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Abstract: BackgroundBackground: Axial postural abnormalities (APAs) are common, disabling complications of Parkinson’s
disease (PD) with unclear pathophysiology. The presence of hyperactivity in multiple trunk muscles supports
the use of botulinum toxin (BTA). However, its application is complex, due to the lack of standardized clinical
and electrophysiological approach.
ObjectivesObjectives: To evaluate BTA injections effectiveness using a clinical algorithm that integrates trunk angle
severity and electromyography (EMG)-detected muscle hyperactivity in patients with APAs.
MethodsMethods: This is prospective, open-label, pilot study. A novel decisional algorithm guided muscle selection,
based on the bending degree and EMG findings. PD patients with different APAs underwent trunk angle
measurement and EMG polygraphy of axial muscles in the standing position and during trunk activation.
Primary outcome was the change in trunk misalignment measured before and one month after BTA injection.
Secondary outcomes were the Clinical Global Impression of Change-Improvement (CGI-pain and CGI-posture)
and the Numeric Rating Scale (NRS) for pain.
ResultsResults: Among 52 PD patients, 20(38.5%) were eligible for treatment. At one-month follow-up, lateral trunk flexion
(LTF) improved [LTF angle from 11.5 (CI 7.1–15.9) to 9.9, (CI 5.2–14.7) P = 0.013], while anterior trunk flexion (ATF) did
not (thoracic fulcrum ATF from 41.4 to 40.6, P > 0.05; lumbar fulcrum ATF from 25.7 to 24.5, P > 0.05). CGI-posture
improved in 45% of cases, CGI-pain improved in 50% of cases, and NRS decreased from 6.3 to 4.8 (P = 0.010).
ConclusionsConclusions: A clinical and neurophysiological algorithm integrating measures of trunk bending and EMG-detected
muscle hyperactivity can optimize BTA treatment for APAs in PD, improving motor/ non-motor outcomes.

Axial postural abnormalities (APAs) are debilitating motor com-
plications of Parkinson’s disease (PD). They have been associated
with increased disability and functional decline.1,2 Moreover,

APAs are less rare than expected, with an overall prevalence
reported to exceed the 20% among patients with PD.3,4 The
most common are camptocormia (CC) and Pisa syndrome (PS),
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with a prevalence of approximately 10% and 8%, respectively.3,4

CC is defined as a marked forward trunk flexion with a lumbar
fulcrum (lf) >30� and/or thoracic fulcrum (uf) >45�. PS is
defined as a lateral trunk flexion of >10�.5 APAs appear in the
sitting or standing position, tend to worsen during walking, can
be alleviated by passive mobilization or lying positioning5 and
may negatively impact the patients’ quality of life. In fact, APAs
are frequently associated with higher severity of motor symp-
toms, postural instability, leading to an increased risk of falling
and back pain.1,6–8 Considering the associated disability, the lack
of response to dopaminergic therapy and the fact that their path-
ophysiology is largely unknown, APAs represent a therapeutic
challenge.7–9

The pathophysiology of APAs involves both peripheral and
central mechanisms.7,8 The main hypothesis of a peripheral ori-
gin of APAs is based on detection of myopathic features in axial
paraspinal muscles, that have been evidenced by inconsistent
electromyography (EMG) findings (ie, small duration and ampli-
tude, and polyphasic motor unit action potentials),10,11 magnetic
resonance imaging findings (MRI) (with either edema in early
stage or muscular atrophy and fatty substitution in chronic
phase),8,11–13 and also confirmed by muscle biopsy studies in
some patients with CC.14,15 Myopathic changes on EMG have
been hypothesized to become evident in later stages of the APAs,
as part of a progressive muscle transformation that begins with
edema and culminates in degeneration of the axial muscles.6,14

Also, the observed myopathic changes did not allow for differen-
tiation between a primary pathological process affecting axial
paraspinal muscles (suggesting a causative role of myopathy) and
a secondary consequence resulting from proprioceptive dys-
regulation of central origin, fixed posture, and subsequent muscle
disuse.16,17 No histological findings are available for PS, so mus-
cular atrophy ipsilateral to bending, when observed, is probably
secondary to muscular disuse, while contralateral atrophy may
result from prolonged stretching stress.12,18 In addition, degener-
ative spine disorders may be associated with APAs, which can
have mechanical effects on bone and soft tissues, leading to pain-
ful compensatory postures.7,8

