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AbstrAct

the aim of conducting this study was to determine the prevalence of Pts among patients with carpal 
tunnel syndrome.

the study was conducted from March 2014 to April 2015 in the EDX ward and clinic of physical medicine 
and rehabilitation at the university hospital; baqiytallah, a large referral practice and research center in 
tehran. We included patients with clinical symptoms and signs of cts. clinical assessments were aimed to 
the diagnosis of cts and Pts. At the next stage, ultrasound study was performed for the participants with 
suspected cts. sample size calculations were based on the formula: N=4[pq/ω2]z2 

results showed that 13 (8.8%) patients presented electrodiagnostic, and 27 (18.2%) had clinical manifes-
tations of pronator teres syndrome of which, 17 showed ultrasonic signs of the syndrome. In addition, 2, 7, 
and 8 out of the 17 patients had mild, moderate, and sever carpal tunnel syndrome, respectively. Age was not 
significantly different between the patients with, and without pronator teres syndrome (p-value=0.179). Nine 
participants with pronator teres syndrome were male and there was a significant difference concerning sex 
(p-value=0.013). there was a good agreement between electrodiagnostic and ultrasound findings (Cohen’s 
kappa coefficient=0.71, p-value<0.0001). taken together, pronator teres syndrome should be considered as 
a possibility among patients with carpal tunnel syndrome especially in sever forms. both electrodiagnos-
tic and sonographic studies are efficient for diagnosing pronator teres syndrome. Men are more prone to 
develop pronator teres syndrome. (Int J Biomed Sci 2016; 12 (3): 89-94)
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INtrODUctION

Symptomatic compression neuropathy of the median 
nerve is a frequently encountered clinical entity (1, 2). The 
most common form of the median nerve compression is 
carpal tunnel syndrome (CTS) (3). Patients with CTS pres-
ent frequently with numbness, tingling, hand and arm pain 
and motor weakness at the level of the wrist (1, 2).

Taking an accurate patient history, performing physi-
cal examination, and obtaining electrodiagnostic (EDX) 
tests have been recommended in the workup of patients 
with CTS (2). Splints, local injection of corticosteroids, 
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and surgical decompression have been used as the treat-
ment modalities for CTS. 

However, in some situations therapeutic measures do 
not culminate in favorable outcome. Lack of optimal relief 
of symptoms following carpal tunnel surgery may be due 
to the failure to identify the second site of compression 
(4). In certain cases, clinical manifestations are indica-
tive of median nerve compression in locations proximal 
to the carpal tunnel (1, 3, 5-11). Yet, because of overlap-
ping symptoms, CTS is sometimes diagnosed and a more 
proximal site of compression is missed (4, 12-14). In ad-
dition, there may be a coexisting pathology along the me-
dian nerve course together with CTS (15). Anatomical 
knowledge, rigorous clinical evaluations and EDX studies 
have been recommended to avoid pitfalls in the differential 
diagnosis of CTS (7, 14, 16-21). Accurate diagnosis will 
shorten morbidity time and prevent exposure of patients to 
additional operations (4).

Proximal to carpal tunnel, the median nerve traverses 
between the heads of the pronator teres and then enters 
deep to the tendinous arch connecting the radial and hu-
meral heads of the flexor digitorum superficialis muscle. 
Beside of compression at the carpal tunnel, the median 
nerve may be compressed between the heads of the prona-
tor teres muscle (3, 16). Patients complain of pain, numb-
ness or paresthesia over the anterior forearm and lateral 
3.5 digits that aggravate with forced pronation. Nerve con-
duction velocity (NCV) or amplitude of the median nerve 
may decrease in the forearm, but distal sensory and motor 
latencies are normal except when there is an associated 
CTS (11, 12). However, the exact pattern of these abnor-
malities is uncertain. Existing evidence regarding prona-
tor teres syndrome (PTS) is inadequate, and its prevalence 
among patients with CTS has not been properly estimated.

