomy, laminoplasty, and laminectomy. An adequate
decompression of the spinal cord to improve clinical out-
come can be achieved using both approaches,'>2%28 which
is also reflected in the present study. Anterior patholo-
gies that involve only 1 or 2 vertebral body levels usually
proceed using an anterior approach,’!? while in cases of
more than 2 levels the posterior approach appears to be
more suitable due to swallowing difficulty and construct
failure #910.12.14.17.19.26.3343 However, in cases involving mul-
tilevel disease with kyphosis, where the spinal cord is
stretched over anterior osteophytes, a combined approach
using anterior release and reconstruction of lordosis as
well as posterior decompression with instrumentation
may be suitable.?

Sagittal Alignment

Effective decompression can be achieved by lamino-
plasty when lordosis of the cervical spine is preserved.
However, the long-term success of laminoplasty depends
on the preoperative and postoperative preservation of cer-
vical spinal lordosis.?>*-4045 The loss of physiological lor-
dosis and the development of kyphosis following cervical
surgery should be avoided to prevent further degeneration
and late clinical deterioration.?24263537 Therefore, preven-
tion of the late development of kyphosis—which can be
observed following anterior'® and posterior approaches—
and the achievement of an optimal alignment is a major
goal of spine surgery.

Our clinical and radiological data support the results
of the existing literature,'>?° showing an improvement of
cervical alignment in the anterior group and a significant
loss of lordosis in the posterior group. The preparation
and consecutive denervation of deep extensor muscles is
a common cause for loss of lordosis following lamino-
plasty.?22344 Correction of kyphosis is more difficult or
even impossible using only a posterior approach, due to
anterior fixation caused by osteochondrosis and spondy-
losis that cannot be resolved from the posterior side and
may prevent distraction and reposition.*® Both approaches
can improve cervical lordosis, whereas anterior approach-
es demonstrate a better overall correction due to a higher
possibility of achieving release and distraction.>?%4? Fur-
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thermore, patients show better radiological results when
undergoing combined procedures than when using poste-
rior or anterior instrumentation alone.! Nevertheless, pa-
tients undergoing extended posterior decompression and
instrumentation maintain sagittal correction for a signifi-
cant period,’** which is also reflected in our results.

The postoperative loss of lordosis in our posterior
group could be partly attributed to a straightening of the
cervical spine during positioning that was fixed by dor-
sal instrumentation (Fig. 2C). Thus, the operative proce-
dure was modified and posterior fixation with a curved
rod was performed only after intraoperative optimization
of sagittal alignment. Big screw heads can come in close
contact during lordotic positioning (Fig. 2); thus, smaller
screw heads improve lordotic positioning further. An-
other possibility for avoiding close contact of the screw
heads, which might hinder adequate sagittal correction, is
instrumentation of only every second vertebra.?

In the posterior group, the instrumentation involved
only the vertebral bodies affected by the laminectomy,
even in cases of C-7 laminectomy. We did not observe
any indication to extend the instrumentation in these 2
cases, although laminectomies and instrumentation that
are discontinued at C-7 rather than at T-1 might harbor
the risk of cervicothoracic kyphosis.

The higher loss of correction in our anterior group
can be explained by subsidence of the cages before a suc-
cessful fusion was achieved to support the integrity of the
construction. The high modulus of elasticity with titani-
um could be an important factor in cage subsidence. Ma-
terials with a lower modulus of elasticity that approach
normal bone, such as polyetheretherketone cages, carbon
fiber cages, and autograft iliac crest or allograft fibula,
show a lower rate of long-term subsidence.’® The small
values of 2.0° and 0.7°, representing loss of correction in
the anterior and posterior groups, respectively, lie within
measurement errors, but the differences between both
groups resemble similar findings in the literature.?26-2842
The screw breakage and screw loosening in the anterior
group might be explained by a less effective load sharing
of constrained plates compared with dynamic plates.*?

