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 Background: Camptocormia is an axis symptom of Parkinson disease. It remains uncertain whether treatment with medica-
tions and surgery are effective. In this study, we assessed the efficacy of subthalamic nucleus deep brain stim-
ulation (STN DBS) in Parkinson disease-associated camptocormia and explored some of its mechanisms.

 Material/Methods: Parkinson disease-associated camptocormia was diagnosed by the following procedures. All patients under-
went bilateral STN DBS. The patents’ camptocormia was rated by degree and MDS Unified Parkinson’s Disease 
Rating Scale (UPDRS) item 3.13 before and after DBS surgery. Rehabilitation and psychological interventions 
were used after surgery, in addition to adjustments of medication and stimulus parameters. The treatment ef-
fects on camptocormia were assessed comparing medication-off (presurgery) versus stimulation-on (post-sur-
gery). Ethical approval for this study was provided through the Center of Human Research Ethics Committee 
(No. 2019-35). This study trial was registered in Chinese Clinical Trial Registry (No. ChiCTR1900022655). All the 
participants provided written informed consent.

 Results: After DBS surgery, all of study patients’ symptoms were improved, with different levels of improvement. 
The minimum and maximum improvement rates were 20% and 100% respectively. The score of item 3.13 of 
the MDS-UPDRS III and the degree of camptocormia were found to be obviously improved (P<0.05).

 Conclusions: STN DBS can improve Parkinson disease-associated camptocormia; STN DBS assisted with rehabilitation and 
psychological intervention appears to be more effective.
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Background

Among progressive neurodegenerative diseases, Parkinson dis-
ease (PD) is the most common, followed by Alzheimer disease; 
and PD concern over PD has been increasing [1]. Although trem-
ors, rigidity, akinesia, and gait disorders are common symp-
toms of PD, abnormal posture is also recognized as a concern 
because it causes serious inconveniences in the daily life and 
work of patients with PD. Abnormal postures include camp-
tocormia and Pisa syndrome. Pisa syndrome, also known as 
pleurothotonus, is characterized by tonic lateral flexion, accom-
panied by a slight rotation of the trunk in the sagittal plane, 
which results in an abnormal posture, reminiscent of the lean-
ing tower of Pisa [2]. Camptocormia is a posture abnormality, 
described as involuntary flexion of the thoracolumbar spine, 
which worsens when walking, sitting, or standing for long pe-
riods of time, but completely disappears in the recumbent po-
sition. “Camptocormia” is from the Greek “kamptein”, which 
means bend, and “kormos”, which means trunk [3].

Most motor symptoms can initially be controlled with levodopa 
and other dopaminergic drugs. However, after a few years, motor 
fluctuations and dyskinesia typically develop due to progres-
sive motor dysfunction, and quality of life deteriorates as well. 
At this stage, deep brain stimulation (DBS) therapy should be 
considered. The physiological mechanisms that underlie the 
effectiveness of DBS remain to be clarified [4]. Nevertheless, 
DBS is a highly efficient, evidence-based therapy used for a 
number of neurodegenerative diseases, particularly for move-
ment disorders such as PD, essential tremors, and dystonia [5].

In 2002, DBS of the subthalamic nucleus (STN) and globus pal-
lidus internus (GPi) were both approved by the US Food and 
Drug Administration (FDA) as a safe, effective treatment op-
tions for patients with advanced PD. And in 2015, the FDA ap-
proval the use of deep brain stimulation (DBS) therapy in peo-
ple with PD “of at least 4 years duration and with recent onset 
motor complications, or motor complications of longer-stand-
ing duration that are not adequately controlled with medica-
tion” [6]. Since then, DBS in the STN has been widely applied 
to improve patient quality of life and the motor and non-mo-
tor symptoms of PD. However, more difficult issues arise as the 
condition progresses; these issues are known as the axis symp-
toms of PD. Some axis symptoms can be treated with anti-PD 
medications and DBS surgery. But the effects of most of these 
treatments cannot be predicted with absolute certainty [7–9].

Camptocormia is an axis symptom of PD. It remains uncer-
tain whether treatment with medications and surgery are ef-
fective; preliminary findings must be confirmed. Some au-
thors have postulated that camptocormia is responsive to STN 
DBS in some, but not all patients with PD [10–12]. Here, we 
aimed to explore the clinical characteristics of patients with 

PD-associated camptocormia that were responsive or unre-
sponsive to DBS surgery, and we endeavored to reveal the un-
derlying disease mechanisms.

