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Abstract

Background

Unilateral hand tremor is one of the cardinal symptoms of Parkinson’s disease. Additionally,

mechanical traumatic hand movement is one of the risk factors for carpal tunnel syndrome.

Our objective in this study was to examine whether repetitive mechanical movement may

be related to the development of carpal tunnel syndrome in Parkinson’s disease with unilat-

eral hand tremor using neurophysiological methods.

Methods

The study participants included 33 de novo Parkinson’s disease patients with unilateral

hand tremor, and we compared the tremor hand and non-tremor hand within the same

patients.

Results

Seven (21.2%) of the 33 patients had carpal tunnel syndrome. All of carpal tunnel syndrome

patients showed neurophysiological abnormalities in both the hand without tremor and the

hand with tremor. In addition, in patients without carpal tunnel syndrome, the sensory nerve

action potential was lower in the hand without tremor than in the hand with tremor, although

there were no significant differences.

Conclusions

We concluded that hand tremor in de novo Parkinson’s disease patients was not directly

related to the development of carpal tunnel syndrome. In contrast, more frequent use of

hand without tremor may induce mechanical loading and may be associated with CTS in

the hand without tremor. Early diagnosis of Parkinson’s disease and proper education in

hand use may be essential for preventing carpal tunnel syndrome in Parkinson’s disease

tremor patients.
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Introduction
Parkinson’s disease (PD), as a common movement disorder, has as its core cardinal features
bradykinesia, rigidity, postural instability, and tremor. The characteristic of tremor in PD is a
unilateral and resting tremor that disappears with voluntary movement [1]. Carpal tunnel syn-
drome (CTS) is the most commonly observed neuropathy in the general population, and it
result from compression of the median nerve at the carpal tunnel level [2]. It affects approxi-
mately 4% of the population and can lead to substantial functional impairments of the hands
as well as work disability [3]. Although CTS is usually idiopathic, its secondary causes includ-
ing traumatic, degenerative, inflammatory, vascular, or space occupying lesion [2,4,5]. There
are two previous studies of CTS findings in PD patients [6,7]. One has suggested that PD may
pose a risk for the development of CTS, because of the repetitive movement of tremor [6], and
the other has concluded that tremor in PD is associated with median nerve enlargement but
not with impairment of median nerve conduction [7]. Though the musculoskeletal abnormali-
ties in PD are well known, these abnormalities are focused on the spine or shoulder, not the
wrist or hand [8]. To examine the hypothesis that repetitive mechanical movement may be
related to the risk for CTS in PD, we performed neurophysiologic study in PD patients with
unilateral hand tremor.

Patients and Methods

Patients
Between October 2012 and September 2013, patients presenting to the Parkinson clinic of
Sanggye Paik Hospital for hand tremor were screened for study enrollment. Patients were eligi-
ble for the study if they were de novo PD with unilateral hand tremor. Patients were excluded if
they had 1) clinical or electrophysiological evidence of accompanying conditions that could
mimic CTS or interfere with its evaluation, such as cervical radiculopathy, proximal median
neuropathy, significant polyneuropathy, or marked orthopedic abnormalities 2) treatment
with vitamin B1, B2, or B12, or with steroid hormones before or during the study period 3) sys-
temic diseases known to cause CTS, such as diabetes mellitus (DM), hypothyroidism, rheuma-
toid arthritis, or chronic renal failure or 4) typical symptoms and signs of CTS in the non-
tremor hand. Patients with Unified Parkinson's Disease Rating Scale (UPDRS) tremor score 4
were also excluded due to most of them had bilateral tremor. The patient demographics and
medical history were collected at baseline. A complete neurological examination and nerve
conduction study (NCS) was also performed.

