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Abstract 

Background  Electrodiagnostic tests (EDX) are the most frequent and applicable studies in early diagnosis of car‑
pal tunnel syndrome (CTS), but the definitive sensitive and specific tests are still under study. We aimed to evaluate 
the role of the median versus ulnar palmar mixed nerve study (Mix M-U), and its sensitivity in comparison to other 
provocative comparison studies, in supporting the early diagnosis of CTS. This cross-sectional study included 142 idi‑
opathic early CTS hands from 100 patients and 71 hands from 50 healthy subjects as a control group. We did routine 
median motor and sensory studies and 4 comparative tests namely median versus radial sensory study (MVR), Mix 
M-U, median versus ulnar sensory study (MVU), and median versus ulnar lumbrical-interossei motor study (LU-IN).

Results  The routine median motor and sensory latency and amplitude showed a statistically significant difference 
between CTS and control groups as (p< 0.05) and a highly statistically significant difference between the 2 groups as 
regards the 4 comparative tests as (p< 0.0001). The specificities of all the 4 comparative tests were higher than 90%. 
MVR test had the highest sensitivity (92.2%) and followed by Mix M-U study (82.2%) and MVU (78.7%), and the least 
sensitive test was the LM-IN (66.9%).

Conclusions  Although the patients’ results fall within the normal range according to the reference range in the litera‑
ture, it showed a statistically significant difference when compared to controls. A high percentage of those sympto‑
matic patients showed results of typical CTS when tested with the comparative studies so there is a need to use these 
sensitive tests to diagnose cases with early CTS. According to sensitivity studies, the selection of which tests to do 
in order is a challenging choice. For the diagnosis of cases with early CTS with a normal ordinary motor and sensory 
studies, MVR comparative technique appeared as the best sensitive and specific provocative electrophysiological test 
followed by the Mix M-U test. We recommend the use of a combination of both tests first in the diagnosis of early CTS 
and if one of them was negative we can use the other comparative studies MVU and then LM-IN studies.

Keywords  Median versus ulnar palmar mixed nerve, Carpal tunnel syndrome, Comparative tests

Background
Carpal tunnel syndrome (CTS) is a median nerve entrap-
ment at the wrist. It is the most prevalent neuropathy in 
the body in which the median nerve is compressed under 
the transverse carpal ligament [1–4]. CTS is evaluated 
by the recognition of median nerve conduction studies 
affection over the carpal tunnel. These conduction stud-
ies are the key in the verification of the proof of uncertain 
cases of CTS and assess the physiological status of the 
median nerve across the carpal tunnel [5, 6]. The results 

*Correspondence:
Aliaa Omar El‑Hady
aliaaomarelhady11@gmail.com
Physical Medicine, Rheumatology and Rehabilitation- Al Mataria Teaching 
Hospital, Cairo, Egypt

http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s43166-022-00163-9&domain=pdf


Page 2 of 10El‑Hady ﻿Egyptian Rheumatology and Rehabilitation            (2023) 50:9 

of EDX studies give rise to interchange in the endorsed 
treatment of CTS [7].

There are a diversity of sensory and motor conduc-
tion studies that range in sensitivity and specificity. The 
changes in the sensory studies occur earlier than the 
motor studies and they are more sensitive. The motor 
studies are routinely documented in progressive CTS and 
in sufferers from peripheral polyneuropathy [2, 8]. The 
motor studies that evaluate the affection of the median 
nerve over the wrist are the median motor conduction 
study test (MMCS) with poor sensitivity for the diagno-
sis of CTS, LM-IN motor study that has a better sensi-
tivity than the median conduction study test [3], and the 
median-ulnar medial thenar motor latency comparative 
study which is the most sensitive and specific motor study 
for the diagnosis of CTS than the previous two studies [2, 
3, 9, 10]. The sensory conduction studies that evaluate 
the affection of the median nerve across the wrist are the 
routine median sensory nerve conduction test (MSCS), 
median versus ulnar sensory test (MVU) recorded from 
digit four, and median versus radial sensory test (MVR) 
recorded from the thumb and the median versus ulnar 
palmar mixed test (Mix M-U) [2, 3].

The differentiation of the several conduction studies 
identification sensitivity demonstrates that the sensory 
studies are preferred than motor studies and the com-
parative study techniques between median and ulnar or 
median and radial nerves are more sensitive than routine 
sensory study in the same hand [11].

