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Abstract Similar unilateral neck and upper limb symp-
toms are often due to various entrapment neuropathies; car-
pal tunnel syndrome (CTS) and cervical radiculopathy
(CR) are common causes among them. Therefore, we
investigated the clinical characteristics and electrodiagnos-
tic features of patients with carpal tunnel syndrome, cervi-
cal radiculopathy, and both conditions, called double crush
syndrome (DCS). The medical records and electrodiagnos-
tic reports of 866 patients with suspected CTS and CR vis-
ited a tertiary-care hospital were retrospectively analyzed.
After excluding 101 patients with confounding conditions,
151 (20%) patients were diagnosed to have sole cases of
CTS; 362 (47%) patients were diagnosed to have sole cases
of CR; 198 (26%) patients were diagnosed to have DCS,

while 54 (7%) patients had mere symptoms. Sole cases of
CR had the highest incidences of neck pain, upper back
pain, wrist and hand weakness. Female patients had the
highest incidences of all the diseases in their sixth decade.
Male patients had comparably distinguished high occur-
rence of all the diseases in their Wfth to sixth decades.
Although comparison of nerve conduction studies between
patients with mere symptoms and patients with sole cases
of CTS or DCS showed statistical diVerences, comparison
between the latter two revealed no diVerence. We found
most patients referred for electrodiagnostic studies had cer-
vical radiculopathy. High concomitant occurrence of CTS
and CR suggests cautious evaluation of patients with upper
limb symptoms is important, because the management of
these conditions is quite diVerent.

Keywords Carpal tunnel syndrome · Cervical 
radiculopathy · Double crush syndrome · Electrodiagnosis

Introduction

Unilateral neck and upper limb symptoms, such as pain,
numbness, or tingling sensation, are frequent complaints
of ambulatory patients in clinical visits. Carpal tunnel syn-
drome (CTS) and cervical radiculopathy (CR) are the
common etiologies responsible for these clinical symp-
toms. In clinical practice, these two conditions can at times
be diYcult to diVerentiate. On the other hand, we often
observe these two conditions occurring together in what is
known as double crush syndrome (DCS). In 1973, Upton
and McComas postulated that nonsymptomatic impair-
ment of axoplasmic Xow at more than one site along a
nerve might summate to cause symptomatic neuropathy
[1]. This concept is supported by later studies that found
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association between cervical myeloradiculopathy and car-
pal tunnel syndrome [2], which increase the incidence of
bilateral carpal tunnel syndrome in patients with cervical
arthritis [3]. Other studies that found the association
between cervical radiculopathy and carpal tunnel syn-
drome failed to demonstrate the etiological relationship
between these two conditions [4, 5]. In clinical practice, it
is not unusual to Wnd the concomitant occurrence of these
two conditions. Therefore, other reasons may be responsi-
ble for these associations.

In view of the above Wndings, the present study investi-
gates the clinical characteristics and electrodiagnostic fea-
tures of these conditions in patients with neck and upper
limb symptoms in order to have a clearer understanding of
these conditions and subsequently aid in the establishment
of more accurate diagnosis and eVective management.

Materials and methods

Medical records and electrodiagnostic data of 866 patients
with neck and upper limb symptoms, referred from diVerent
departments for electrodiagnostic studies of the nerves of
the upper limbs in a tertiary-care, hospital-based electrodi-
agnostic laboratory, were collected during a seven-year
period (January 2001 to February 2008) and reviewed. The
study was approved by the Institutional Review Board of
China Medical University Hospital.

We enrolled the records of patients with neck and upper
limb symptoms who received standard median, ulnar
motor, and sensory nerve conduction studies, as well as
needle electromyography examination of selected sample
muscles in the C5 through T1 myotomes, with or without
electrophysiological diagnosis of CTS and/or cervical
radiculopathy. Physiatrists experienced in electrophysiol-
ogy performed electrodiagnostic studies in accordance with
the Kimura technique [6, 7], adhering to the uniform oper-
ating protocol of the electrodiagnostic machine (NEuro-
pack-MEM3202). Cervical radiculopathy was diagnosed
according to the presence of spontaneous activities and/or
increase polyphasic action potentials in myotomal pattern
distribution including the paraspinal muscles and selected
upper limb muscles; carpal tunnel syndrome was diagnosed
according to the delayed sensory and/or motor nerve con-
duction [6, 7]. These studies were performed in the labora-
tory with controlled ambient room temperature of 25°C.
Cool limbs were warmed to the desired temperature. Physi-
atrists generated the report after their interpretation of the
electrodiagnostic data. Cases with electrophysiological
diagnosis of ulnar neuropathy were excluded.

