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Abstract
Purpose  There is a high demand on spinal surgery in patients with Parkinson’s disease (PD) but the results are sobering. 
Although detailed clinical and radiological diagnostics were carried out with great effort and expense, the biodynamic prop-
erties of the spine of PD patients have never been considered. We propose a noninvasive method to quantify the impairment 
of motion abilities in patients with PD.
Methods  We present an analytical cross-sectional study of 21 patients with severe PD. All patients underwent a biodynamic 
assessment during a standardized movement-choreography. Thus, individual spinal motion profiles of each patient were 
objectively assessed and compared with a large comparative cohort of individuals without PD. Moreover, clinical scores to 
quantify motor function and lumbar back pain were collected and X-ray scans of the spine in standing position were taken 
and analysed.
Results  Biodynamic measurement showed that 36.9% of the assessed motions of all PD patients were severely impaired. Men 
were generally more functionally impaired than women, in 52% of all motion parameters. The neurological and radiological 
diagnostics recorded pathological values, of which UPDRS-III ON correlated with findings of the biodynamics assessment 
(R = 0.52, p = 0.02).
Conclusions  The decision to operate on a PD patient’s spine is far-reaching and requires careful consideration. Neurological 
and radiological scores did not correlate with the biodynamics of the spine. The resulting motion profile could be used as 
individual predictive factor to estimate whether patients are eligible for spinal surgery or alternative therapies.
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Introduction

Parkinson’s disease (PD) is the second most common neu-
rodegenerative disease and the second most common move-
ment disorder, affecting 1% of the population over the age of 

sixty with increasing prevalence [1]. Beside characteristic 
features of PD (bradykinesia, rigidity and tremor) patients 
exhibit alterations in their posture, which can in several cases 
give rise to spinal deformities [2, 3]. The stooped posture 
with flexing of the hips and knees as well as some degree 
of the trunk and neck is indeed one of the most noticeable 
signs of PD. As expected, the demand for spinal surgery in 
patients with PD increases rapidly, but the results are disap-
pointing with failure rates of 25.8–100% [4–7]. It is already 
well understood that spinal deformity in PD is unique from 
degenerative deformity. This is intuitive as the underlying 
aetiology in degenerative deformity is structural, as opposed 
to neuromuscular impairment with PD. Nevertheless, the 
pre-operative work-up before spinal surgery in PD patients is 
no different than in other patients. The decision whether and 
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how to operate on a PD patient’s spine is based on clinical 
evaluation and radiographic diagnostic.

A typical part of pre-operative clinical evaluation is the 
assessment of clinical scores. However, approved PD-spe-
cific rating scales of motor function have shortcomings in 
the description of spinal column-related symptoms. Viewed 
from the spinal surgeon’s, rather than the neurologist’s per-
spective, the approved evaluation scales for spinal symptoms 
also have shortcoming in the evaluation of PD patients. A 
large intersection of symptoms caused by back pain and typi-
cal Parkinson’s symptoms (e.g. limited walking distance, 
need for assistance with personal care) make an exact char-
acterization of which impairment is due to spinal symptoms 
or due to PD symptoms inadequate.

The second pillar of the pre-operative work-up before 
spinal surgery are radiographic diagnostics. Recent studies 
on postural changes of PD patients describe spinal malalign-
ment in radiographic diagnostics in relation to clinical and 
demographic data [8–10]. The assessment of spinal align-
ment is usually based on full-length radiographs in standing 
position which offer a solid yet complicated opportunity to 
analyse the static conditions of the vertebra column.

In addition to clinical scores and radiographic diagnos-
tics, observation of lumbo-pelvic motion should be a basic 
component of future physical examination of PD patients, 
because of a common belief that correcting motion aberra-
tions and restoring functional capacity can reduce pain and 
improve the quality of life. However, functional diagnostics 
play almost no role in current clinical observations.

In our study, we aimed to analyse the spinal motion abili-
ties of patients with PD by use of a noninvasive measure-
ment device. During a standardized motion choreography 
in standing position the kinematics of the lumbo-pelvic 
complex were systematically recorded. We hypothesize that 
biodynamic assessment of motion abilities can be used as 
predictive marker in the pre-operative work-up to estimate 
which patients are eligible for alternative therapies rather 
than spinal surgery.

Methods

Study design

This study was approved by the local ethics commit-
tee (Charité - Universitätsmedizin Berlin, Germany, 
EA4/178/18), the federal office for radiation protection 
(Bundesamt für Strahlenschutz, Salzgitter, Germany, 
Z5-22464/2019-052-A) and was conducted in accordance 
with the Declaration of Helsinki. The study is registered 
with ClinicalTrials.gov (Identifier NCT04524377). The 
procedures of the study were explained to each participant 
in detail and an informed consent sheet was signed, which 

allows collection and storage of medical data, full-length 
standing spine radiographs with the EOS® imaging system, 
and spinal shape and mobility measurements with the Epion-
ics® SPINE device.