This work aimed to evaluate the role of the median ver-
sus ulnar palmar mixed nerve study, and its sensitivity in 
comparison to other provocative comparison studies, in 
supporting the early diagnosis of CTS.

Methods
Study design, setting, and participants
Crosssectional comparative study included 100 patients 
of idiopathic early CTS. Theywere selected from the 
patients that attended the electrophysiology unit of Phys-
icalMedicine, Rheumatology and Rehabilitation depart-
ment-Al-Mataria Teaching Hospital afterexplaining the 
procedure to them and taking from them a written con-
sent.  Fifty apparently healthy volunteers were included 
in the study as a control group. Diagnosis of CTS was in 
accordance with the criteria proposed by Keith et al. [12] 
as the presence of nocturnal or activity-related pain or 
dysthesia limited to the hand, sensory deficit in median 
nerve distribution, or positive Phalen’s or Tinel’s sign. 
Isolated atrophy of the abductor pollicis brevis (APB) 
muscle was excluded from the criteria. Inclusion criteria 
were adult patients fulfilling the clinical criteria of idi-
opathic CTS.

Exclusion criteria: Subjects with any neurological 
deficits including severe CTS, peripheral neuropathy, 
radiculopathy, diabetes mellitus, endocrine or metabolic 
disorders, and local steroid injection history or previous 
decompression surgery of the CTS were excluded from 
the study.

Methods
All participants in the study were subjected to:

- Full history taking including disease duration and 
symptoms of CTS, local clinical hand examination, and 
neurological examination.

- Electrophysiological studies were conducted using 
nerve conduction and EMG apparatus named Medtronic 
Dantek Keypoint 2 channels (DANTEK, Denmark). Skin 
temperature was maintained 32–34°C by using an infra-
red lamp in cold hands and measured by a digital ther-
mometer. Surface cup electrodes were applied for the 
recording of motor tests, the ring and the bar electrodes 
for the recording of sensory tests, and bipolar stimula-
tor electrodes were used for stimulation. The ground 
electrode was placed between the stimulator and the 
recording electrodes. A measuring tape with a 1-mm 
measure was used to calculate the conduction distance. 
Supramaximal stimulation was applied.

- In motor conduction studies we used the belly-tendon 
montage method as the active recording electrode (G1) 
was placed on the muscle belly and the reference record-
ing electrode (G2) on its tendon. The filter bandwidth 
was 10 Hz–10 kHz, sensitivity was 5 mV/ division, and 
sweep speed was 5 ms/division. The production current 
capacity of the stimulator was 100 mA with a pulse dura-
tion 0.2 ms. The measuring parameters was described in 
Table 1.

- In sensory conduction studies, the filter bandwidth 
was 20Hz–2kHz, the sensitivity was 20 μV/division, and 
the sweep speed was 2 ms/division. The production cur-
rent capacity of the stimulator was 100 mA with a pulse 
duration of 0.2 ms. Averaging of signals was used. The 
measuring parameters of the sensory nerve action poten-
tial (SNAP) included peak latency (PL) in ms, amplitude 
in microvolts (μV ), and conduction velocity (CV) in m/s. 
Ring electrodes were placed on the studied digit as the 
active recording electrode (G1) was placed proximally 
and the reference recording electrode (G2) was placed 
3–4cm distally. In studying the orthodromic Mix M-U 
test we used the bar electrode as a recording electrode 
and it was placed on the examined nerve.

Electrophysiological routine studies and provocative 
comparison techniques performed in the study were 
shown in Table 1.

1)	 Median motor nerve conduction test (MMCS)
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2)	 Median sensory nerve conduction test (MSCS)
3)	 Sensory median versus radial test (MVR)
4)	 Sensory median versus ulnar test (MVU)
5)	 Motor median versus ulnar lumbrical/interossei test 

(LM-IN)
6)	 Sensory Median versus ulnar palmar mixed nerve 

test (Mix M-U)

Motor and sensory ulnar nerve conduction studies 
were done as a routine in all subjects to exclude neuropa-
thy. The protocol of recording and stimulation of ulnar 
nerve conduction study was according to Preston and 
Shapiro [10].

The patients of early CTS according to bland scale [14] 
were defined as cases with a clinically established diag-
nosis of CTS with normal routine motor and sensory 
median studies with the presence of at least two abnor-
mal sensitive comparative test (from no. 2 to 6).

