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Abstract Only a few reports exist concerning biome-
chanical challenges spine surgeons face when treating
Parkinson’s disease (PD) patients with spinal deformity.
We recognized patients suffering from spinal deformity
aggravated by the burden of PD to stress the principles of
sagittal balance in surgical treatment. Treatment of sagittal
imbalance in PD is difficult due to brittle bone and (the
neuromuscular disorder) with postural dysfunction. We
performed a retrospective review of 23 PD patients treated
surgically for spinal disorders. Mean ASA score was 2.3
(2-3). Outcome analysis included review of medical
records focusing on failure characteristics, complications,
and radiographic analysis of balance parameters to char-
acterize special risk factors or precautions to be considered
in PD patients. The sample included 15 female and 8 male
PD patients with mean age of 66.3 years (57-76) at index
surgery and 67.9 years (59-76) at follow-up. 10 patients
(43.5%) presented with the sequels of failed previous sur-
gery. 18 patients (78.3%) underwent multilevel fusion (C3
level) with 16 patients (69.6%) having fusion to S1, S2 or
the Ilium. At a mean follow-up of 14.5 months (1-59) we
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noted medical complications in 7 patients (30.4%) and
surgical complications in 12 patients (52.2%). C7-sagittal
center vertical line was 12.2 cm (8-57) preoperatively,
6.9 cm postoperatively, and 7.6 cm at follow-up. Detailed
analysis of radiographs, sagittal spinal, and spino-pelvic
balance, stressed a positive C7 off-set of 10 cm on average
in 25% of patients at follow-up requiring revision surgery
in 4 of them. Statistical analysis revealed that patients with
a postoperative or follow-up sagittal imbalance (C7-SVL
>10 cm) had a significantly increased rate of revision done
or scheduled (p = 0.03). Patients with revision surgery as
index procedure also were found more likely to suffer
postoperative or final sagittal imbalance (C7-SPL, 10 cm;
p = 0.008). At all, 33% of patients had any early or late
revision performed. Nevertheless, 78% of patients were
satisfied or very satisfied with their clinical outcome, while
22% were either not satisfied or uncertain regarding their
outcome. The surgical history of PD patients treated for
spinal disorders and the reasons necessitating redo surgery
for recalcitrant global sagittal imbalance in our sample
stressed the mainstays of spinal surgery in Parkinson’s: If
spinal surgery is indicated, the reconstruction of spino-
pelvic balance with focus on lumbar lordosis and global
sagittal alignment is required.

Keywords Parkinson’s disease - Spine surgery -

Adult spinal deformity - Sagittal balance - Failure -
Spino-pelvic

Introduction

In spinal deformity surgery, distinct syndromatic disorders,

such as osteogenesis imperfecta, Marfan and Ehlers—Dan-
los Syndrome, fibrous dysplasia or neurofibromatosis have
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been found to imply increased risks and complications,
which need special pre- and postoperative consideration. In
the authors’ experience, patients with Parkinson’s disease
(PD) also resemble a patient subgroup where the underly-
ing medical disease poses significant challenges for the
treatment of spinal pathologies, in particular for the
reconstruction of a physiological sagittal profile and spinal
balance.

The importance of spino-pelvic balance as a function of
spinal and pelvic regulators yielding for the adjustment of
physiological sagittal alignment in healthy volunteers
as well as in patients with spondylolisthesis, scoliosis,
kyphosis or degenerative lumbar disease has been shown
[3, 8, 18-20, 29-31, 35, 38, 43]. Likewise, the impact of a
physiological spino-pelvic alignment on clinical outcomes
has been demonstrated repeatedly, and sagittal imbalance
has been shown to cause worse outcomes following spinal
surgery [3, 5, 15, 16, 20, 25, 26, 28, 30, 33, 38, 42].

In PD, as a chronic neurodegenerative disorder of the
basal ganglia, posture is often affected because the postural
reflexes necessary for upright stance and walk are dis-
turbed. Postural instability, which increases with duration
and severity of the disease including gait disorders, balance
impairments with subsequent falls and fall-related injuries
affects the quality of life negatively [4, 7]. The cardinal
features of PD are rest tremor, rigidity and bradykinesia;
disease-specific features include stooped posture, slow
movements, trunk imbalance with shuffling gait, and
expressionless facies [4]. To spine surgeons, PD usually
presents as a neuromuscular disorder in elderly patients
displaying slight to severe postural impairment posed on a
significant spinal deformity or degenerative instability with
stenosis [4]. Inadequate data concerning spinal surgery in
patients with PD exist, which report of high complication
rates, including multiple reoperations in 86% and construct
failure in 29% of patients [2].

