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Parkinson’s disease and posture:
evaluation with biometrical
holistic of human body device:
a pilot study
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Background: Patients with Parkinson's disease (PD) commonly develop severe
spinal deformity. The etiology of Parkinson's spinal deformity © not completely
understood and in most cases is likely due to multiple factors. These include
dystonia and focal mwyopathy. Clinical, neurophysiclogical, and radiological
data must be considered to monitor the pathology and the effects of
rehabilitation. The aim of this paot study (s to evaluate spine alignment with a
surface topography analysis of Parkinson's patients with Blometrical Holistic of
Human Body (BHOHB™) and to compare results with thelr x-rays spine
standard as already done for adolescent scoliosis.

Methods: 32 adult patients affected by Parkinson disease, have been evaluated
with BHOHB *. The correspondence of the Cobb angles were evaluated using
the BHOHB device and with standard spinal x-rays.

Results: A total of 32 patients were envolled. The mean age was 67.45 years. In
this pilot study the measurement of the correlations between the radiological
and BHOHB® Cobb angles of the patients were excellent.

Conclusion: This preliminary result supports the use of BHOHB® as a device
useful to monitor and measure posture in Parkinson's. This needs to be
evaluated on a larger sample and over time Keywords: Parkinson's disease,
scoliosis, postural imbalance, neurophysiology.
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Introduction

Postural spinal abnaormalities can be observed in over 20% of patients with Parkinson’s
discase (PD) during the disease course (1). Patients with Parkinson's disease (PD)
commonly develop severe spinal deformity, including scoliosis, anterocallis,
camptocormsa, and Pisa syndrome. The etiology is due to several causes including
alteration of the visual vertical perception and elaboration of basal-ganglia networks, a
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vestibular systern  imbalance, peripheral, myopathic muscles
changes with abnormalities in axial muscles strength and a
dystonic phenomencn due to an altered central integration of
proprioceptive signals (1) This becomes particulady evident in
more advanced stages of the disease where striking sagittal ar
coromal pline spinal deviations occur and are further womened
by the process of aging. Posturml and mdiclogical spinal data
must be considered together with neuwrophysidogical and clinical
data to evaluate the evalution of the pathology and the effects of
rhabilitation. In  the second consensus statemsent on the
disgnosis of MSA and the MDS crteria for diagnosis of MSA,
postural deformities were considered as supporting features ().
Standard Spiral x-rays should be considered in the evaluation of
Faddnson's patients in assochton with disability scale and
reursphvaclogical indicators (1) Non-radiclogical took  for
postural assesment as surface topography amalysis have been
already proposed in lterature, with different results regarding the
validity and reliability, due to the heterogeneity and poor quality
of the stndies. Clobal sagittal balance, describing the wertical
aignment of the spine & sudied with sk non-esdiographic
methodologles: hiophotogranmea ey, plumbline, surface topography,
infra-red motion amalyes spinal mouwse and wtsound (5]
Authos observed that reliability mnged from moderate for gpinal
mowse to very high for suface topography (). Suface topography
(5T) &  applied in  the survelllance of scollesk, with
rassterstereography and the Formetic ST Systern, minimizing
radiation exposure in longitudinal care of patients for monitoring
disesse progression (7). Blometrical Holistic of Human Body
(BHOHEB-SpinalMeter™) & a surface topography anahsis usefil for
the diagnesis and mondtoring scoliods in addesents (H). The aim
of this pilot sudy is to evaluste spine alignment of Parkinson's
patients with Blomsetrcal Haolistic of Human Body (BHOHB-
Eplln]h-![-ete:’t'] and to measure the correspondence of BHOHE"
data with their standard spinal x-ray report.

Materials and methods

For this non-profit observational interventional study with
medical device, 42 consecutive patienis with idiopathic PD that
presented a scoliotic posture were pecruited from the Physical
and Relabilitstion outpatient clinic of the Agostine Ceemselli
Universty Hospital of Rome between May and October M2
Higibdity criteria The indudon criterta were a diagosis of PD
according to the critesa of the Brain Bank of Londom Hoeshn
and Yahr stage 11-1II; absence of cognitive impairment (MMSE -
M/30); effective pharmmacologlcal contral of the pathology;
acceptance and sgroture of informed comsent. Patients able of
rraintaining an upright position without the suppaort of alds or
orthoses, The exdusion criteria comprised: a diagnosis of atypical
Paddimsonisny presence of a clinically diagnosed Pisa syndoome,
poor pharmacological compensation of the disease; diagnosis of
other peumlogical, newromuscular diseases or osteo-articular
pathologies visual impairment or vestbular disorders. Medical
emmimation Patents that met the indusion criteda underwent a
medical emmimtion during which apamnestic data  were
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collected reganding the age, weight, height, body mas index
(BMI), disease duration and current PD treatreent incuding
daily dose of Levodopa All the patients were examined in the
morning during the "0ON" phamacological phase.

