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Summary

Patients with Parkinson’s disease (PD) and Pisa syn-
drome (PS) may present tonic dystonic or compensa-
tory (i.e. acting against gravity) hyperactivity in the
paraspinal and non-paraspinal muscles. Electromyo-
graphic (EMG) activity was measured in nine patients
with PD and PS, three with PD without PS, and five
healthy controls. Fine-wire intramuscular electrodes
were inserted bilaterally into the iliocostalis lumbo-
rum (ICL), iliocostalis thoracis (ICT), gluteus medius
(GM), and external oblique (EO) muscles. The root
mean square (RMS) of the EMG signal was calculated
and normalized for each muscle. In stance condition,
side-to-side muscle activity comparisons showed a
higher RMS only for the contralateral ICL in PD pa-
tients with PS (p=0.028). Moreover, with increasing de-
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grees of lateral flexion, the activity of the EO and the
ICL muscles progressively increased and decreased,
respectively. The present data suggest that contralat-
eral paraspinal muscle activity plays a crucial com-
pensatory role and can be dysfunctional in PD pa-
tients with PS.

KEY WORDS: electromyography, musculoskeletal equi-
librium, paraspinal muscles, postural balance.

Introduction

Pisa syndrome (PS) in Parkinson’s disease (PD) is clin-
ically defined as a lateral trunk flexion of 10 degrees or
more that can be completely alleviated by passive mo-
bilization or supine position (Doherty et al., 2011). In our
recent, multicenter observational study involving 1631
PD patients, we estimated a PS prevalence of 8.8%
(Tinazzi et al., 2015).

Two different pathophysiological mechanisms for PS
have been postulated: (1) a central mechanism arising
from a defect in basal ganglia network function that re-
sults in dystonic activity and impaired sensorimotor inte-
gration (this hypothesis is supported by both experi-
mental animal studies and clinical findings); and (2) a
peripheral mechanism due to spinal osteoarticular
changes and paraspinal myopathy (Tinazzi et al., 2016).
The pathophysiology of PS is largely unknown, and its
clinical variability makes the underlying mechanisms dif-
ficult to discern and characterize. The few studies that
have investigated muscle activation patterns in PS have
yielded conflicting results. This may be due to the variety
of methodological approaches used, and the lack of de-
tail provided about the electromyography (EMG) protocol
and/or EMG data quantification (Bonanni et al., 2007, Di
Matteo et al., 2011, Tassorelli et al., 2012, Tinazzi et al.,
2013, Frazzitta et al., 2015). Previous studies identified
two main patterns of muscle activation. Pattern | is char-
acterized by hyperactivity of the lumbar paraspinal mus-
cles ipsilateral to the trunk leaning side, and includes two
subtypes, i.e, subpattern I-I with concomitant ipsilateral
paraspinal thoracic muscle activity, and subpattern I-l|
with concomitant contralateral paraspinal thoracic mus-
cle activity. Pattern Il is displayed when there is hyper-
activity of the paraspinal muscles contralateral to the
trunk leaning side (Tinazzi et al., 2013). On the basis of
these observations, it has been proposed that dystonic
activity of the non-paraspinal muscles (e.g., external
oblique, internal oblique and quadratus lumborum)
might contribute to ipsilateral bending, while activation
of the contralateral paraspinal muscles counteracts the
effect of gravity (Tinazzi et al., 2013).

Although useful data about muscle activation can be ob-
tained by conventional polygraphic EMG recording, this
technique is often technically complex in PD patients
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with PS, making the EMG parameters difficult to inter-
pret. Previous studies reported data on EMG recordings
in static conditions, such as lying prone, and during dy-
namic tasks, like voluntary right and left lateral flexion of
the trunk (Di Matteo et al., 2011; Tassorelli et al., 2012;
Tinazzi et al., 2013; Frazzitta et al., 2015), but they were
unable to discriminate dystonic muscles from those ac-
tivated by compensatory mechanisms potentially serv-
ing to limit the lateral trunk flexion, and did not report
quantitative data during stance (Tinazzi et al., 2013).
For this reason, in this pilot study, we measured and
compared bilateral trunk muscle activity using quantita-
tive data derived from kinesiologic EMG recordings in
PD patients with PS. Since the leverage and moment
arm of muscles change degree by degree, we hypothe-
sized that in physiological conditions EMG quantification
of muscle activity may vary with the level of lateral trunk
flexion (Oddsson et al., 1990).

