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Abstract

Introduction: Camptocormia is defined as an involuntary, marked flexion of the thoracolumbar
spine appearing during standing or walking and resolving in the supine position or when leaning
against a wall. However, there is no established agreement on the minimum degree of forward
flexion needed to diagnose camptocormia. Likewise, the current definition does not categorize
camptocormia on the basis of the bending fulcrum.

Methods: We performed a survey among movement disorders experts to identify camptocormia
using images of patients with variable degrees and types of forward trunk flexion by fulcrum
(upper and lower fulcra). We tested the subsequently generated diagnostic criteria in a sample of
131 consecutive patients referred for evaluation of postural abnormalities.
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Results: Experts reached full consensus on lower camptocormia (L1-Sacrum, hip flexion) with a
bending angle >30° and upper camptocormia (C7 to T12-L1) with a bending angle >45°. This
definition detected camptocormia in 9/131 consecutive PD patients (2 upper/7 lower) but excluded
camptocormia in 71 patients considered to have camptocormia by the referring neurologist.

Conclusions: Camptocormia can be defined as “an involuntary flexion of the spine appearing
during standing or walking and resolving in the supine position of at least 30° at the lumbar
fulcrum (L1-Sacrum, hip flexion, i.e. lower camptocormia) and/or at least 45° at the thoracic
fulcrum (C7 to T12-L1, i.e. upper camptocormia)”. Strict criteria for camptocormia are met by 7%
of patients with abnormal posture. The ascertainment of upper and lower camptocormia subtypes
could improve the validity of epidemiological studies and assist future therapeutic trials.
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Camptocormia; Bent spine syndrome; Stooped posture; Postural abnormalities; Back pain

1. Introduction

Camptocormia is one of the most known and disabling postural abnormalities in patients
with Parkinson’s disease (PD) or atypical parkinsonism [1]. Camptocormia is defined as an
involuntary, marked flexion of the thoracolumbar spine appearing during standing or
walking and resolving in the supine position or when leaning against a wall [1,2]. There is
no established agreement on the minimum degree of forward flexion needed to diagnose
camptocormia. The lack of diagnostic criteria for camptocormia may explain the high
variability in prevalence figures reported in the literature, ranging from 3 to 17.6% in largely
unselected cohorts [3-9]. Most studies have based the diagnosis of camptocormia on the
angle of forward bending, with cut-off values ranging between 15 and 45° [3-7,10-16]. In
addition, the term camptocormia is often incorrectly used in clinical settings to denote a
simple stooped posture in PD [17].

An additional issue is the fulcrum of trunk flexion as the term “thoracolumbar” does not
provide a useful anchor to define camptocormia. Some authors have sub-classified
camptocormia into upper and lower types depending on the fulcrum of the bending angle: at
a point between the lower thoracic and upper lumbar spine (upper fulcrum), or at the hip
joint (lower fulcrum) [18-20]. Although this classification can be useful for the
understanding of the pathophysiology and management of camptocormia (e.g., to help
determine the most overactive muscles), the differences — if any — between upper and lower
types remain unclear [2].

Future epidemiological and intervention studies would benefit greatly from having clear
criteria for the presence or absence of camptocormia. Therefore, we performed a two-phase
study, first establishing a consensus-based definition of camptocormia, and then testing this
in a large sample of consecutive PD patients.
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2. Methods

First, we performed a survey among eight movement disorders experts by showing the
lateral view of 11 PD patients with a variable combination of trunk flexion (either upper or
lower fulcrum, and with variable bending degrees for each). All patients presented a flexion
of the thoracolumbar spine appearing during standing or walking and resolving in the supine
position, no patient had other causes for postural abnormalities, e.g. musculoskeletal
disorders. Each expert — blind to others’ diagnoses — was invited to make a diagnosis
(yes/no) of camptocormia. Diagnoses with complete agreement among experts were taken
into account to draft a definition of camptocormia, which was later shared and discussed by
email with experts and remaining authors till a definition satisfactory to all was achieved.

Second, we tested the generated proposed criteria in a cohort of 131 PD patients enrolled
consecutively (73 men, 58 women, mean age: 71.0 + 8.2 years; mean disease duration: 9.4 +
5.2 years) who were referred to our attention for the evaluation of postural abnormalities.

PD was diagnosed according with the United Kingdom Parkinson’s Disease Society Brain
Bank criteria [21]. Exclusion criteria were as follows: 1) concomitant neurologic disease
known to affect posture; 2) a history of major spinal surgery or muscle and/or skeletal
diseases; 3) treatment with drugs with potential capacity to induce postural deformities
(neuroleptics other than clozapine or quetiapine and antiemetics with the exception of
domperidone) in the 6 months before enrolment; and 4) clinical characteristics consistent
with a diagnosis of atypical parkinsonism [22]. The study was approved by the local ethical
committee (\Verona, Italy), and all participants signed an informed consent form before
participation.