Study population

Twenty-one adult PD patients (14 males, 7 females) with a 
median age (± SD) of 61.0 (± 7.4) years were included in 
the study. All patients were recruited via our institution’s 
movement disorder department where they were assessed 
for their eligibility for deep brain stimulation (DBS) between 
July 2019 and March 2021.

Biodynamic assessment

Patients performed a standardized motion choreography 
of six different movements that were explained and dem-
onstrated by an instructor prior to each movement. During 
the choreography, Epionics SPINE was used to measure 
patients’ range (in °) and velocity (°/s) of motions (RoM 
and VoM). The device as well as the validation is exten-
sively described in previous studies [11, 12]. Briefly, the 
Epionics SPINE device consists of two flexible sensor strips 
attached to the back paravertebrally from the midline on 
each side. Each sensor strip consists of sensor segments, 
which employ strain-gauges and a tri-axial acceleration sen-
sor (Fig. 1). Patients were asked to perform maximal upper 
body flexion to the front and lateral, dorsal extension and 
rotation to both sides. Movements were started from relaxed 
upright standing position with extended knees for reference 
and repeated three times. All patients were in ON-status dur-
ing the measurement.

Analysis of biodynamics

The lumbar lordosis (Cobb) angle was individually cal-
culated by summing all Epionics’ segments that were lor-
dotically curved in the individual patient. The total angles 
(RoM) for flexion, extension, lateral bending, and axial 
rotation were calculated individually as the sum of the 
segments, which were identified as being lordotic during 
upright standing. The angles of these segments were then 
summed at every time frame during upper body motion, 
and derivatized with respect to time to compute the angu-
lar velocities (VoM). In this way an individual movement 
profile was created for each PD patient. The profiles were 
analysed according to a normative database, that was created 
from a large comparative group of 800 individuals. A com-
parison of the individual motion choreography of an indi-
vidual patient with this reference database results in a radar 
chart for all motion directions. The inner hexagon describes 
a strong motion restriction (red), the middle hexagon a 
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medium motion restriction (grey), and the outer hexagon 
no motion restriction (green). Since in the present study, 
RoM and VoM of each motion direction were recorded, a 
dodecagon (a spider-web-diagram) was calculated for each 
patient (Fig. 2).

Clinical evaluation

The severity of PD was assessed by Movement Disorder 
Society—Unified Parkinson’s Disease Rating Scale—Part 

III (MDS-UPDRS-III) and Parkinson’s disease Question-
naire (PDQ-39) [13, 14]. Regarding spine-related morbid-
ity, the Visual Analogue Scala (VAS) and the Oswestry 
Disability Index (ODI) were collected [15, 16].

Radiographic diagnostics

Simultaneous anteroposterior and lateral X-ray scan of the 
spine in standing position with EOS® imaging system was 
taken of each patient in ON-status and analysed according 
to the SRS-Schwab classification system [17].

Fig. 1   The Epionics SPINE system affixed to a PD patient’s back 
in standing. The system consists of two flexible sensor strips utiliz-
ing strain-gauge sensors, tri-axial accelerometers and a storage unit. 
Demonstration of the assessment of the total lordosis angle, which is 
the sum of all lordotically curved segments during standing (average 
lordosis range highlighted in green: S1–S6 as well as the orientation 

of the sacrum given by “a”, with respect to the vertical direction. The 
measurement protocol consisted of six standing phases and six exer-
cises. Each exercise was repeated three times before going to the next 
exercise. Standing was recorded before the first flexion and after each 
exercise



3319European Spine Journal (2022) 31:3316–3323	

1 3

Statistical analysis

Analyses were performed with the use of GraphPad Prism 
(version 8.4.2.(464)). Students unpaired t-test, fraction 
of total analysis and Pearson correlation calculation with 
two-tailed p-values were used with p < 0.05 as definition 

of statically significant and assumption that all values were 
sampled from a population with a Gaussian distribution.

Results

Demographic data and clinical results

Median age (± SD) was 61.0 (± 7.3) years. Seven patients 
(i.e. 33.3%) were females. Median (± SD) height was 173 
(± 9.6) cm, weight 83 (± 16.8) kg and BMI 27.7(± 5.0) 
kg/m2. Median (± SD) scores for PD severity were MDS-
UPDRS-III ON: 23 (± 15.1), OFF: 51 (± 12.2), PDQ-39: 
32.7 (± 11.8). Evaluation of spine morbidity were VAS 2.0 
(± 2.0) in ON-status and ODI was 24.0 (± 15.4) in relation 
to the previous 4 weeks. Thirteen patients (i.e. 61.9%) of 
the patients had an ODI of > 20%, which equals a moderate 
disability LBP.