Furthermore, given that quantitative data in upright
standing and during different lateral trunk flexions are
lacking (Oddsson et al., 1990; Neumann, 2010), we al-
so recorded EMG muscle activity in PD patients without
PS and in healthy individuals. Generally, normalization
of EMG activity is performed to allow comparisons of
EMG activity between/within subjects (Soderberg et al.,
2000) and it might help to clarify the side-to-side differ-
ences in trunk muscle activity in PS and how they differ
from what is observed in healthy individuals. We hy-
pothesized that in PD with PS, contralateral paraspinal
muscle activity is essential to maintain upright posture,
whereas non-paraspinal muscles could present abnor-
mal hyperactivity.

Materials and methods
Patients

For this pilot study, 9 patients with PD and PS, 3 patients
with PD without PS, and 5 healthy volunteers, who
served as controls, were enrolled.

The patients and controls gave their written informed con-
sent to participate in the study, which was performed ac-
cording to the tenets of the Declaration of Helsinki and ap-
proved by the local ethics committee (project number:
CE2399). All the patients were attending the outpatient
clinic of the Movement Disorder Division, Neurorehabilita-
tion Unit, Department of Neurosciences, Biomedicine and
Movement Sciences, Verona University Hospital.
Neurological assessment was performed by neurolo-
gists experienced in evaluating movement disorders.
The inclusion criteria were: a) confirmed diagnosis of PD
according to the Movement Disorder Society clinical di-
agnostic criteria for PD (Postuma et al., 2015), b) PS de-
fined as at least 10 degrees (PS=10) of lateral bending
of the trunk which could be reduced by passive mobi-
lization or supine positioning (Doherty et al., 2011), c)
modified Hoehn & Yahr stage <4 in the on medication
phase. The exclusion criteria were: a) any change in
drug intake in the 3 months preceding enroliment, b) se-
vere dyskinesia or severe on-off fluctuations, c) need of
assistive devices to rise from a chair/bed, d) vestibular
disorders, €) any sensory impairment involving the low-
er limbs, f) other neurological, orthopedic (such as scol-
iosis confirmed by radiographs) or cardiovascular co-
morbidities as reported in the patient’s medical records.
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Clinical evaluation

The following clinical and demographic variables were
collected: age, gender, PD duration, dominant PD phe-
notype according to a data-driven approach (younger
age at onset, tremor dominant, non-tremor dominant,
and rapid disease progression) (Lewis et al., 2005), Uni-
fied Parkinson’s Disease Rating Scale part Ill (UPDRS
Ill) score and modified Hoehn & Yahr stage in the on
medication phase, the side of the body more affected by
the PD, pharmacological therapy, degree of anterior
trunk flexion, low back pain rated on a 1-10 visual ana-
log scale. The PD patients with PS were evaluated for
direction and degree of leaning at the thoracolumbar
level, as measured with a pocket compass needle go-
niometer (IncliMed®, University of Padua) (Gravina et
al., 2012), PS duration and any awareness of trunk mis-
alignment.

EMG recording

Eight-channel simultaneous EMG polygraphic record-
ings (Keypoint Machine, Dantec Measurement Technol-
ogy, Skovlunde, Denmark) were obtained using insulat-
ed fine wire electrodes with bare hook-shaped tips (SEI-
EMG s.r.l., Padua, ltaly). Electrodes were inserted bilat-
erally with a bipolar montage into the iliocostalis lumbo-
rum (ICL) (L2), iliocostalis thoracis (ICT) (T8), gluteus
medius (GM), and external obliqgue (EO) muscles (Ku-
mar et al., 2010). The muscles were chosen based on
their biomechanical leverage and moment arm, able to
induce a lateral trunk flexion (Neumann, 2010).

After insertion, the electrodes were checked for optimal
positioning. The patients with PD and PS were evaluat-
ed in two different, consecutive conditions: first, during
maximal isometric voluntary contraction (MIVC) of each
muscle while lying on a physiotherapy bench, and then
in their usual stance.

The patients performed MIVCs under optimal biome-
chanical conditions to elicit maximum muscle activation.
To evaluate ICL and ICT muscle activation, trunk exten-
sions were performed in prone position with the pelvis
strapped to a frame and arms parallel to the body axis
without any contact with the pad, which was positioned
under the abdomen. Hip abduction and intra-rotation
maneuvers were performed to assess maximum GM ac-
tivation. To assess the EO muscles, isometric contralat-
eral abdominal curls were performed supine in crook-ly-
ing position with arms folded across the chest.