Radiographic evaluation

Each patient underwent a standard whole-gpine x-ray in two
planes (antero-postedor and lateral) in arthosatism A senior
radicloglst evaluated the radiclogical images for the presence of
spimal scollosis and other deformities. To avold misinterpretation
with Pisa syndrome, which & a revesible lateral bending of the
trunk. Scoliosds was defined as the presence of a mdiographic
Cobbs angle of at least 10° on the coromal plane, with or
withowt vertebral mtation, that & not corected by passive
movenent or supine position. The curve was classified according
to the location of its apex (most lateral vertebra) and its
extremities (most peripheral upper and lower werelbrae), the
direction of the convexity (right or left) and the curvature range
(brsad or narow). The presence of other pathological findings in
the coromal (eg., compensation curve) or sagittal plane (eg,
kyphosis, lordosis, listhesis, etc) was also reported when present.

Blometrical Holistic of Human Body (BHOH B-\.."-I-J.ﬂl:!M-EtEtm',I
evaluation Patients were examined clinically and with BHOHB®,

First, the amalysks involved positioning the patient on a special
platform (Figure 1) after placing 11 maders in predefined spots on
the patient's back (Figure 1)

The BHOHB device then took two back photos for each exam:
the fist while the patient was standing (Figure 3]

And the second with the patlent in the Adams test posithon
(Figure 4) Fimally, the BHOHB software provided a 3D
reconstruction of the spine (Figure 5). The AP x-ray view was

L T

The ==t point can be mlpeied on the patent’s body 2= follows
L C7 wertehel spincus process. 2. Left acomion. 5. Right acecemeon
4 Left efencr scapulse angle 5 Right infenor scapulse angie
& Interscapular weriebral spinous process locxied midwery betwesn,
the beft and sght nferor scapulsr anglez 7. Verebral spincus
process located midwey betwesn pomnts 1 and 6. & Left posterior
supesor liac spane. 9. gt posteror supssor lac spne. 3. Pelac
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betweeen point & and 10
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wed to determine the patient’s curve magnitude (Cobb’s
method), and the end vertebrae were preselected to minimize
interobserver error.

BHOHB technologles are certified by the Ministry of Health
and have a European (EP 3225155 Al; application number:
08425006.7) and worldwide patent (PCT/EP2019/082111).

The study was carried out according to the Declaration of
Helsinki and the protocol was approved by the Ethics Comumittee
of the Polidinico Gemelli Foundation (UCSC protocol N
0027687/21 30407/2021). All patients provided their informed
consent prior to inclusion in the study.

Statistical analysis

The validity of the BHOHB technology was estimated using the
Band-Altman method and the Peason correlation coefficient.
Study results (Cobb angle value) were expressed as average and
standard deviations values obtained with our two different
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methods (x-ray and BHOHB) were compared using Student’s
t-test for paired data
The comelation between the BHOHB and madiography
measurements was expressed by the Pearson correlation coefficient.
In both cases, the correlation coefficient value was evaluated
as follows

— 0.25-0.50: poor correlation.
— 050-0.75: moderate to good correlation.
— 0.75-1.00: very good to excellent correlation.

Results

A total of 42 patients were enrolled. The average age was 67.45
years 10 patients who did not meet the criteria for performing the
BHOHB examination were excluded. From the comparison between
the measurement of the radiological Cobb angle (from standard
X-ray in orhostatism, on a single plate in the anteroposterior
projection) of the patient with that evaluated with BHOHB
SPINAL-METER * The correlations between the measurements
camied out with the BHOHB and the Radiograph showed an
excellent = Operator x-ray r=0984. Furthermore, examination of
the corresponding Bland and Altman graph shows excellent
agreement between the two messurements. In fact, the pants, which
represent the differences between the measurements, fall entirely
within the 95% confidence band of the differences in the means.

Correlations between BHOHB measurements and Radiography
showed an excellent r Operator x-Ray r=0.984 (Figure 6).