The purpose of this study was therefore to identify
disease-specific characteristics and risk factors that might
help physicians treating patients with PD and spinal
disorders.

Materials and methods

An international 2-center retrospective review study was
performed. One of the authors (J.Z.) analyzed the institu-
tional database, including more than 10,200 cases covering
a 9-year period at a European spine center. The other
author (F.A.) reviewed an operative record archive at an
adult spinal deformity practice in the US. Inclusion criteria
were patients with PD and spinal disorders of the thoracic
or lumbar spine that were treated with instrumented spinal
fusion. Acute trauma and tumor patients were excluded.
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Medical records were studied in detail. ASA classification,
number and details of revision surgeries, major medical
and any surgical complication such as deep wound infec-
tion, pseudoarthrosis, junctional kyphosis or construct
failure was documented. Complications were defined as
early if they occured within <3 months. All patients’
courses were analyzed and assessment of follow-up was
done according to identical protocols at 6 months, 1, 2, and
5 years postoperatively, including biplanar full-standing
radiographs and patient self-rated satisfaction. Biplanar
preoperative, postoperative and follow-up full-standing
radiographs were analyzed for standard spinal and spino-
pelvic parameters [18]. Changes in construct alignment,
failure of instrumentation, and evidence of pseudoarthrosis
were noted. Adjacent-level decompensation was classified
into osteoporotic insufficiency fractures and adjacent seg-
ment instability (transition syndrome/segmental collapse).
We analyzed the proximal junction sagittal Cobb angle
(PJA) according to Bridwell [26]. Proximal junctional
kyphosis (PJK) was defined as a PJA >10°. Diagnosis of
pseudoarthrosis was made when there was radiographic
evidence of instrumentation failure, dislodgement or loos-
ening, motion during surgical exploration, frank non-union
on plain radiographs or using CT-scans. For statistical
analysis, patients were differentiated whether they had had
revision surgery or if they were scheduled for revision
surgery due to construct failure, pseudoarthrosis or recur-
rence of sagittal imbalance.

23 consecutive patients were identified retrospectively.
The sample included 8 male and 15 female patients with a
mean age of 66 years. 18 patients had mid- to long-term
data (MTL-data) available with >6 months of follow-up
and full radiographic series and records available. 5
patients had either only short-term follow-up or their
radiographic or clinical follow-up was incomplete because
only copies of biplanar radiographs were sent for our
consultation to save pains with traveling. Nevertheless,
because of the sparse data on patients with PD, we included
all patients.

10 patients (43.5%) were referred for failed previous
surgery and were scheduled for revision surgery as index
procedure. Mean number of previous surgeries was
0.9 + 1.1 per patient (range, 0—4). 10 patients (43.5%)
showed a scoliotic thoracic or lumbar curve at time of index
procedure. This frequently added to the clinical picture
known as ‘Pisa syndrome’ in patients with PD (Fig. 1).

18 patients (78.3%) presented at index surgery with
global sagittal imbalance that was defined as the C7-sag-
ittal center vertical line (C7-SVL) >3 cm anterior to the
S1-posterior corner. A second tidemark was >10 cm
anterior to the S1-posterior corner [18] identifying patients
with the plumb line anterior to the hip axis resembling a
decompensated state of sagittal imbalance.
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Fig. 1 Pisa syndrome. Patient displays advanced right-sided later-
alization with trunk-shift to the right due to the neuromuscular
imbalance, here imposing on a right-sided convex degenerative
lumbar scoliosis

Except for 5 patients, all had at least one additional co-
morbidity indicating medical treatment beside the PD
while the ASA score averaged 2.3 £ 0.4 points (range, 2-3
points).