The aim of conducting this study was to determine the 
prevalence of PTS among patients with CTS. We assessed 
EDX data, clinical manifestations, and demographic char-
acteristics in patients with the two syndromes, and report-
ed the relationships of EDX results and clinical manifesta-
tions with sonographic findings in patients with PTS. We 
hypothesize that decrease in the NCV of the median nerve 
in CTS might be due to retrograde damage as well as con-
current pathology proximal to the carpal tunnel. 

MEtHODOLOGY

Ethical considerations
The study was conducted in accordance with the Dec-

laration of Helsinki, and the research protocol was ap-

proved by the ethics committee of Baqiatallah University 
of Medical Sciences. All patients signed written consents 
and they were referred for appropriate treatment, if need-
ed. Patients were informed that they were free to withdraw 
from the study at any time. 

Design
We performed a cross-sectional study. The study was 

conducted from March 2014 to April 2015 in the EDX 
ward and clinic of physical medicine and rehabilitation at 
the university hospital; Baqiytallah, a large referral prac-
tice and research center in Tehran. 

Participants 
We recruited patients with the manifestations of CTS 

who came to the clinic, or they were referred by physicians 
requiring assistance with workup of the syndrome. At the 
first visit medical histories were completed, physical ex-
aminations were performed and further investigations 
were ordered, if needed. Then, the patients were screened 
for eligibility and were listed for EDX studies. From the 
eligible individuals we randomly selected our analytic 
sample according to a predetermined sample size. Clini-
cal examinations were performed by a senior resident, and 
EDX studies by a physiatrist. The study was carried out 
under the supervision of a professor in physical medicine 
and rehabilitation. 

Eligibility criteria
We included patients with clinical symptoms and signs 

of CTS. There was no restriction for sex. Exclusion criteria 
were concurrent neuropathy, history of trauma to the up-
per limb or previous surgery, cervical radiculopathy, age 
more than 65 years (because of senile reduction in NCV), 
and also manifestations of osteoarthritis, rheumatoid ar-
thritis, amyloidosis, and gout. We also excluded patients 
with possible systemic causes of CTS such as diabetes, hy-
pothyroidism, renal failure, and autoimmune diseases, and 
if they were undergoing haemodialysis. Participants with 
body mass index more than 30 kg/m2 were excluded, too. 
Individuals who could not tolerate the EDX study did not 
entered to the study. 

Protocols and procedures 
clinical evaluations. Clinical assessments were aimed 

to the diagnosis of CTS and PTS. A research assistant re-
corded history and demographic data through interview 
and a self-administered questionnaire. The amount of 
physical activity, lifestyle, and comorbid conditions were 
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asked and the presence of numbness, tingling, and pain 
recorded. Visual analog scores (VAS) were used for mea-
suring subjective severity of pain. Participants recorded 
their pain perception by corresponding it to a 100-mm line 
ranging from 0 (no pain) to 9 (worst pain). Characteristics 
of symptoms were noted including location, duration, se-
verity, and worsening at night. 

Physical examinations included: observation of defor-
mity, assessment of pain with pronation against resistance, 
the presence of tenderness on the pronator teres muscle, 
sensory and motor examinations, muscle testing for atro-
phy, and Tinel’s test. Radiographs of the wrist were ob-
tained if needed. In addition, any previous consultation 
with a physician and EDX study or any current treatment 
was investigated carefully. For equivocal situations, a con-
sensus committee decided for the diagnosis.

Electrodiagnostic studies. Participants were stratified 
by CTS severity as mild: prolonged either sensory or mo-
tor distal latency (>3.5 and > 4.5 ms, respectively); mod-
erate: prolonged both sensory and motor distal latencies; 
severe: when sensory or motor (or both) distal latencies 
were not measurable. For the patients with severe CTS 
or in cases of absent latency, AIN (anterior interosseous 
nerve) conduction studies of the ulnar and radial nerves 
were used to differentiate CTS with peripheral neuropa-
thies or PTS. We performed EMG (electromyography) of 6 
upper limb muscles innervated by cervical nerves and the 
paraspinal muscles. Beside of routine EDX studies for the 
diagnosis of CTS, the median NCS along the forearm and 
in the elbow, AIN CAMP latency, comparison of CAMP 
amplitudes at the two sides, AIN and EMG of the muscles 
innervated by the median nerve were carried out. The skin 
temperature of the forearm and wrist were kept at 32-33˚C 
during all measurements.

