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Unexpected Electroneurography Findings in the
Forearms Accompanying Carpal Tunnel Syndrome:
Bilateral Martin-Gruber Anastomosis

Ayfer ERTEKIN®

*Clinic of Neurology, Private Siirt Hayat Hospital, Siirt, TURKEY

ABSTRACT Carpal tunnel syndrome is a clinical syndrome of numbness, tingling, burning, and/or pain on hands associated with localized com-
pression of the median nerve at the wrist. The common connection between the median and ulnar nerves, called Martin-Gruber anastomosis
(MGA), may cause changes in electroneurography findings in the forearms. MGA is asymptomatic and usually diagnosed incidentally during the
neurophysiological assessment of the median and ulnar nerves. The presence of MGA is not a rare condition and thus we have to keep this fact
in mind in routine clinical and neurophysiological examinations to avoid some diagnostic and therapeutic mistakes.
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Martin-Gruber anastomosis (MGA) is an asymp- Thorough comprehensive information of the
tomatic anatomic variation in which the hand mus- anatomical variations of the median-ulnar nerve in
cles are innervated together with the connection of  the forearm and its locations is very important for the
the median nerve to the ulnar nerve in the forearm correct diagnosis of neuropathy. Hand, orthopedic
and its prevalence ranges from 3.3% to 40%."> The and brain surgeons should avoid unnecessary surgical
crossing usually occurs in the forearm. MGA is diag- procedures with awareness of these anatomical vari-
nosed incidentally by detecting significant differ- ations to explain the paradoxical motor and sensory
ences in motor amplitude recorded from hand losses in cases. In this way, surgeons can offer a more
muscles during electrophysiological nerve conduc- appropriate treatment option with a more accurate ap-
tion studies of median and ulnar nerves.* MGA is bi- ~ proach in hand and forearm nerve compression

lateral in approximately 10-40% of cases.* Although and/or neuropathies. The purpose of the present case
there are many studies in the literature investigating ~ report is to draw attention to this phenomenon.

the prevalence of Martin-Gruber anomaly, there are I

only a few studies on the prevalence of this anomaly CASE REPORT

in patients with carpal tunnel syndrome (CTS). The A 39-year-old right-handed housewife applied to our
study conducted by Iyer, Fenichel and Simonetti can clinic with complaints of tingling in both hands radi-
be given as an example of such studies.>® It was re-  ating to the palm and numbness in fingers of both
ported that the prevalence of Martin-Gruber anomaly hands. There was pain accompanying paresthesia on
in patients with CTS is 54% to 26%.” The partial co- the first three fingers and the radial side of the ring
morbidity of CTS and Martin-Gruber anomaly may finger of both hands especially at night, weakness of
change the evaluation of electrodiagnostic tests and left thumb abduction and opposition and reduced
the treatment plan of CTS.? hand sensation in fingers with median nerve innerva-
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tion. In the history and physical examination, there
were no findings suggestive of cervical radiculopa-
thy (such as the absence of neck pain, normal C6-C7
innervation muscle activations and normal reflexes).
The physical examination revealed atrophy of the left
thenar muscle, thumb abduction, and weakening in
opposition. The bilateral Phalen and Tinel tests were
positive. Bilateral radial artery pulses were normal
when the arm was positioned in abduction and exter-
nal rotation. Upper extremity reflexes were normal.
Loss of sensation was prominent in the index and ring
fingers and the radial side of the thumb of both hands.

In the present case, anamnesis and physical ex-
amination could have been suggestive of bilateral
CTS, even before nerve conduction and electromyo-
graphy (EMQ) studies were performed in the upper
extremity.

Electrodiagnostic findings recorded with the
Nihon Kohden-Neuropack-MEB 9102k (Nihon koh-
den, Japonya), 2015 device were as follows (forearm
nerve conductions were recorded in supramaximal):

1. The motor amplitude of the left median nerve
recorded from the antecubital fossa was higher than
compound muscle action potential (CMAP) at the
wrist.

2. Initial (downward) positive deviation of the
left median CMAP in the antecubital fossa.

3. Unexpectedly high left median nerve conduc-
tion velocity (100.0 m/s) between the antecubital
fossa and the wrist.

4. In motor nerve conduction studies, prolonged
distal latency of the left median nerve recorded from
abductor pollicis brevis (APB) muscle (L, 8.24 ms;)
and low CMAP amplitude (L, 1.09 mV) (reference
value 4 mV), and fibrillation potentials and positive
sharp waves in spontaneous activity recorded from
the left APB muscle (Figure 1).

5. Prolonged distal latency of the right median
nerve recorded from the APB muscle (R, 4.44 ms),
low CMAP amplitude (R, 3.880 mV) and normal ve-
locity (53.6 m/s).