The patients’ diagnosis included ‘degenerative lumbar
instability with/without stenosis or spondylolisthesis’
(10x), degenerative scoliosis (9 x), posttraumatic kyphosis
at a single or multiple levels (6x), spondylodiscitis (2x)
and postoperative wound infection (3 %) including combi-
nations thereof. In summary, most patients had significant
morbidity indicating multilevel deformity surgery.
Accordingly, surgical treatment was performed for
decompression, reconstruction of sagittal alignment, and
solid fusion using top-loading pedicle screw-constructs in
all patients. Patients with PD do have brittle, osteopenic
bone. If sagittal plane correction and/or lumbosacral fusion
were indicated, anterior release and fusion were performed
to reduce corrective forces with subsequent instrumented
posterior correction. Anterior open transthoracic or thora-
coabdominal approaches were performed in 13 patients
(56.5%). Corpectomies were performed in 4 patients
(17.4%). One patient had a L4 pedicle substraction oste-
otomy. Smith-Peterson type osteotomies or transversoto-
mies were frequently applied within the posterior release,

Table 1 Patients’ demographics and preoperative parameters

Sample characteristics Mean
Gender ratio female:male 15:8

ASA score 23

Age at index surgery 66 years
Age at follow-up 68 years
Follow-up 14.2 months
Failed previous surgery 43.5%
Global sagittal imbalance 78.3%
Scoliosis 43.5%

in particular in patients with prior surgeries. 1 patient
suffered from global kyphosis after insufficient multilevel
vertebroplasties indicating halo-gravity traction, multilevel
anterior partial corpectomies, an anterior reconstruction
using autologous fibula, and posterior instrumented fusion
T10-L4. Autogenous bone was used in all patients except
one who received bone substitutes.

18 patients had multilevel surgery at index surgery with
a mean of 6.1 = 4.3 levels (range, 1-16) included in the
instrumented fusion. There was a total of 19 patients
(82.6%) that had fusion to the sacrum. 4 of these patients
(17.4%) had long fusions augmented with additional S2-
screws and 3 (16%) with ilium screw fixation.

All patients were invited for follow-up, 82.6% of
patients succeeded to present for clinical and radiographic
follow-up after 4—6 months according to institutional pro-
tocol. The other patients had further clinical follow-up at
their physician’s office and several patients with PD could
not complete regular clinical and radiographic follow-up
after 1, 2, and 5 years, as scheduled, due to their underlying
disease, age, and co-morbidities.

Patients’ perioperative variables are summarized in
Table 1. Including demographic variables, radiographic
and binary outcome parameters (factor levels: yes/no) we
yielded for a risk factor identification for ‘revision surgery
done/scheduled for construct failure, pseudoarthrosis or
sagittal imbalance’. For doing so, cross-tabulation tables
together with two-tailed Fisher’s Exact tests were com-
puted and evaluated. For all analyses, Statistica 6.1 (Stat-
Soft, Tulsa/US) was used. A p value less than 5% indicated
statistical significance.

Results

Patients’ demographics and results are summarized in
Tables 1 and 2. The sample of 23 patients had a mean age
at index surgery of 66.3 &+ 5.9 years (range, 57-76). Mean
age at follow-up was 67.9 & 5.8 years (range, 59-76). At
follow-up, which was 14.3 + 14.3 months (range, 1-59),
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Table 2 Summary of main results

Clinical outcomes %o N
Medical complications 304 7
Surgical complications 52.2 12
Adjacent segment collapse/insufficiency fractures 17.6*
Proximal junctional kyphosis 17.6*
Fusion after index procedure 58.8% 10
Any early perioperative or late revision 35 8
(included scheduled)

Fusion to S1, S2 or ilium 69.6 16
Multilevel fusion (>3 levels) 78.3 18
Levels fused - 6.3
Patients satisfied/very satisfied 88" 15

% 3/17 pat with mid- to long-term data available

11 patients were satisfied with the clinical outcome, 6
patients were very satisfied, 2 patients were neither satis-
fied nor dissatisfied, and 2 were not satisfied. In 2 patients,
clinical outcome data were not available. At all, 14 patients
(78%) with MTL-data were satisfied or very satisfied with
clinical outcome while 4 patients (22%) were either not
satisfied or uncertain regarding their outcome. 7 patients
(30.4%) had documented medical complications during the
perioperative course including appendicitis indicating sur-
gery (1x), postoperative delirium (3x), liver decompen-
sation with temporary hepatic encephalopathia indicating
intensive care (1x), pneumothorax after central venous
catheterization (1x), akinetic crisis indicating intensive
neurologic care (1x), decompensation of diabetes mellitus
type I (1x), and decompensation of kidney insufficiency
(1x). No patient died during clinical stay or suffered any
neurovascular complication. 12 patients (52.2%) had sur-
gical complications including 3 patients with deep and 2
with superficial wound infection indicating revision sur-
gery in 3 patients. One patient was found to suffer a lym-
phocele following anterior lumbar fusion that
spontaneously stopped draining. 1 slender patient had a
prominent symptomatic S2-alar screw indicating removal
during a pseudarthrosis repair at a distant level. Finally, 7
patients (38.9% of patients with MTL-data) developed a
pseudarthrosis after index procedure, all at the lumbosacral
junction.