Ultrasound studies. At the next stage, ultrasound 
study was performed for the participants with suspected 
CTS. We investigated the position of the median nerve 
between the two heads of the pronator teres dynamically 
during pronation of the forearm, and measured the cross-
section of the nerve before, after, and at the site of crossing 
the pronator teres, statically. Any noticeable reduction in 
cross-sectional diameter along with decrease in the nerve 
mobility throughout flexion, supination, and pronation was 
considered as the criterion for entrapment of the median 
nerve. In addition, any sign of fusiform enlargement and 
flattening of the nerve were investigated. The sonography 
(Mylab 25 gold, Esoate, Italy) was performed with 10 to 18 
mega Hz, high resolution probe, and musculoskeletal and 
nerve protocol. 

Outcome measures. The primary outcome measure 
was the prevalence of PTS among patients with CTS. We 
also estimated the prevalence of concurrent CTS and PTS 
within the strata of CTS severity; and assessed the rela-
tionship between clinical, ultrasound, and EDX findings. 
In addition, we investigated the prevalence of the syn-
dromes with respect to age and sex. 

sample size calculations. Sample size calculations 
were based on the formula: N=4[pq/ω2]z2      , where p is 
the anticipation of the prevalence of CTS; q = 1- p; ω is 
the planned width of 95% CI for the estimation of the 
prevalence, α = 0.05, and z0·975 = 1.9600. For the anticipated 
prevalence of 10%, we at least needed to include 138 par-
ticipants to provide the planned width ω = 0.1 of 95% CI 
for the estimation of the prevalence. We added a more 10 
participants and included 148 patients in our study.

statistical analyses
For each participant, we analyzed data from the hand 

with more sever CTS. If both hands were the same in the 
intensity of the syndrome, one hand was selected ran-
domly. Data was presented as mean (standard deviation), 
for continuous variables, and as numbers and proportions 
for categorical variables. Categorical variables were com-
pared by means of the chi-square or Fisher’s exact test, 
as appropriate. Data was analyzed with a statistical soft 
ware package (SPSS for Windows, version 13, SPSS, Inc., 
Chicago, IL, USA). A p-value of less than 0.05 was con-
sidered significant, and the power of statistical tests was 
set at 80%.

rEsULts

Our sample was composed of 148 participants (148 
hands). Mean age (std) was 51.4 (7.6) with the range of 
21 to 63 years. Of these patients, 107 (72.3%) were fe-
male. Participants had various occupations from low to 
high physical levels of activity. We had 81 (54.7%) right 
and 67 (45.3%) left CTS. Regarding the severity of CTS, 
57 (38.5%) had mild, 55 (37.2%) had moderate, and 36 
(24.3%) had sever CTS. Of the 148 participants, 13 (8.8%) 
presented EDX manifestations of PTS, and 27 (18.2%) had 
clinical PTS. 

Of the patients with clinical PTS, 17 (11.5% of the sam-
ple) showed ultrasonic signs of compression of the median 
nerve between the two heads of the pronator teres muscle. 
Of these 17 participants, 10 presented the involvement of 
the median nerve at the right side. In addition, 2, 7, and 
8 out of these 17 patients had mild, moderate, and sever 
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CTS, respectively [Pearson’s chi-squared (2) = 7.32, p-
value = 0.021]. We also assessed AIN latency for the 17 
participants. In 8 patients, the latency was > 8 ms and in 
10, difference of the latencies between the two sides was 
> 70 ms. In 12 individuals, either AIN latency > 8 ms or 
the discrepancy > 20% (0.7 ms) between the two sides was 
detected. 