Biodynamical results

Twelve motion parameters (VoM and RoM in six motion 
directions) of 21 PD patients, which is a total of 252 motion 
parameters were measured. Of those n = 93 (i.e. 36.9%) were 
impaired (red areas in the spider-web diagram), with equal 
level of impairment regarding VoM and RoM (n = 47, vs. 
n = 46) (Fig. 3A). Women had a significantly better func-
tional performance in 52% of all investigated parameters of 
the motion choreography than men (Fig. 3B).

Radiological results

Two patients (i.e. 9.5%) had a pathological curve type (L) 
with a thoracolumbar major curve > 30°. Sagittal modifiers 

Fig. 2   Radar chart for all motion directions. In this case, the study 
participant in functionally impaired regarding extension
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revealed a mismatch of PI-LL (modifier “+” and “++”) 
in 28.6% and 9.5%, respectively. Median (± SD) PI-LL 
was 6 (± 12.8, range − 4 to 52°). The same distribution 
of sagittal modifiers was measured regarding compensa-
tory retroversion of the pelvis (61.9% modifier “0”, 28.6% 
modifier “+” and 9.5% modifier “++”) with a median 
(± SD) PT of 17 (± 7.6, range 5–35°). Physiological global 
alignment (modifier “0”) was measured in 42.9% of the 
patients. 47.6% had an SVA between 40 and 95 mm which 
was defined as modifier “+” and 9.5% had a global mala-
lignment (modifier “++”). The median (± SD) SVA of all 
patients was 40 (± 41.9, range − 27 to 150) mm.

Intermodal correlation

There was a significant correlation between the number of 
impaired motion parameters in the biodynamic assessment 
and UPDRS-III in ON-status (R = 0.52, p = 0.02). The other 
clinical scores, or radiological diagnostics did not corre-
late with the biodynamic assessment. A correlation matrix 
(Fig. 4) shows the correlation coefficients of each pair of 
variables.

Illustrative cases

An individual mobility profile in form of a spider-web-
diagram was calculated for each patient, which will be 
explained using the following two case reports:

1st: A 57-years-old patient with PD and severe disability 
through LBP (VAS 5/10, ODI 56%). Biodynamic assess-
ment showed RoM impairment in all 6 motion directions (5 
moderate, 1 severe). VoM was also impaired in all motion 
directions (1 moderate, 5 severe) (Fig. 5). In line with the 
poor VoM scores, bradykinesia was the patient’s main symp-
tom. The patient underwent STN-DBS. One year after DBS 
he markedly improved regarding bradykinesia as well as in 
terms of disability through LBP (VAS 2/10, ODI 32%). Re-
assessment of biodynamic measurements showed ameliora-
tion of all motion parameters. This case is an example of 
how LBP caused by bradykinesia rather than morphologi-
cal pathologies should not primarily be subjected to spinal 
surgery, but rather benefit from further neurological or func-
tional neurosurgical therapy.

2nd: A 62-years-old patient with PD and severe disability 
through LBP (VAS 3/10, ODI 41%). Biodynamic assess-
ment showed RoM impairment in all six motion directions 
(1 moderate, 5 severe). VoM was also impaired in all motion 
directions (4 moderate, 2 severe) (Fig. 6). The patient rather 
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Fig. 5   Individual motion profile of a patient before (left) and 1 year after DBS-therapy (right)
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suffered from tremor than from bradykinesia. One year after 
DBS the tremor improved yet disability through LBP even 
got worse (VAS 4/10, ODI 52%). Re-assessment of biody-
namic measurements showed that six/twelve motion param-
eters (three RoM) were still impaired. Although the values 
for movement in the sagittal plane had improved, the ability 
to move in the coronal plane was globally severely restricted. 
On X-ray scan of the spine in standing position the patient 
had a normal coronal curve type but global sagittal malalign-
ment (SVA: 101 mm), a mild compensatory retroversion of 
the pelvis (PT: 16°) and a mismatch of PI-LL (51–40 = 2°). 
This case shows that morphologically induced LBP does not 
necessarily improve with neurological amelioration through 
DBS. In this case, another strategy for the treatment of LBP 
should be considered. Since the patient was overweighted 
(BMI 29.9 kg/m2) and naïve for conservative LBP treatment 
he would primary be a candidate for weight reduction and 
physiotherapy but might be further assessed for spinal sur-
gery in case conservative treatment strategy fails.