After considering the confounding conditions of upper
limb trauma, diabetes mellitus, rheumatoid arthritis, hypo-
thyroidism, renal failure, pregnancy, and previous history

of carpal tunnel syndrome, 101 patients were excluded.
Further data analyses were made on the remaining 765
patients. Information including basic demographic data,
history, symptom characteristics, physical examination
Wndings, nerve conduction studies, and electromyography
examination Wndings was obtained.

Chi-square test was used to compare the clinical charac-
teristics among patients with electrophysiological diagnosis
of CTS, CR, and DCS. Fisher’s exact test was used when
one cell had an expected count of <1 or >20% of the cells
had an expected count of <5. Results were considered sta-
tistically signiWcant when p-values were less than 0.05.
Kruskal–Wallis (nonparametric) test was used to compare
the electrophysiological study data among patients with
diVerent diagnoses. The statistical analysis was performed
by using the statistical package for social sciences (SPSS
version 12.0).

Results

Among the 765 enrolled patients, 151 (20%) patients were
diagnosed with sole cases of CTS; 362 (47%) patients
were diagnosed with sole cases of CR; 198 (26%) patients
were diagnosed with both CTS and CR, otherwise known
as double crush syndrome (DCS), and the remaining 54
(7%) symptomatic patients had no deWnite diagnoses from
the electrophysiological study.

Table 1 shows the demographic data, pertinent clinical
characteristics, and physical examination Wndings of the
patients with the diagnoses of sole cases of CTS, sole cases
of CR, and DCS. The average ages of the three groups of
patients were similar (53.0 § 12.0 vs. 51.9 § 14.8 vs.
54.9 § 11.9 years old, P > 0.05). Generally, higher suscep-
tibility to sole cases of CTS (72.5% vs. 28.5%) and DCS
(68.7% vs. 31.3%) was found in women compared to men.
Male patients were more susceptible to sole cases of CR
relative to DCS or sole cases of CTS (48.9% vs. 31.3% vs.
28.5%, P < 0.05). On the contrary, female patients were
more susceptible to sole cases of CTS and DCS with
respect to sole cases of CR (72.5% vs. 68.7% vs. 51.1%,
P < 0.05). Patients with sole cases of CTS, DCS, and sole
cases of CR had similar predominant upper limb pain or
paresthesia symptoms (45.7% vs. 40.9% vs. 48.3%,
P > 0.05). An increasing proportion of patients with wrist
and hand weaknesses was observed from sole cases of CTS
to DCS to sole cases of CR (3.3% vs. 5.6% vs. 9.9%,
P < 0.05). An increasing proportion of patients with neck
pain was seen from patients with sole cases of CTS to DCS
to sole cases of CR (13.9% vs. 21.7% vs. 28.5%, P < 0.05).
Increasing proportion of patients with upper back pain was
noted from patients with sole cases of CTS to DCS to sole
cases of CR (8.6% vs. 15.7% vs. 22.7%, P < 0.05).
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Positive Tinel’s sign or Phalen’s test was most
frequently provocated in patients with sole cases of CTS,
but least frequently provocated in patients with sole cases
of CR (36.4% vs. 12.7%, P < 0.05 and 33.8% vs. 10.2%,
P < 0.05, respectively). The sensitivity and speciWcity of
Tinel’s sign and Phalen’s test used in the examination of
our patients with carpal tunnel syndrome were further
investigated using electrodiagnosis as the gold standard, as
shown in Table 2. We found both high sensitivity (90.2%,
85.4%) and low speciWcity (5.3%, 5.9%) of Tinel’s sign
and Phalen’s test, respectively.