Material and Methods

Patients

Between March 2017 and March 2019, 15 patients with PD 
that exhibited camptocormia underwent bilateral STN DBS in 
our hospital. All 15 patients (7 males and 8 females) present-
ed with camptocormia in the absence of medications. We de-
fined camptocormia as an involuntary anterior flexion of the 
thoracolumbar spine greater than 15° or more, when the pa-
tient was standing or walking, but reversible by lying in a re-
cumbent position [13,14].

All patients had been diagnosed with PD based on the clin-
ical diagnostic criteria for PD established by the Movement 
Disorder Society (MDS). Screening for DBS surgery was car-
ried out according to MDS guidelines. Patients were consid-
ered eligible for DBS treatment when, in levodopa challenge 
tests, they showed a sufficient response to levodopa (i.e., >30% 
improvement) assessed with the Unified PD Rating Scale III 
(UPDRS III). The inclusion criteria for study participation were 
the following: a substantial reduction in the curative effect of 
levodopa or the appearance of a serious movement fluctua-
tion or dyskinesia, which affected quality of life. Exclusion cri-
teria were the following: obvious cognitive impairment, severe 
anxiety and depression, coagulation disorders, and any other 
severe illness that might affect surgery [15–17].

To confirm that all camptocormia conditions were related 
to PD, we conducted a series of procedures (Figure 1). First, 
the stooped posture had to disappear completely in the recum-
bent position. Second, it should be ruled out as a medication 
side-effect. Third, primary muscle disease had to be excluded 
with magnetic resonance imaging (MRI) scans and other exam-
inations. Next, psychological and cognitive assessments were 
conducted to identify psychological elements that should be 
managed peri- and intra-operationally [18,19]. Then, after con-
firming that the camptocormia was related to PD, it was very 
important to estimate the duration of camptocormia. For du-
rations less than 3 years, STN DBS surgery, followed by med-
ication and rehabilitation, is considered a good choice. If the 
durations are more than 3 years, the efficacy of treatment can 
be obtained only through medication and rehabilitation, some-
times plastic surgery is a reluctantly choice [11,20]. When dys-
tonia is the main cause of camptocormia, either the Gi or STN 
should be considered for the DBS target.
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Surgery

After the patients and their families fully understood the risks 
and benefits of DBS, we conducted the surgery, in accordance 
with good clinical practices. All patients were treated by the 
same surgical team. All patients underwent bilateral STN DBS. 
We used the Leksell Stereotactic System (Elekta, Stockholm, 
Sweden) and the Frame Link planning system (Medtronic, 
Minneapolis, Minnesota, USA) for the operation. According to 
the Schaltenbrand-Wahren atlas, the tentative target site was 
2 mm posterior to the midpoint of the anterior-posterior com-
missure (AC-PC) line, 12 mm lateral to the AC-PC line, and 4 mm 
ventral to the AC-PC line. Target sites were corrected, based on 
T2-weighted MRIs. The target was reconfirmed physiologically 
with an intraoperative microelectrode recording, just prior to 
performing the test stimulation studies. After all procedures 
were progressing smoothly, Quadripolar DBS electrodes (Activa 
3389s, Medtronic) were implanted bilaterally, with stereotactic 
guidance. After inducing general anesthesia, implantable pulse 
generators (Activa RC Medtronic) were implanted subcutane-
ously in the subclavian pockets of the chest wall; then, they 
were subcutaneously connected to the DBS leads. The accuracy 
of electrode placement in the STN was confirmed by superim-
posing images from postoperative computed tomography and 
preoperative MRI, with the Frame Link planning system [21,22].

All patients started stimulations at 1 month after the opera-
tion, and they were first treated with a unipolar stimulation. 

The parameters were: frequency: 130–170 Hz; pulse width: 
60–90 μs; and stimulation amplitude: 1.5–3.5 V. These param-
eters were the same on both sides [23,24].