To assess the percentage of affection of electrophysio-
logical comparative tests in early CTS hands, we grouped 
the patients according to the median sensory latency cut-
off: group 1 (<3.7ms), group 2 (<3.6 ms), group 3 (<3.5), 
group 4 (<3.4), group 5 (<3.3), group 6 (<3.2), and group 
7 (<3.1) considering each cut off point as a reference to 
see the number of affected hands to get the most sensi-
tive test.

Statistical analysis of data was calculated and tabulated 
by the application of the SPSS (V. 25) software (USA). 
The descriptive statistics are described as the minimum, 
maximum, mean, and SD, and the analysis of comparison 
parameters was done by using the independent Student 
t-test between the means. Statistical significance was 
measured to any P value less than or equal to 0.05. Sen-
sitivity, specificity, and positive and negative predictive 
values were assigned and were extracted as percentages 
for easiness of elucidation. The sensitivity, specificity, and 
the area under the curve (AUC) were calculated using the 
receiver operating characteristic curves (ROC).

Results
One hundred and forty-two hands established clini-
cally as CTS existed from 100 patients were included in 
the study. The mean age was 37.66±8.8 (18 to 60) years, 
84% were females and 16% were males. Seventy one 
asymptomatic hands existed from 50 volunteers were 
included in the study as a control group. The mean age 
was 35.08±11.42 (18 to 61) years, 80% were females and 
20% were males. There was no difference significantly 
between CTS hands and the control group concerning 
age (p=0.128) or gender (p=0.543).

A total of 42 (42%) patients had bilateral CTS and 58 
(58%) patients had unilateral CTS. Clinical symptoms 
were presented in the right hands in 80 (56.3%) patients 
and the left hands in 62(43.6%). Ninety-seven hands 
(69%) of the 142 symptomatic hands that were exposed 
to EDX studies had nocturnal dysesthesia in the distribu-
tion of the median nerve, 45 (31.7%) hands had painful 
dysesthesia related to activity. Seventy-six (53.5%) hands 
had a sensory deficit in the distribution of the median 
nerve. Phalen’s test was positive in 92 (64.8%) hands and 
54 (38.02%) hands had positive Tinel’s test. The clini-
cal features of the CTS hands and control subjects were 
described in Table 2.

As regards the EDX study test, the distal motor latency 
of MN was delayed significantly in CTS hands compared 
to normal hands (p=0.022). The amplitude was reduced 
significantly in CTS hands compared to normal hands 
(p=0.0008), while there was no difference in motor con-
duction velocity between the 2 groups (p=0.896). The 
peak sensory latency of MN was delayed significantly in 
hands with CTS compared to normal hands (p<0.0001). 
The sensory amplitude was reduced significantly in CTS 
hands compared to normal hands (p=0.011), while there 
was no difference in sensory conduction velocity between 
the 2 groups (p=0.251).

All 4 provocative comparative tests, MVR, Mix M-U, 
MVU, and LM-IN, were significantly higher in CTS hands 

Table 2  Clinical characteristics of CTS patient and control subjects

*P is significant at ≤ 0.05

Clinical data CTS group
(100 patients–142 hands)

Control group
(50 subject–71 hands)

T p

Women (no. and %) 84 (84%) 40(80%) 0.610 0.543

Age (years) mean±SD 37.66±8.8 (18–60) 35.08±11.42 (18–61) 1.528 0.128

Disease duration (months) 5.8± 2.1 (4–9) NA NA NA

Bilateral/unilateral 42 (42%)/58 (58%) 21 (42%)/29 (58%) 1.00 <0.0001

Side (right/left) 80 (56.3%)/62 (43.6%) 49 (69%)/22 (31%) 1.788 0.075

Nocturnal/activity-related pain limited to the hand 97 (69%)/45 (31.7%) NA NA NA

Sensory deficit in median distribution 76 (53.5%) NA NA NA

Isolated atrophy of thenar muscle 0 NA NA NA

Positive phalen’s or tinel’s signs 92 (64.8)/54 (38.02%) NA NA NA
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than in control hands (p<0.0001). There were no signifi-
cant differences between patients and controls as regards 
ulnar motor and sensory studies (p> 0.05). A comparison 
of electrophysiological test variables between CTS hands 
and normal hands was shown in Table 3 and Fig. 1.

Table  4 demonstrates the diagnostic value of pro-
vocative electrophysiological comparative tests used 
in the study for the diagnosis of early CTS. The tests of 
the highest sensitivity in confirming CTS were MVR, 
then Mix M-U and MVU studies (92%, 85.2%, and 78%, 
respectively). The lowest sensitive test in confirming early 
CTS was the LM-IN study (66.9%). All four comparative 
tests showed a specificity of more than 90%.