All patients underwent a systematic evaluation in a single session and were evaluated on
their usual drug treatment, during the on-medication phase (Table 1). Trunk deviation was
measured by means of a wall goniometer and expressed in degrees in keeping with
methodology previously published [23]. Upper and lower camptocormia was measured
according to the clinical method used by Furusawa et al. using C7, fulcrum of trunk
deviation and the vertical line for the upper camptocormia and C7, sacrum and the vertical
line for lower camptocormia (Fig. 1A-B) [19].

Patients were divided into three groups: 1) “camptocormia” when fulfilling the diagnostic
criteria generated by the consensus panel; 2) “forward trunk bending” (FTB) when patients
did not fulfill the diagnostic criteria but were diagnosed with camptocormia by the referring
physician; and 3) patients with “normal posture” (NP).

3. Data analysis

Absolute and relative frequencies were calculated for categorical data and tested by /1/2 tests
after checking the minimum acceptable number of expected frequencies (> 5) otherwise the
Fisher’s Exact test was used. Non-normality of continuous variables was assessed by visual
inspection of distribution and confirmed by Shapiro-Wilk test. When several continuous
variables were normally distributed, the comparisons across groups (camptocormia vs. FTB
vs. NP) were performed with the t-test for independent samples. The homogeneity of
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variances was tested using the Levene’s test for equality of variances. When continuous
variables were not normally distributed, the comparisons across groups were performed
using nonparametric Mann-Whitney U tests. All tests were bilateral at p < 0.05. Statistical
analysis was carried out using the SPSS for Mac statistical package, version 20.0.

4, Results

A complete (100%) agreement was reached between the experts for the following definition
of camptocormia: “an involuntary flexion of the spine appearing during standing or walking
and resolving in the supine position of at least 30° at the lumbar fulcrum (L1-Sacrum, hip
flexion, ie. lower camptocormia) and/or at least 45° at the thoracic fulcrum (C7 to T12-L1,
ie. upper camptocormia)” (Fig. 1A-B).

When testing this new tentative definition in a sample of 131 PD patients, nine patients were
considered to be affected by camptocormia (two upper and seven lower), yielding a
prevalence of 6.9%. Seventy-one patients were identified as FTB (mean bending angle of 16
+ 7.1° and fulcra ranging from T4 to L5-S1) and 51 as NP. Fig. 1C depicts the angle
distribution of patients with FTB and camptocormia: a bimodal distribution is present,
particularly for the lower fulcrum group.

Patients with camptocormia were older than the FTB group (p = 0.034), had a later age at
PD onset than those with FTB (p = 0.013) or NP (p = 0.011), and a higher score on the
UPDRS I than the FTB or NP groups (p = 0.041 and p = 0.001). Compared to NP, patients
with camptocormia they also had a higher score in the UPDRS Il (p = 0.006), total UPDRS
scores I-1V (p = 0.006), H&Y stage (p = 0.013), and were more likely to be treated with a
combination of L-dopa and dopamine agonists (p = 0.02). Finally, compared to NP, FTB
patients had higher scores in terms of H&Y (p = 0.02), UPDRS-II (p = 0.008), UPDRS-I1I
(p =0.01), UPDRS-Total (p = 0.004), PDQ8 (p = 0.027) and phenotypically were more
often of the mixed type (p = 0.02) and less often of the tremor type (p = 0.039). FTB were
more commonly treated with a combination of L-dopa and dopamine agonists at onset and
had higher LEDD than NP (p = 0.005 and p = 0.001, respectively; Table 1).

5. Discussion

Our consensus-based approach defined lower camptocormia as an involuntary flexion of the
spine during standing or walking of at least 30° at the lumbar fulcrum (L1-Sacrum, hip
flexion) and upper camptocormia of at least 45° at the thoracic fulcrum (C7 to T12-L1), in
both cases resolving in the supine position. Noteworthy, camptocormia cannot be diagnosed
on the basis of the bending angle alone but this study explored the issue of bending degrees
and fulcra as previous definitions did not take these important features into account.