We had 13 patients for which the diagnosis of PTS 
was confirmed with EDX studies. Three patients showed 
decreased median forearm velocity in their hands. Eight 
out of these 13 participants had either abnormal conduc-
tion velocity or abnormal amplitude. Needle exam showed 
an abnormality of at least one median innervated muscle, 
abductor pollicis brevis, flexor carpi radialis, or pronator 
teres, in 10 of the 13 patients. All the 13 participants with 
EDX-proven PTS showed positive ultrasound findings for 
the syndrome while in 4 patients with clinical PTS ultra-
sound was not productive. Of these 13 individuals, 8 had 
AIN latency > 4ms, 9 had right-versus-left discrepancy of 
the latencies > 20% (0.7 ms), and 11 had either or both the 
abnormalities was seen. There was no statistically signifi-
cant difference between EDX- and ultrasonography-prov-
en PTS in term of AIN latency abnormalities (p-values > 
0.05).

Mean (std) age for the patients with PTS was 53.7 (6.5) 
years. There was not statistically significant difference be-
tween the patients with, and without PTS with respect to 
age [t-test (146) = 1.350, mean difference = 2.6 years, p-
value = 0.179]. Nine participants with PTS were male and 
there was a statistically significant difference concerning 
sex [Pearson’s chi-squared (1) = 6.108, p-value = 0.013] 
among the participants with PTS. Table 1 shows the re-
lationship between clinical and EDX studies for the diag-
nosis of PTS. Considering clinical diagnosis of PTS as the 
standard, sensitivity for EDX was 48% (95% CI = 40% to 
56%) and specificity was 100%. Table 2 demonstrates the 
relationship between EDX and ultrasound findings among 
patients who underwent ultrasonography. There was a 
good agreement between EDX and ultrasound findings 

(Cohen’s kappa coefficient = 0.71, std= 0.13, proportion in 
agreement = 0.85, p-value < 0.0001). 

DIscUssION

We tried to determine the prevalence of PTS among 
patients with CTS. We compared clinical findings with 
the results of EDX studies, and performed sonographic as-
sessments for the patients with the two syndromes. Our 
study showed that PTS should be considered as a possibil-
ity among patients with CTS, and that the association is 
stronger for sever CTS. We found that both EDX and so-
nographic studies are efficient means for diagnosing PTS, 
and their results are well correlated. Especially, it seems 
that EDX studies are highly specific for the diagnosis of 
pronator teres syndrome. Age is not a significant predictor 
of concurrent PTS. In contrast, sex is significant as men 
were more prone to develop PTS in our sample. 

To our knowledge, there is no recent study on the prev-
alence of PTS in patients with CTS. In our study, statistical 
analyses were straightforward and missing data were triv-
ial. The size of the sample was sufficiently large. We used 
standard and easy to follow protocols, and our research 
team and assessors were highly trained and attempted to 
follow the protocols strictly. 

Overall, our results are consistent with previous find-
ings reported in the literature. Researchers have recently 
studied cross-section areas of median nerve and its cor-
relation with the nerve conduction study, using high-res-
olution ultrasonography (22). They included a sample of 
212 CTS and 50 asymptomatic hands in their study. They 
found that the cross-sectional area has positive correla-
tions with nerve conduction study and the severity and 
duration of symptoms. Also they declared that combined 
nerve conduction and ultrasonography studies may yield 
a higher positive rate than nerve conduction study alone 
for diagnosing CTS. Our study also showed that EDX and 
sonographic findings are confirmatory for the diagnosis of 
PTS.

table 1. Relationship between clinical and EDX studies for the 
diagnosis of PTS. Figures are numbers (percentages)

Clinical PTS

positive negative total

EDX positive 13 (8.8) 0 (0.0) 13 (8.8)

negative 14 (9.4) 121 (81.8) 135 (91.2)

total 27 (18.2) 121 (81.8) 148 (100)

table 2. Relationship between EDX and ultrasound findings for 
PTS. Figures are numbers (percentages)

EDX

positive negative total

Ultrasound positive 13 (48.1) 4 (14.8) 17 (63.0)

negative 0 (0.0) 10 (37.0) 10 (37.0)

total 13 (48.1) 14 (51.9) 27 (100)
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In another study, researchers evaluated the relationship 
between the results of nerve conduction study and sono-
graphic findings in patients with type 2 diabetes mellitus 
(23). They enrolled 30 patients and 32 healthy volunteers 
and assessed cross-sectional area of the median nerve at 
the carpal tunnel proximal to the wrist. They found a sig-
nificant increase in the cross-sectional and hypoechoic 
area of the nerve in diabetic patients compared with con-
trols (P<0.05). They reported that cross-sectional area was 
negatively correlated with reduced motor nerve conduc-
tion velocity and delayed latency, and concluded that so-
nographic examinations are useful for the diagnosis of dia-
betic neuropathy. Other more previous studies have also 
highlighted these results (24).