Age distribution of 711 patients with electrodiagnosti-
cally conWrmed diagnoses was analyzed and is shown in
Table 3. In patients with sole cases of CTS, the highest per-
centage of female patients [(42/108) £ 100% = 38.9%] was
in the sixth decade while the highest percentage of male
patients [(10/43) £ 100% = 23.2%] was in the broad range
of Wfth to seventh decades. In patients with DCS, the highest
percentage of female patients [(62/136) £ 100% = 45.6%]

was in the sixth decade while a similar distinguishable high
percentage of male patients [(17/62) £ 100% = 27.4%, (15/
62) £ 100% = 24.2%), (14/62) £ 100% = 22.6%)] was in
the Wfth to seventh decades, respectively. In patients with
CR, the highest percentage of female patients [(65/
185) £ 100% = 35.1%] was in the sixth decade while the
highest percentage of male patients [(44/177) £
100% = 24.9%, (43/177) £ 100% = 24.3%] was in the Wfth
to sixth decades. In the comparison of diVerent types of dis-
eases in each age group, we generally found the highest
occurrence of sole cases of CR in men and women across
all age ranges.

Age- and sex-matched comparisons were made between
patients with mere symptoms, without electrodiagnostically
conWrmed diagnosis, patients with sole cases of CTS, and
patients with DCS, with respect to the median motor distal
latency at 8 cm distance (MDL) and the orthrodromic
median sensory nerve conduction velocity from palm to
wrist (SNCV, P–W). As shown in Table 4, 36 patients with
mere symptoms, 32 patients with sole cases of CTS, and 43
patients with DCS were eligible for comparison. Compared
to patients with mere symptoms, patients with sole cases of
CTS and DCS had delayed right MDL and left MDL,
(3.60 § 0.75 vs. 4.75 § 1.41 vs. 4.91 § 1.24 ms, P = 0.0001)
and (3.33 § 0.72 vs. 4.64 § 1.44 vs. 4.47 § 1.18 ms,
P = 0.0001), respectively, and decreased right SNCV, P–W
and left SNCV, P–W (38.10 § 9.36 vs. 32.16 § 8.37 vs.
29.80 § 9.50 m/sec, P = 0.004) and (41.54 § 9.77 vs.
33.44 § 8.14 vs. 30.42 § 8.47 m/sec, P = 0.001), respec-
tively. However, comparison between patients with sole
cases of CTS and patients with DCS showed no signiWcant
diVerence.

Table 1 Pertinent clinical characteristics and symptoms distribution of the enrolled patients according to electrodiagnostic categorization

a Chi-square test; bANOVA; cFisher’s exact test

* P < 0.05

Sole cases of CTS, n = 151 n (%) DCS, n = 198 n (%) Sole cases of CR, n = 362 n (%) P-value

Man 43 (28.5)5 62 (31.3) 177 (48.9) <0.05*a

Woman 108 (72.5) 136 (68.7) 185 (51.1)

Mean age (years) 53.0 § 12.0 54.9 § 11.9 51.9 § 14.8 >0.05b

Main pertinent neck and upper limb symptoms

Upper limb pain or paresthesia 69 (45.7) 81 (40.9) 175 (48.3) >0.05a

Wrist and hand weakness 5 (3.3) 11 (5.6) 36 (9.9) <0.05*c

Neck pain 21 (13.9) 43 (21.7) 103 (28.5) <0.05*a

Upper back pain 13 (8.6) 31 (15.7) 82 (22.7) <0.05*a

Physical examination

Tinel’s sign (+) 55 (36.4) 37 (18.7) 46 (12.7) <0.05*a

Tinel’s sign (¡) 1 (0.4) 9 (4.5) 15 (4.1) >0.05c

Phalen’s test (+) 51 (33.8) 37 (18.7) 37 (10.2) <0.05*a

Phalen’s test (¡) 4 (2.6) 11 (5.6) 13 (3.6) >0.05c

Table 2 Sensitivity and speciWcity of Tinel’s sign and Phalen’s test
using electrodiagnosis as the gold standard in diagnosis of carpal
tunnel syndrome

Physical 
examination

Patients with 
electrodiagnostic 
conWrmed carpal 
tunnel syndrome

Symptomatic 
patients

Sensitivity 
(%)

SpeciWcity
(%)

Tinel’s sign (+) 92 18 90.2 5.3

Tinel’s sign (¡) 10 1

Phalen’s test (+) 88 16 85.4 5.9

Phalen’s test (¡)15 1
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Discussion