Nerve Conduction Study (NCS)
Sensory nerve conduction velocity (SNCV) and motor nerve conduction velocity (MNCV)
were measured using an Excel plus instrument (CADWELL, USA) in an air-conditioned room
at 23°C to 25°C. Median and ulnar nerve conduction studies were performed bilaterally in all
subjects. For the study, these results were compared between hand with tremor and hand with-
out tremor. Antidromic sensory responses from the median and ulnar nerve were measured.
Ring electrodes were placed on digit II or V, and SNCV was calculated in both nerves between
the wrist and digit II, or between the wrist and digit V, by determining the onset of sensory
nerve action potentials (SNAPs). The median nerve SNAP was recorded across the wrist with
the active recording electrode 14 cm from the stimulator cathode. In addition, median sensory
conduction from the palm to the wrist was measured over a 7-cm conduction distance. The
SNAPs at the palm to wrist (P-W) and the finger to wrist (F-W) were recorded in the same
manner. The voltage used for stimulation was increased until the SNAPs reached their
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maximum amplitude in both of the techniques used for median nerve sensory assessment.
MNCV was determined in both median nerves by stimulation at the wrist. Median nerve com-
pound motor action potential (CMAP) and motor terminal latency (MTL) were measured
with the stimulating and recording cathodes 8 cm apart. No needle examination was per-
formed. The NCS criteria for diagnosis of CTS include prolonged distal motor latencies of the
median nerve greater than 3.9 m/s, a decrease in sensory conduction velocity less than 39.3 m/s
for digit-wrist segment and 34 m/s for the palmar-wrist segment, a CMAP amplitude of 5mV
and a SNAP amplitude of 10μV [9].

Statistical analyses
Data are expressed as the mean±SD or numbers (%). The baseline characteristics of the two
groups were compared using Student’s t test for continuous variables and using a χ2 test for
categorical variables. The Mann–Whitney U test was used to compare the non-normally dis-
tributed data, and Student’s t-test was used to compare normally distributed data. The NCS
parameters were compared between the groups using a Student’s t test and a one-way
ANOVA. A two-sided P-value of<0.05 was considered statistically significant. The SAS ver-
sion 4.2 software (SAS Institute Inc. Cary, NC) was used for statistical analysis.

Ethics Statement
All patients provided written informed consent. The study protocol was approved by the Insti-
tutional Review Board in Sanggye Paik Hospital, Inje University.

Results
During the study period, 33 eligible PD tremor patients were enrolled for the study. Table 1
showed the baseline characteristics of the enrolled patients. The mean age was 67.9±7.49 years,
and 51.5% were women. Of the 33 patients, 39.4% had a history of hypertension, 3.0% had a
history of hypercholesterolemia, and 3.0% had a history of current smoking. For the study,
patients were divided into two groups according to the UPDRS tremor scale: mild tremor
patients (UPDRS tremor score 1) and severe tremor patients (UPDRS tremor score 2 or 3). Of
the 33 patients, 16 had mild tremor and 17 had severe tremor. The baseline characteristics
were well balanced between the groups (Table 1). There were no significant differences in these
characteristics, except in the UPDRS tremor score (p<0.001).

A nerve conduction study (NCS) was performed in 66 hands of the 33 patients, i.e., 33
hands with tremor and 33 without tremor. CTS was diagnosed in 7 patients (21.2%). Table 2
shows the differences observed in each NCS parameter between hands with and without
tremor in patients either with or without CTS. In patients with CTS, terminal latency, sensory
F-W CV, sensory P-W CV, F-W SNAP, and P-W SNAP were significantly different between
hand with tremor and without one (p<0.032). Hand without tremor displayed prolonged ter-
minal latency, slow sensory P-W CV, decreased F-W SNAP, and P-W SNAP. These features
similar in patients without CTS that is, F-W SNAP and P-W SNAP were significantly
decreased in hand without tremor (p<0.029). Table 3 shows these NCS parameters in relation
to tremor severity. Interestingly, all patients with CTS (n = 7) had CTS in the hands without
tremor, not in the hands with tremor. In patients without CTS, however, there were no signifi-
cant differences in the NCS parameters according to tremor severity, a trend toward a lower
P-W SNAP in the hands without tremor (p = 0.056).
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Discussion
The prevalence of CTS in the general population has been reported to be 125 to 220 per
100,000 [2]. The prevalence of CTS in PD is not well known but 24.4% of PD patients have
been diagnosed as CTS in one study [10]. In our study, CTS was diagnosed in 7 PD patients
(21.2%), which was comparable to the rate obtained in the previous report [10].

In this study, we investigated that repetitive mechanical movement may be related to the
development of CTS in PD. From the perspective of CTS risk factors, our study had two

Table 1. Baseline Characteristics of the Study Population.