Some researchers focused on slowing motor conduc-
tion velocity of the forearm median nerve in patients with 
CTS, when either focal conduction abnormality over wrist 
or retrograde conduction slowing is present. They also 
aimed to determine whether the slowing is correlated to 
severity of compression or not. Fifty patients with nerve 
conduction study proven CTS, and 100 participants as 
controls were included. They concluded that the retro-
grade conduction slowing occurs among patients with 
CTS prominantly in those with abnormal electromyogra-
phy, and mildly in those with only demyelination. They re-
jected the conventional belief that nerve function changes 
only distal to injured sites (25).

In a retrospective study, records of 83 limbs in seventy-
two patients with PTS were reviewed (12). The reviewed 
items included demographic, clinical, and EDX data, as 
well as treatment modalities. Slowing of median forearm 
velocity was seen in 25 limbs (30%), and in 54 (65%) me-
dian sensory findings of either abnormal conduction ve-
locity or abnormal amplitude was detected. In our study, 
13 (48%) of 27 patients with PTS showed slowing of fore-
arm median conduction velocity. The discrepancy may be 
due to different sample sizes and the inconsistent designs 
of the two studies. Meanwhile, the two researches roughly 
suggest the same clinical implication.

In a more previous research, 39 limbs in 36 patients 
who underwent surgical decompression of the median 
nerve in the proximal forearm were evaluated.24 Elbow to 
wrist nerve conduction velocity was assessed in 37 limbs 
and was abnormal in 12 (32%). Although this figure is close 
to our estimation, but the two studies are basically differ-
ent in design. In another study, EDX and clinical findings 
in 17 patients with proximal median neuropathy were re-
viewed (25)> The causes of neuropathy were trauma in 5, 
pronator teres overuse in 3, postinfectious in 2, secondary 

to a congenital lesion in 1, and undetermined in 6 patients. 
In 14 patients the neuropathy was present at or proximal to 
the pronator teres muscle and in 3 at the anterior interosse-
ous portion of the nerve. It was reported that EDX results 
were more definitive than clinical findings. 

cONcLUsION

Overall, we did not find any similar study the results 
of which would be compared to ours. Our results have two 
important implications for the workup of patients with CTS 
in general practice. Because of overlapping symptoms or 
the possibility of coexisting pathology, patients with CTS 
have to be carefully evaluated for the presence of PTS. In 
addition, clinical diagnosis of PTS should be confirmed 
with ultrasonography or EDX studies, especially when 
the patient is a candidate for surgery. Our findings can be 
considered as a basis for further research particularly for 
calculations of sample size.

rEFErENcEs

1. Ulrich D, Piatkowski A, Pallua N. Anterior interosseous nerve syn-
drome: retrospective analysis of 14 patients. Arch. Orthop. Trauma 
Surg. 2011; 131: 1561-1565.

2. Keith MW. Diagnosis of carpal tunnel syndrome. J. Am. Acad. Orthop. 
Surg. 2009; 17: 389-396.

3. Tubbs RS. The sublime bridge: anatomy and implications in median 
nerve entrapment. J. Neurosurg, 2010; 113: 110-112.

4. Mujadzic M. Simultaneous surgical release of ipsilateral pronator teres 
and carpal tunnel syndromes. Plast Reconstr Surg. 2007; 119: 2141-
2147.

5. Okada K. Median nerve neuropathy in the forearm due to recurrence 
of anterior wrist ganglion that originates from the scaphotrapezial 
joint: Case Report. J. Brachial Plex Peripher Nerve Inter. 2012; 7: 1.