From our reviewed data in Table 1, we found that the aver-
age ages of the patients with neck and upper limb symp-
toms were similar and within the range of 50–55 years,
which is the peak age range of patients with CR and CTS
found in previous studies [8–10]. One study found the prev-
alence of symptomatic and electrodiagnostically conWrmed
CTS in about 2% among men and 3% among women in the
general population [11]. Another study found the sex-spe-
ciWc annual incidences of CTS were 505.6 per 1,00,000
person-years in women and 139.1 per 1,00,000 person-
years in men in the general population [10]. Similar to most
of the previous studies [10–13], our data revealed higher
incidence of carpal tunnel syndrome in women compared to
men. Very few studies in the past investigated the preva-
lence of cervical radiculopathy. One study found the annual
incident rate of cervical radiculopathy was 107.3 per
1,00,000 for men and 63.5 per 1,00,000 for women in the
general population [8]. The male predominance of cervical
radiculopathy in the previous report is diVerent from our
present study, which shows similar percentages of sole

cases of CR in both sexes, and even higher percentages of
cervical radiculopathy in women when DCS was taken into
account. The higher percentage of DCS in women in our
present study was also contrasted with previous studies,
which found higher incidence of DCS in men [3, 14]. We
postulated that the diVerence may be due to diVerent sus-
ceptibility to cervical radiculopathy in the Asian popula-
tion, the impact of changing human lifestyle, and the
working conditions of women in the last two decades.

Our study found high concurrent occurrence of cervical
radiculopathy and carpal tunnel syndrome as previously
reported [5, 15]. Although our electrodiagnostic studies did
not support the double crush hypothesis as proposed by
Upton and McComas, the high coincidence of cervical
radiculopathy and carpal tunnel would be unlikely to occur
through chance alone. Rather than focusing narrowly on
nerve disturbance in the upper extremity, Donaldson et al.
[16] proposed a wider integration of physiological systems
in the etiology and maintenance of carpal tunnel syndrome
involving muscular dysfunction in the neck that leads to
dysfunction at the carpal tunnel. In a case series of 18
carpal tunnel syndrome patients, Skubick et al. [17], using

Table 3 Age distribution of sole cases of CTS, DCS, and sole cases of CR

Number in parenthesis is the percentage of the total patients in the designated age range

Age 
range

Sole cases of CTS DCS Sole cases of CR

All patients 
n (%)

Male 
n (%)

Female 
n (%)

All patients 
n (%)

Male 
n (%)

Female 
n (%)

All patients 
n (%)

Male 
n (%)

Female 
n (%)

20 » 29 3 (8.6) 2 (8.7) 1 (8.3) 4 (11.4)a 2 (8.7) 2 (16.7) 28 (80.0) 19 (82.6) 9 (75.0)

30 » 39 16 (19.5) 5 (16.1) 11 (21.6) 14 (17.1) 3 (9.7) 11 (21.6) 52 (63.4) 23 (74.2) 29 (56.9)

40 » 49 34 (22.1) 10 (14.1) 24 (28.9) 40 (26) 17 (23.9) 23 (27.7) 80 (52.0) 44 (62.0) 36 (43.4)

50 » 59 52 (21.9) 10 (14.7) 42 (24.9) 77 (32.5) 15 (22.1) 62 (36.7) 108 (45.6) 43 (63.2) 65 (38.5)

60 » 69 26 (22.4) 10 (21.7) 16 (22.9) 40 (34.5) 14 (30.4) 26 (37.1) 50 (43.1) 22 (47.8) 28 (40.0)

70 » 79 18 (28.6) 4 (13.8) 14 (41.2) 18 (28.6) 9 (31) 9 (26.5) 27 (42.9) 16 (55.2) 11 (32.4)

=80 2 (8.3) 2 (14.3) 0 (0) 5 (20.8) 2 (14.3) 3 (30) 17 (70.8) 10 (71.4) 7 (70.0)

All ages 151 (21.2) 43 (15.2) 108 (25.2) 198 (27.9) 62 (22) 136 (31.7) 362 (50.9) 177 (62.8) 185 (43.1)

Table 4 Comparison of electrodiagnostic studies among patients with only symptoms and no electrodiagnostic conWrmed diagnosis, patients with
sole cases of CTS, and patients with DCS