MIVC of each muscle was performed three times, with
an inter-trial interval of at least 3 minutes; in each trial
the motor task was performed for 10 seconds against
manual resistance. We felt that three trials would be suf-
ficient for the purposes of this study since it has been
demonstrated that the reliability of the procedure does
not improve beyond three trials and that with this num-
ber of trials onset of fatigue is minimized (Yang et al.,
1987, Deluca, 1997). The examiner gave verbal encour-
agement during manual resistance against MIVCs. The
patients were then recorded during stance with arms at
their side, as previously described (Di Matteo et al.,
2011, Tinazzi et al., 2013). Evaluations were always per-
formed by the same examiners between 10:00 and
17:00 to reduce possible bias related to circadian vari-
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ability of lumbar spine properties (Adams et al., 1987)
and in ON condition to minimize the possible effect of
motor fluctuations. The subjects were familiarized with
the procedures several days before the evaluation, and
then again briefly the day before the evaluation (Kumar
et al., 2010). The root mean square (RMS) of the EMG
signal was calculated in both conditions and for each
muscle. The RMS is a quantitative reference value that
reflects the level of physiological activity in motor units
during contraction (Soderberg et al., 2000). For each
subject and muscle, the RMS values recorded during
stance were 'normalized’ to those obtained during
MIVCs. The ratio was obtained by dividing the RMS ob-
tained during stance with that recorded during MIVC
(first condition) and expressed as percentage of EMG
activity (Soderberg et al., 2000). EMG normalization
was calculated for the purpose of quantifying and com-
paring bilateral muscle activity within the patient group
(right muscle versus left muscle). Data were normalized
by selecting the largest and most symmetrical RMS val-
ues from consecutive MIVCs (Shin et al., 2010). This
choice was based on our preliminary EMG recordings
and previous findings (Frazzitta et al., 2015), which
demonstrated that patients with PD and PS may pro-
duce asymmetrical MIVCs between contralateral and ip-
silateral paraspinal and non-paraspinal muscles. In a
separate session, three PD patients without PS and five
healthy volunteers (i.e., a 65-year-old woman and four
young controls, mean age 28.75 years, SD 1.50) with no
known neurological disorders were evaluated. This was
done for explorative purposes, to gather physiological
data in upright standing in PD without PS and in an age-
matched control. In addition, because muscle activity
differs with different degrees of lateral trunk flexion, we
evaluated the kinesiologic EMG findings in the young
subjects while they each mimicked the nine different lat-
eral bending positions of the PS patients (simulation
condition, SC). Finally, in keeping with the results of our
previous study, we performed a descriptive analysis of
muscle activity (+: sustained; —: mild) (Tinazzi et al.,
2013). The complexity of the methodological procedures
and ethical considerations precluded evaluation of a
greater number of individuals and further statistical com-
parisons between PD patients with/without PS and
healthy controls.

Statistical analysis

Descriptive statistics included frequency tables and cal-
culation of means and standard deviation of MIVC nor-
malized EMG data (%). Descriptive comparisons were
made between the patients with PD without PS and the
other groups (Tinazzi et al., 2013). Normal distribution of
data was checked using the Shapiro-Wilk test. Non-
parametric tests were applied because of the non-nor-
mal distribution of the data and small sample size in this
study. Inter-side differences in muscle activity within pa-
tients and the single EMG recordings of normal subjects
were compared using the Wilcoxon test. Spearman’s
rank correlation coefficients were used to assess the
correlation between the degree of lateral trunk flexion
and MIVC normalized EMG data (%). The correlation
coefficients were also calculated for two subgroups: PD
patients with PS were stratified according to the side of
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trunk bending (right and left side), while the control
group in the SC was stratified by degree of bending
(= 20° and > 20°). Two experienced raters visually
checked the muscle activity of each subject for any ob-
vious differences across the conditions and decided
these stratifications. The significance level was set at
p<0.05. Statistical analyses were carried out using
IBM® SPSS® Statistics version 16.0 for Mac.

Results

Table | presents the clinical findings and demographic
characteristics of the PD patients with PS (5 men and 4
women, mean age 64.67+12.02 years, mean disease
duration 7.22+4.06 years).

