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Abstract

Purpose The aim of this study was to describe the dis-
ease-related sagittal balance changes in relation to the
sacropelvic morphology of PD patients with different
durations of disease.

Methods Thirty-one consecutive Parkinson’s disease
patients (26 males, 5 females; age 55-83 years) partici-
pated in the cross-sectional study. The clinical assessment
included: Hoehn Yahr score; plumb line distance from the
spinous process of C7, kyphosis apex, spinous process of
L3 and S1. Lumbar lordosis (LL), thoracic kyphosis (TK),
spinosacral angle, spinopelvic angle, spinal tilt, pelvic
incidence, sacral slope (SS) and pelvic tilt were radio-
graphically assessed.
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Results Radiographic spinopelvic angles appeared nor-
mal, but many patients presented variations from normal-
ity. In particular, pelvic tilt increased and SS decreased;
spinosacral and spinopelvic angles were greatly reduced
compared to healthy people, and spinal tilt increased.
Unlike TK, LL was well correlated with most of the
parameters.

Conclusions Sagittal balance evaluation provides new
valuable insights for biomechanical understanding of PD
patients. Specific spinal parameters (spinosacral, spinopel-
vic and spinal tilt angles), and their clinical correlation, as
well as pelvic parameters like pelvic tilt and sacral slope,
appear particularly interesting for their clinical implications
in terms of spinal deformities correction in PD population.

Keywords Sagittal - Spinopelvic - Parkinson’s
disease - Fall risk

Introduction

Today, the importance of sagittal plane alignment for the
treatment of spinal disorders is widely recognized in the
scientific world [1-6]. The understanding of the regulatory
principles of sagittal balance is useful to achieve good
outcomes when treating different spinal disorders in the
field of orthopedic rehabilitation and spine surgery, espe-
cially when treating major deformities [3, 7, 8]. Indeed, the
influence of sacropelvic balance and morphology has been
widely evaluated in the literature concerning adult spinal
deformity [12], adolescent idiopathic scoliosis [1, 9],
spondylolisthesis [14], and low back pain [13]. In parallel,
mean values of sacropelvic balance and morphology in
healthy subjects of different ages have been published,
providing a useful and widespread reference database [4].
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Compared to the amount of data regarding spinal
deformities in patients not affected by neurological disease,
scientific papers focusing on sacropelvic morphology and
sagittal balance in patients affected by Parkinson’s disease
(PD) are represented by few case studies [11] or cohorts
[7]. Nevertheless, the study of sacropelvic and sagittal
balance in this population can be of particular interest
because of their intrinsic correlation with postural modu-
lation and the ongoing compensatory mechanisms involv-
ing lower limbs [1, 3]. In Parkinson’s disease, the surgical
correction of spinal deformities is featured by a high risk of
short- and long-term complications [7]. As recently shown
by Koller et al [7] post-surgical follow-up of PD spinal
surgery presents medical and surgical complications,
respectively, in 22 and 52 % of the cases, while 33 % of
the patients have the possibility to receive further surgical
procedures. According to these data, the achievement of a
better understanding of pathological adaptation in PD
patients’ spine would be of interest in the prospective view
of improving the conservative management including
orthosis, exercise and behavioral treatments. It is indeed
well known that the pelvis shape has a straight influence on
the pelvic incidence (PI) value, and consequently on the
sacral slope (SS): this is directly linked to the shape and
degree of Lumbar lordosis (LL) and thoracic kyphosis (TK)
in the human spine [6, 15]. Given these biomechanical
correlations, the mechanical forces bearing on the spine
and the intervertebral disc units are in some way regulated
by SS and PI, in a dynamic relationship that changes
according to a multifactorial phenomenon that has to be
carefully considered in examining spinal deformities of PD
patients.

Since consistent data concerning the relationships
between sacropelvic parameters, sagittal balance and pos-
tural instability in patients with PD are not available from
the literature, the aim of the current study is to describe and
compare the disease-related sagittal balance changes with
the sacropelvic morphology in a cohort of 31 adults
affected by PD, showing different levels of postural
instability and duration of the disease (years from
diagnosis).

Methods

Design

This was a cross-sectional study.