Kruskal–Wallis (nonparametric) test

MDL Median motor distal latency at 8 cm distance

SNCV, P–W Median sensory nerve peak conduction velocity from palm to wrist

*Statistical signiWcant diVerences were found when patients with sole cases of CTS and DCS were compared to patients with mere symptoms

Electrodiagnostic studies Patients with mere 
symptoms (n = 36)

Patients with sole 
cases of CTS (n = 32)

Patients with 
DCS (n = 43)

P-value

Right MDL (ms) 3.60 § 0.75* 4.75 § 1.41 4.91 § 1.24 0.0001

Left MDL (ms) 3.33 § 0.72* 4.64 § 1.44 4.47 § 1.18 0.0001

Right SNCV, P–W (m/sec) 38.10 § 9.36* 32.16 § 8.37 29.80 § 9.50 0.004

Left SNCV, P–W (m/sec) 41.54 § 9.77* 33.44 § 8.14 30.42 § 8.47 0.001
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surface electromyography to retrain dysfunctional neck
muscles, found decreased forearm Xexor electromyo-
graphic activity with reduction in the sternocleidomastoid
muscle asymmetry. Hence, changing head positions aVects
limb-muscle activity and vice versa [16]. All these neuro-
physiological and biomechanical evidence support the link-
age between cervical radiculopathy and carpal tunnel
syndrome. Therefore, it is not surprising to Wnd high inci-
dence of concurrent occurrence of cervical radiculopathy
and carpal tunnel syndrome in past and present reports.
These Wndings also suggest the importance of proper pos-
ture and movement pattern of both the neck and the upper
limb in the prevention of cervical radiculopathy and carpal
tunnel syndrome.

We found the highest percentage of male patients with
sole cases of CR, and highest percentage of female patients
with sole cases of CTS, in comparison with the other diag-
noses. This Wnding is compatible with previous reports,
which suggest that men are more susceptible to cervical
radiculopathy and women are more susceptible to carpal
tunnel syndrome [8–13]. Patients with sole cases of CTS,
sole cases of CR, and DCS had similar likelihood of having
upper limb pain or paresthesia, suggesting that the diVeren-
tial diagnosis of these conditions cannot rely on these
symptoms, which are nonspeciWc in these conditions. In our
present study, the incidences of wrist and hand weaknesses
were highest in patients with sole cases of CR and lowest in
patients with sole cases of CTS, which suggest that cervical
nerve root lesion causes more profound motor deWcit with
respect to carpal tunnel syndrome. The incidences of neck
and upper back pain were highest in patients with sole cases
of CR and lowest in patients with sole cases of CTS. These
Wndings reveal good association of neck and upper back
pain with cervical lesion.

Positive Wndings of Tinel’s sign and Phalen’s test
decrease from CTS to DCS to CR. A possible reason for
these Wndings may be attributed to the addition of symp-
toms from cervical lesion, which may cause the patients to
visit the clinic before the carpal tunnel syndrome becomes
severe enough to cause provocation signs. We found low
incidences of negative provocation signs in our data review.
Possible reasons may be due to the neglect of the physi-
cians in performing the provocation tests or, more likely,
failure to record the negative Wndings of the tests due to
limited time in patient evaluation and medical record writ-
ing in the outpatient clinic. However, we found high sensi-
tivities of Tinel’s sign and Phalen’s test, but low speciWcity
of these provocation tests. Previous studies showed great
variation of sensitivity and speciWcity of the provocation
tests, which have controversial diagnostic values. The sen-
sitivity of Tinel’s sign ranged from 30 to 97% and that of
Phalen’s test ranged from 47 to 92%. The speciWcity of
Tinel’s sign ranged from 65 to 91% and that of Phalen’s

test ranged from 17 to 88% [18, 19]. The sensitivities of
Tinel’s sign and Phalen’s test of our present study approach
the high values obtained in the previous study [19], but the
speciWcities are relatively lower than that obtained in previ-
ous reports [18]. This Wnding suggests that the Tinel’s sign
and Phalen’s test are valuable in positive screening of
patients with carpal tunnel syndrome, but of lower value in
the negative conWrmation of patients without the disease.