Assessment

We assessed age at onset, sex, PD duration, age at the time 
of operation, MDS-UPDRS III, degree of camptocormia, and 
the duration of camptocormia prior to surgery. The levodopa 
equivalent daily dose (LEDD, mg/day) was obtained by adding 
together the L-dopa equivalent dose for each anti-Parkinso-
nian drug, by multiplying the total daily dose of each drug by 
its potency relative to a standard levodopa dose. LEDD of do-
pamine agonist was calculated in the same way. According to 
the latest literature, we calculated the LEDDs as follows: for 
a dose of 100 mg L-dopa, the equivalent doses were: entaca-
pone-levodopa×0.33, 5 mg ropinirole, 3.3 mg rotigotine, 100 mg 
piribedil, 1 mg pramipexole, 10 mg selegiline, 1 mg rasagiline, 
100 mg amantadine, and 10 mg apomorphine [25].

All patients were evaluated preoperatively with the MDS-
UPDRS-III, in the presence and absence of their daily medication. 
Typically, for this preoperative assessment, we administered a 
levodopa challenge test, where a levodopa dose of 1.5×the LEDD 
was given as the first dose in the morning. The standard indi-
cation for DBS surgery was that the levodopa test dose pro-
vided >30% improvement, assessed with item 3.13 in the 
UPDRS III [21]. We also used the android app (Max Protractor 
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Reversible in a recumbent
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Camptocormia

Related to medications

Primary muscle
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Associated with dystonia
(Isolated/combined)
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Figure 1.  Flow diagram shows the procedures 
for diagnosing and treating 
Parkinson disease-associated 
camptocormia. PD – Parkinson 
disease; STN – subthalamic nucleus; 
DBS – deep brain stimulation; 
GPi – globus pallidus internus; 
EMG – electromyography; 
MRI – magnetic resonance imaging.
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ver. 1.1.2, an open source software by Maxcom) to measure the 
degree of camptocormia in patients, based on the angle be-
tween the long axis of the femur and the upper thoracic plane 
(bending angle). This measurement was performed preopera-
tively and at 1 month and 6 months after surgery.

The responsiveness of camptocormia to levodopa was calculat-
ed preoperatively, based on the change in the bending angle be-
tween the off-medication (med-off) and on-medication (med-off) 
states. Similarly, the postoperative improvement rate was calcu-
lated as the difference between the preoperative and postoper-
ative bending angles, divided by the preoperative bending angle.

Postoperative management

Postoperative management of PD was very important. It includ-
ed adjusting the stimulation parameters and medications as 
well as providing rehabilitation, a psychological intervention, 
and so on. Electrical stimulation usually began 1 month after 
surgery. Stimulation parameters were adjusted to produce the 
maximal clinically beneficial effect on cardinal PD symptoms 
with minimal side effects. In most cases, we used a monopo-
lar electrode setting. When it was apparent that stimulations 
had induced side effects or when PD symptoms had not im-
proved sufficiently, we applied a different stimulation para-
digm. For example, bipolar stimulation, double negative stim-
ulation, cross pulse stimulation, and so forth. Conventional 
stimulation parameters were pulse width at 90 ms, pulse rate 
at 130 Hz, and amplitude at 2–3 V [23,24].

After surgery, the PD medication was adjusted based on stim-
ulation-induced improvements in PD symptoms and any side 
effects such as dyskinesia. In general, PD medications were re-
duced by nearly 50% after surgery. The sequence for reducing 
PD medications was: cholinesterase inhibitor (ChEI), CMOTi, 
MAOBi, dopamine receptor agonists, and levodopa [26].

Rehabilitation is very important for PD-associated campto-
cormia. DBS surgery can improve PD symptoms such as ri-
gidity, akinesia, and tremors; however, camptocormia cannot 
be improved immediately for patients that have experienced a 
stooped posture for a long time. Rehabilitation training is nec-
essary to correct abnormal posture [27–30]. All rehabilitation 
exercises were performed once per day for 8 weeks, as follows:
•  Stretching exercises: Hold every stretch for 10 seconds. 

Repeat 5 times for each stretch. The total stretching time is 
10 minutes.

•  Stretching the neck muscles: Look down, look up, tilt the 
head to the sides, rotate the head and neck in a circle.

•  Stretching the shoulders and chest: Stand facing a wall with 
the feet about a foot from the wall. Place the hands as high 
up on the wall as possible and hold this position for at least 
10 seconds.