Participants

Thirty-one consecutive community-dwelling patients (26
males, 5 females) who were diagnosed with idiopathic PD by

a neurologist according to the UK Brain Bank Parkinson’s
criteria have been included in the study protocol [16]. They
were enrolled consecutively during a medical examination in
a rehabilitation department and were aged 55-83 years
(mean 69.5 =+ 7.9 years, BMI 27.7 + 7.7 kg/m?). None of
the participants exhibited dyskinesias. All participants were
independent with ambulation, in case with the use of assis-
tive devices. All participants followed their normal medi-
cation regimen during testing and the functional evaluation
was performed during the ON phase. Participants were
excluded if they had parkinsonian disorders as progressive
supranuclear palsy, Shy-Drager syndrome, corticobasal
degeneration, secondary parkinsonism, familial parkinson-
ism, a history of dementia as reported by the family or
caregiver or if they were unable to stand unassisted for 5 min
without an assistive device. In addition, the participants’
ability to follow simple instructions, as determined by their
responses to questions and instructions, was assessed during
the medical visit and consent process. Informed consent was
received from each participant.

Clinical measurements

Within a multidimensional evaluation model, the Hoehn
and Yahr scale (range 0-5) has been used to define the
degree of impairment [17, 18]. The Tinetti Scale (range
0-28, cut-off value for high risk of falling <19 points) has
been used to detect the risk of falling and to study the
differences in sacropelvic morphology. This functional test
has been previously proposed in the literature as a reliable
measure of dynamic balance in patients affected by PD
[19, 20].

Clinical examination included body weight, standing
height, body mass index, plumb line distance in millimeters
from C7, kyphosis apex, L3 and S1 [26-28].

All the functional scores have been collected by the
same evaluator.

Radiographic measurements

Lateral and frontal spine radiographs were taken for each
patient using a standardized procedure in the same radio-
logical center. A 230 cm distance was maintained between
the subject and the radiographic source. Each patient
maintained the same comfortable standing position with
the upper limbs raised forward and fists placed on the
clavicles as described by Horton et al [21]. For ethical
reasons, the radiographic sessions were performed only
during the ON phase of the therapy. With this protocol,
T12, the lumbar spine, the sacrum and both femoral heads
were visible for the subsequent radiographic evaluation.
All radiological measures were performed by the same
operator.
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As described by the literature [1], the spinal parameters
evaluated in this research were: lumbar lordosis (LL);
thoracic kyphosis (TK); spinosacral angle (SSA); spino-
pelvic angle (SPA); Spinal tilt (ST) (Table 1).

The evaluation of pelvic parameters included pelvic
incidence (PI), sacral slope (SS) and pelvic tilt (PT)
(Fig. 1). As described by Mac-Thiong et al [5] the rela-
tionships between the parameters of sacropelvic balance
and morphology have been studied calculating the fol-
lowing ratios SS to PI (SS/PI), PT to PI (PT/PI), PT to SS
(PT/SS) (Table 1). This set-up of radiographic parameters
has been used to stage the evolution of spinal imbalance
severity in different patients (Fig. 2).

Statistics

The data have been analyzed using the SPSS 3.0 software
(SPSS Inc., Chicago, IL, USA). Descriptive statistics
(mean and standard deviation) were provided for all sub-
jects, as well as for males and females, respectively. The
relationships between each spinopelvic parameter and age,
years from diagnosis, Tinetti score were assessed using
Pearson’s coefficients. Statistically significant correlation
coefficients were considered clinically large if above 0.5,
moderate between 0.49 and 0.3, and small between 0.29
and 0.1 [22]. A level of significance at 0.05 was used for
the statistical analyses.