All the patients had participated in a previous study
(Geroin et al., 2015). They were under chronic therapy
with dopaminergic drugs and showed acceptable motor
compensation. None had psychiatric disturbances, took
neuroleptics or had undergone major spine surgery due
to structural changes.

In the PD patients with PS, the PS duration was
2.88+2.67 years (range 0.33-8). Four patients presented
lateral flexion of the trunk towards the left side
(18+7.48°) and 5 towards the right side (30.4+16.15°).
Anterior trunk flexion, differing in severity, was present in
7 of the 9 PS patients (19.71+12.83°, range 8-46) but
without differences related to the side of bending.
Camptocormia was present in 1 patient (case 4) (Do-
herty et al., 2011). The leaning side was contralateral to
the more affected side in 5 of the 9 patients with PS
(Table 1).

In the PD patients with PS, there was a significant inter-
side difference in ICL activity during upright stance
(p=0.028), with greater activity contralateral to the side
of bending, while the other muscles displayed similar
activity (Table II).

In the same stance position, PD patients without PS
(subjects A, B, C) showed a higher intensity of muscle
activity in almost all muscles under study than the 65-
year-old healthy control (subject 1) (Table Ill). In the up-
right stance position, the young healthy controls (sub-
jects 2-5) showed a lower intensity of muscle activity in
several muscles under study than the 65-year-old
healthy control (subject 1) and the PD patients without
PS (subjects A, B, C) (Table IlI).

Comparison of muscle activity between sides in young
healthy controls simulating PS and degree of anterior
trunk flexion (SC) revealed significant side-to-side differ-
ences in the ICL (p<0.01), ICT (p<0.01), GM (p<0.01)
and EO (p<0.01), with the higher intensity of muscle ac-
tivity mainly contralateral to the side of bending, i.e. ex-
cept in the GM (Table V).

In keeping with the results of our previous study (Tinazzi
et al., 2013), the patients with PS and PD displayed two
main patterns of muscle activation (Fig.1A and B). One
patient had pattern | subtype Il (Fig. 1A), and 8 had pat-
tern Il. Three of the patients with pattern Il also showed
ipsilateral hyperactivity of the ICT. The EO showed high-
er muscle activity contralateral to the trunk leaning side
in 4 patients and higher ipsilateral muscle activity in 5
patients.

In the young healthy controls mimicking the positions of
the PS patients (Table V), the paraspinal muscles con-

145



C. Geroin et al.

Table | - Demographic and clinical features of patients with Parkinson’s disease and Pisa syndrome.

Case Age Gender PD Features

PS Features

(yrs)
PD  Type UPDRS Mod. More Direction Degrees PS Therapy at Anterior Back pain Awareness
duration 1] H&Y affected (left/right) ) duration onset trunk (0-10 (Yes/No)
(yrs) stage side (daily mg) flexion (°)  VAS)
1 72 M 16yrs NT 16 3 L R 10 6yrs  Levodopa (600), 0 0 Yes
Pramipexole (1.31)
2 80 M 11yrs NT 22 25 R R 20 8yrs  Levodopa (700), 20 0 Yes
Pramipexole (1.31)
3 72 F 3yrs  NT 35 25 L R 30 1yr  Levodopa (1900), 20 0 Yes
Entacapone (200),
Pramipexole (0.52)
4 55 M 4yrs  NT 57 25 L R 42 4 yrs  Pramipexole (3.15), 46 6 Yes
Rasagiline (1)
5 42 M 6yrs  NT 16 25 L R 50 3yrs  Levodopa (400), 10 4 Yes
Pramipexole (3.15),
Rasagiline (1)
6 55 F 5yrs NT 9 1 L L 10 7 mths  Rasagiline (1), 22 3 No
Pramipexole (1.57)
7 75 M 8yrs 1D 54 3 L L 16 2yrs  Levodopa (400), 0 7 Yes
Pramipexole (1.05)
8 67 F 7yrs 1D 19 25 R L 18 1yr  Levodopa (800), 8 3 Yes
Pramipexole (2,1),
Rasagiline (1)
9 64 F 5yrs NT 30 25 L L 28 4 mths  Levodopa (600), 12 9 Yes
Pramipexole (2.1)

Abbreviations: PD= Parkinson's disease; PS=Pisa syndrome; UPDRS lll=Unified Parkinson’s Disease Rating Scale, part Ill (motor subscale); R=right; L=left;
TD=tremor dominant phenotype; NT=non-tremor dominant phenotype; Mod. H&Y stage=Modified Hoehn and Yahr stage; VAS=visual analog scale.