•  Back extension: Lie on the stomach, lift the upper body off 
the surface, supporting the body weight on the forearms, 
hold this position for 5 seconds.

•  Stretching the waist muscles: Assume a sitting position and 
twist at the waist, both directions.

•  Strengthening exercises: Perform at least 1 set of 10 to 15 
repetitions for each exercise.

•  Back muscle strength: Lying on a bed or on a mat on the 
floor, with your arms at your side, use your back muscles to 
lift your shoulders and head

•  Shoulder blade squeeze: Sit tall on the edge of chair; open 
the arms out to the sides, pull the arms back, and squeeze 
the shoulder blades together; hold for 5 seconds.

•  Gluteal muscle strength: Lie on the stomach with the knees 
bent; kick backwards, lifting the knees off the bed, and hold 
this pose for 5 seconds.

•  Bridge exercise: Lie on the back with the knees bent and 
feet flat; raise the hips and squeeze the buttocks; hold this 
pose for 5 seconds.

• Patients were told to make good posture a habit.
•  Check your posture every day. Stand against a wall and be 

sure the lower back and shoulder blades are touching the 
wall. Try to pull the back of the head towards the wall. Try 
to maintain this posture when walking or doing other things.

A psychological intervention should not be avoided. Most pa-
tients with PD have psychological problems, mainly anxiety and 
depression. However, camptocormia can present with a somat-
ic symptom of anxiety and depression. Therefore, we first de-
termined whether the anxiety and depression were primary or 
secondary to the camptocormia. When secondary, the psychi-
atric symptoms can be ameliorated by improvements in motor 
symptoms achieved with DBS surgery. When primary, psychiat-
ric symptoms should be treated with psychological behavioral 
therapy and antidepressant and anxiolytic medications [18].

Statistics

Preoperative levodopa responsiveness was determined by 
measuring the change in each score from the med-off to the 
med-on state. The postoperative improvement rate was cal-
culated as the difference between the preoperative and post-
operative scores, divided by the preoperative score.

Descriptive statistics are reported as the mean±standard de-
viation (SD). Within-group comparisons (i.e., preoperative ver-
sus postoperative and med-on versus med-off) were performed 
with the paired t-test, or with Wilcoxon’s signed-rank test, 
when the normality assumption was violated. We analyzed 
the degree of camptocormia and MDS-UPDRS item 3.13 with 
one-way repeated measures ANOVAs, which compared base-
line data with data measured med-off and med-on at 1-month 
post DBS and 6-months post DBS, during the stimulated state. 

e919682-4
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Liang S. et al.: 
The study of subthalamic deep brain stimulation…

© Med Sci Monit, 2020; 26: e919682
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Characteristic
Patients

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Age, years 64 59 60 64 77 66 67 61 66 61 77 60 45 54 57

Gender M M M F M F F F F M F M M F F

H&Y preop 4 3 3 3 3 3 4 3 3 3 3 3 3 3 4

H&Y postop 3 2 2 1 3 3 2 1 2 2 2 2 1 2 3

Duration of PD 21 10 7 7 15 8 14 6 9 8 12 5 7 12 16

Duration of camptocormia 3 2 2.5 1 3 2.5 3 0.5 2 1.5 3 0.5 1.5 2 3

LEDD preop 2800 760 1600 400 875 500 500 200 600 600 550 1000 1000 2700 400

LEDD postop 400 760 400 0 450 600 375 0 400 400 500 700 800 700 400

LEDD of DA preop 0 75 75 37.5 75 150 75 37.5 150 150 75 150 150 150 75

LEDD of DA postop 0 75 37.5 0 75 150 0 0 75 75 75 75 0 0 75

Med-off

MDS-UPDRS 
item 3.13 score

2 3 3 2 3 4 4 2 3 2 3 2 3 2 4

Degree of 
camptocormia 
(°)

35 41 36 30 42 60 55 37 40 35 43 31 45 37 63

Med-on

MDS-UPDRS 
item 3.13 score

1 1 2 1 1 2 1 1 1 1 1 1 0 1 2

Degree of 
camptocormia 
(°)

16 15 23 10 11 23 17 13 17 12 12 11 0 15 24

Post DBS 
6-months 
(med-off)