Table 1 Main radiographic parameters described in the study

Parameter Definition

Kyphosis (TK) Angle between T12 and T4

Lordosis (LL) Angle between S1 and L1

Pelvic incidence ~ Angle described by a line perpendicular to S1
(PI) endplate and one drawn from S1 endplate to the
center of the femoral head

Pelvic tilt (PT) Angle described by a line perpendicular the
center of femoral head and the one drawn from

S1 endplate to that point

Sacral slope (SS) The angle between the horizontal and the sacral

plate

Spinosacral angle The angle between the sacral plate and a line

(SSA) running from the center of C7 to the center of
the sacral plate
Spinopelvic The angle between the line drawn from the

angle (SPA) femoral head center to sacral plate and a line
running from the center of C7 to the center of

the sacral plate
Spinal tilt (ST) Angle subtended by the horizontal line and the
line from the center of C7 vertebral body to the

center of the upper sacral endplate

PT/PI Ratio between pelvic tilt and pelvic incidence
SS/P1 Ratio between sacral slope and pelvic incidence
PT/SS Ratio between pelvic tilt and sacral slope
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Fig. 1 Main parameters of spinal alignment measured in the study:
dotted line spinopelvic angle (SPA), broken line spinosacral angle
(SSA), o sacral slope, 8 pelvic tilt, y pelvic incidence

Results
Clinical characteristics of the participants

Descriptive statistics for demographics, pain and functional
parameters including mean values of Hoehn and Yahr
score, Tinetti score are presented in Table 2. According to
Hoehn and Yabhr classification, the participants were staged
as belonging to Class 1 in 9.7 % of the cases, 1.5 in 6.5 %,
2 in 38.7 %, 2.5 in 25.8 % and 3 in 19.4 %. Nineteen
(61.2 %) patients exhibited bilateral PD involvement, with
minimal to moderate balance impairment. Seven patients
(22.5 %) had at least one accidental fall during the
6 months before the medical examination, and 5 (16.1 %)
were presenting a camptocormic behavior while walking;
21 patients (67.7 %) had an anterior decompensation
(average distance from plumb line and kyphosis apex
32.6 &+ 27.7 mm) while 10 (32.3 %) had a posterior one
(average distance of plumb line from S1 24.5 £ 9.4 mm);
8 patients (25.8 %) had a scoliosis above 20° (Cobb
angle = 30.8 & 14.4°), while 11 (35.4 %) presented a



Eur Spine J (2014) 23:576-583

579

SPA:175°

SPA:141°

Fig. 2 a-d Variations of spinal alignment in four different PD patients affected by progressive spinopelvic angle (SPA) reduction and anterior

imbalance of the trunk

Table 2 Descriptive statistics and functional scores of the cohort

Parameter All (n = 31) Range
Age (years) 695 +£79 50-83
Height (cm) 167.6 £ 7.0 150-181
Weight (cm) 64.1 £ 15.6 50-112
BMI (kg/m?) 264 + 4.6 20-39
YFD (years) 7.5 + 4.1 0.5-18
Hoehn Yahr 224+ 0.6 1-3
Tinetti score 22.1 £53 14-28

BMI body mass index, YFD years from diagnosis

mild form between 11° and 20°

11.2 £+ 2.1°).

(Cobb angle =

Sagittal balance radiographic parameters

Even if the average value of radiographic parameters
appeared normal (Table 3), 3 patients (9.6 %) had a LL
below 20°, and 3 (9.6 %) a lumbar kyphosis; 12 (38.7 %)
presented a TK above 55°. With regard to the other sagittal
parameters considered in the study, pathological values
have not yet been defined at present; nevertheless, when
compared to healthy adult cohorts reported in the literature
[4, 5, 13, 24], although the anatomical parameter PI is
similar, the functional PT appears increased and SS
decreased. The suggested normality value of 0.5 for the PT/
PI ratio [1, 10] is overcome by five patients (16.1 %).
Finally, SSA and SPA are greatly reduced, and ST
increased, when compared to healthy individuals.

Table 3 Mean and standard deviation of sagittal sacropelvic
parameters of balance and morphology

Parameter All (n = 31) Range
Kyphosis (°) 46.2 £+ 145 25 to 76
Lordosis (°) 44.1 £ 232 —18 to 80
Pelvic incidence (°) 55.1 £ 13.5 26 to 85
Pelvic tilt (°) 212 £ 12.1 31052
Sacral slope (°) 33.8 £ 109 5to 50
SSA (°) 108.8 £+ 20.2 39 to 135
SPA (°) 1503 £ 17.1 108 to 178
Spinal tilt (°) 24.8 + 11.1 2 to 50
PT/PL 0.38 £ 0.18 0.1t0 0.9
SS/P1 0.62 £+ 0.19 0.1 t0 0.9
PT/SS 1.02 £ 1.8 0.1 to 8.6