Table Il - Mean normalized EMG data (%) of muscles in PS patients during upright standing.

ICL ICT GM EO
Contra Ipsi Contra Ipsi Contra Ipsi Contra Ipsi
Mean *80.67 31.12 134.81 94.19 41.25 25.40 26.34 30.73
SD 61.19 52.85 261.90 168.28 34.35 27.64 21.21 20.72
Pattern + - + - + - - +

Abbreviations: PS=Pisa syndrome; ICL=iliocostalis lumborum; ICT=iliocostalis thoracis; GM=gluteus medius; EO=external oblique muscle;
PS=Pisa syndrome; Ipsi=ipsilateral to the side of bending; Contra=contralateral to the side of bending; Pattern=categorization of muscle

(EMG) activity as + sustained, or — mild.
*Wilcoxon p<0.05 for left-right comparison

sistently demonstrated EMG activity similar to pattern Il,
while the non-paraspinal muscles showed bilateral ac-
tivity in the GM and predominantly contralateral activity
in the EO (Table V).

In the PD with PS, no significant correlation was found
between the degree of PS and intensity of muscle acti-
vation. However, when the patients were stratified by
side of bending, right trunk leaning was found to be sig-
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nificantly correlated with reduced contralateral ICL activ-
ity (p=0.037) and increased activity in the ipsilateral EO
(p=0.037) (Fig. 2A). No significant correlation was found
in patients with left trunk leaning.

By contrast, in the SC in the healthy young controls, a
significant correlation was found between the degree of
lateral trunk flexion and increased activity of the ipsilat-
eral GM (p<0.01). Furthermore, when stratified by de-

Functional Neurology 2017; 32(3): 143-152



Pisa syndrome in Parkinson's disease

Table 11l - Mean normalized EMG data (%) of muscles in upright standing in PD patients without PS and healthy controls.

Subject ICL ICT GM EO

Left Right Left Right Left Right Left Right
A 43.21 13.21 18.29 21.67 13.44 4.74 3.59 5.42
B 34.41 38.48 56.43 45.96 33.72 31.31 1.22 1.08
C 58.36 19.36 7.33 7.52 58.57 59.44 2.76 2.89
1 12.12 1.71 18.8 18.76 1.42 1.29 6.35 7.65
2 0.94 0.11 2.25 3.48 0.27 0.46 1.58 0.65
3 1.33 0.46 3.33 3.78 0.23 0.37 1.26 1.12
4 0.57 1.01 2.51 217 0.36 0.42 0.92 0.56
5 1.62 1.63 2.08 3.35 0.24 0.41 0.68 2.18

Abbreviations: PD=Parkinson’s disease; PS=Pisa syndrome; ICL=iliocostalis lumborum; ICT=iliocostalis thoracis; GM=gluteus medius;
EO=external oblique muscle; A, B C=PD patients without PS; Subject 1= age-matched normal subject (i.e., elderly healthy control); Subjects

2-5=young healthy controls.

Table IV - Mean normalized EMG data (%) of muscles in young healthy controls in different simulation conditions.

ICL ICT GM EO
Contra Ipsi Contra Ipsi Contra Ipsi Contra Ipsi
Mean *32.54 2.92 *19.24 4.1 *0.61 2.41 *8.23 2.1
SD 21.16 3.29 21.45 6.80 0.38 2.79 11.10 1.70
Pattern + - + - = + + -

Abbreviations: ICL=iliocostalis lumborum; ICT=iliocostalis thoracis; GM=gluteus medius; EO=external oblique muscle; Ipsi=ipsilateral to the
side of bending; Contra=contralateral to the side of bending; Pattern=categorization of muscle (EMG) activity as + sustained, or — mild.

*Wilcoxon p<0.01.

gree of bending, a lateral flexion < 20° was associated
with sustained muscle activity of the contralateral ICL
and ipsilateral EO muscles (Fig. 2B). Interestingly, we
observed a significant correlation between lateral trunk
flexion > 20° and increased activity in the contralateral
ICL (p< 0.01) (Fig. 2C).

Discussion

The main finding of this pilot study was that the PD pa-
tients with PS showed a significant inter-side difference
in ICL during stance (p=0.028), in that EMG activity was
significantly more intense contralateral to the side of
bending, while the ICT, GM and EOQ displayed similar ac-
tivity. These data confirm previous studies (Di Matteo et
al., 2011, Tinazzi et al., 2013) suggesting that the pres-
ence of pattern Il that is characterized by a significant
contralateral muscle activity in the ICL, and co-contrac-
tion activity of the other muscles.