At the normal median sensory cut-off of less than 
3.7, 131 (92.9%) hands had an abnormal MVR test, 111 
(78.2%) hands had an abnormal MVU test, 95 (67.4%) had 
an abnormal LM-IN test, and 121 (85%) hands had an 
abnormal mix M-U test. We carried out the percentage 
of affection of the 4 comparative tests when median dis-
tal sensory latency (MDSL) was below 3.6ms (121 hands), 
below 3.5ms (102 hands), below 3.4ms (70 hands), below 
3.3ms (52 hands), below 3.2ms (29 hands), and below 
3.1ms (20 hands), as shown in Table  5. The percentage 
of affection of the MVR study showed the highest value 

in spite of that the 7 cut-off sensory latency values, rang-
ing from 92.9 to 65%, followed by the Mix M-U study 
as it gained the second highest value ranging from 85.2 
to 55%, then the MVU study reached the third highest 
value ranging from 78.2 to 45%. The LM-IN test reached 
the smallest value ranging from 67.4 to 15% as shown in 
Table 5. The percentage of affection of the 142 CTS hands 
when two to four comparative studies were found abnor-
mal was shown in Table 6. When just 2 comparative tests 
were affected, the most frequent interrelation was MVR 
plus Mix M-U and MVR plus MVU studies.

Discussion
Our study was designed to evaluate the role of the 
median versus ulnar palmar mixed nerve study, and its 
sensitivity in comparison to other provocative compari-
son studies, in assisting the early diagnosis of CTS. Our 
results clearly demonstrated that the electrophysiological 
provocative comparison techniques MVR, MVU, LM-IN, 
and Mix M-U mainly the sensory tests are more sensitive 
and better than the routine motor and sensory median 
latency for early diagnosis of CTS, as reported by AAEM 
Quality Assurance Committee [11]. The sensitivity of 
sensory techniques namely MVR, Mix M-U, and MVU 

Table 3  Comparison of nerve conduction study parameters between case and control groups

DL, distal latency; amp, amplitude; CV, conduction velocity; MM, median motor; MS, median sensory; PL, peak latency; MVR, median versus radial study; MVU, median 
versus ulnar sensory study; LM-IN, median versus ulnar lumbrical- interossei motor study; Mix M-U, median versus ulnar palmar mixed nerve study; UM, ulnar motor; 
US, ulnar sensory

*P is significant at ≤ 0.05

**P is highly significant at < 0.001

NCS parameters Patients (n=142 hands) Control (n=71 hands) T p

Median motor
  MM DL 3.37±0.39 (2.3–4.2) 3.24±0.38 (2.3–3.8) 2.313 0.022*
  MM amp 7.6±2.5 (5–12.2) 8.8±2.3 (5–16.2) 3.39 0.0008**
  MM CV 58.75±3.9 (50–65.7) 58.83±4.8 (50–75) 0.130 0.896

Median sensory
  MS PL 3.53±0.3 (2.4–3.7) 2.81±0.52 (2.1–3.4) 12.79 <0.0001**
  MS amp 36.0±19.8 (15–70) 43.73±22.5 (14–76) 2.565 0.011*
  MS CV 56.6±6.3 (46.4–69.1) 55.3±10.1 (50–72.3) 1.151 0.251

MVR 0.7±0.34 (0–1.5) 0.35±0.01 (0–0.5) 8.612 <0.0001**
MVU 0.5±0.3 (0–1.1) 0.23±0.3 (0–0.5) 6.169 <0.0001**
LM-IN 0.7±0.53 (0–2.1) 0.32±0.2 (0–0.5) 5.786 <0.0001**
MIx M-U 0.6±0.43 (0–2.5) 0.27±0.25 (0.02–0.5) 5.977 <0.0001**
Ulnar motor
  UM DL 2.4±0.34 (1.96–3.1) 2.3±0.54 (1.46–3.1) 1.65 0.101