Conclusions

The aims of treatment for cervical spinal canal steno-
sis are decompression of the spinal cord and restoration/
maintenance of the sagittal alignment. Our results dem-
onstrate better restoration of the sagittal alignment in the
anterior group, but less loss of correction in the posterior
group. Anterior spondylotic osteophytosis may prevent
adequate restoration of the sagittal alignment using only
a posterior approach. In these cases, an anterior or com-
bined approach may be necessary to achieve an adequate
release and restore lordotic alignment.
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Spondylolisthesis following a pedicle subtraction osteotomy

Case report

CHEERAG D. UpADHYAYA, M.D., M.Sc.,! SIGURD BERVEN, M.D.,?
AND PRAVEEN V. MUMMANENI, M.D.!

Departments of 'Neurological Surgery and *Orthopaedic Surgery, University of California,
San Francisco, California

Pedicle subtraction osteotomy (PSO) is a powerful technique for correcting a fixed sagittal plane deformity. The
authors report the case of a 51-year-old man with a history of multiple prior lumbar operations, flat-back syndrome,
thoracic kyphosis, and radiculopathy, who underwent deformity correction surgery with T3-S 1 pedicle screw fixation
and L-3 PSO. Progressive spondylolisthesis of the PSO segment associated with rod fracture then developed. The pa-
tient subsequently underwent anterior and posterior revision surgery. This case is a rare instance of spondylolisthesis

following PSO. (DOI: 10.3171/2009.12.FOCUS09285)

KEy WoORrRDs  »

nique for the correction of a fixed sagittal plane

deformity. This type of osteotomy has been associ-
ated with significant perioperative morbidity,'>#® which
we have described as > 50% in patients undergoing PSO
in a revision setting. We here report a rare case of pseud-
arthrosis at the level of a PSO due to spondylolisthesis of
the PSO segment.

PEDICLE subtraction osteotomy is a powerful tech-

Case Report

History and Examination. This 50-year-old man
who had undergone 4 prior thoracolumbar operations
over the past decade presented with flat-back syndrome,
thoracic kyphosis, and right leg radiculopathy (Fig. 1).
His preoperative VAS back pain score was 8 out of 10,
and his preoperative VAS leg pain score was 6 out of 10.
His preoperative SF-36 scores were 28.6 for the PCS and
29.1 for the MCS. He was unable to ambulate a block
without stopping.

Operation. We performed a deformity correction
with T3-S1 pedicle screw fixation (Expedium 5.5 Ti Sys-
tem, DePuy Spine) and T6-8 Ponte (facet) osteotomies

Abbreviations used in this paper: ALL = anterior longitudinal lig-
ament; MCS = mental component summary; PCS = physical com-
ponent summary; PSO = pedicle subtraction osteotomy; rHBMP-2
= recombinant bone morphogenetic protein; SF-36 = 36-Item Short
Form Health Survey; VAS = visual analog scale.
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pedicle subtraction osteotomy

spondylolisthesis ¢  deformity

as well as an L-3 PSO (Fig. 2). We did not visualize the
ALL. Posterolateral arthrodesis was performed with iliac
autograft, local autograft from the spine, and demineral-
ized bone matrix as a graft extender.

Postoperative Course. There were no immediate
postoperative complications, and the patient was dis-
charged home in good condition.

Six months later he was noted to have pseudarthro-
sis at L3—4 associated with rod fractures. He had a sig-
nificant amount of back pain. Furthermore, radiographic
studies showed that progressive spondylolisthesis of the
PSO segment was developing (Fig. 3). We suspected that
the ALL was torn. He subsequently underwent a T12—S1
revised posterior spinal fixation (Expedium 6.35 Ti sys-
tem, DePuy Spine) and revised posterolateral fusion from
T12-L5 bilaterally utilizing rHBMP-2 (Infuse, Medtron-
ic). To halt the spondylolisthesis of the PSO segment, we
performed a second-stage anterior spinal fusion surgery
a few weeks later: L2-3 and L3—4 anterior lumbar inter-
body fusion with titanium cages (Devex, DePuy Spine)
filled with rib autograft and thBMP-2 and supplemented
with an anterior screw rod fixation (Expedium Anterior,
DePuy Spine).

At the 2-year follow-up from the index deformity
surgery, the patient had achieved a solid fusion (Fig. 4).
His latest VAS leg pain score was 3 out of 10, and his
back pain score was 3 out of 10. His latest SF-36 scores
were 32.1 for PCS and 25.5 for MCS. He is now able to
ambulate more than a mile.
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Fic. 1. Supine lateral lumbar radiograph (left) and standing 36-inch

lateral radiograph (right) demonstrating flat-back syndrome and tho-
racic kyphosis.