6. The right median motor amplitude recorded
at the wrist level was lower than the amplitude
recorded from the antecubital fossa (Figure 2).
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Measure— -NCS Measure-—
No.|Lat. Dur. Amp. Area Segment |Dist. Interval NCV
(ms) (ms) (rm) (m/s)
1 [8.24 4.86 1.090mV 1.570mVms|*1 8.24ms
2 10.34 7.58 6.840mV 14.23mVms|1-2 210 2.10ms 100.9|
3 3.66 9.30 8.890mV 30.58mVms|2-3 6.68ms
4 7.26 6.76 5.550mV 17.45mVims
—Cursor-
Latencyl Latency2
Distance NCV

FIGURE 1: Martin-Gruber anastomosis and left carpal tunnel syndrome. The re-
cording from abductor pollicis brevis of the left median motor nerve study stimu-
lated from the antecubital fossa (B2) and the wrist (A2). Prolonged distal latency
at the wrist stimulation site. In the antecubital fossa region, a positive dip (scope)
and a unexpectedly high conduction velocity due to some median fibers stimula-
ted from the antecubital fossa bypassing the carpal tunnel via the anastomosis.
Slightly higher amplitude at the proximal stimulation site. The anastomosis recor-
ded from the thenar muscle (abductor pollicis brevis) by stimulating the left ulnar
nerve at the wrist (C2) and below-elbow site (D2).

7. When the ulnar nerve is stimulated from the
bilateral APB muscle, the ulnar motor amplitude at
the wrist was higher than at the lower elbow region
[(Ulnar R; wrist: 12.51 mV, below elbow site: 8.04
mV, Ulnar L; wrist: 8.89 mV, below elbow site: 5.55
mV)].

8. In sensory nerve conduction studies, the sen-
sory nerve action potential (SNAP) could not be ob-
tained when recorded from the left median 2" finger.
Low SNAP, slow conduction velocity, and prolonged
distal latency were detected in the right median 2
finger.

9. In motor nerve conduction studies recorded
from bilateral abductor digiti mini muscles, [ulnar L;
wrist: 15.49 mV, below elbow site: 11.42 mV; me-
dian L; wrist: 0.51 mV, antecubital fossa: 2.59 mV;
ulnar R; wrist: 17.17 mV, below elbow site: 16.69;
median R; wrist: amplitude not measured, antecubital
fossa: 1.40 mV) (Figure 3, Figure 4)].
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st. Interval NCV
/=)

6. 530mvims 4. 44ms

2 |8i64 7.80 5.970mV 15.24mVms|1-2 225 4.20ms  53.6
3 |4:02 7:92 12.51mv 31.98mVms|2-3 4. 62ms
a [7:38 8.30 8.030mvV 22.88mVms
—-Qursor-
Latencyl Latency2
Distance NCV

FIGURE 2: Martin-Gruber anastomosis and right carpal tunnel syndrome. The re-
cording from abductor pollicis brevis of the right median motor nerve study stimu-
lated from the antecubital fossa (B2) and the wrist (A2). Higher amplitude recorded
in the antecubital fossa (B2) compared to the wrist site (A2). Prolonged right me-
dian DL (4.44 ms) and low compound muscle action potential (CMAP) amplitude
(3.88 mV) (reference value 4 mV) with normal conduction velocity (53.6 m/sec) of
the right median motor nerve. The anastomosis recorded at the wrist (C2) and
below-elbow site (D2) by stimulating the left ulnar nerve. Higher CMAP amplitude
recording at the wrist (C2) than at the below-elbow site (D2).

10. The ulnar and radial motor and sensory nerve
transmissions were normal.

All electroneurography results showed bilateral
MGA recorded from the thenar and hypothenar
muscles in both forearms accompanying right mod-
erate and left severe CTS with an unexpectedly high
median motor velocity (Table 1). The patient was
treated with local depomedrol to relieve her symp-
toms.

A written consent was obtained from the patient
for the presentation of this case.

I DISCUSSION

The coexistence of MGA and CTS is not uncommon,
and should be detected in forearm nerve conduction
studies.” Therefore, electrophysiological findings in
MGA accompanied by CTS should be well known.
This condition can be detected as follows:

1) Detection of downward (positive deflection)
deviation of the median nerve recorded from the
thenar muscle when it is stimulated from the antecu-
bital region, and often 2) Unexpected increase in me-
dian motor nerve conduction velocity accompanying

the condition. If the median nerve is trapped at the
wrist level, the median motor conduction velocity
slows down and the distal latency is prolonged. If
there is MGA accompanying CTS, by stimulation of
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re— -NCS Measure—
No.|Lat. Dur. Amp. Area Segment |Dist. Interval NCV
(ms) (ms) (rom) (/s
T [2.78 5.34 15.49mV 31.9/mvms|*1 2. 78ms
2 6.40 5.40 11.42mvV 23.22mVms|1-2 225 3.62ms 62.2
3 4.74 2.82 510.0uv 320.5uvVms|2-3 1.66ms
4 7.24 4.16 2.590mV 4.089mVms
—Cursor—
Latencyl Latency2
Distance NV

FIGURE 3: Martin-Gruber anastomosis and pseudo-conduction block of the left
ulnar nerve in the forearm. Higher compound muscle action potential (CMAP) am-
plitude recording of the left ulnar nerve (obtained from the abductor digiti mini
muscle) at the wrist (A2) compared to the below-elbow site (B2). Demonstrating
anastomosis with a lower CMAP amplitude recording of the left median nerve at
the wrist (C2) compared to the antecubital fossa (D2).