MDS-UPDRS 
item 3.13 score

1 1 1 0 1 2 0 0 1 1 1 1 0 1 2

Degree of 
camptocormia 
(°)

12
5 15 0 10 20 0 0 15 12 5 8 0 5 20

Post DBS 
6-months 
(med-on)

MDS-UPDRS 
item 3.13 score

1 1 1 0 1 1 0 0 1 1 0 1 0 1 2

Degree of 
camptocormia 
(°)

10
5 14 0 8 15 0 0 13 12 0 5 0 5 19

Post DBS 
1-month

MDS-UPDRS 
item 3.13 score

2 2 2 1 3 3 0 1 2 1 1 1 0 1 3

Degree of 
camptocormia 
(°)

25 25 29 5 35 45 0 10 25 12 8 10 0 5 35

PDQ-39 preop 98 58 101 76 50 123 131 54 46 43 50 80 121 73 68

PDQ-39 postop 57 20 10 46 77 90 56 9 44 1 34 54 18 14 43

MDS-UPDRS III med-off 
preop

67 47 53 52 59 70 45 39 37 67 65 36 43 44 102

MDS-UPDRS III med-off 
postop

32 14 13 10 21 41 14 6 24 37 30 23 21 30 49

Table 1. Characteristics of patients with PD-associated camptocormia.

MDS-UPDRS, item 3.13 – Movement Disorder Society-Unified Parkinson Disease Rating Scale, item 3.13, which indicates the fractional 
response to a levodopa test dose (i.e., 1.00=no response). PD – Parkinson disease; preop – preoperative; postop – postoperative; 
H&Y – Hoehn-Yahr grading; LEDD – levodopa equivalent daily dose; DA – dopamine agonist; DBS – deep brain stimulation; 
PDQ-39 – Parkinson Disease Questionnaire-39; med-on – on medication; med-off – off medication.
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The on-stimulation data was compared to the off-stimula-
tion data with a paired t-test. The relationships between the 
PDQ39 score, LEDD, LEDD of dopamine agonist and the de-
gree of camptocormia and Hoehn and Yahr staging were ex-
amined with correlation analyses. All statistical measurements 
were performed with IBM SPSS software (IBM Inc, USA, version 
22.0.0.1). The level of statistical significance was set at 0.05.

Results

The study cohort included 15 patients (7 males) with PD who 
underwent bilateral STN DBS between March 2017 and March 
2019 (Table 1). The mean age was 62.5±8.05 years (range 45 to 
77 years) and the PD duration was 10.5±4.47 years (range 5 to 
21 years). The median Hoehn and Yahr score was 2.5. The dura-
tion of camptocormia was £3 years for all of patients. The scores 

Measure Med-on pre-DBS Med-on 6-months post-DBS P-value

MDS-UPDRS, item 3.13 (mean±SD)  1.13±0.52  0.87±0.64 <0.05

Degree of camptocormia (°)  14.60±6.09  8.47±7.08 <0.001

Table 3.  Comparisons of MDS-UPDRS, Item 3.13, and the degree of camptocormia in patients with PD in med-on pre-DBS and 
6-months of post-DBS.

MDS-UPDRS, item 3.13 – Movement Disorder Society-Unified Parkinson Disease Rating Scale, item 3.13, which indicates the fractional 
response to a levodopa test dose (i.e., 1.00=no response). PD – Parkinson disease; med-off – off medication; med-on – on medication; 
DBS – deep brain stimulation.

Measure Med-off pre-DBS Med-off 6-months post-DBS P-value

MDS-UPDRS, item 3.13 (mean±SD)  2.80±0.77  0.86±0.64 <0.001

Degree of camptocormia (°)  46.20±8.79  8.46±7.08 <0.001

Table 2.  Comparisons of MDS-UPDRS, Item 3.13, and the degree of camptocormia in patients with PD in med-off pre-DBS and 
6-months of post-DBS.

MDS-UPDRS, item 3.13 – Movement Disorder Society-Unified Parkinson Disease Rating Scale, item 3.13, which indicates the fractional 
response to a levodopa test dose (i.e., 1.00=no response). PD – Parkinson disease; med-off – off medication; med-on – on medication; 
DBS – deep brain stimulation, SD – standard deviation.
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for item 3.13 of the MDS-UPDRS III ranged from 2 to 4 in the 
med-off condition, and from 0 to 2, in the med-on condition. 
The degree of camptocormia ranged from 15° to 60° in the 
med-off condition and from 0° to 24° in the med-on condition.