Regarding the age distribution of patients with sole
cases of CTS, DCS, and sole cases of CR (Table 3), we
found that the highest percentage of female patients with
sole cases of CTS was in the sixth decade and that for male
patients were in the sixth to eighth decades, which were
compatible with a previous study [10]. The highest per-
centage of female patients with DCS was in the sixth
decade while a similar distinguishable high percentage of
male patients with DCS was in the Wfth to seventh decades.
This Wnding suggests that DCS tends to occur in the mid-
dle-to-old age groups. The highest percentage of female
patients with sole cases of CR was in the sixth decade
while a similar highest percentage of male patients with
sole cases of CR was in the Wfth to sixth decades, which
were compatible with previous study [8]. This Wnding sug-
gests that the Wfth to sixth decade age groups have the
highest risk for cervical radiculopathy. In the comparison
of diVerent types of diseases in each patient age group, we
generally found the highest occurrence of sole cases of CR
in men and women. This Wnding suggests that the neck and
upper limb symptoms of most patients visiting our medical
center were due to cervical radiculopathy. A possible
explanation may that the symptoms and signs of cervical
radiculopathy, which cause more discomfort and impair-
ment of activities of daily living, urging the patients to
visit the hospital. Further studies are needed to conWrm the
actual and exact explanations.

Compared to patients with only symptoms and no elect-
rodiagnostically conWrmed diagnosis, patients with sole
cases of CTS and DCS have delayed MDL and decreased
SNCV, P–W. These Wndings conWrmed the validity of the
electrodiagnosis of our physiatrists. However, comparison
between patients with sole cases of CTS and patients with
DCS showed no signiWcant diVerence of MDL and SNCV,
P–W. These Wndings did not support the double crush
hypothesis. In patients with electrodiagnostically conWrmed
carpal tunnel syndrome (sole cases of CTS + DCS), the
lowest mean value of MDL was found to be 4.47 ms, which
is longer than the upper limit of comparable MDL (4.3 and
4.4 ms) found in previous studies [20, 21]. In patients with
mere symptoms and no electrophysiologically conWrmed
diagnosis, the greatest average peak SNCV, P–W was
41.54 m/sec, which is comparable to the normal published
average peak SNCV, P–W value (41.85 m/sec) [22]. In
patients with electrophysiologically conWrmed CTS, the
123
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greatest average peak SNCV, P–W was 33.44 m/sec, which
is lower than the lower limit of published value (34.05 m/
sec) [22]. Our nerve conduction study (NCV) data add fur-
ther supportive evidence to using the aforementioned limit-
ing values for the diagnosis of CTS and conWrm the validity
of employing these published data for the diagnosis of CTS
in the population of Taiwan. In this study, we used the short
segment (palm-wrist) nerve conduction study for compari-
son between diVerent patient groups to avoid the diluted
eVect of long-segment (wrist-digit) study [23, 24]. The sen-
sitivity of wrist-palm sensory nerve conduction was also
found to be very high (90.5%) in previous study [25]. These
arguments further validate our diagnostic accuracy in the
present study.

Study limitations: Retrospective studies have a substan-
tial amount of inherent limitations and diYculties. We
could not obtain all the information from all the patients,
and some missing data were noted. We were also unable to
determine each physician’s exact reasons for the referral of
the electrodiagnosis. Therefore, we only collected the main
pertinent neck and upper limb symptoms for analysis. We
performed the electrodiagnostic studies at controlled room
temperature without measuring skin temperature. This is
justiWable in our study since we are in a subtropical region
with warm-hot climate most of the time in a year, and we
are accustomed to palpate for cool limbs and warm them to
the desired temperature before examination of the patient.

In conclusion, we found the highest portion of patients
with cervical radiculopathy, high concomitant occurrence
of CTS and CR, and less sole cases of CTS in our study.
These are quite diVerent from previous studies in the gen-
eral population in America and Europe [8, 11], which
showed higher incidences of CTS when compared to CR.
Our Wndings reveal that patients who visit our tertiary-
care medical center for neck and upper limb symptoms
are mostly with cervical radiculopathy, which may cause
more intolerable symptoms and lead to more clinical vis-
its and referral for electrodiagnostic studies. We also
found high concomitant occurrence of CTS and CR.
Although the double crush hypothesis cannot be sup-
ported by our electrodiagnostic studies, we must be care-
ful in the diagnosis and management of patients with
upper limb symptoms due to high concomitant occurrence
of CTS and CR, as their management strategies are quite
diVerent.
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