Total (n = 33) Mild tremor (n = 16) Severe tremor (n = 17) P value

Demographics

Age, years 67.9 (7.49) 68.9 (8.84) 66.9 (6.07) 0.440

Female 17 (51.5) 8 (50.0) 9 (52.9) 0.866

Medical history

Hypertension 13 (39.4) 7 (53.8) 6 (46.2) 0.728

Hypercholesterolemia 1 (3.0) 0 (0.0) 1 (5.9)

Current smoking 1 (3.0) 0 (0.0) 1 (5.9)

Clinical presentation

Fasting plasma glucose, mg/dL 102.7 (9.83) 102.9 (10.93) 102.4 (9.04) 0.892

Total cholesterol, mg/dL 182.4 (27.58) 186.1 (29.30) 179.3 (26.72) 0.542

LDL-cholesterol, mg/dL 116.0 (20.18) 117.8 (24.60) 114.6 (16.63) 0.695

HDL-cholesterol, mg/dL 45.9 (10.70) 45.1 (6.68) 46.5 (13.30) 0.729

Triglyceride, mg/dL 127.4 (48.20) 134.8 (50.45) 121.1 (47.13) 0.479

BUN, mg/dL 15.8 (4.35) 16.8 (4.96) 15.0 (3.65) 0.276

Creatinine, mg/dL 0.93 (0.16) 0.93 (0.18) 0.92 (0.14) 0.849

BMI, kg/m2 23.0 (2.51) 23.8 (2.37) 22.2 (2.43) 0.057

Disease duration, month 41.3 (23.64) 47.5 (22.36) 35.5 (23.99) 0.149

Neurological scale score

H&Y stage 1.4 (0.62) 1.4 (0.67) 1.4 (0.58) 0.764

UPDRS tremor score 1.6 (0.70) 1.0 (0.00) 2.2 (0.44) <0.001*

LDL, low-density lipoprotein; HDL, high-density lipoprotein; H&Y, Hoehn and Yahr; UPDRS, Unified Parkinson's Disease Rating Scale. Data are means

(SD) or numbers (%). Significant p is marked with *.

doi:10.1371/journal.pone.0130779.t001

Table 2. Comparison of nerve conduction study according to the presence of carpal tunnel syndrome.

CTS (+) (n = 7) CTS (-) (n = 26)

tremor(-) tremor (+) P value tremor (-) tremor (+) P value

Terminal latency (ms) 4.43 (0.95) 3.44 (0.35) 0.016* 3.30 (0.41) 3.31 (0.35) 0.683

CMAP (mV) 9.51 (4.64) 10.54 (2.42) 0.580 11.17 (3.53) 11.58 (4.27) 0.462

Sensory F-W CV (m/s) 37.69 (2.02) 43.94 (3.11) 0.009* 45.48(3.94) 45.89 (3.67) 0.372

Sensory P-W CV (m/s) 31.51 (2.68) 36.61 (1.80) 0.008* 38.84 (3.71) 39.96 (4.09) 0.051

F-W SNAP (μV) 12.93 (2.87) 19.03 (6.53) 0.025* 17.22 (4.75) 20.13 (5.76) 0.023*

P-W SNAP (μV) 4.74 (2.61) 8.63 (5.23) 0.032* 6.08 (2.13) 7.54 (2.40) 0.029*

CTS, carpal tunnel syndrome; CTS (+), patients with CTS; CTS (-), patients without CTS; tremor (+), hand with tremor; tremor (-), hand without tremor;

CMAP, compound motor action potential; F-W CV, from finger to wrist conduction velocity; P-W CV, from palm to wrist conduction velocity; F-W SNAP,

from finger to wrist sensory nerve action potential; P-W, from palm to wrist action potential. Significant p is marked with *.