SSA spinosacral angle, SPA spinosacral angle, PT/PI pelvic tilt/pelvic
incidence ratio, SS/PI sacral slope/pelvic incidence ratio, PT/SS pelvic
tilt/sacral slope ratio

Radiographic spinal balance and the pelvis

LL is apparently a key curve in this population: indeed,
although it is positively correlated with TK (r = 0.50), it is
mainly positively correlated with the spinal sagittal overall
balance described by SSA, SPA and ST (r = 0.48, 0.63,
and 0.56); with regard to the pelvis, LL is correlated only
with SS (r = 0.53). (Table 4).

Apart from the expected correlations between the pelvic
parameters, it was found that ST is positively correlated
with PI and SS (r = 0.44 and 0.47, respectively), while
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Table 4 Correlation coefficients between sacropelvic parameters and sagittal balance

Parameter LL PI PT SS SSA SPA ST C7 KA L3 S2

TK 0.50° —0.04 —-0.23 0.20 0.17 0.21 0.003 —0.05 —0.46° —-0.20 0.02
LL 0.19 —0.28 0.53° 0.48° 0.63° 0.56° —0.52° —0.62° 0.32 0.27
PI 0.62° 0.54° —-0.07 —-0.20 0.44° 0.02 0.04 0.03 —0.27
PT —0.19 —0.30 —0.62° 0.04 0.20 0.26 0.17 —-0.32
SS 0.22 0.42° 0.47° —0.20 0.28 0.20 0.02
SSA 0.33 0.27 —0.44° —-0.37 0.24 0.27
SPA 0.30 —0.60° —0.60° 0.38° 0.46°
ST —0.32 —0.24 0.38 0.05

TK thoracic kyphosis, LL lumbar lordosis, PI pelvic incidence, PT pelvic tilt, SS sacral slope, SSA spinosacral angle, SPA spinosacral angle,
ST spinal tilt, C/ distance from plumb line and C7, KA apex of TK, LL L3 distance from plumb line, S2 sacral distance from plumb line

° Statistically significant correlation coefficient (p < 0.05)

SPA is negatively correlated with PT (r = —0.62), and
positively correlated with SS (r = 0.42) (Table 4).

Clinical and radiographic measurements of spinal
balance

Clinical parameters were mainly negatively correlated with
the spinal radiographic parameters: LL with the distance of
plumb line from C7 spinous process (r = —0.52) and the
one from plumb line and kyphosis apex (r = —0.62), while
TK only with this last one (r = —0.46) (Table 3). Negative
correlations have been observed also for SSA with PC7
(r = —0.44), and SPA with the distance of plumb line from
C7 spinous process and the one from plumb line and
kyphosis apex (both r = —060); only for this last parameter
some positive correlations were found, with the distance of
plumb line to L3 and S1 (» = 0.38 and 0.46) (Table 4).

Other clinical parameters

The duration of disease (years from diagnosis) was nega-
tively correlated with the overall sagittal spinal balance, as
described radiographically by SSA and SPA (r = —0.44
and —0.40, respectively), and positively with the clinical
parameter represented by the distance from plumb line and
kyphosis apex (r = 0.36). The sagittal balance of the spine
on the pelvis, as described by the SPA and ST, was mod-
erately correlated to Tinetti score (r = 0.37 and 0.48,
respectively) (Table 5).

Discussion
Given the high risk of short-term and long-term compli-

cations after surgical procedures [7], the current research
presents the analysis of spinopelvic alignment targeted to
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Table 5 Correlation coefficients between sacropelvic parameters and

years from diagnosis

Parameter YFD Age BMI TINETTI
Kyphosis —-0.24 —0.05 0.15 —0.08
Lordosis —0.27 —0.15 0.03 0.32
Pelvic incidence 0.05 —0.08 0.06 0.12
Pelvic tilt 0.18 —0.01 —-0.07 —0.02
Sacral slope —0.12 —0.06 0.15 0.16
SSA —0.44* —0.25 —0.43* 0.33
SPA —0.40* -0.17 0.12 0.37%
Spinal tilt —0.05 —0.31 —0.01 0.48%*
PT/PI 0.15 —0.02 —0.08 —0.09
SS/P1 —-0.20 0.05 0.06 0.08
PT/SS 0.20 —0.03 —0.18 0.09

YFD years from diagnosis, BMI body mass index
* Statistically significant correlation coefficient (p < 0.05)

improve rehabilitation strategies and conservative man-
agement of typical trunk neurogenic deformities detected
in patients affected by PD. In fact, as known by the liter-
ature the risk for pseudoarthrosis in this population can be
higher than in general population and the importance of
considering these pelvic parameters to help reduce the risk
of additional surgeries in this patient group has to be spe-
cifically considered before surgical time.