Discussion

The early morbidity of PSO has been well document-
ed in the literature.'-¢ We present a rare, delayed compli-
cation of spondylolisthesis of a PSO segment associated
with pseudarthrosis (at L3—4) resulting in bilateral rod
fracture. Because of the progressive spondylolisthesis of
the PSO segment, revision surgery required not only a
revised posterior fusion but also an anterior interbody
fusion to secure the PSO segment to the adjacent verte-
brae.

During a PSO procedure, surgeons pivot the osteot-
omy closure on the junction of the vertebral body with

Fic. 2. Postoperative sagittal reconstruction CT (left) and lateral
lumbar radiograph (right) 1 month postoperatively demonstrating the
PSO and deformity correction. Note the early spondylolisthesis of the
PSO segment.

2

Fie. 3. Sagittal reconstruction CT (left) and radiograph (right) dem-
onstrating pseudarthrosis at L3—-4 and bilateral rod failure. Note the
progression of the spondylolisthesis of the PSO level because of an
incompetent ALL.

the ALL. Such pivoting may result in compromise of the
ALL. It is important to note that in a PSO, spine surgeons
remove all the posterior ligamentous structures and pos-
terior bony elements. Only the ALL and adjacent inter-
vertebral discs remain to prevent a spondylolisthesis of
the PSO segment. If the ALL is torn, the PSO segment
may be predisposed to spondylolisthesis. Circumferential
fusion of the spine or the use of more rigid instrumen-
tation of the spine may be considered in patients with a
mobile anterior column.

Patients should be closely monitored for evidence of
ALL failure and spondylolisthesis of a PSO segment. In
cases in which the integrity of the ALL is suspected of
being compromised and in which spondylolisthesis of the
PSO segment begins, the situation may be salvaged early
on with an anterior interbody fusion to secure the PSO
segment to the surrounding vertebrae prior to posterior
rod fracture.

Conclusions

Compromise of the ALL can occur during closure
of a PSO. The ALL is the main structure that prevents
spondylolisthesis of the PSO segment. If the ALL is com-
promised, spondylolisthesis of the PSO can occur and
result in pseudarthrosis and rod fracture. To prevent this
problem, surgeons should watch for signs of progressive
spondylolisthesis of the PSO segment and salvage this
problem with an early anterior interbody fusion to secure
the PSO segment to the surrounding vertebrae.
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) ERECT

Fic. 4. Postoperative lateral radiograph (A), sagittal reconstruction
CT (B), and lateral 36-inch scoliosis radiograph (C) after anterior/pos-
terior revision.
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Massive Charcot spinal disease deformity in a patient
presenting with increasing abdominal girth and discomfort

Case report

FranKk S. Bisnor, M.D., ANDREW T. DAILEY, M.D., ANpD MEICc H. ScamipT, M.D.

Department of Neurosurgery, Clinical Neurosciences and Spine Center, University of Utah,

Salt Lake City, Utah

Charcot spinal disease is a destructive degenerative process involving the vertebrae and surrounding discs,
resulting from repetitive microtrauma in patients who have decreased joint protective mechanisms due to loss of
deep pain and proprioceptive sensation. The typical presentation of the disease is back pain and progressive spinal
instability and deformity. The authors report an unusual case of massive Charcot spinal disease deformity in a patient
presenting with increasing abdominal girth and discomfort. (DOI: 10.3171/2009.12.FOCUS09277)

KeEy WorDs  »
spinal neuropathic arthropathy

neuropathic or neurogenic arthropathy, is a destruc-

tive degenerative process involving the vertebral
bodies and surrounding discs. This condition results from
repetitive microtrauma in patients who have decreased
joint protective mechanisms from loss of deep pain and
proprioceptive sensation, typically because of spinal cord
injury or sensory neuropathies. The patient typically pre-
sents with back pain and progressive spinal instability and
deformity. We report a unique case of massive Charcot
spinal disease and deformity in a patient presenting with
increasing abdominal girth and discomfort.