  UM amp 9.6±1.8 (5.2–13.1) 9.25±2.3 (5.5–16.6) 1.216 0.225

  UM CV 66.7±3.68 (55.4–81.2) 60.8±4.7 (50.8–80.9) 0.167 0.867

Ulnar sensory
  USPL 2.5±0.2 (2–3) 3.4±0.55 (1.94–3.5) 1.93 0.055

  US amp 34.2±20 (8–52) 38.8±18.4 (7.5–68) 1.624 0.106

  US CV 59.6±5.5 (47.7–70) 58.2±6.9 (43.5–77.8) 1.605 0.110
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are exceeding 78.2% of abnormality when MDSL is still 
lower than the upper limit of normal (ULN), considered 
as 3.7 ms [15, 16]. When considering the upper limit of 
normal for MDSL as below 3.6 ms to below 3.1 ms, the 
percentage of affection of the MVR study was the most 
sensitive value ranging from 92.9 to 65% following by the 

Mix M-U study as the second high value ranging from 
85.2 to 55%. MVU and LM-IN studies showed less sen-
sitivity ranging from 78.2 to 45% and from 67.4 to 15%, 
respectively. We reported that when at least 2 compara-
tive tests were affected, the most frequent linked affected 
tests were MVR plus Mix M-U and MVR plus MVU.

Fig. 1  Control group at the left showed normal neurophysiological parameters of median, ulnar motor, and sensory studies; normal 4 comparative 
tests. CTS group at the right showed normal neurophysiological parameters of median, ulnar motor, and sensory studies; abnormal LM-IN (> 0.5); 
abnormal MVR (>0.4); abnormal Mix U-M (>0.4); and normal MVU (≤0.5). The traces from above downwards [median motor wrist, elbow, and palm 
(control only), LM-IN (2 traces), routine median sensory, MVR(2 traces), Mix M-U (2 traces), routine ulnar sensory, and MVU (last 2 traces)

Table 4  Diagnostic value of provocative electrophysiological comparative tests in the diagnosis of early CTS

PPV, positive predictive value; NPV, negative predictive value; AUC​, area under curve; MVR, median versus ulnar sensory study; MVU, median versus ulnar sensory 
study; LM-IN, median versus ulnar lumbrical- interossei motor study; Mix M-U, median versus ulnar palmar mixed nerve study

Technique Sensitivity Specificity PPV NPV AUC​ 95% confidence interval

Lower bound Upper bound

MVR 92.2 94.4 97 85.9 96.5 0.914 1.000

MVU 78.2 91.5 94.9 67.7 89.4 0.763 1.000

LM-IN 66.9 90.1 84.8 57.6 83.7 0.643 1.000

Mix M-U 85.2 93 96 75.8 92.9 0.839 1.000
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There were wide abnormal variation reports of the 4 
provocative comparative tests. The abnormal percent-
age for MVR is described by Johnson et al. [17] (100%), 
Kouyoumdjian and Morita [18] (97.8%), Andary et  al. 
[19] (90%), Cioni et  al. [20] (89%), Pease et  al. [21] 
(87.2%), Carrol [22] (59.6%), White et al. [23] (58%), and 
Jackson and Clifford [13] (44%). In our study, this tech-
nique was the most sensitive test in diagnosing early 
CTS and its sensitivity was (92.9%). The second sensi-
tive test in our study was the Mix M-U study as its sen-
sitivity was (85.2%). Reports of aberrancy percentage 
for Mix M-U are described by Kouyoumdjian & Morita 
[18] (89.4%), Andary et al. [19] (61%), Mills [24] (60%), 
and Jackson and Clifford [13] (30%). The third sensitive 
test in our study was the MVU study as its sensitivity 
was (78.2%). Reports of aberrancy percentage for MVU 
are described by Charles et al. [25] (100%), Cioni et al. 
[20] (99.2%), Monga et  al. [26] (93%), Pease et  al. [21] 
(88.6%), Lauritzen et al. [27] (87%), Kouyoumdjian and 
Morita [18] (85.2%), Uncini et  al. [28] (78%), Jackson 
and Clifford [13] (44%), and Andary et  al. [19] (42%). 
The least sensitive test in our study was the LM-IN 
study as its abnormal percentage was (67.4%). Reports 
of aberrancy percentage for LM-IN are described by 

Yilmaz et  al. [29] (76%), Boonyapisit et  al. [30] (92%), 
Kodama et  al. [31] (92%), Preston and Logigian (88%) 
[32], and Ozben et  al. [33] (89.4%). The wide range of 
abnormality differences in various reports was advo-
cated because in a few electrophysiological labs, the 
upper limit of normal practice for MDSL could be con-
trasting. The changes in cut-off latencies in compara-
tive tests for CTS diagnosis could change the sensitivity 
or specificity-induced false negative or positive results. 
The wide variation and cut-off latencies abnormality 
reported revealed that there was no concurrence sug-
gesting only one test to be superior to others.