In summary, 17% of patients had infection-related and
35% of patients construct or fusion-related complications.
Revision surgery was performed in 6 of 18 patients
(33.3%) with MTL-data available. 2 others were indicated
with one scheduled and one denying further interventions.
1 revision was done in 3 patients and 2 revisions were done
in 3 patients. Summarizing any early postoperative or late
revision surgery as well as indicated or scheduled surgeries
for construct failure, pseudoarthrosis or sagittal imbalance,
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the total revision rate would be 34.7%. The cause of
revisions performed, indicated or scheduled was infection
in 3 patients and/or pseudoarthrosis with/without construct
failure as well as recurrence of sagittal imbalance in the
remaining 5 patients.

Analysis of radiographs was performed in all patients.
Data of the radiographic course are summarized in Table 3.
Notably, preoperatively those 18 patients subjected to
multi-level instrumented spinal fusions revealed a mean
pelvic tilt of 31° resembling a retroverted pelvic position
compensating for a global kyphotic alignment with the C7
plumb line a mean of 13.7 cm anterior to the S1 postero-
superior corner.

The radiographic spino-pelvic balance parameters were
not subjected to statistical analysis of correlations in light
of the comprehensive sample size and the fact that several
patients had obesity rendering morphometric measure-
ments around the hips difficult (Fig. 2). At index surgery,
18 patients (78.3%) displayed global sagittal imbalance
(C7-SVL >3 cm anterior to S1). In 9 patients (39%) the
C7-SVL was >10 cm anterior to the S1-posterior corner
resembling decompensated sagittal imbalance. On follow-
up radiographs, 3 out of 18 patients (16.7%) with MTL-
data had evidence of adjacent level instability with stenosis
and kyphosis due to an osteoporotic insufficiency fracture.
Also, 3 out of 18 patients (16.7%) with MTL-data had a
PJK at follow-up. Analysis of radiographs resulted in an
index union rate of 61.1% only (11 of 18 patients with
MTL-data) that increased to 77.8% (14 of 18 patients) at
latest follow-up. The others denied further surgery (2), are
scheduled for revision surgery after weight loss (1) or were
lost to follow-up (1). Notably, the only two patients that
could be treated with a single-level decompression dis-
played albeit physiological alignment and had an instru-
mented fusion for a focal stenosis. These patients
experienced an uneventful course.

Global sagittal imbalance with the C7-SVL >10 cm in
front of the S1 posterior corner or with a postsurgical loss
of the corrected C7-SVL of >5 cm on full standing lateral
radiographs was noted in 5 of 20 patients (25%) with MTL-
data available. A positive C7-SVL >10 cm was observed
in 5 of 20 patients (25%) with radiographic MTL-data
indicating revision in 4 of them including 2 patients with
PJK and 1 patient with adjacent segment collapse.

Statistical analysis revealed that patients with a post-
operative or follow-up sagittal imbalance (C7-SVL
>10 cm) had a significantly increased rate of revision
surgery done or scheduled (p = 0.031). Patients with
revision surgery as index procedure also were found more
likely to suffer postoperative or final sagittal imbalance
(C7-SVL >10 cm; p = 0.008). Patients with PJK were also
likely to suffer global sagittal imbalance (p = 0.025) at
final follow-up.
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Table 3 Radiographic results
Coronal plane Sagittal plane
C7-CVL  Thoracic Lumbar Kyphosis Lordosis L1-S1 ~ C7-SVL (cm)  Sacral slope Pelvic tilt Pelvic
(cm) curve (deg) curve (deg) T4-TI12 (deg) (deg) (deg) (deg) incidence
(deg)
Preoperative 2.7 £3.5 8379 14.6 £ 14.0 30.5+ 158 —88 £223 12.2 £ 109 339+ 13.1 31.7+£82 613+156
(0-15) (0-25) (0-43) (=12 t0 50) (5 to —86) (-1.5t039) (8-57) (21-50) (42-88)
Postoperative 1.5 +23 50+52 29434 32.7 £ 12.1 —46.0 + 12.6 6.9 £5.8 350 £ 124 232 +£10.6 54.1 £ 133
(0-8) (0-16.8) (0-10) (10-48.6) (=26 to —=74)  (—0.5 to 20) (15-65) (8-45) (33.6-75)
Follow-up 19+23 60+£69 57=+6.1 357+ 126 463+ 124 72 £ 6.1 36.5 £ 104 277 £10.7 60+ 14.9
(1-7) (0-18) 0-17) (10-53) (17 to —66) (=2.8 to 20) (19.6-58) (10-45) (34-92)