Discussion

To operate on a PD patient’s spine is a far-reaching decision 
and requires careful consideration based on pre-operative 
evaluation. Classically, in addition to a thorough clinical 
evaluation, standardized analyses of radiographic diagnos-
tics [18] are used to give an individual therapy recommen-
dation. One difficulty in the clinical evaluation of spinal 

symptoms in PD patients is that the established clinical 
scores do not distinguish whether certain symptoms are 
PD-related or are based on a pathological morphology of 
the spine. For instance, UPDRS-III, PDQ-39 and ODI evalu-
ate the patient’s ability to walk. Whether the walking of a 
PD patient is impaired through akinesia or through LBP is 
not specified within the scores. The interpretation of radio-
graphic diagnostic is difficult since spinal deformities in PD 
are unique from degenerative deformities, which is intui-
tive as the underlying aetiology in degenerative deformity 
is structural, as opposed to neuromuscular impairment with 
PD. Therefore, conventional spine modalities (e.g. static 
upright X-rays) are not effective for PD patients. Despite 
the detailed and, as described, difficult pre-OP diagnostics, 
the results of spinal surgery in PD patients are disappointing 
[4–6]. Yet in view of the increasing demand [1], there is an 
obvious gap of knowledge which must take considerations 
of further pre-operative aspects into account.

In an analytical cross-sectional study of 21 patients with 
severe PD, who were evaluated for STN-DBS in our institu-
tion’s movement disorder department, we developed a con-
cept to assess biodynamic aspects of the spine in addition to 
classical clinical and radiological diagnostics. As expected, 
many PD patients complained about LBP as burdensome 
secondary disease in addition to PD. About every second 
patient had deformities or at least beginning biostatic com-
pensation mechanisms of their spines in the radiological 
examinations. This finding is in line with recent studies that 
reported high rates of spinal malalignment in patients with 

Fig. 6   Individual motion profile of a patient before (left) and 1 year after DBS-therapy (middle). X-ray in standing position with SVA, PT, and 
PI (right) before DBS-therapy
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PD in the sagittal [9] and coronal [19] plane. However, there 
was no correlation between disability through LBP and path-
ological findings in radiological diagnostics. Although we 
found a high rate of impaired motion parameters in the bio-
dynamic measurements, especially in men, there was neither 
a correlation between disability though LBP and biodynamic 
restrictions. Interestingly we found some aspects of motion 
impairment (mostly VoM) improved following DBS. Con-
sequently, in those patients’ spinal symptoms ameliorated as 
well. On the other hand, patients who complained about LBP 
and had mostly restrictions regarding RoM did not improve 
through DBS in terms of spinal symptoms and/or biody-
namic performance. Biodynamic measurements might serve 
as a predictive factor to estimate which patients are more 
suitable for alternative forms of therapy such as exercise 
training [6, 7, 20] or functional neurosurgical options than 
for spinal surgery. However, it must be noted that the effect 
of DBS on spinal symptoms has not yet been structurally 
investigated [21, 22].

We therefore suggest biodynamic measurement in the 
pre-operative assessment of spine surgery in patients with 
PD. In Fig. 7, we demonstrate a decision tree how biody-
namic measurement could complement the pre-operative 
assessment.

Assumptions and limitations

In accordance with other noninvasive measurement tools, 
Epionics SPINE has certain limitations. It should be noted 
that the Epionics SPINE system measures the back shape 
and not directly the curvature of the spine and the orienta-
tion of the sacrum. Recent studies have found a significant 
correlation between lumbar lordosis assessed via the back 
shape and determined radiologically only for subjects with 
a body mass index (BMI) < 27.0 kg/m2 [23]

In this study, no information about the targeted velocity 
of motion was provided to the patients prior to the measure-
ments. As a result, some patients conducted the exercises 
slowly and with caution. Here, this subject specific response 
might have proved beneficial to the reliability of the study, 
since each patient’s preferred pace is known to be the best 
choice for consistent results [24].

Conclusions

The demand on spinal surgery in patients with PD increases. 
Despite great effort in the pre-operative work-up, the results 
of spinal surgery in PD patients are sobering. To our knowl-
edge, we present the first report that describes a structured 
biodynamic assessment of spinal motion ability of patients 
with severe PD. We found severely impairment of motions 
in a considerable amount of PD patients and present indi-
vidual motion profiles of single patients in a simple and 
objective diagram. Our results did not correlate with any of 
the established neurological and radiological diagnostic that 
belong to a standard pre-operative work-up. Integration of 
biodynamic assessment is a novel approach and might be the 
missing piece in the pre-operative work-up to select suitable 
PD patients for spinal surgery or alternative therapies.
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