Furthermore, examination of the correspondence graph by
Bland and Altman shows very good agreement between the two
measurements. In fact, the points, which represent the differences
between the measures, fall entirely within the 95% confidence
band of the differences in the means (Figure 7).

Discussion

Our study evaluated spinal alignment using surface topography
analysis in Parkinson's diseasse patients with the Biometrical
Holistic of Human Body (BHOHBE®) system and compared the
results with their standard spinal x-ray reports. The application of
standard spinal x-ray for visualizing spinal abnormalities is
becoming more popular. This ap proach proves particulady valuable
for monitonng individuals with scoliosls and the correspondence of
the Cobb angles measures obtained as it avoids exposure to
radiation. In this article we introduced a novel technique:
Biometrical Holistic of Human Body (BHOHB™). BHOHB is
a medical device used for postural and spinal assessment with a
surface topography technology without exposure to x-rays and
with savings of economic resources comparng to x-ray. The
surface topography (ST) is utlised in the monitoring of
scoliosis, reducing radiation exposure in the ongoing care of
patients to track disease progression longitudinally (7). Numerous
investigations demonstrated that surface topography (ST) exhibited
notable consistency with high repeatability along with strong
intracbserver and interobserver agreement. The association
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between ST parameters and the radiographic Cobb angle varied from
moderate to high (9, 10). Biometrical Holistic of Human Body
(BHOHB‘SpimIMetcri) Is a surface mapping analysis useful for
diagnosing and monitaring scolioss even in adolescents (5).
Another cruckal aspect in screening for idiopathic scoliosis is the
assessment of prominence. Prominence serves as the most apparent
clinical indicator of scoliosis and holds significance as a prognostic
factor conceming curve progression. Nevertheless, previous studies
have raised doubts regarding the correlation between dinical
deformity and the severity of the curve. Recent literature has
indicated that a hump measured using a humpmeter becomes
sgnificant at a threshold of 5 mm. Additionally, a trunk rotation
angle of 27° for tharacic and right convex curves and >6° for
thoracolumbar, lumbar, and leff convex curves is considered a
reliable crterion for identifying patients with Cobb angles of 25° or
greater. This criterion helps in reducing the necessity for spinal
radiography {11). Nevertheless, the outcomes of the investigation
enable us to assert that through swface mapping we can assess two
parameters: the prominence and the Cobb angles Making it
advisable to employ this method before resorting to x-rays for the
patient. This dual assessment pennits an evaluation not only of the
curvature but also of rotation, 4 critical aspect considering scoliosis
as a three-dimensional deformity. Consequently, this facilitates a
comprehensive evaluation and notably diminishes the requirement
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for unnecessary radiographic examinations The results of our
study demonstrate the efficacy of utdizing BHOHB (BHOHB
SPINAL-METER ®) as a tod for measuring the Cobb angle in
patients with spinal conditions. The study enrolled 42 patients with
an average age of 67.45 years, providing in review a representative
sample for analysis. Notably, the exdusion of 10 patients who did
not meet the criteda for BHOHB examination ensures the
relisbility of the data. The primary finding of interest is the high
level of comrelation observed between the measurements obtained
through BHOHB and those derived from standard X-ray imaging.
The correlation coefficient of 0.984 Indicates a strong positive
relationship between the two measurement methods. This suggests
that BHOHB can serve as a relisble altermative to traditional
radiographic techniques for assessing spinal curvature. Moreover,
the Bland- Altman analysis further validates the agreement between
BHOHB and radiographic measurements. The graph illustrates that
the discrepancies between the two methods are minimal and fall
well within the 95% confidence interval of the mean differences.
This indicates not only a high level of agreement but ako
consistency across the range of measurements. The implications of
these findings are significant for dinical practice. BHOHB offers
several advantages over conventional radiography, induding
portability, reduced radiation exposure, and potentially lower costs.
By providing accurste and reliable measurements of spinal
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curvature BHOHB can aid dinidans in diagnosis, treatment
planning, and monitoring of spinal disorders. However, It is
essential to acknowledge some limitations of the study. Firstly, the
sample size is relatively small, which may limit the generalizability
of the findings. Additonally, the study focused solely on measuring
the Cobb angle and did not evaluate other aspects of spinal
morphology or pathology. The results of this study demonstrate the
validity and reliability of BHOHB a5 a tool for measuring the Cobb
angle in patients with spinal conditions. Further investigation and
validation in larger coborts are warranted to fully establish its utility
in clinical practice. Hence, another notsble discovery as highlighted
in contrast to existing literature, is that the marker-based system
utilized in this study mitigates the nsk of inaccuracies stemming
from patient posture variations as the landmarks remain consistent
(10, 12). This isue is prevalent in measurements obtained through
Moiré topography techniques. In these systems, assessing body
posture necessitates the presence of a qualified individual (such as a
physiotherapist, physician, radiologist, or educator) with extensive
experience, consistently at the same time of day, and always in a
dimly lit environment (10, 13). A significant concern, documented
in the literature pertains to the frequent occurrence of false- positive
results The elevated rate of false positives is likely attributed to the
incdusion of control samples comprising patients referred for
potential scolicsis, many of whan exhibit some degree of back
asymmetry detectable through Moiré topography methods (10). The
findings of our investigation illustrate the correlation between dinical
prominence measured in millimetres, and BHOHB measwrements in
degrees. Consequently, there is potential for utilizing this assessment
method for initial evaluations without requiring a skilled operator.