After DBS surgery, all patients displayed symptom improve-
ments, but at different levels. The minimum and maximum im-
provement rates were 20% and 100%, respectively. The score 
for item 3.13 of the MDS-UPDRS III and the degree of campto-
cormia improved significantly, both in off-medication and on-
medication states (P<0.05) (Tables 2, 3). The mean degree of 
camptocormia and mean MDS-UPDRS item 3.13 scores among 
patients with PD-associated camptocormia were improved most 
obviously after 6 months (Figures 2, 3). The scores of MDS-
UPDRS III in off-medication and PDQ-39 scores also improved 
significantly. The total LEDD and the LEDD of dopamine agonist 
decreased significantly after undergoing DBS surgery (Table 4), 
but the changes about LEDD of dopamine agonist were not as-
sociated with improvement of camptocormia(P=0.774).

Discussion

Previous studies on the incidences of camptocormia in PD have 
provided diverse estimates, ranging from 3% to 17% among 
individuals with idiopathic PD [31–33]. In the early stages of 
PD, camptocormia does not appear to impact the quality of a 
patient’s life. However, as the disease continues to advance, 
it can cause difficulties in patients with PD; indeed, it could 
even aggravate depression and anxiety.

An abnormal posture (stoop) is not sufficient evidence to diag-
nose camptocormia. Some studies [18,19,34,35] define camp-
tocormia with clinical diagnostic criteria. Essentially, there are 
6 criteria for screening patients with PD that experience camp-
tocormia. These criteria are: 1) Involuntary flexion of the tho-
racolumbar spine. 2) The flexion must be reversible; it must 
disappear in a recumbent position. 3) There must be some 

forward-bending angle. There are different opinions about 
the bending angle of camptocormia. In this study, we used 
more than 15° as the standard. 4) Camptocormia must be an 
individual complaint. 5) Most patients experience various de-
grees of back pain. 6) Hardening of the paraspinal muscle is 
typical in most patients.

Although the mechanism underlying PD-associated campto-
cormia is complicated, it is important and necessary to ex-
plore putative mechanisms meticulously. This information will 
have positive effects on future treatment. Currently, the un-
derlying cause of camptocormia in PD remains controversial. 
We have concluded and inferred several hypotheses about 
the cause. First, it is related to neural circuitry. Dr. Delong first 
introduced the notion that dopaminergic neurons formed a 
network, which included a cortico-basal ganglia-thalamo-cor-
tical circuit. In idiopathic PD, dopamine signaling is reduced 
in the substantia nigra through the D1 and D2 receptors and 
through direct and indirect pathways. Signaling is over-active 
in the STN and GPi nuclei; and signaling is inhibited the thala-
mus. These disturbances induce the movement disorders char-
acteristic of PD. The pedunculopontine nucleus also partici-
pates in the circuitry through the STN, GPi, and thalamus [36]. 
The famous circuit theory (Dr. Delong and Dr. Benabid received 
the Larkes Pride award for their studies on PD [37]) could ex-
plain the instability/gait difficulties experienced by patients 
with PD. However, for tremor dominant PD, there is another 
theory, although it is currently a hypothesis, which is accept-
ed by most neurologists [38]. This theory postulates the in-
volvement of a cerebellum-dentate nucleus-red nucleus-basal 
ganglia-thalamo-cortical circuit [39]. For camptocormia-relat-
ed symptoms, the pedunculopontine nuclei play a very impor-
tant role. In this network, the pedunculopontine nuclei and the 
midbrain locomotor region regulate postural muscle tone [40]. 
This regulation might explain why patients with PD-associated 
camptocormia typically recover in a recumbent position.

Measures Preop Postop 6-months t P-value

MDS-UPDRS III, med-off score  55.07±17.36  24.33±12.18 10.51 <0.001

PDQ-39 score  78.13±29.93  38.20±26.19 4.68 <0.001

H&Y score  3.20±0.41  2.07±0.70 6.86 <0.001

LEDD  965.67±798.57  459.00±237.62 –2.60 0.020

LEDD of DA  95.00±50.84  47.50±45.85 3.54 0.003

Table 4. Responses to DBS surgery for camptocormia in patients with PD.