CHARCOT disease of the spine, also known as spinal

Case Report

History and Examination. This 33-year-old man suf-
fered a complete spinal cord injury after a 25-foot fall
from a parking garage. He was unable to move or feel
his legs at the scene, and upon arrival to the emergency
department was found to have a complete spinal cord in-
jury with loss of sensation at the T-10 level. A CT scan
of the thoracic spine demonstrated a severe T-11 fracture
dislocation with complete obliteration of the spinal canal
and a moderate local kyphotic deformity (Fig. 1A). Mul-
tiple mild compression and burst fractures from T-4 to
T-7, in addition to multiple transverse process fractures,
were also noted.
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Charcot spinal disease  ©

vertebral destruction

spinal neurogenic arthropathy

Initial Operation. On hospital Day 2, the patient
underwent a T8—12 posterior spinal fusion, with pedicle
screw instrumentation at T-9, T-10, T-12, and L-1, and
posterolateral onlay fusion. This surgery was followed
by a second-stage procedure on hospital Day 9 for an-
terior column reconstruction. A T-11 corpectomy via a
left-sided thoracotomy was performed, with insertion
of a Synex expandable titanium cage (Synthes, Inc.) and
bone allograft (Fig. 1B). A chest tube was placed dur-
ing the operation, which was removed on postoperative
Day 2. The patient recovered appropriately from these
procedures and was discharged to inpatient rehabilitation
on hospital Day 12. Unfortunately, the patient did not re-
cover any neurological function and remained completely
paraplegic. The patient was monitored for 2 years using
serial radiographs, which demonstrated mild scoliosis
without evidence of hardware failure (Fig. 1C). He was
asymptomatic and elected to continue with conservative
treatment.

Charcot Spinal Disease. Five years after undergoing
reconstruction and fusion, the patient presented with in-
creasing abdominal girth and discomfort. He had no oth-
er significant complaints, including no symptoms of back
pain. A CT scan of his abdomen demonstrated a large,
abdominal, cystic paraspinous mass with hyperemia of
the surrounding soft tissue and musculature (Fig. 2D).
Thoracolumbar CT scans further demonstrated osseous
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Fic. 1. Preoperative (A) and postoperative (B and C) images of the patient. ~ A: Sagittal thoracic CT scan showing severe
T-11 fracture dislocation with local kyphosis and obliteration of the spinal canal.  B: Sagittal thoracolumbar radiograph demon-
strating the fusion construct after T-11 corpectomy, titanium interbody cage implant placement, and T8-12 posterior spinal fusion.
C: Two-year follow-up anteroposterior radiograph showing mild scoliosis without evidence of hardware failure.

destruction and complete destabilization of the spine be-
low the level of fusion from T-12 to L-3, consistent with
Charcot spinal disease (Fig. 2A—C). Infection was con-
sidered in the differential diagnosis but was believed to
be unlikely because of the patient’s near-normal inflam-
matory markers (white blood cell count 10.5 x 10*mm?,
erythrocyte sedimentation rate 9 mm/hour, C-reactive
protein 1.1 mg/dl).

n

Fic. 2. Images of the patient obtained 5 years after undergoing re-
construction and fusion. A-C: Sagittal (A), coronal (B), and 3D re-
constructed (C) CT scans of the lumbar spine showing severe spinal
breakdown with cyst formation below the previous fusion from T12-L3,
consistent with Charcot disease of the spine.  D: Abdominal CT scan
demonstrating intraabdominal compression from the large degenera-
tive retroperitoneal cyst.

2

Second Operation. A 3-stage procedure was planned
for decompression and resection, realignment, and cir-
cumferential stabilization and reconstruction. The first
surgery involved a posterior approach for open debride-
ment and exploration. Free-floating bone fragments were
identified and removed, and the visible cyst was aspirated.
Laboratory studies on the cyst fluid were negative for in-
fection. Severe spinal instability was apparent at the lev-
els involved with spinal arthropathy. The second proce-
dure was performed on postoperative Day 5 and involved
a posterolateral spinal fusion from T-3 to the ileum, with
pedicle screw fixation (Fig. 3A). The L1-3 levels showed
severe osseous destruction and were omitted from the fu-
sion construct. After recovering for 11 days, the patient
underwent the third staged procedure, which involved a
retroperitoneal approach for L1-3 corpectomies, anterior
reconstruction using a Synex II expandable titanium cage
(Synthes, Inc.), and anterolateral instrumentation using
an MACS TL plate and vertebral body screws (Aesculap;
Fig. 3B).