C7-CVL C7-coronal center vertical line, C7-SVL C7-sagittal center vertical line

Fig. 2 45-year-old patient with long-lasting back pain nonresponsive
to conservative treatment. ASA-classification was 3, PD lasted for
more than 5 years. Radiographs displayed degenerative lumbar
scoliosis with fixed sagittal imbalance and multiple osteoporotic
compression fractures with significant lumbar stenosis at L3-L5.

We noticed that incomplete correction of spino-pelvic
alignment in PD patients caused recalcitrant sagittal
imbalance due to the disease-related forward ‘pull’ of the
trunk and gravity line while the degree of postural insta-
bility correlated with increasing severity of the neuro-
muscular disease. The latter can finally lead to clinical
signs of camptocormia. Our observations are described in
detail and illustrated in Fig. 3. Summarizing, although
spinal and spino-pelvic parameters like lumbar lordosis
were corrected in favor of a physiological alignment in the
multilevel fusion group with a postoperative mean lumbar
lordosis (Cobb L1-S1) of 45° 4+ 12.7° (range, 26°-74°)
and pelvic tilt of 21.6° & 8.9° (range, 8°-37°) in that
group, some patients with late failure showed incomplete
correction of the spino-pelvic alignment that contributed to
final construct failure, pseudoarthrosis, and the need for
revision surgery. However, probably due to the limited
sample size, we could not prove this interdependency of

Treatment was with anterior release and fusion L1-S1 with corpec-
tomies of L3 and L4 and second-stage posterior reconstruction of
lordosis and spino-pelvic alignment and posterior fusion T12-S2
using iliac crest bone. Screws in S2 were used to augment the
lumbopelvic fixation in the patient with osteoporotic bone

failed lumbo-pelvic balance and ‘revision surgery done or
scheduled’.

Discussion

Adults older than 50 years are projected to be the fastest
growing segment of the adult population. Coincidentally,
our increasing medical capacity to offer advanced spinal
surgery, in particular, to elderly patients with significant
co-morbidities, will increase the number of patients with
PD seeking spinal care. Adult spinal deformity is a com-
plex disorder that affects up to 60% of the aging population
[36]. Adult spinal surgery goes with a significant rate of
complications and revision surgery. A review of the litera-
ture regarding adult spinal deformity surgery, including
studies with sample sizes of at least 40 patients, reveals an
overall complication rate lingering around one-third of
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Fig. 3 a Representative case example of PD patient with failed
reconstruction of sagittal balance. Male patient, 66 years old, ASA-
score 2, weight was 134 kg. The patient presented with a previous
posterior instrumented spinal fusion L4-5, rod breakage and pseudo-
arthrosis with two subsequent revisions for wound infection. Our
treatment was with irrigation and debridement, instrumented posterior
revision fusion and decompression L3-S1. Postoperative reccurent
wound infection indicated revision. Postoperative alignment showed
reconstructed lumbar lordosis but pelvic tilt remained in compensa-
toric, retroverted position. Follow-up radiographs and clinical exam-
ination revealed sagittal imbalance due to pseudoarthrosis at L5-S1
with rod breakage as well as L2 adjacent-level compression fracture.
Patient displayed significant muscle fatigue, advanced severity of PD

cases with revision and subsequent surgeries indicated in
one-quarter of patients treated [9, 10, 13, 34, 40, 44]. Risk
factors for failure were elucidated in a report on 144
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Pelvic

inclination !