Among the proposed mechanisms of central origin there is a
hyperactivity of paraspinal and abdominal trunk muscles, whose
origin was postulated to be dystonic. The hyperactivity of a given
muscle was defined as high tonic activity during conditions that
should be characterized by physiological EMG silence, such as at
rest or during voluntary activity of antagonistic muscles.11,19

Hyperactivity of axial muscles has been revealed by EMG both in
CC11,20,21 and PS.12,18,19,22,23 The reported maneuvers that allevi-
ate camptocormia in PD,24,25 often referred as sensory tricks, sup-
port the hypothesis of dystonic origin. Other factors that are
thought to contribute to the genesis of APAs are the basal ganglia
dysfunction, proprioceptive and vestibular impairment of central
origin. Visuospatial and cognitive deficits, along with drugs, such
as dopamine agonists, have also been implicated.2,7,8,19

The clinical management of CC and PS is challenging and
requires a multidisciplinary approach. Pharmacological treat-
ments, including adjustments in dopaminergic medications, gave
equivocal results.6,8,16,26 Physiotherapy, emphasizing postural

correction and strengthening of the axial muscles, play a crucial
role in the management strategy.8,16,26–28 Although dystonia as a
driving factor for the establishment of APAs in PD are still
debated, a considerable number of studies have used botulinum
toxin (BTA) injection as a treatment option.29–41 They treated in
most cases the muscles ipsilateral to the bending side according
to the EMG pattern of hyperactivity found with polygraphic
studies.29,33,37

However, the results of these studies were variable, and
among APAs, PS showed the greatest improvements following
BTA administration.29–42 This inconsistency may stem from
methodological differences in identifying target muscles for
injection. Although previous studies29–33,37,39–41 have utilized
EMG to detect hyperactive muscles, the limited benefits reported
in some of these studies suggest that EMG alone may not be suf-
ficient. Effective BTA infiltration requires both a precise assess-
ment of trunk flexion severity and well-reasoned prioritization of
the APA to be treated, a need that becomes especially relevant
when multiple APAs coexist.

Therefore, our study aimed to evaluate the effectiveness of
BTA injections guided by a structured algorithm that combines
trunk angle measurements with EMG evidence of muscle hyper-
activity in PD patients with varying degrees of CC and PS. The
novelty of this study lies in applying a systematic clinical and
neurophysiological approach to guide BTA treatment of APAs in
PD, using a specific, and predefined algorithm with potential
clinical practice utility.

Methods
Subjects
We prospectively studied 52 consecutive patients with PD and
APAs who were a mix of follow-up cases and newly referred to
the Movement Disorders Outpatient Clinic from September
2022 to October 2024, at Verona Hospital. The study was
approved by the Local Ethics Committee (CE2399) and
was conducted in accordance with the Declaration of Helsinki.
Inclusion criteria were clinically established diagnosis of PD
according to the Movement Disorder Society (MDS) diagnostic
criteria43 confirmed by a movement disorders specialist, the pres-
ence of PS, CC, or their mild forms according to recent MDS
Task Force Diagnostic Criteria,5 modified Hoehn and Yahr stage
≤4, and the possibility of patient to stand without assistance.
Exclusion criteria were: patients with isolated antecollis, those
with recent (<6 months) changes in dopamine agonist therapy,
patients with active treatment with deep brain stimulation, the
presence of moderate–severe tremor during ON-medication
state (item 3.17 of MDS-UPDRS score ≥3), ongoing anticoagu-
lant therapy, history of exposure to antipsychotics, valproate, and
anticholinergics as drugs potentially inducing APAs, severe bone
deformities or spinal cord pathologies. During a preliminary
screening visit we collected the following demographic and clini-
cal data: age, gender, disease duration (years), duration of APAs
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(months), PD-related therapy, modified Hoehn & Yahr scale,
Levodopa Equivalent Daily Dose (LEDD), and MDS-UPDRS
III during ON state with the usual therapy. LEDD was calcu-
lated using conversion factors reported by Schade and
colleagues.44