noURE &
Thvee -dmensonal BHOHE spne reconstucton
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Moreover, our results align with previows studies employing similar
spterns Ceoh et al (Y) demonstrated 10C values ranging from 094
o (0949, wheneas Guidetti et al (8) reparted slightly lower IOC values
rangng from 074 to 0.5 Theefore, employing this system to
awsess  prominence pattems could prove advantageous for
conducting extensive screenings MNevertheless, in patients with
Jurrba r curvatore, variows studies have indicated a lack of significant
correlation between prominence dimensions and curve seventy.
This discrepancy diminishes the wtility of prominence measume rment
a5 & screening parameter in the presence of a luwmbar curve (11).
Nonetheless, our study suggests that surface topography enables the
evalust ion of two parame e s: the hump and Cobb degrees. Utilizing
this meethod before resorting to x-rys & recommendad as this dual
measurement provides insghts not anly into the curve but also into
motatlon. This being cucil gven that scolicss & a three-
dimensional  deformity. This  comprehensive assessment can
substantally reduce wnecessary radiographic  examinations.

105589 furg 2024 1413806

However, our study encountered lmitations that may lewve
influenced the T0C values. Firstly, enrolled patients were not
undergoing brace treatrnent, which could aesthetically alter the
spine and potentially affect data accuracy. Secondly, this system
operates sdely on the frontal plane, whereas scoliosis muanifests as a
deformity across three spatial planes. Researchers should discuss the
implications of the results within the context of prior studies and
hypotheses.  Furthemnore, they should eplore the broader
implications of the findings and identify avenwes for futue reseanch.
Considering the lmpact that postural shoomalities have on the Lfe
of PD's patients, it is important to correctly diagnose scoliosis,
asmess the degree and complexity of the scoliotic curve, and follow
the evolution of the spine over time. We believe that radiography,
tomsography, and other imaging techniques are often avoided to
reduce x-my exposure, but also because the inmumerable motor
difficulties make practical execution difficuli, 25 owr article reports.
I light of this we would lke to disserninate and encourage the use
of BHOHB. BHOHB Is capable of identifiing postural abnormsalides
and to measure Cobb's angle without amy administration of x-ray in
a guick and In review safe way, avolding an invashe examination.
Future research could explore the utiliy of BHOHB in assessing
additiona] parameters and its application across different patient
popubstions. This study bas a fw lmitations that should be noted.
Firstly, the small sample sire and the lack of a control group without
PD limit the power of our observation. Secondly, we performed the
dlinical asessment at the “ON" phase which could have masked the
real level of functional disability and pain of the patients. Thirdly, we
did not assess the durstion of cervical pain in the group of patients
who mepored it which could heve been wsefid @ make fiurther
correltions with balance Dmpal ment.
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Conclusion

We can assert that BHOBH & wseful for diagnosing and treating
scoliosis. It is recommended primarily to wse BHOBH to maonitor
the progresion of the curwe, as this method reduces the
patient’s ecposure @ %y The results indicate that BHOBH
messurements are comparsble to  radiographs and are not
influenced by the operator. In conclusion, given the significant
impact postural apomalies have on the lives of patients with
Parkineon’s disease, it is cructl to accurately diagnose sooliosis,
aswess the degree and complexity of the scaiotic curve and mondtor
the gpine’s progression over time. Future mesearch could imvestigate
the utlity of BHOBH in evaluating additional parameters, it
application in various patient populations and its cost-effectivenes.
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