Another finding was that the muscle activity in upright
stance was higher in the PD patients without PS than in
the age-matched and young healthy controls, suggest-
ing that PD and aging may both be associated with en-
hanced EMG activity.

As expected, the data from the young healthy controls
mimicking the different degrees of PS showed that mus-
cle activity varied with different degrees of lateral trunk
flexion (Fig. 2B-C). These recordings indicated that
side-to-side differences in paraspinal and non-
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paraspinal muscles exist and have a well-defined role in
trunk muscle activity.

Indeed, in the SC, we found significant differences be-
tween the activation of the ipsilateral and contralateral
paraspinal and non-paraspinal muscles. In particular,
higher activity was observed in the contralateral ICL,
ICT and EO, but not the GM, indicating a possible com-
pensatory role of the contralateral muscles. By contrast,
PD patients with PS showed no side-to-side difference,
other than for the ICL, suggesting a possible impairment
of trunk muscle compensatory mechanisms.

The GM is one the main stabilizers of the pelvic region,
serving to maintain vertical femoropelvic alignment in
the coronal plane during the middle phase of the gait cy-
cle. Although PS patients did not show a significant side-
to-side difference in muscle activity in the GM, its hy-
peractivity might be explained by its role in vertical
femoropelvic alignment, and also by the fact that it coun-
teracts the weight of worsening trunk bending due to
gravity and contributes to keeping the center of pressure
(CoP) within the base of support to avoid the risk of
falling. We have previously demonstrated that biome-
chanical dysfunction of the GM results in increased CoP
displacement in the anterior-posterior and mediolateral
directions due to an altered use of the hip strategy
(Geroin et al., 2015).

The EO induces ipsilateral trunk flexion followed by a
forward flexion and contralateral trunk rotation (Neu-
mann, 2010). The PD patients with PS showed bilateral
activity of the EO with predominant, but not significant,
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Figure 1 - A: case 5 with 50° of PS, pattern | (subtype Il). He shows
left (arrow) and right (dotted arrow) ICL hypertrophy. The intensity of
contralateral ICL activation is reduced when compared with the right
side, which indicates a possible impairment of the paraspinal com-
pensatory mechanism. B: case 4 with 42° of PS, pattern Il. He
shows left (arrow) and right (dotted arrow) ICL hypertrophy. The in-
tensity of contralateral ICL activation is increased when compared
with the right side, which indicates possible integrity of the
paraspinal compensatory mechanism. In both these PS patients
there is hyperactivity of EO, right side.

ipsilateral hyperactivity (Table Il), consistent with previ-
ous findings (Tassorelli et al., 2012; Tinazzi et al., 2013).
In the context of PD-related postural abnormalities, the
EO is one of the muscles primarily associated with the
pathogenesis of upper camptocormia (Furusawa et al.,
2012). In the SC in the young healthy controls, bilateral
activation of the EO was recorded, with dominant con-
tralateral activity due to the compensatory role of this
muscle (Table IV and V).

Dystonia is considered one of the prevailing pathophys-
iological aspects of PS in PD. It is a movement disorder
characterized by sustained or intermittent involuntary
muscle contractions leading to abnormal posture and
twisting movements (Albanese et al., 2013). PS can be
classified as a generalized and persistent dystonia in-
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volving not only the trunk but also the lower limb mus-
cles (Tinazzi et al., 2013; Geroin et al., 2015; Tinazzi et
al., 2016).

Previous studies documented the presence of dystonia
leading to abnormal EMG muscle activity in PS patients
(Di Matteo et al., 2011; Tassorelli et al., 2012; Tinazzi et
al., 2013). However, it is worth noting that other second-
ary muscle compensatory mechanisms (linked to the co-
contraction phenomenon, the biomechanical function of
muscles, the age effect and the clinical presentation of
PS) might contribute to the abnormal EMG pattern.
Although our findings do not offer direct evidence, dys-
regulation of control of spinal and supra-spinal reflexes
may be involved in the pathogenesis of PS (Nardone et
al., 2012). A recent study (Tinazzi et al., 2013) reported
co-activation of the paraspinal and non-paraspinal mus-
cles during trunk flexion contralateral to the leaning side
in PD patients with PS. This might be the expression of
pathological reflexes or the result of synergistic reflex
connections that activate both sides of the body (Beith
et al., 2004). Such patients may utilize a secondary ‘co-
contraction’ strategy to counteract progression of lateral
bending.