Sagittal balance parameter correlations and clinical
consequences

For this cohort of patients affected by PD, some correla-
tions among the overall sagittal balance, as described by
SSA and SPA, and the duration of disease have been noted
(Table 5). In particular way, these two parameters, but not
TK, presented a moderate negative correlation with the
years from the diagnosis.
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Furthermore, in contrast with previously reported data
[5, 24], the lack of correlation with age indicates that the
modification of these sagittal balance parameters likely
represents a typical pathological adaptation of the spine to
the disease. The positive correlation existing among LL,
SSA, SPA and ST indicates, anyway, that the preservation
of LL is of paramount importance to avoid a progressive
sagittal imbalance and pain [10, 12, 14, 23, 24], as seen in
the aging process [24] and in other kind of spinal diseases
[2, 3, 6, 12, 13]. Under the clinical point of view, these
results confirm that, in PD patients, the preservation of LL
can be addressed as one of the postural strategies to be soon
included in conservative programs after the diagnosis
within the aim of preventing the pathological evolution of
the SPA and SSA. Ergonomics, education, exercise and
orthotics selection should be always pointed to the pres-
ervation of LL and SS to prevent a pathological increase of
pelvic retroversion (pelvic tilt increase).

Differently to what is typically seen in the literature
[13], TK preserves a significant correlation only with LL
but not with pelvic parameters such as PI or SS. On the
other hand, the positive correlation that these two latter
parameters have with ST indicates that PD patients pre-
senting the lowest values of PI have a greater risk of a
forward sagittal imbalance and, probably, a greater risk of
evolutive spinal deformities on the sagittal plane.
According to this consideration, in this subgroup of PD
patients a specific preventive rehabilitation program has to
be sooner proposed to reduce the possibility of a rapid
evolution. Moreover, in functional terms, a moderate cor-
relation between ST and SPA with the Tinetti score was
noted, suggesting that the two mentioned parameters can
potentially be considered as the main radiological spinal
indicators of the risk of falling (Table 5). Thus, it is in our
opinion that the prevention of forward spinal imbalance
can be seen as a relevant contribution to fall risk reduction
in PD patients.

Absolute values of sagittal balance parameters and their
clinical consequences

The reported results constitute a preliminary database that
could enable clinicians to perform a better clustering ana-
lysis of PD patients according to the different stages of
disease or to compare the effects of different rehabilitation
strategies or pharmacological approaches on trunk align-
ment. In particular, the average values derived by the
indirect morphological evaluation provided useful pre-
liminary information about the spinopelvic values in PD
patients with a history of disease between 6 months and
18 years (mean time 7.5 &+ 4.1 years) (Table 2).

In the studied cohort of PD patients, PI, PT and SS
presented values between 26° and 85°, 3° and 52° and

between 5° and 50°, respectively (Table 3). When con-
sidering normal adults, scientific literature report values
between 32° and 74° for PI, between 0° and 27° for PT, and
between 24° and 55° for SS [4]. Similar ranges for PI
(42-88°), PT (21-50°) and SS (8-57°) were found in
another study conducted on 23 PD patients [7]. Unlike
healthy subjects and patients affected by mechanical low
back pain or idiopathic scoliosis, a lack of correlation
between LL and PI is noticeable (Table 3) [3, 6, 9, 12]. In
the group of PD patients we studied, the findings reveal that
SS is the most important and main spinopelvic regulator of
LL and that the ability to avoid pelvic retroversion is the
way to maintain a correct LL value. The ability to preserve
the LL value inside a range of normality is even more
important considering the presence of a significantly
moderate and positive correlation between LL value and
SSA, SPA and ST (Table 3). According to the fact that
SPA and ST values presented a positive correlation with
Tinetti score, it can be argued that preservation of LL is of
paramount importance in determining the global sagittal
alignment of the spine in PD patients and consequently the
reduction of fall risk due to sagittal imbalance [10].