doi:10.1371/journal.pone.0130779.t002
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interesting points. First, our study showed that hand tremor in de novo PD patients was not
related to the development of CTS, particularly in tremor-dominant hand. Some epidemiologic
studies have been performed to identify risk factors for CTS. The most consistent risk factors
in these studies have been female gender, obesity, a high body mass index (BMI), more than 30
years of age, repetitive motor activity, and a number of systemic diseases, such as DM, rheuma-
toid arthritis, and hypothyroidism [4,5,10,11]. Repetitive use of the hand or wrist is a well-
known cause of CTS [12–14]. The repetitive hand or wrist movement in PD tremor may cause
CTS, particularly in tremor-dominant PD patients [6,10]. However, our study showed that all
patients with CTS had CTS in hand without tremor. The resting tremor that is primarily
observed in PD resembles pill rolling movement; flexion and extension of fingers together with
adduction and abduction of the thumb give the classic ‘pill rolling’ tremor [15]. Tremor affects
mainly finger joints rather than wrist joint in PD. The tremor in finger joints may be less likely
to cause repetitive trauma in the carpal tunnel region [10]. In addition to tremor, rigidity and
bradykinesia are two cardinal motor symptoms in PD. Though we did not check the severity of
rigidity and bradykinesia in this study, these symptoms might lead a patient to use the hand
with tremor less frequently. Therefore, more frequent use of hand without tremor may induce
mechanical loading and may be associated with CTS in the hand without tremor. Second, in
patients without CTS, the F-W SNAP and P-W SNAP were significantly decreased in the
hands without tremor (p<0.029). In addition, although there were no significant differences in
the NCS parameters according to tremor severity, a trend toward a lower P-W SNAP was
observed in the hands without tremor compared with the hands with tremor (p = 0.056). These
results may support the assumption that the more frequent use of normal hand was related to
the development of CTS in PD patients with unilateral hand tremor.

Our study has limitations. This was a single-center study performed at a tertiary academic
medical center. Only Korean patients were enrolled, thus limiting the generalizability to other
geographic regions. The sample size for this study was small. Rigidity and bradykinesia as con-
founding factors affecting hand use were not assessed. These limitations should be considered
when interpreting our data.

Conclusions
To summarize, this study showed that hand tremor in de novo PD patients was not related to
the development of CTS. On the contrary, all of the patients with CTS had CTS in hand with-
out tremor. Early diagnosis of PD and proper education concerning hand use may be essential
for preventing CTS in PD tremor patients. Further long term studies with large sample size

Table 3. Comparison of nerve conduction study according to the tremor severity.

Hand with CTS (n = 7) Hand without CTS (n = 59)

No tremor (n = 7) No tremor (n = 26) Mild tremor (n = 16) Severe tremor (n = 17) P value

Terminal latency (ms) 4.43 (0.95) 3.30 (0.37) 3.31 (0.28) 3.38 (0.40) 0.746

CMAP (mV) 9.51 (4.64) 11.17 (3.53) 12.09 (4.55) 10.67 (3.24) 0.549

Sensory F-W CV (m/s) 37.69 (2.02) 45.48 (3.94) 45.58 (3.09) 45.38 (4.13) 0.988

Sensory P-W CV (m/s) 31.51 (2.68) 38.84 (3.71) 39.56 (2.98) 38.97 (4.77) 0.835

F-W SNAP (μV) 12.93 (2.87) 17.22 (4.75) 19.96 (4.38) 19.84 (7.09) 0.182

P-W SNAP (μV) 4.74 (2.61) 6.08 (2.13) 8.14 (3.63) 7.43 (2.65) 0.056

CTS, carpal tunnel syndrome; CMAP, compound motor action potential; F-W CV, from finger to wrist conduction velocity; P-W CV, from palm to wrist

conduction velocity; F-W SNAP, from finger to wrist sensory nerve action potential; P-W, from palm to wrist action potential. Significant p is marked with *.

doi:10.1371/journal.pone.0130779.t003
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and differential studies in other tremor, including essential tremor are required to validate our
findings.

Author Contributions
Conceived and designed the experiments: JSB SWH. Performed the experiments: KYC JYK.
Analyzed the data: KYC SWH JSB. Contributed reagents/materials/analysis tools: KYC SWH.
Wrote the paper: SWH JSB.

References
1. Nutt JG, Wooten GF. Diagnosis and initial management of Parkinson's disease. N Engl J Med. 2005;

353: 1021–1027. PMID: 16148287

2. Dawson DM. Entrapment neuropathies of the upper extremities. N Engl J Med. 1993; 329: 2013–2018.
PMID: 8247077

3. Atroshi I, Gummesson C, Johnsson R, Sprinchorn A. Symptoms, disability, and quality of life in patients
with carpal tunnel syndrome. J Hand Surg Am. 1999; 24: 398–404. PMID: 10194028

4. Kurt S, Kisacik B, Kaplan Y, Yildirim B, Etikan I, Karaer H. Obesity and carpal tunnel syndrome: is there
a causal relationship? Eur Neurol. 2008; 59: 253–257. doi: 10.1159/000115639 PMID: 18264014