Muscle activation asymmetry may be due to an increase
in lateral flexion, because the moment and leverage of
muscle changes degree by degree (Oddsson et al.,
1990). In PS patients with right trunk leaning, increasing
degrees of flexion were correlated with greater activity
of the ipsilateral EO and less activation of the contralat-
eral ICL (Fig. 1A, Fig. 2A). By contrast, in the healthy
controls in the SC, the increase in flexion from 0 to 20
degrees was associated with balanced and stable activ-
ity of both the ICL and the EO muscles (Fig. 2B). When
the trunk was flexed more than 28 degrees, the activity
of the contralateral ICL increased significantly while that
of the EO progressively decreased, albeit not signifi-
cantly (Fig. 2C). In this case, activation of the contralat-
eral ICL may have a stabilizing role in counteracting the
weight of the trunk against gravity.

The activity of the contralateral ICL might have been re-
duced in PS patients because of myoelectric cessation
involving the low back extensor muscles at the maximal
degrees of lateral bending, also known as the flexion-re-
laxation phenomenon (Fig. 2A) (Shin et al., 2010). This
phenomenon was not observed in patients with left trunk
bending, perhaps because of the small sample size or
because the clinical phenotypes differed among the PS
patients.

Another aspect that merits discussion is the age effect.
We found larger EMG activity in the elderly control in
comparison to the younger ones. With advancing age,
there is a progressive reduction in joint space, muscle
strength (Hasue et al., 1980), contractile speed (D’An-
tona et al., 2007), action potential velocity (Rivner et al.,
2001; Quirk et al., 2014), and joint position sense, ac-
companied by changes in central nervous system re-
cruitment (Van Impe et al., 2011). Axial rigidity can re-
duce passive stability (e.g., ligaments) and/or active sta-
bility (muscles, tendons and nerves), producing func-
tional impairment of posture and locomotion (Wright et
al., 2007), and resulting in pain (Geroin et al., 2016).
Finally, it is worth noting that the muscle activity in PS
may change over time, given that PS has different clini-
cal presentations. It can develop in a chronic fashion
with subclinical onset and progressive worsening, or ap-
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pear in a short space of time, showing a rapid progres-
sion within days or weeks (Tinazzi et al., 2016). In the
chronic condition, other musculoskeletal changes (i.e.,
muscle-tendon retraction, articular ankyloses) might be
involved and produce different patterns of muscle acti-
vation. In accordance with this line of reasoning, previ-
ous reports showed muscle activation patterns that dif-
fer from those we found in the present sample.

Our study has several limitations: 1) the small sample
size, due primarily to the technically complicated, inva-
sive, and time-consuming experimental protocol; 2) the
difficulty obtaining MIVCs in PS patients; 3) a possible
bias effect in the healthy controls mimicking PS postures
(i.e. in the SC); 4) no evaluation of other postural mus-
cles, such as the quadratus lumborum, that play an im-
portant role in torque production, especially in PS
(Dupeyron et al., 2015).

These factors notwithstanding, this pilot study showed
significant inter-side difference in ICL during stance in
PD patients with PS, mainly consisting of increased con-
tralateral muscle activity (pattern Il), with co-contraction
activity of the other muscles (ICT, GM and EO) as a re-
sult of dysfunctional compensatory mechanisms in the
muscles.

Neurodegenerative disease and aging may also have

Functional Neurology 2017; 32(3): 143-152

contributed to the increased muscle activation. More-
over, in PD patients with PS, with increasing degrees of
lateral flexion, the activity of the EO and the ICL muscles
progressively increased and decreased, respectively,
documenting hyperactivity of the non-paraspinal and hy-
pofunction/weakness of the paraspinal muscles. Larger-
scale studies in PD patients with and without PS and
healthy controls, and also investigating other muscles,
are needed to confirm our data.

To conclude, diagnostic procedures based on detailed
EMG evaluation of paraspinal and non-paraspinal mus-
cle function, as well as postural and gait assessment
(Geroin et al., 2015), may aid in selecting a therapeutic
approach appropriate for the individual patient, i.e.,
physiotherapy to strengthen weak compensatory mus-
cles and/or botulinum toxin injection to reduce muscle
dystonia.
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