further more contributing to the global spinal imbalance. The patient
is scheduled for revision after weight loss. b Importance of complete
spino-pelvic balance correction in patients with sagittal imbalance.
Explanation of failure in a the patient experienced recurrent sagittal
imbalance due to an incomplete correction of the spino-pelvic
alignment. In the first revision surgery lumbar lordosis was corrected
from kyphosis (left) to slight lumbar lordosis (middle). But, the pelvis
was still in retroversion (high pelvic tilt, PT) indicating incomplete
correction of spino-pelvic alignment that subsequently caused global,
recalcitrant imbalance. Right figure illustrates correct alignment with
a balanced spino-pelvic unit including harmonic lordosis and an
inclined, normalized pelvic tilt

patients by Kim et al. [27]: Besides a thoracolumbar
kyphosis and osteoarthritis of the hip, positive postopera-
tive sagittal balance of 5 cm or more, age >55 years, and
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inadequate sacropelvic fixation were shown as statistically
significant risk factors for poor outcome. Postoperative
sagittal imbalance was suggested to increase the tensile
forces on the posterior implants and fusion mass subse-
quently promoting construct failure. These previous studies
on adult spinal deformity surgery serve evidence that spine
surgeons might have to expect a revision for complications
or subsequent surgeries at or adjacent to the previous
instrumentation in one-third of patients on average. Nota-
bly, as in the study of Mok [34], adults with neuromuscular
diseases were frequently not included or underrepresented
in published articles. Likewise, spine literature is reluctant
offering sufficient information on adult deformity surgery
in patients with neuromuscular diseases. There are neither
guidelines for treatment nor sufficient information when
physicians look for the distinct challenges to be expected in
PD patients.

With a detailed analysis of PD patients undergoing
spinal surgery we shared our experiences on 23 patients
with PD being the largest cohort reported. Mean age was
66 years, comparable to cited studies on adult deformity
surgery. When we compared the results derived by the
current series, the early preoperative and late revision rate
compares well with the published data mentioned above.
However, in our experience the overall complication and
revision rate was striking. In our database we identified an
overall infection rate in spinal surgeries of below 1%; it
was 17% in our current series on PD patients and 14% in a
series of Babat [2, 18]. That author [2] reported on the
elevated risk of spinal surgery in PD. In a 7-year period the
authors identified 14 patients and reported the results of a
3-centers experience. The sample included 3 male and 11
female PD patients with mean age of 71 years and follow-
up of 67 months. Similar to the current study 4 patients
were lost to follow-up within 1 year after index surgery
and MTL-data were available for 79%. 9 patients (64%)
had co-morbidities. 4 surgeries were performed in the
cervical spine and 10 in the thoracic or lumbar spine. 10
patients could be examined or interviewed at a mean fol-
low-up of 40 months. 12 patients had a total of 31
reoperations and 11 patients (79%) underwent 22 revision
procedures for instability or decompensation at the same or
adjacent levels. 4 of these patients had pull-out or hardware
failure a total of 10 times. Notably, all 5 patients that were
treated with decompression alone developed instability at
that level indicating revision with instrumented fusion. In
addition, all of the 3 multilevel fusions and one single-level
fusion required additional surgery. All failures resulted
from progressive kyphosis at the operated or junctional
levels. Summarizing, multiple operations were indicated in
86% of the sample with 2.6 surgeries per patient on aver-
age (range, 1-11).

Babat concluded in 2004 that the combination of a
serious neuromuscular disorder and poor bone stock
exposes these patients to elevated risks and repeated sur-
geries. The common mechanism of failure was assumed to
be the kyphosis adjacent to the levels operated on initially.
Actually, PD was shown to confer poor bone quality [21—
23] and our observations echo those of Babat. Poor fusion-
level selection, neglect, and a lack of reconstruction of
sagittal balance are frequent mistakes that can cause failure
of the index surgery [14, 15, 26, 30, 37], but, failure of
spinal surgery in PD patient does have additional risk
factors that are difficult to control.

With increasing disease durance and severity, some
patients presenting with PD display advanced trunk
imbalance and inclination, also referred to as ‘camptocor-
mia’ (Fig. 3) as well as marked lateral trunk shift, also
referred to as ‘Pisa syndrome’ (Fig. 1) [4]. Camptocormia
is an abnormal posture with marked flexion of the thora-
columbar spine, and it increases with time and fatigue
during the day and during walking; it is a progressive
postural insufficiency that abates in recumbent position,
sitting or volitionally when the PD patient leans against a
wall. There are usually no radiographic abnormalities or
structural changes referring to that kind of neuromuscular
dysfunction [1, 12, 24, 32, 39]. Camptocormia in PD
patients was observed with an incidence of 7% dependant
on the clinical severity of the PD. Previous spinal surgery
was found a risk factor for the onset of camptocormia and
we noted that surgical efforts for sagittal plane recon-
struction as well as the postoperative maintenance of
upright stance and walk are particularly difficult in this
subgroup of patients. This kind of global kyphosis is dif-
ficult to address surgically. The flexed posture during
stance and walk adds significant bending stress on any
instrumented fusion (Fig. 3).