6. Piyawinijwong S. Cadaveric study of median nerve entrapment in the 
arm: report of two anatomical cases. J. Med. Assoc. Thai. 2011; 94: 
1405-1409.

7. Petiot P, Bernard E. Diagnostic pitfalls in carpal tunnel syndrome. Rev. 
Neurol. (Paris). 2011; 167: 64-71.

8. Keiner D. Anterior interosseous nerve compression syndrome: is there 
a role for endoscopy? Acta. Neurochir. (Wien). 2011;153: 2225-2229.

9. Mehta V. Crucial neurovascular structures entrapped in a brachial 
intramuscular tunnel. Rom. J. Morphol. Embryol. 2010; 51: 199-201.

10. Dang AC, Rodner CM. Unusual compression neuropathies of the fore-
arm, part II: median nerve. J. Hand Surg. Am. 2009; 34: 1915-1920.

11. Valbuena SE, O’Toole GA, Roulot E. Compression of the median nerve 
in the proximal forearm by a giant lipoma: A case report. J. Brachial 
Plex Peripher Nerve Inter. 2008; 3: 17.

12. Bridgeman C, Naidu S, Kothari MJ. Clinical and electrophysiological 
presentation of pronator syndrome. Electromyogr Clin. Neurophysiol. 
2007; 47: 89-92.

13. Lee MJ, LaStayo PC. Pronator syndrome and other nerve compres-
sions that mimic carpal tunnel syndrome. J. Orthop. Sports Phys Ther. 
2004; 34: 601-609.

14. El-Naggar MM, Al-Saggaf S.Variant of the coracobrachialis muscle 



Carpal Tunnel Syndrome

September  2016    Vol. 12  No. 3    Int  J  Biomed  Sci    www.ijbs.org 94

with a tunnel for the median nerve and brachial artery. Clin. Anat. 
2004; 17: 139-143.

15. Claassen H, Schmitt O, Wree A. Large patent median arteries and 
their relation to the superficial palmar arch with respect to history, size 
consideration and clinic consequences. Surg. Radiol Anat. 2008; 30: 
57-63.

16. Jacobson JA. Entrapment neuropathies I: upper limb (carpal tunnel 
excluded). Semin Musculoskelet Radiol. 2010; 14: 473-486.

17. Zaidman CM, Al-Lozi M, Pestronk A. Peripheral nerve size in normals 
and patients with polyneuropathy: an ultrasound study. Muscle Nerve. 
2009; 40: 960-966.

18. Shibuya R, Kawai H, Yamamoto K. Neurophysiological study to assess 
the severity of each site through the motor neuron fiber in entrapment 
neuropathy. J. Brachial Plex Peripher Nerve Inter. 2009; 4: 7.

19. Bilecenoglu B, Uz A, Karalezli N. Possible anatomic structures caus-
ing entrapment neuropathies of the median nerve: an anatomic study. 
Acta. Orthop. Belg. 2005; 71: 169-176.

20. Chang MH. The cause of slowed forearm median conduction velocity 

in carpal tunnel syndrome. Clin. Neurophysiol. 2000; 111: 1039-1144.
21. Veilleux M, Richardson P. Proximal median neuropathy secondary to 

humeral neck fracture. Muscle Nerve. 2000; 23: 426-429.
22. Chen SF. Ultrasonographic median nerve cross-section areas mea-

sured by 8-point “inching test” for idiopathic carpal tunnel syndrome: 
a correlation of nerve conduction study severity and duration of clini-
cal symptoms. BMC Med. Imaging. 2011; 11: 22.

23. Watanabe T. Sonographic evaluation of the peripheral nerve in dia-
betic patients: the relationship between nerve conduction studies, echo 
intensity, and cross-sectional area. J. Ultrasound Med. 2010; 29: 697-
708.

24. Watanabe T. Sonographic evaluation of the median nerve in diabetic 
patients: comparison with nerve conduction studies. J. Ultrasound 
Med. 2009; 28: 727-734.

25. Chang MH. Alteration of proximal conduction velocity at distal 
nerve injury in carpal tunnel syndrome: demyelinating versus axonal 
change. J. Clin. Neurophysiol. 2008; 25: 161-166.