EMG Assessment and BTA
Treatment
Each patient underwent an eight-channel muscle EMG,
ultrasound-guided, consisting of intramuscular simultaneous
recording of bilateral thoracic iliocostal muscle at T8-9 level
(TP), lumbar iliocostal muscle at L2 level (LP), external
abdominal oblique muscle (EAO) and rectus abdominis mus-
cle (RA). The EMG system used was a Keypoint system
(Dantec, Skovlunde, Denmark). Electrodes consisted of
18 mm length monopolar needles (or coaxial needles if mus-
cles were covered by a significant amount of adipose tissue)
inserted bilaterally as previously described.11,23 Recordings
were made in orthostatism at rest and during activation in

different positions: during maximal trunk extension
(for patients with ATF) and maximal lateral flexion contralat-
eral to the site of patient’s bending (for patients with LTF) up
to maximal range of motion, for at least 10 s. Dystonic hyper-
activity for LTF was defined as paraspinal muscular activation
present at rest, that persisted during voluntary contral-
ateral trunk flexion, thus indicating the characteristic co-
contraction of agonist and antagonist muscles described in
dystonic pattern.11,19 Dystonic hyperactivity for ATF was
defined as anterior wall muscle activation present at rest and
persisting during trunk extension, resulting in co-activation of
antagonistic muscles.11 Since the amplitude of the EMG pat-
tern can be considered a surrogate for force,45 we defined
muscular hyperactivity as the presence of muscular activity
with an average amplitude of at least 0.2 mV lasting for a
minimum duration of 1 second within an epoch recording
(Fig. S1). In normal physiological conditions, an amplification
of 0.2 mV generally does not show muscle activity at rest or
during activation of the antagonistic muscles.

For each patient, target muscles were identified after properly
combining clinical and EMG data. Figure 1 represents the

Figure 1. An illustration of the decision-making algorithm used to appropriately select dystonic muscles as targets for BTA injection. This
represents an expert opinion–based algorithm: botulinum toxin injection into hyperactive muscles should be cautiously considered on a
case-by-case basis, guided by EMG findings, in carefully selected patients, under the care of experts.8 The algorithm is designed with two
primary therapeutic goals: to improve the degree of trunk bending (Fig. 1, panel A) and/or to reduce pain (Fig. 1, panel B). The selection of
muscles is guided by two main criteria: muscle hyperactivity, as assessed by EMG and the type and degree of trunk flexion, measured
clinically using a software-based method. Considering that patients may present with one or more APAs, ie, such as PS + CC with a
thoracic fulcrum, the algorithm begins with the evaluation of the most severe condition (step 1)—defined as the APA associated with the
highest degree of trunk bending. Once the most severe APA is measured and clinically identified, an EMG assessment is performed to
evaluate the muscles potentially contributing to the abnormal posture. If EMG findings confirm muscle hyperactivity in these muscles,
BTA is injected into hyperactive muscles. Conversely, if no hyperactivity is detected, the algorithm proceeds to assess the next (less
severe) APA using the same evaluation process (step 2). This stepwise approach continues until hyperactive muscles are found and
treated (step 3). Following the main aim of postural correction, the clinical focus shifts toward pain management. If the patient reports
pain (step 1), it becomes important to identify the type of pain (step 2)—following the classification proposed by Mylius et al53—as well as
its anatomical distribution. The next step involves determining whether the pain coincides with the site of muscle hyperactivity or not
(step 3). If the pain does not correspond to a region of hyperactive muscle activity, it should be managed according to the
recommendations for pain in PD.52 The final step (step 4) is to determine whether the pain is localized to compensatory muscles. If so, a
half-dose of BTA may be considered, for example, in the paraspinal muscles in CC or contralateral paraspinal muscles in PS. However, if
the pain corresponds to hyperactivity ipsilateral to the bending side, as often seen in PS, a full dose of BTA may be appropriate.
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decision-making algorithm applied for each patient (Fig. 1, panel
A and B).

For injections, BTA (Abobotulinum toxin A) was used. The
dilution employed was 500 IU in 1.25 mL of saline solution,
with a total BTA dose ranging from 240 to 720 IU. Based on
the extensive experience of the injecting neurophysiologist, data
from the literature, and the tolerability profile of the injected
BTA, we injected each muscle in two different sites, in order to
increase the spread of botulinum toxin in treated muscles. BTA
was performed under ultrasound guidance to confirm the correct
injection site. The decision-making algorithm was used to appro-
priately select dystonic muscles as targets for BTA injection. This
algorithm was designed with two primary therapeutic goals: to
improve the degree of trunk bending (Fig. 1, panel A) and/or to
reduce pain (Fig. 1, panel B).

APAs Assessment
Patients were evaluated before and 1 month after BTA treatment
with primary and secondary outcomes. The primary endpoint
was any change of angle in lateral or anterior trunk flexion after

BTA injection. Measurement of the angle was performed using
the tool AutoPosturePD.5,46–49 Secondary endpoints were self-
reported changes of posture and pain evaluated by the Clinical
Global Impression of Change-Improvement (CGI-I) and any
change in the Numerical Rating Scale (NRS) for pain after BTA
injection. Douleur Neuropathique 4 questionnaires (DN4) was
administered to assess the neuropathic features of pain.