—Measure— —NCS Measure—
No. |Lat. Dur. Anp . Area Segment Dist. Interval NCV
(ms) (ms) (rora m/s)
A 2.70 .04 17.17mV 33.65mVms| *1 2.70ms
2 5.96 5.98 16.69mV 33.45mVms|1-2 230 3.2&éms 70.6
3 8.12 0.000uv 2-3 2.16éms
4 7.18 4.56 1.400mV 2.313mVms
—Cursor-—
Latencyl Latency2
Distance NCV

FIGURE 4: Martin-Gruber anastomosis recorded from abductor digiti mini muscle
(abd) during the right ulnar motor study. Higher compound muscle action poten-
tial amplitude recording of the right ulnar nerve (obtained from the abd) at the wrist
(A2) compared to the below-elbow site (B2). There is no potential at the wrist level
(C2) recorded from the hypothenar muscle (abd) of the right median nerve. The
amplitude obtained from the antecubital fossa (D2) region is approximately equal
to the wrist and below-elbow amplitude difference of the ulnar nerve.
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TABLE 1: Motor nerve conduction study.
Site Latency (ms) Amplitude (Mv) Area Mvms Distance (mm) NCV (mls)
Median, L
Wrist (A2) 8.24 1.09 1.570
Antecubital fossa (B2) 10.5 6.84 14.23 210 100.0
Wrist (C2) 3.66 8.89 30.58
Below-elbow site (D2). 7.26 5.55 17.45
Median, R
Wrist (A2) 4.44 3.88 6.530
Antecubital fossa (B2) 8.64 5.97 15.24 225 53.6
Wrist (C2) 4.02 12.51 31.98
Below-elbow site (D2). 7.38 8.04 22.88
Ulnar, R
Wrist (A2) 2.70 1717 33.65
Below-elbow site (B2) 5.96 16.69 230 70.6
Wrist (C2) 8.12 0.00
Antecubital fossa (D2) 7.18 140
Ulnar, L
Wrist (A2) 278 15.49 31.97
Below-elbow site (B2) 6.40 11.42 23.22 225 62.2
Wrist (C2) 4.74 510uv 320uv
Antecubital fossa (D2) 7.24 2.59 4.08
Sensory nerve conduction study
Site Latency (ms) Amplitude Area Distance (ms) NCV (m/s)
Median, L 2" finger
Wrist - - - -
Median, R 2" finger
Wrist 3.04 7.70uv 0.91 110 36.2

Bilateral Martin-Gruber anastomosis recorded from the thenar and hypothenar muscles in both forearms accompanying right moderate and left severe carpal tunnel syndrome with
an unexpectedly high median motor velocity (motor and sensory nerve conduction studies in both forearms).

NCV: Nerve conduction velocity.

the median nerve from the antecubital fossa, some
of the median fibers join the ulnar nerve in the fore-
arm, bypass the carpal tunnel and innervate the hand
thenar muscles. In addition, the anastomotic fibers
of the median nerve stimulated from the proximal
bypassing the tunnel reaches the thenar muscles un-
expectedly fast, which significantly shortens the
proximal-distal latency difference of the median
nerve, even in the presence of very heavy CTS, prox-
imal latency may exceed distal latency. Except for
MGA, motor conduction velocity of the median
nerve in the forearm is not expected to exceed 70 to
75 m/s. Any speed faster than this suggests the pos-
sibility of an MGA with CTS, particularly with a
positive deviation in proximal stimulation. In addi-
tion, during routine median motor nerve conduction
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studies examining the thenar muscles, a characteris-
tic pattern is observed: higher median CMAP ampli-
tude in the antecubital fossa than at the wrist. This
situation should exclude technical errors such as sub-
maximal stimulation at the wrist level, overstimula-
tion of the median nerve in the antecubital fossa, and
co-stimulation of the ulnar nerve, and then should
suggest an MGA with cross fibers innervating the
thenar muscles. If an MGA is present, the ulnar nerve
CMAP amplitude will be significantly lower at the
below elbow site than at the wrist. The amplitude dif-
ferences between these potentials approximate to the
contribution of cross fibers. If the MGA is not rec-
ognized, a false transmission block perception may
occur along the elbow. An MGA can rarely cause a
misdiagnosis of ulnar neuropathy. These are known
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as abnormal nerve innervation of the forearm. Sev-

eral of these abnormal innervations of the
peripheral nerve are usually seen in the EMG labo-
ratory. It is very important for any electroneuromyo-
graphy device to be able to identify them during
routine nerve conduction studies. If these anatomi-
cal variations in the forearm are not well recognized,
they can be confused with serious technical abnor-
malities or with actual nerve damage, and this can
lead to irreversible and redundant surgical proce-

dures.'?

In conclusion, knowing the presence, presenta-
tion types and topography of anastomoses between
the median and ulnar nerves in the forearm is ex-
tremely important for the correct diagnosis of neu-
ropathies, as in our case.
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