Recommendations

PD patients are a high-risk population in adult spinal sur-
gery. With our results and that of Babat in mind we might
formulate recommendations at the level of experts’ opin-
ion, for the treatment of PD patients with spinal disorders.

Surgeons considering treatment of patients with PD
should anticipate increased medical and surgical risks and
need experience with adult deformity surgery and the
demands of revision surgeries. Accordingly, nonsurgical
therapy should be maxed out.

Osteoarthritis of the hip can aggravate the lack of
existing spinal and spino-pelvic compensatory mecha-
nisms. If surgery is indicated, osteoarthritis of the hip
should be ruled out and if symptomatic, addressed prior to
spinal surgery.
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Fig. 4

60-year-old patient with severe back pain and adult
degenerative left convex scoliosis. 2-year history of medical treatment
for PD. Preop diagnostics displayed maximum stenosis and degen-
erative instability at L1-2. Treatment was with instrumented posterior
scoliosis correction and fusion L1-S1 and second stage anterior
fusion L4-S1 using titanium mesh cages and iliac crest bone.
Outcome at 7 months follow-up showed solid union and maintenance

PD patients with maintained sagittal balance or with
compensated sagittal imbalance (C7-SVL >5cm but
behind hip axis) and a focal spinal problem, such as 1-level
stenosis, should be evaluated for an instrumented fusion
added to any decompression procedure. Being aware of the
sparse evidence supporting fusion added to decompression
surgery in PD patients, failure with non-instrumented sur-
gery as reported by Babat and the successful fusion-cases
in our series might encourage the addition of an instru-
mented fusion.

A primary goal in surgical treatment of adult spinal
deformity is to achieve proper alignment for ergonomic
standing [11]. To succeed, the surgeon must take into
account not only the global spinal balance but also the
pelvic position [30] (Fig. 4). Likewise, in PD patients
who have multilevel spinal disease and/or decompensated
sagittal imbalance, a thorough analysis of the sagittal and
coronal plane should be done. PD patients frequently
have scoliosis [17], 43.5% in the current series, and thus
trunk imbalance in the coronal plane has to be taken into
surgical calculations as well. In order to maintain the
gravity line balanced, patients with spinal disorders in
the sagittal plane can recruit balancing mechanism such
as pelvic retroversion in case of loss of lumbar lordosis
or adjustments in thoracic kyphosis and at adjacent-levels
to a spinal deformity, fusion mass or degenerated spinal
segment. In PD patients the muscular tension band is
weak, prone to fatigue and spinal adjustment with
compensation adjacent to a surgical fusion that did not
achieve physiological contour is unlikely. Therefore,
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of the lordotic alignment L1-S1. However, comparison of postoper-
ative and follow-up radiographs revealed an anterior shift of the upper
trunk with clinical image of worsened sagittal posture. The patient
showed advanced signs of the Parkinson’s posture since the last visit
at our institution and was recommended for closer surveillance by her
neurologist

reconstruction of physiological lordosis and lumbo-pelvic
parameters is crucial when considering multi-level
fusions even though this may indicate fusion into the
thoracic spine.

As PD patients do have a weak muscular posterior
tension band, a generally flexed and stooped posture
increases with disease severity and unfavorable biome-
chanics of a long lever arm at the lumbosacral junction
result. This poses large forces on lumbosacral instrumen-
tations. Hence, the threshold for using additional sacral
fixation points (S2-screws [6]) or iliac screw fixation [41]
should be low which can increase fusion rates at L5-S1 in
high-risk non-union patients [40].

Conclusion

Parkinson’s is a debilitating disease that typically occurs
in an older population; thus, patients often present with a
combination of bridle bone, postural dysfunction, and
known risks for medical as well as surgical complica-
tions of adult spinal surgery. Surgical treatment is trou-
blesome due to the biomechanical challenges posed by
the combination of postural dysfunction and sagittal
imbalance. Beside a focus on symptomatic segments,
surgical decision making in PD has to address concerns
of the sagittal plane. Detailed radiographic analysis in
our study stressed that the reconstruction of sagittal
balance and its maintenance is imperative for successful
surgery in these patients.
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