Postoperative Course. The patient experienced reso-
lution of his abdominal symptoms postoperatively. Bone
union was successfully achieved as demonstrated on fol-
low-up radiographs. Although the Synex II cage has been
recalled since it was implanted in this patient, the fusion
construct and cage have remained solid. At his 1-year fol-
low-up appointment, the patient demonstrated continued
spinal stability and appropriate alignment without pro-
gressive deformity or pseudarthrosis.

Discussion

Charcot joint disease was initially described in the
19th century in patients inflicted with tabes dorsalis from
tertiary syphilis>* and is a progressive destructive dis-
ease of the peripheral joints and the spine. Also known
as neuropathic or neurogenic arthropathy, this condition
is observed in patients with decreased joint protective
mechanisms due to loss of deep pain and proprioceptive
sensation from various causes including spinal cord inju-
ry (secondary to trauma, tumor, or infection), diabetic and
other peripheral neuropathies, myelomeningocele, syrin-
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Charcot spinal disease presenting with abdominal discomfort

Fic. 3. Images obtained in the patient after the 3-stage procedure.
A: Sagittal 3D reconstructed CT scan of the spine with hardware win-
dowing after posterolateral spinal fusion from T-3 to the ileum. B:
Sagittal thoracolumbar CT scan of the final construct after retroperito-
neal L1-3 corpectomies and anterior column reconstruction with inter-
body expandable cage, anterolateral plate, and vertebral body screw
instrumentation.

gomyelia, severe degenerative spinal disorders, infection
(such as syphilis and anesthetic leprosy), and others.!36-8:1!
The loss of sensation, in particular deep pain sensation,
impairs the normal protective sensory mechanisms that
cause withdrawal when undue increases in stress are
placed on the bones and joints. The lack of protective
withdrawal responses allows repeated microtrauma from
external forces, which over time induce progressive joint
dislocations and degenerative osseous and ligamentous
destruction !

In the spine, Charcot disease most commonly pres-
ents at the thoracolumbar junction,>!! variably involving
the vertebral bodies and intervertebral discs. The transi-
tion zone between the thoracic and lumbar spines is prone
to increased stress and experiences constant movement to
stay in a balanced upright or sitting position. Involvement
of the cervical, thoracic, and sacral spines is rare.!" In-
creased stress to adjacent lower levels after long-segment
posterior spinal fusions, and iatrogenic instability from
extensive laminectomies and resection of posterior stabi-
lizing structures, have also been implicated as potential
contributing factors.>8

Charcot spinal disease can be mistaken for pyogenic
vertebral osteomyelitis and osseous spinal tumors. The
distinguishing features of Charcot spinal disease include
the “exploded” appearance of the lesion on imaging,
associated with severe osseous destruction from con-
comitant bone resorption and unorganized formation.’
Paraspinous and vertebral fluid collections (which can
be large) and soft-tissue inflammatory changes are often
noted on imaging studies, but are nonspecific.” The his-
tory of an insensate patient is of particular importance,
because this disease does not occur in patients with pre-
served sensation.
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The patient with this disease typically presents with
symptoms of worsening back pain and audible noises
during postural changes. Other presentations include sit-
ting imbalance from progressive spinal instability and
deformity, a decrease in lower-limb spasticity or sensa-
tion, cutaneous fistulas to paraspinous cysts, development
of autonomic dysreflexia, and even deep vein thrombosis
from prevertebral compression.>”!' This patient present-
ed with unique complaints of abdominal discomfort and
increasing girth from massive bone destruction and cyst
formation in the retroperitoneal space, causing compres-
sion of the abdominal organs, without other typical pre-
senting complaints. The patient experienced resolution of
his abdominal symptoms after surgical decompression of
the cyst, resection of disorganized bone, correction of the
deformity, and reconstruction and stabilization, which is
the current treatment for Charcot spinal disease.>!!
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