Using these definitions, we found a combined prevalence of camptocormia within the lower
range of previously reported figures in a cohort of patients specifically evaluated for postural
impairments [3-9]. In addition, we found that the term ‘camptocormia’ is often applied to
genetically indicate a stooped posture, designated as FTB in this study. Furthermore, we
compared the clinical and demographic features of PD patients with camptocormia, FTB and
NP and found that both patients with camptocormia and those with FTB had greater
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disability, poorer performance of activities of daily living (ADLs) and a lower quality of life
than PD patients with NP. Therefore, although the bimodal distribution of bending angles in
our sample might suggest that camptocormia patients are distinct from those with FTB, the
apparent similarities between these two groups support a more conservative view of a
continuum between FTB and camptocormia. Whether FTB patients represent ‘sub-threshold
camptocormia’ or will develop camptocormia with disease progression is still an open
question given the lack of longitudinal follow-up. Intriguingly, FTB and camptocormia were
more commonly treated at onset with a combination of L-dopa and dopamine agonists
compared with NP, as previously reported in PD patients with Pisa syndrome [23].

Our results are in line with the findings reported by Margraf and collaborators [26]. In fact,
90% of their camptocormia patients needed walking aids and 93% reported specific
disabilities attributed to camptocormia [26]. Since patients with bending angles greater than
30° were more severely affected in ADLSs, the authors identified this angle as their
diagnostic cut-off [26]. However, the angle of forward bending alone is not sufficient to
define camptocormia [2]. The identification of two spine levels to measure camptocormia
was proposed by Furusawa et al. [18], but cut-off angles remained undefined. Our survey
enabled us to identify two different angles for the two levels of camptocormia with
important implications for diagnostic and therapeutic purposes. Criteria for upper and lower
camptocormia are associated with different muscles involved during electromyographic
investigations: the upper subtype is associated with bilateral overactivity of abdominal
external and internal oblique as well as rectus abdominis muscles [2,18-20] while the lower
subtype is associated with combined activation of rectus abdominis and iliopsoas muscle [2].

A possible limitation of our approach is that we did not take into consideration the subjective
complaint of involuntary bending, which was considered a key criterion for camptocormia in
a previous study [26]. Nevertheless, patients may be unaware of their posture or might not
complain about their abnormal posture until it interferes with their mobility or vision,
especially if the onset of the deformity is gradual [1]. Awareness may be greater in the rare
patients with sub-acute onset, developing significant flexion over days to months. The delay
in patients’ awareness might correspondingly delay the deployment of therapeutic
interventions, which have been summarized elsewhere [1]. Likewise, we did not consider the
presence of back pain or L-dopa responsiveness in the definition of camptocormia since
these features are inconsistently seen in PD patients with disorders of posture [1].

Another limitation of our approach is the lack of a radiological measurement of spine angles,
as proposed by others [27,28]. However, camptocormia should be evaluated not only in a
static condition, but also dynamically. In fact, evaluating the sagittal trunk incline during
walking is more accurate than radiological measures in showing the detrimental effects of
camptocormia on ambulation and quality of life [29]. Previous epidemiological studies used
a procedure similar to the one used in our sample although they did not differentiate between
upper and lower camptocormia [5,6,9]. In addition, a wall goniometer was used to assess the
degrees of trunk lateral bending in other studies on Pisa syndrome [23]. Although practical
and suitable for screening large samples, we realize that using a wall goniometer in a clinical
setting might underestimate bending angles depending on the extent of compensatory
posturing of the knees and ankles. For this reason, future studies should investigate which
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angles better describe trunk position in space and also compare reliability and accuracy of
different methods to measure them (e.g. clinical vs. software-based). Finally, the proposed
definition carries all the weaknesses of expert-derived observations, particularly the
subjective and arbitrary nature of diagnosis our sample patients with camptocormia.

In conclusion, our proposed diagnostic criteria for camptocormia may assist clinicians in
properly identifying camptocormia from other postural problems and tailoring an
individualized therapeutic strategy [30]. This definition of camptocormia would be expected
to improve the accuracy of epidemiological studies and inclusion criteria for future
interventional trials. Nevertheless, less severe degrees of forward trunk bending — even
thought not classified as camptocormia — must be monitored and promptly treated to prevent
the progression, worsening and to avoid that the deformity becomes irreversible.
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Fig. 1.
Two example of upper (A) and lower camptocormia (B) according to the definitions reached

by full consensus by the panel of experts. Upper and lower camptocormia was measured
according to the clinical method used by Furusawa et al. using C7, fulcrum of trunk
deviation and the vertical line for the upper camptocormia and C7, sacrum and the vertical
line for lower camptocormia [19]. This goniometric modality to quantify postural
deformities was chosen due to the relatively easy way to quantify trunk angles during a
routine visit and its ability to distinguish two spinal regions (thoracic and lumbar/sacral)
which contribute differently to spinal motion [24]. The lumbar/sacral region was considered
as a single functional unit because a strict relationship between the pelvic tilt and lumbar
lordosis exists during standing posture. Indeed, increasing of the degrees of anterior pelvic
tilt increases the angle of lumbar lordosis, and vice versa [25]. Panel C shows the angle
distribution of patients with FTB and camptocormia.
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