Pelvic parameter variations and their clinical
consequences

The analysis focused on the morphological and radio-
graphic parameters that are most commonly used by cli-
nicians to evaluate the sagittal sacropelvic balance and
morphology in the presence of spinal deformity. We know
from the scientific literature that for healthy individuals the
PT value is less than half of the PI value, while the SS is
more than half the value of PI [1, 4, 5]. In the studied group
of PD patients, PT/PI ratio and SS/PI are on the average
<0.5 and over 0.5, respectively, which is in agreement
with previously reported data [4]. A significant set of
patients (32.2 %) overcame these normality boundaries. In
PD patients as well, values outside those ranges could
potentially predispose to the development of spinal
pathology, but further studies are needed to evaluate the
biomechanical and clinical consequences in this specific
population. PT and SS values can help to detect early
compensation from the pelvis (increased pelvic retrover-
sion with sacral verticalization) in the context of spinal
pathology, as often found in spondylolisthesis [1, 9] or
global sagittal spinal imbalance in degenerative diseases of
the spine [10, 12]. As typically seen in these spinal
pathologies, in the studied group of PD patient, PT and SS
presented an increasing and decreasing tendency, respec-
tively. These findings confirm that the increased retrover-
sion of the pelvis represents a compensation to the
mechanical degenerative processes occurring in the aging
spine and to the related decrease of LL that induces a
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positive spinal balance during the aging process [24].
Given the fact that changes in PT and SS with age are of
minor importance in healthy individuals, a relevant
increase in PT and/or decrease in SS has to be considered
as a potential factor for further evolution in neurogenic
spinal deformity.

Overall sagittal balance parameters and their clinical
consequences

The reduction of SSA appreciated in this cohort corre-
sponded to 83 % of the reference value reported in the
literature [4] (normality range 130.4 % 8.1°; our results
108 £ 20.2°). This pronounced alteration can be consid-
ered as a specific pathological adaptation to PD in light of
the fact that patients affected by non-neurogenic diseases
or by mechanical diseases of the spine, such as degenera-
tive disc disease or spondylolisthesis, are usually present-
ing larger values of SSA [10, 12, 14]. In particular, as
already noted by other authors [23], SSA and SPA reduc-
tions can be considered as morphological adaptations that
are specifically linked to the duration of the disease. In
agreement with biomechanics considerations arising from
the literature, the ST reduction can be considered as the
main radiographic parameter related to the risk of falling in
PD patients (see Table 5) [25]. Among the different mor-
phological parameters included in the physical examina-
tion, the distance from plumb line to the bony marker of C7
presented a negative correlation with SPA (Table 4).
Consequently, this parameter can be considered as the main
morphological indicator of positive sagittal imbalance
during a routine medical examination to screen an eventual
progression in spinal deformity observed in PD patients.

Limits and strengths

The main limitation of the study is represented by the
limited number of participants and the absence of a control
group of healthy subjects or not affected by a neurogenic
deformity. However, we aimed to propose some pre-
liminary considerations based upon our data and to pose
the basis for further analyses in larger groups of patients
affected by PD. For ethical reasons, we considered to avoid
the inclusion of healthy subjects because the existing
literature is providing a reliable and large database about
sagittal balance parameters in healthy subjects of similar
age.

Conclusions

Looking at the pelvis is opening new important insights in
spinal disease management, particularly where surgery is
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concerned, and novel applications in rehabilitation man-
agement are constantly underway. Until now, only one
study faced the issue of radiographic sagittal balance in
Parkinson’s disease focusing chiefly on highly compro-
mised patients who had fusion. In our study, instead, we
evaluated a broader and more heterogeneous population of
PD patients with the intent to have a more representative
clinical sample. Parameters like SSA, SPA, ST, as well as
SS/PI and PT/PI ratios, may have relevant significance in
terms of functional implications at the spinal level and the
related fall risk in PD patients, suggesting that further
research on larger cohorts of subjects may be worthwhile.
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