The precise procedure to diagnose CTS was to merge 
the clinical demonstrations with the consequences of 
electrodiagnostic studies [34]. For that reason, all the 
electrodiagnostic tests evaluating CTS were support-
ive to each other. There was no isolated test that could 
take the advantage over the others but the combination 
of the comparative tests can be used to complement 
one another in the diagnosis of patients with CTS who 
had normal routine sensory and motor studies [35]. The 
limitation of our study was the small number of patients 
of grade 1 CTS with normal motor and sensory routine 
studies and at the same time having only two abnormal 

Table 5  Percentage of affection of electrophysiological comparative tests in early CTS hands

MSPL, median sensory peak latency; MVR, median versus ulnar sensory study; MVU, median versus ulnar sensory study; LM-IN, median versus ulnar lumbrical- 
interossei motor study; Mix M-U, median versus ulnar palmar mixed nerve study

Technique Percentage of affection in each group
No. (%)

Abnormal cut-off

MSPL Group1
<3.7

Group2
<3.6

Group3
<3.5

Group4
<3.4

Group5
<3.3

group6
<3.2

group7
<3.1

≥ 3.7

Hands 142 121 102 70 52 29 20

MVR 131 (92.9) 111 (91.7) 91 (89.2) 62 (88.6) 44 (84.6) 24 (82.8) 13 (65) ≥ 0.4

MVU 111 (78.2) 96 (79.3) 78 (76.5) 47 (67.1) 34 (65.4) 14 (48.3) 9 (45) ≥ 0.5

LM-IN 95 (67.4) 70 (57.8) 55 (53.9) 40 (57.1) 29 (55.7) 10 (34.5) 3 (15) ≥ 0.5

Mix M-U 121 (85.2) 108 (89.2) 87 (85.3) 59 (84.3) 41 (78.8) 19 (65.5) 11 (55) ≥ 0.4

Table 6  Percentage of affection for comparative tests in early CTS

MSPL, median sensory peak latency

MDSL cut-off Hands 2 abnormal tests 3 abnormal tests 4 abnormal tests

< 3.7 142 100% 82.6% 67.6%

< 3.6 121 85.1% 70.2% 54.5%

< 3.5 102 72.5% 57.8% 42.1%

< 3.4 70 42.1% 30% 18.6%

< 3.3 52 26.9% 15.4% 9.6%

< 3.2 29 17.2% 6.9% 3.4%

< 3.1 20 10% 5% 2%
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comparative tests., this was perchance due to the medical 
attention of CTS patients about their disease with pre-
liminary looking for medical guidance.

Conclusion
Although the patients’ results fall within the normal 
range according to the reference range in the literature, 
it showed a statistically significant difference when com-
pared to controls. A high percentage of those sympto-
matic patients showed results of typical CTS when tested 
with the comparative studies so there is a need to use 
these sensitive tests to diagnose cases with early CTS. 
According to sensitivity studies, the selection of which 
tests to do in order is a challenging choice. For the diag-
nosis of cases with early CTS with a normal ordinary 

motor and sensory studies, MVR comparative technique 
appeared as the best sensitive and specific provocative 
electrophysiological test followed by the Mix M-U test. 
We recommend the use of a combination of both tests 
first in the diagnosis of early CTS, and if one of them was 
negative, we can use the other comparative studies MVU 
and then LM-IN studies.

Abbreviations
EDX	� Electrodiagnostic tests
MVR	� Median versus radial sensory study
MVU	� Median versus ulnar sensory study
Mix M-U	� Median versus ulnar palmar mixed nerve study
LM-IN	� Median versus ulnar lumbrical-interossei motor study
PPV	� Positive predictive value
NPV	� Negative predictive value
AUC​	� Area under curve

Fig. 2  Median versus ulnar mixed orthodromic sensory study technique. a MN recording electrodes at the wrist with G1 placed over the middle of 
the wrist between FCR and PL tendons and G2 placed 3–4 cm proximally. Stimulating electrode in the palm: 8 cm from the G1 on a line drawn from 
the median wrist to the web space between the index and middle fingers. b UN recording electrodes at the wrist with G1 placed over the medial 
wrist, adjacent to the FCU tendon, and G2 placed 3–4cm proximally. Stimulating electrode in the palm: 8cm from the active recording electrode on 
a line drawn from the ulnar wrist space between the ring and little fingers
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