Statistical Analysis
Descriptive statistics included frequency tables for categorical var-
iables and means and standard deviations for continuous variables.
The Shapiro–Wilk test was used to verify whether the sample
under examination had a Gaussian distribution. Parametric statis-
tics (paired T test and Pearson correlations) were then used for
variables with a normal distribution, while non-parametric
(Wilcoxon signed rank and Spearman correlations) tests were
employed for variables with a non-normal distribution. Statistical
significance was set at P < 0.05. All analyses were performed
using SPSS version 26 package.

TABLE 1 Demographic and clinical data of patients with APAs

Patient Age Gender
PD Duration

(Y)
APAs

Duration (M) MDS-UPDRS III mH&Y DA L-Dopa alone LEDD

1 59 F 4 24 18 1 Yes No 331

2 73 M 10 48 30 2 No Yes 600

3 80 M 5 48 43 4 No Yes 575

4 84 M 12 36 47 3 No No 550

5 80 F 14 48 33 3 Yes No 656

6 72 M 8 36 49 2 Yes No 1230

7 82 F 7 6 32 2 No Yes 400

8 69 M 7 12 43 3 Yes No 1335

9 69 M 4 36 33 1 No Yes 800

10 78 M 5 24 31 2 No Yes 700

11 76 M 16 24 32 3 Yes No 1305

12 78 M 4 12 29 2 No No 400

13 73 M 7 18 42 3 Yes No 952

14 69 F 14 24 33 2 Yes No 780

15 70 F 15 36 45 2 Yes No 820

16 75 M 14 6 40 3 Yes No 1356

17 75 F 14 36 32 3 Yes No 965

18 79 F 4 24 36 2 No No 400

19 63 F 9 12 25 2 Yes No 610

20 67 F 9 12 43 2.5 Yes No 430

Abbreviations: APAs, axial postural abnormalities; DA, dopamine agonist; F, female; LEDD, Levodopa equivalent daily dose (mg); M, male; MDS-UPDRS III, International Parkinson
and Movement Disorder Society’s revision of Unified Parkinson’s Disease Rating Scale, item number 3; mH&Y, modified Hoehn & Yahr scale; M, Months; APA duration PD, Parkinson’s
disease; Y, years.
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Results
Among 52 outpatients, five were excluded due to skeletal defor-
mities: one had a fixed deformity since the age of 20 following a
car accident, one had a fixed deformity associated with a severe
resting tremor; the other three excluded patients presented fixed
and severe spine deformities on the x-rays. Of the remaining
47 patients, only 28 (59.6%) exhibited an EMG pattern consis-
tent with dystonic hyperactivity, characterized by a mean ampli-
tude of at least 0.2 mV. Patients who did not display dystonic
hyperactivity did not report back pain and therefore were not
proposed injections. Among the aforementioned 28 patients,
20 (71.4%) accepted the proposed BTA injections after providing
written informed consent, while eight of them declined treat-
ment for various reasons, including fear of injections and trans-
portation difficulties which might have led to poor compliance
with the scheduled assessment (see Table 1). The mean age of

subjects was 74 years (standard deviation [SD] = 6 years). There
was a slight predominance of males (n = 11; 55%) over females
(n = 9; 45%). The mean duration of PD at the time of assess-
ment was 9 years (SD = 4 years), and the mean duration of
APAs was 26 months (SD = 14 months). MDS-UPDRS part III
mean score was 36 points (SD = 8 points), and the Modified
H&Y mean score was 2.45 (SD 0.65). All subjects were under
symptomatic dopaminergic therapy with Levodopa; 60% of sub-
jects were regularly taking dopamine-agonists (DA), while 25%
of subjects were under Levodopa alone. Mean LEDD was
759.7 mg (SD 333.3 mg) (Table 1).