Values are the mean±standard deviation, except where indicated. DBS – deep brain stimulation; PD – Parkinson disease; 
preop – preoperative measurement; postop – postoperative measurement; t – t-test; MDS-UPDRS – Movement Disorder Society-
Unified Parkinson Disease Rating Scale; med-off – off medication; PDQ-39 – Parkinson Disease Questionnaire-39; H&Y – Hoehn-Yahr 
grading; LEDD – levodopa equivalent daily dose; DA – dopamine agonist.

e919682-7
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Liang S. et al.: 
The study of subthalamic deep brain stimulation…
© Med Sci Monit, 2020; 26: e919682

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Another interpretation of the evidence, which might explain 
camptocormia, is the presence of trunk dystonia [41]. Many 
authors think that some dystonia is observed in patients with 
PD, including strum hand/foot, Pisa syndrome [42], and camp-
tocormia. In some patients with PD who experience campto-
cormia, a sensory trick has been observed [11]. For example, 
a simple action such as touching the hip could release the 
camptocormia. However, this explanation is not very popu-
lar because in many patients with these symptoms a senso-
ry trick cannot be observed, and no overactivity can be ob-
served in the paraspinal muscles with electromyography (EMG). 
Toxin therapy is usually useless, so another theory should be 
considered. Some authors have accepted trunk rigidity [43] 
as a plausible mechanism of camptocormia. This hypothesis 
holds that a reduction in the interaction between the abdom-
inal muscles and the paraspinal muscles can induce flexion in 
the thoracolumbar spine and some degree of spine rotation. 
Ruttiman et al.[44] emphasized the possibility that both dys-
tonia and myopathy might play a role in the pathophysiology 
of PD-associated camptocormia, and that peripheral mecha-
nisms are indeed very important factors.

Other studies have suggested that peripheral mechanisms could 
be involved in the pathophysiology of camptocormia. In the ear-
ly stages, swelling and edema in the paraspinal muscles could 
contribute to the disease. As the disease continues to advance, 
fat degeneration might contribute to the later stages [45,46]. 
However, almost all the peripheral mechanisms are related 
to the equilibrium of the central mechanisms. Therefore, the 
main mechanisms underlying camptocormia are factors relat-
ed to dystonia, trunk rigidity, weak signaling in the neuronal 
circuitry, including in the pedunculopontine nuclei, and some 
peripheral mechanisms.

Different mechanisms might be dominant in the development 
of camptocormia in different patients. Thus, the treatment of 
choice might be STN DBS. Studies have confirmed that DBS 
surgery could improve PD symptoms, such as tremor, rigidity, 
and akinesia [47], and DBS was also effective for treating dys-
tonia [48]. Those findings might partly explain why DBS could 
improve camptocormia. It is well known that the pedunculo-
pontine nucleus is a key nucleus in the neuronal circuit that 
also includes the STN and GPi [49]. Therefore, STN DBS might 
also influence the pedunculopontine nucleus and participate in 
the regulation of neural conduction and signal integration [50]. 
All the mechanisms aforementioned indicate that STN DBS is 
a very important treatment for PD-associated camptocormia; 
however, a DBS treatment might not be sufficient due to the 
complicated mechanisms involved in camptocormia. Based on 
our clinical observations, we found that DBS surgery, followed 
by rehabilitation and combined with a psychological interven-
tion, could improve PD-associated camptocormia more effec-
tively than DBS alone.

It is well known that rehabilitation is very important for PD [29]. 
DBS surgery typically improves Parkinsonian symptoms, such 
as tremor, rigidity, and akinesia. However, DBS was only partly 
effective for ameliorating a freezing gait or difficulties in main-
taining balance, and only in some patients, DBS had no effect 
on these symptoms [51,52]. For these symptoms, rehabilita-
tion is a good treatment choice. For PD-associated camptocor-
mia, although STN DBS is effective, rehabilitation plays an im-
portant role in the treatment [53,54]. In our study, all patients 
had experienced PD-associated camptocormia for less than 3 
years. According to the literature, camptocormia that has lasted 
less than 3 years should respond to DBS treatment. However, 
our patients displayed different degrees of improvement [20].