5. Bland JD. The relationship of obesity, age, and carpal tunnel syndrome: more complex than was
thought? Muscle Nerve.2005; 32: 527–532. PMID: 16025527

6. Yucel A, Yilmaz O, Babaoglu S, Acar M, Degirmenci B. Sonographic findings of the median nerve and
prevalence of carpal tunnel syndrome in patients with Parkinson's disease. Eur J Radiol. 2008; 67:
546–550. PMID: 17855036

7. Yang SN, Kang HJ, Yoon JS, Won SJ, SeoWK, Koh SB. Is median nerve enlargement at the wrist
associated with tremor in Parkinson disease? J Ultrasound Med. 2014; 33: 2079–2083. doi: 10.7863/
ultra.33.12.2079 PMID: 25425363

8. Baik JS, Kim JY, Park JH, Han SW, Lee MS. Scoliosis in patients with Parkinson's disease. J Clin Neu-
rol. 2009; 5: 91–94. doi: 10.3988/jcn.2009.5.2.91 PMID: 19587816

9. Park JH, Kim SN, Han SM, Cheon KY, Han SW, Kim JY, et al. Carotid intima-media thickness in
patients with carpal tunnel syndrome. J Ultrasound Med. 2013; 32: 1753–1757. doi: 10.7863/ultra.32.
10.1753 PMID: 24065256

10. Mengi-Ozsarac G. Carpal tunnel syndrome in Parkinson's disease. Eur J Radiol. 2008; 67:550. doi: 10.
1016/j.ejrad.2008.02.017 PMID: 18387763

11. Boz C, Ozmenoglu M, Altunayoglu V, Velioglu S, Alioglu Z. Individual risk factors for carpal tunnel syn-
drome: an evaluation of body mass index, wrist index and hand anthropometric measurements. Clin
Neurol Neurosurg. 2004; 106: 294–299. PMID: 15297003

12. Cannon LJ, Bernacki EJ, Walter SD. Personal and occupational factors associated with carpal tunnel
syndrome. J Occup Med. 1981; 23:255–258. PMID: 7218063

13. Masear VR, Hayes JM, Hyde AG. An industrial cause of carpal tunnel syndrome. J Hand Surg Am.
1986; 11: 222–227. PMID: 3958451

14. Silverstein BA, Fine LJ, Armstrong TJ. Occupational factors and carpal tunnel syndrome. Am J Ind
Med. 1987; 11: 343–358. PMID: 3578290

15. Anouti A, Koller WC. Tremor disorders. Diagnosis and management. West J Med. 1995; 162: 510–
513. PMID: 7618310

CTS in PD with Tremor

PLOS ONE | DOI:10.1371/journal.pone.0130779 June 19, 2015 6 / 6

http://www.ncbi.nlm.nih.gov/pubmed/16148287
http://www.ncbi.nlm.nih.gov/pubmed/8247077
http://www.ncbi.nlm.nih.gov/pubmed/10194028
http://dx.doi.org/10.1159/000115639
http://www.ncbi.nlm.nih.gov/pubmed/18264014
http://www.ncbi.nlm.nih.gov/pubmed/16025527
http://www.ncbi.nlm.nih.gov/pubmed/17855036
http://dx.doi.org/10.7863/ultra.33.12.2079
http://dx.doi.org/10.7863/ultra.33.12.2079
http://www.ncbi.nlm.nih.gov/pubmed/25425363
http://dx.doi.org/10.3988/jcn.2009.5.2.91
http://www.ncbi.nlm.nih.gov/pubmed/19587816
http://dx.doi.org/10.7863/ultra.32.10.1753
http://dx.doi.org/10.7863/ultra.32.10.1753
http://www.ncbi.nlm.nih.gov/pubmed/24065256
http://dx.doi.org/10.1016/j.ejrad.2008.02.017
http://dx.doi.org/10.1016/j.ejrad.2008.02.017
http://www.ncbi.nlm.nih.gov/pubmed/18387763
http://www.ncbi.nlm.nih.gov/pubmed/15297003
http://www.ncbi.nlm.nih.gov/pubmed/7218063
http://www.ncbi.nlm.nih.gov/pubmed/3958451
http://www.ncbi.nlm.nih.gov/pubmed/3578290
http://www.ncbi.nlm.nih.gov/pubmed/7618310