Three out of 20 patients did not report pain. Seventeen
patients experienced musculoskeletal pain and none reported
neuropathic pain, as indicated by DN4 scores below the 4 points
threshold (Table 2). The trunk bending angle values in the sagit-
tal and coronal plane for each subject, prior to BTA treatment,
are displayed in Table 2. In particular, 10 patients met the cut-

TABLE 2 Quantitative assessment of APAs severity (in degrees) and pain severity (NRS score) before BTA treatment; EMG-detected dystonic
hyperactivity from a polygraphic study, muscle treated with BTA; and total doses administered (in IU)

Patient
number

uf-ATF
or CC

lf-ATF
or CC

LTF
or PS

Side
of trunk
bending

NRS
pre DN4

EMG-detected
muscle hyperactivity Muscles treated

Abo-BTA
total

dose IU

1 36.4 19.7 3.4 L 8 0 Bilateral EO Bilateral EO 480

2 46.4 38.9 5.2 R 0 0 Bilateral RA Bilateral RA 480

3 56.8 25.2 6.7 R 7 0 Right TP and LP� Right TP, LP 480

4 46.8 27.2 6.0 R 5 0 Bilateral TP and LP� Right TP, LP 480

5 42.6 28.1 6.1 L 7 0 Left TP� Left TP 240

6 49.9 61.4 27.1 R 8 0 Right TP� Right TP 240

7 41.2 13.6 7.6 R 5 0 Bilateral EO Bilateral EO 480

8 50.4 12.7 6.0 L 0 0 Bilateral TP� Left TP 240

9 36.3 32.9 6.1 R 8 0 Bilateral TP (right prevalence�) Right TP 240

10 48.3 24.1 2.8 R 7 0 Bilateral RA Bilateral RA 480

11 51.3 26.5 28.9 L 8 0 Bilateral TP (left prevalence) Left TP 240

12 36.2 25.0 5.6 L 9 0 Bilateral RA Bilateral RA 480

13 56.8 26.0 6.1 R 5 0 Bilateral TP (right prevalence�) Right TP 240

14 33.3 27.0 15.8 L 8 0 Left TP� Left TP 240

15 15.6 32.1 6.8 L 8 0 Bilateral TP (left prevalence�) Left TP 240

16 25.7 11.3 8.1 R 9 0 Bilateral TP� Right TP 240

17 35.6 38.3 32.6 R 8 0 Bilateral TP and LP� Right TP, LP 480

18 46.4 13.4 6.2 R 0 0 Bilateral TP�, right EO Right TP, right EO 480

19 41.8 15.1 20.7 R 8 0 Bilateral TP Right TP 240

20 31.3 16.1 22.3 R 9 0 Right EO Right EO 240

Note: In these cases, according to the decision-making algorithm, the first two APAs did not exhibit any muscle hyperactivity on EMG evaluation and were therefore not
treated. Treatment with BTA was administered only in the final APA, where hyperactive muscles were identified. Importantly, we did not treat trunk bending patterns
that were classified as normal postures based on the diagnostic criteria established by the MDS (Tinazzi et al, 2022).
Abbreviations: Abo-BTA, abobotulinum toxin type A; DN4, Douleur Neuropathique 4 questionnaire; EO, external oblique muscle; lf-ATF, lower fulcrum anterior trunk
flexion; LP, lumbar paraspinal muscles; LTF, lateral trunk flexion; NRS, numeric rating scale for pain; RA, rectus abdominis muscle; TP, thoracic paraspinal muscles;
uf-ATF, upper fulcrum anterior trunk flexion.
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off values for uf-ATF, nine met criteria for uf-CC, 11 met the
criteria for lf-ATF, five patients met criteria for lf-CC. Finally,
12 met criteria for LTF and six met criteria for PS, according to
MDS cut-off values.5 In the studied group, no patient exhibited

an isolated APA. Table 2 also shows which muscles displayed
EMG hyperactivity, which muscles were injected with BTA and
the total injected dose. Most of the patients (75%) showed
hyperactivity in the TP muscles, either bilaterally or ipsilaterally
to the trunk bending site.

Efficacy of BTA Injection
One month after BTA injection we found a mild, statistically
significative reduction of LTF angle [from 11.5� (CI: 7.1–15.9)
to 9.9� (CI: 5.2–14.7), P = 0.013] and NRS [from 6.3 (CI:
5–7.8) to 4.8 (CI: 3.4–6.4), P = 0.010]. For the uf-ATF and lf-
ATF angles degrees, we did not significantly change (Table 3–5,
Fig. S2). An example of improvement of Pisa syndrome is
reported in Figure 2.

Regarding the CGI-I score for posture, nine patients reported
an improvement in posture (CGI-I posture score ranging from
1 to 3), 10 patients showed no changes (CGI-I posture
score = 4), and one patient reported a worsening of posture
(CGI-I posture score = 5). Ten patients experienced a subjective
reduction in pain (CGI-I pain score ranging from 1 to 3),
6 reported no subjective change (CGI-I pain = 4), 1 patient
experienced a worsening of pain (CGI-I pain score = 5);
3 patients had no pain associated with APA before treatment
(Fig. 3). No significant side effects were reported, apart from a
transient injection site discomfort. NRS score decreased from 6.3
to 4.8 (P = 0.010) (Table 5, Fig. S3). We did not find significant
correlation between a reduction of NRS score and the decrease
of the degree of APAs.