Based on the known mechanisms underlying PD-associated 
camptocormia, stretching exercises and strengthening exer-
cises have been specially designed to ameliorate the rigidity 
and dystonia. Stretching exercises can relieve muscle tension, 
and strengthening exercises can increase the strength of the 
paravertebral muscles to counteract the contraction in the rec-
tus abdominis [27,54]. These rehabilitative exercises can fur-
ther improve PD-associated camptocormia after DBS surgery.

Psychological interventions are important for nearly all kinds of 
surgery, particularly for DBS. Most patients with PD have psy-
chological disorders [55], mainly anxiety and depression [56–58]. 
Indeed, camptocormia can be a kind of somatic symptom of 
anxiety and depression. As a secondary psychiatric symptom, 
camptocormia can be ameliorated with improvements in mo-
tor symptoms after DBS surgery (when camptocormia has not 
lasted for 3 years or more). However, when it is a primary disor-
der, DBS surgery is not an effective solution for camptocormia.

Compared to results reported in previous studies [10,45,59,60], 
our patients seemed to achieve better performance with treat-
ment, not only in off-medication but also in on-medication states. 
This might be explained by several reasons. First, we selected pa-
tients that had experienced camptocormia for less than 3 years. 
This time frame is important, because paraspinal muscles may 
become hardened through atrophy; thus, after 3 years, it is very 
difficult to recover with any kind of treatment. In a previous study, 
Schulz-Schaeffer et al. [11] confirmed that the duration of camp-
tocormia was very important. A second explanation for our study 
results might be the timeliness of surgical treatment, which we 
considered very important to provide rehabilitation training and 
psychological treatments. Although the DBS surgery improved 
tremors, rigidity, and akinesia, the rehabilitation improved incor-
rect or abnormal posture using stretching exercises, strengthen-
ing exercises, and an emphasis on making good posture a habit. 
To be specific, rehabilitation is considered one of the core rea-
sons for improvement in patients in med-on state [61]. STN DBS 
surgery is considered to mainly improves PD symptoms in med-
off states, especially when looking at long-term efficacy [62–64]. 
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Thus, rehabilitation combined with DBS should be a good choice 
for improvement both in med-on and med-off states. A third ex-
planation for our study results is that psychology also plays an 
important role. It is well known that most patients with PD ex-
perience depression and anxiety. Moreover, camptocormia could 
be a somatic symptom caused by these psychological disorders. 
In most patients, when PD symptoms improved after DBS sur-
gery, the depression and anxiety also improved; however, in a 
few patients, psychological symptoms were not improved sat-
isfactorily. Those patients required a psychological intervention 
and rational drug-treatment.

We chose the STN as the target of DBS because it was suitable 
for ameliorating rigidity and dystonia related to camptocor-
mia. Moreover, a recent study by Ruijin Hospital of Shanghai 
showed that STN DBS was an effective treatment for dys-
tonia [48]. In addition, we selected STN DBS for this study, 
because it would provide results that would be convenient in 
comparative observations.

Previous studies have found that dopamine agonist can cause 
abnormal posture, such as camptocormia in PD patients, or 
make it worse [65–68]. However, we found that dopamine ag-
onist did not influence the changes of degree of camptocor-
mia during the perioperative period when using DBS surgery 
in our study, possibly because the dosage of this medicine was 
relatively small as is typical in China.

In this study, we found that all patients achieved improve-
ments in PDQ39 scores. Improving PDQ49 scores is important 
for the study of camptocormia [12], because it indicates that 

STN DBS could enhance the quality of life of patients with PD. 
However, we did not find any relevance between camptocor-
mia and the PDQ39 score. Camptocormia is very painful in pa-
tients with PD, and pain can impact anxiety and depression; 
thus, any improvement in camptocormia would be expected 
to improve the quality of life in patients with PD.

Finally, we identified another very important factor that influ-
enced the recovery of patients with PD. This factor was a hu-
manistic concern for patients. Although the study included psy-
chological intervention, the humanistic concern expressed from 
everyone on our team seemed to affect the patient’s state, 
even illness progression.

Conclusions

Although it could be argued whether STN DBS can improve 
PD-axis symptoms, in our opinion, STN DBS, combined with 
rehabilitation and psychological interventions, was very effec-
tive in treating camptocormia that had lasted less than 3 years.
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