Figure 2. An improvement of right-sided Pisa syndrome (PS) in
patient n. 19 1 month after botulinum toxin (BT) injection. On the
left hand side the lateral trunk flexion (LTF) angle value before
treatment; on the right hand side the LTF angle value after BT,
with an improvement of 6.7 degrees. BT, botulinum toxin; LTF,
lateral trunk flexion.

Figure 3. Treatment success rate (%) in posture and pain after BTA.
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Discussion
We evaluated the effect of BTA injection in patients with PD
who exhibited different APAs. We demonstrated that BTA is
safe, can ameliorate posture and alleviate pain related to APAs.
To choose which muscle to infiltrate, we relied on the algorithm
shown in Figure 1, which is based on either the most severe
APA correlated to EMG pattern or the presence of painful mus-
cles. Considering patients with LTF, the TP and the EAO ipsi-
lateral to bending were the most frequently treated muscles, as
they are, from a biomechanical perspective, the main responsible
actors for LTF. In contrast, hyperactivity of the contralateral
muscles appears to be a compensatory mechanism,12 which, in
our opinion, should be preserved and ideally not weakened. The
strategy of targeting paraspinal or anterior abdominal wall mus-
cles ipsilateral to the side of LTF in order to contrast the APA,
has been adopted by several authors in the management of PS in
PD.29,31,33,37 However, a few authors have also targeted para-
spinal muscles contralateral to the bending side.30,41 In CC and
ATF, the RA and EAO musclesparticularly when bilaterally
hyperactive—are considered the primary contributors to forward
trunk flexion, whereas the iliopsoas appears to play only a mar-
ginal role.20

The efficacy of BTA injections in PD patients with CC is still
a topic of debate, as only a few studies have reported favorable
postural outcomes.32,38,40 Similarly to LTF and PS, polygraphic
studies in patients with PD and CC may reveal hyperactivity of
the anterior abdominal wall muscles often in association with a
dystonic pattern of activation during maximal trunk extension.11

It is interesting to note that in the reported cases of CC where
no pre-treatment polygraphy was performed, BTA was
ineffective.34–36 In our opinion, this underscores the importance
of identifying hyperactive and dystonic muscles through
polygraphy to optimize BTA therapy.

In our study sample we found a statistically significant reduc-
tion of the LTF angle values at 1 month follow-up from BTA
injection. These data are consistent with literature data that have
claimed postural improvement in PS treated with BTA after
injection ipsilateral to bending.29,31,37 However, as pointed out
by Gandolfi and colleagues, these findings are impinged by
extensive variability in injection protocols and BTA dosages
across the studies.42 We hypothesize that the discrepancy
between our findings and prior studies reporting no benefit may
be explained by the use of a standardized approach that combines
clinical and neurophysiological assessment of APAs. Notably, in
our study, 15 patients were treated for LTF, of these 12 (80% of

TABLE 3 Quantitative assessment of APAs severity (in degrees) before and after treatment with BTA

P uf-ATF pre uf-ATF post Δ uf-ATF lf-ATF pre lf-ATF post Δ lf-ATF LTF pre Side LTF post Δ -LTF

1 36.4 36.4 0 19.7 16.3 �3.4 3.4 L 2.4 �1

2 46.4 45.7 �0.7 38.9 39.2 0.3 5.2 R 0.0 �5.2

3 56.8 53.4 �3.4 25.2 17.1 �8.1 6.7 R 20.7 14

4 46.8 48.4 1.6 27.2 26.2 �1 6.0 R 3.4 �2.6

5 42.6 38.5 �4.1 28.1 19.8 �8.3 6.1 L 3.3 �2.8

6 49.9 54.7 4.8 61.4 53.1 �8.3 27.1 R 24.6 �2.5

7 41.2 47.0 5.8 13.6 9.5 �4.1 7.6 R 9.3 1.7

8 50.4 46.0 �4.4 12.7 5.5 �7.2 6.0 L 1.0 �5

9 36.3 30.9 �5.4 32.9 25.3 �7.6 6.1 R 0.9 �5.2

10 48.3 36.4 �11.9 24.1 28.7 4.6 2.8 R 2.2 �0.6

11 51.3 52.4 1.1 26.5 27.5 1 28.9 L 25.3 �3.6

12 36.2 30.1 �6.1 25.0 31.0 6 5.6 L 4.0 �1.6

13 56.8 53.4 �3.4 26.0 27.5 1.5 6.1 R 0.6 �5.5

14 33.3 36.1 2.8 27.0 28.8 1.8 15.8 L 12.2 �3.6

15 15.6 25.3 9.7 32.1 39.3 7.2 6.8 L 7.5 0.7

16 25.7 27.4 1.7 11.3 15.5 4.2 8.1 R 7.4 �0.7

17 35.6 35.2 �0.4 38.3 32.9 �5.4 32.6 R 34.7 2.1

18 46.4 48.5 2.1 13.4 16.6 3.2 6.2 R 4.0 �2.2

19 41.8 36.4 �5.4 15.1 11.8 �3.3 20.7 R 14.0 �6.7

20 31.3 30.7 �0.6 16.1 18.7 2.6 22.3 R 21.7 �0.6

Note: The table also presents the delta values (difference between post-treatment and pre-treatment) of each of these variables.
Abbreviations: lf-ATF, lower fulcrum anterior trunk flexion; LTF, lateral trunk flexion; uf-ATF, upper fulcrum anterior trunk flexion.
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total treated for LTF) showed an improvement in the LTF angle.
Moreover, of the 12 patients that showed an LTF angle
improvement, 4 (26.7% of total treated for LTF) had an

improvement greater than 5�. As far as we know, no validated
criteria exist for defining a clinically meaningful response in LTF
angle change after BTA.30 The 5� cutoff was arbitrarily adopted
as clinically significant in previous studies.30,33 Although our tool
for measuring angles was different from those used in the afore-
mentioned studies, we observed an improvement of LTF angle
above this cut-off in more than one quarter of treated patients.
Whether this change has clinical relevance remains uncertain.
Instrumental assessment of gait, balance and fall risk assessment
could provide additional information on BTA impact on
patients’ activity of daily living. However, such assessments were
not performed in our study. On the other hand, we did not
observe a significant reduction in either the uf-ATF or lf-ATF
angles 1 month after injection. These findings should be inter-
preted with caution given the small sample size. Moreover, in
ATF, the dystonic drive may, in some patients, coexist with
myopathy and spinal structural changes, which can limit the effi-
cacy of chemodenervation. Nevertheless, only 1 patient in our
sample could be classified as being in the chronic phase, defined
as CC duration longer than 36 months, where myopathic
changes are thought to be more likely.7,8,16 Notwithstanding the
considerable variability across studies, a reduction of the degree
of ATF has been observed when the RA and EO muscles were
targeted.42

Of note, nearly half of the patients reported an improvement
in their trunk posture, as assessed by the CGI-I scale. In particu-
lar, 53% of patients treated for PS/LTF and 20% of patients
treated for CC/ATF had a CGI-I scale score for posture inferior
to 4. Future studies should investigate whether the perceived
improvement in posture correlates with enhanced performance
in posture-targeted physiotherapy.

Another interesting outcome was pain relief measured by a
significant reduction in NRS score 1 month after BTA. The
reduction of NRS score was seen in 60% of patients treated for
PS/LTF as well as in 20% of patients treated for CC/ATF. Nota-
bly, 4 patients showed an improvement of NRS score greater
than 30% of their initial score. Pain improvement was also
reported through the CGI for pain, as 50% patients reported pain
improvement. In particular, 60% of patients treated for PS/LTF
and 20% of patients treated for CC/ATF had a CGI-I scale score
for pain inferior to 4. We found that angular improvement did
not correlate with pain improvement. This suggest that, in addi-
tion to postural misalignment, other factors such as disease stage
may also contribute to pain onset PD.1 Our results are in line
with other reports which suggest that BTA injections may
reduce axial pain in APAs with either ATF32,35,40 or
LTF.30,31,33,37,39,41

Pain in PD can be classified into nociceptive, neuropathic, or
nociplastic type.50–52 Pain associated with APAs in PD falls
within the nociceptive category, since it is caused by mechanical
stress on tendons, ligaments, and joint surfaces. Mylius and col-
leagues found that the most common type in PD patients was
nociceptive, followed by nociplastic and, less frequently, neuro-
pathic pain.53 In our study group all patients presented nocicep-
tive pain and nobody complained of neuropathic pain, as
demonstrated by low score on DN4 questionnaire. Moreover,

TABLE 4 Quantitative assessment of and pain severity (NRS)
before and after treatment with botulinum toxin. The table also presents
the delta values (difference between post-treatment and pre-treatment) of
NRS and the clinical global impression - improvement (CGI-I) scale for
posture and pain for each subject

p NRS pre NRS post Δ NRS

1 8 5 �3

2 0 0 0

3 7 0 �7

4 5 0 �5

5 7 4 �3

6 8 6 �2

7 5 7 2

8 0 0 0

9 8 7 �1

10 7 7 0

11 8 8 0

12 9 9 0

13 5 5 0

14 8 8 0

15 8 4 �4

16 9 5 �4

17 8 6 �2

18 0 0 0

19 8 7 �1

20 9 9 0

Abbreviation: NRS, numeric rating scale for pain.

TABLE 5 Change of APAs angle degrees and NRS at follow up

Angle

Mean trunk
bending

angle pre-BTA
injection

Mean trunk
bending

angle post-BTA
injection

(1 month of
follow-up)

Statistics
(*P < 0.05)

Uf-ATF 41.4 40.6 0.468

Lf-ATF 25.7 24.5 0.313

LTF 11.5 9.9 0.013*

NRS 6.3 4.8 0.010*

Abbreviations: BTA, botulinum toxin type A; lf-ATF, lower fulcrum anterior
trunk flexion; LTF, lateral trunk flexion NRS, numeric rating scale for pain;
uf-ATF, upper fulcrum anterior trunk flexion.
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Al-Wardat and colleagues found that PS and CC are associated
with a higher burden of musculoskeletal, chronic and
fluctuation-related pain in patients with PD.9 Thus, pain is a par-
ticular concern in PD patients with APAs, and BTA injections
may represent a valuable option in chronic back pain treatment.
Pain improvement after BTA injections may be attributable to
muscle relaxation and/or the consequent reduction of mechani-
cal stress on tendons, ligaments, and joint surfaces resulting from
improved posture.

To our knowledge, this is the first study that considers a
decision-making algorithm that combines clinical evaluation with
polygraphic electromyography, and concludes with pain assess-
ment before and after BTA treatment. In our opinion, this
approach enables a better characterization of the APAs in PD,
given that lateral and anterior bending rarely occur in isola-
tion. Some PD patients with APAs may also present with con-
comitant complex spinal deformities, which can further
complicate the management and treatment of these condi-
tions. Future studies should assess the combination of multiple
APAs,3 as concurrent APAs are associated with greater move-
ment impairment and increased risk of falls.4 Furthermore,
monitoring changes in bending angles beyond those specifi-
cally targeted by BTA injections may help reveal possible
connections among different APAs.

The major limitations of this study include the small sample
size, the lack of a control group and the restriction to study no
more than four pairs of muscles at a time. The short follow-up is
also a limitation, as it does not allow to assess how BTA injec-
tions may affect the long-term evolution of APAs. It should be
noted that criteria for detecting a significant change in the angle
of LTF or ATF still need to be defined. Therefore, for clinical
relevance, instrumental assessment of gait, balance and fall risk
should be conducted and, in future studies, correlated with
improvements of posture after BTA.

Our study confirms that a clinical and neurophysiological
algorithm integrating measures of trunk bending and EMG-
detected muscle hyperactivity can optimize BTA treatment for
APAs in PD, improving motor/ non-motor outcomes. Future
studies should evaluate the outcome of synergistic action of BTA
and physiotherapy on trunk flexion and pain. Finally, studies
with a longer follow-up are warranted to assess whether BTA
injections administered repeatedly over time, may slow the pro-
gression of APAs in PD.
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Supporting Information
Supporting information may be found in the online version of
this article.
Supplementary Figure S1. A polygraphic recording of one
patient with left lateral trunk flexion; during activation maneuvers.
During left trunk flexion we record the physiological activity of the
left paraspinal muscles. During right trunk flexion, we record the
dystonic hyperactivity of left thoracic paraspinal muscle.

Supplementary Figure S2. lf-ATF, lower fulcrum anterior
trunk flexion; LTF, lateral trunk flexion; pre, pre-treatment;
post, post-treatment; uf-ATF, upper fulcrum anterior trunk
flexion; *, statistically significant reduction of the angle
after BTA.
Supplementary Figure S3. Legend to the second graph:
NRS, numeric rating scale for pain; pre, pre-treatment; post,
post-treatment; *, statistically significant reduction of the
NRS after BTA.
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