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Background: The first dorsal interosseous muscle (FDI) is usually innervated by the deep branch
of the ulnar nerve. However, as was first noted by Sunderland in 1946, some individuals have variable
innervation of the FDI. This study investigated the incidence of variable innervation of the FDI by using
electrophysiological examination and further evaluated the relevance of this variation in patients with cubital
tunnel syndrome (CuTS).

Methods: This study included 211 patients who underwent peripheral nerve surgery in Huashan hospital,
Fudan University, between October, 2012 and February, 2014. The patients were divided into three
groups: the carpal tunnel syndrome (CTS) group, the CuTS group and the control group. During surgery,
electromyography was used to determine FDI variation, and a hand function instrument was employed to
estimate the pinch strength between the thumb and index finger in both hands of the CuTS patients.
Results: The electromyogram test showed that 22 of the patients enrolled had variable innervation of the
FDI. Compared with the CT'S group and the control group, the incidence of variable innervation of the FDI
was much higher in the CuTS group (P<0.05). Patients under the age of 60 years old in the CuTS group
were more likely to have the variation (P=0.043). A higher pinch strength ratio was significantly associated
with variable innervation of the FDI in the CuTS patients (P=0.030).

Conclusions: Using electromyography, our study demonstrated that the variable innervation of the FDI
could be innervated by the median nerve. In the CuTS patients, the higher incidence of FDI variation was

possibly related to age. This variation might lead to a better prognosis for CuTS patients.
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Introduction

Cubital tunnel syndrome (CuTS) is a common nerve
compression disease in clinic and was first reported by
Feindel and Stratford (1). Tinel’s sign and elbow test are
useful in diagnosing CuTS, while electrophysiological
examination can help to confirm the disease (2). Usually,
the first dorsal interosseous muscle (FDI) is innervated by
the deep branch of the ulnar nerve, which makes abnormal
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innervation challenging to detect. This difficulty is increased
in CuTS patients, many of whom have atrophy. However,
the anatomical variations in the FDI will manifest clinically.
Anatomical variation of the FDI was first identified by
Sunderland in 1946 (3), but in recent years, studies on this
variation have been limited, especially studies that have
employed electrophysiological techniques. Thus, this study

aimed to investigate the incidence of this variation by using
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Table 1 The standard for grouping CuTS patients by Gu
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Group Light Moderate

Severe

Sense Intermittent sensitivity and a

vibration sensation sensation

Intermittent sensitivity and a tingling

Persistent abnormality in two-point
discrimination

Weakness in gripping and pinch strength, Muscle atrophy, unable to adduct and abduct

and problems in adduction and abduction

Motion Weakness, less flexibility

Clawhand (-) (=)

NCV >40 m/s 30-40 m/s

Treatment Conservative treatment Cubital tunnel release

(+)
<30 m/s

Cubital tunnel release and ulnar nerve forelying

CuTS, cubital tunnel syndrome; NCV, nerve conduction velocity.

electrophysiological examination and to further evaluate the
relevance of this variation in patients with CuTS.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-1466).

Methods
Patient demographics

The information of the patients who underwent a peripheral
nerve surgery in the Department of Hand Surgery at
Huashan Hospital, Fudan University, between October,
2012 to February, 2014 was collected. The inclusion criteria
were as follows: aged 16-90 years old and diagnosed with
single nerve injury in the upper extremity based on clinical
symptoms and electromyography examination. Patients who
were diagnosed as brachial plexus injury, thoracic outlet
syndrome, cervical spondylopathy, peripheral neuritis were
excluded. Gu’s standards which estimated the sense, motion,
muscular atrophy, nerve conduction velocity of the patients
was used to diagnose the carpal tunnel syndrome (CTS) and
CuTS (4). The patients were divided into three groups: the
CTS group, the CuTS group and the control group. The
control group comprised patients without median nerve
and ulnar nerve injury. The severity of CuTS was evaluated
according to the systematic estimation grades introduced
by Gu (Table 1) (4). Furthermore, according to the World
Health Organization’s definition of an elderly person, the
CuTS patients were divided into two groups: over 60 years
old and under 60 years old.

Electrophysiological study
During the surgery, the concentric needle electrode (CNE)
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was inserted into the FDI in the middle radial side of the
metacarpus of the index finger, and the surface electrode
(SE) was placed on the skin where the distance was 1 cm
proximal to the palmar transverse crease of the wrist where
the median nerve and the ulnar nerve passed (5). The skin
temperature was maintained above 32 °C (6). The median
and ulnar nerves were stimulated at an intensity of 4 mA
and a frequency of 3 Hz. Then, we established whether we
could record the compound muscle action potential (CMAP)
in the FDI by the CNE or not. When the CMAP wave in
the median nerve was larger than that in the ulnar nerve,
and the latency of the CMAP in the median nerve was
longer than that in the ulnar nerve, variable innervation of
the FDI was recorded.

Patient follow-up

Six months after surgery, we used the hand function
instrument (Pablo System, Tyromotion, Graz Austria) to
estimate the pinch strength between the thumb and index
finger in both hands of each patient in the CuTS group
(Figure 1). To estimate strength, we instructed the patients
to put their thumb and index finger on either side of the
pressure sensor. The patients were then ordered to press the
sensor and the strength data were recorded by the software.
The pinch strength ratio was calculated by dividing the
surgical-side pinch strength by the strength of the normal
side. If the patient missed follow-up, we would not calculate
pinch strength ratio of the patient.

Statistical analysis

The Chi square test was used to compare the incidence
of variable innervation of FDI between the groups. The
Mann-Whitney U test was used to analyze the difference
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Figure 1 The pinch strength evaluation.

Table 2 Patient characteristics (N=211)

Variable No.

Average age (SD) (years) 51.46 (11.91)
Range 17-83
Affected hand
Left 109
Right 102

Disease type

CTS group 128
CuTS group 59
Control group 24

Disease duration (months)
CTS (SD) 47.61 (85.64)

CuTS (SD) 16.22 (34.01)

CTS, carpal tunnel syndrome; CuTS, cubital tunnel syndrome;
SD, standard deviation.

of pinch strength ratio in the CuTS group. The association
between pinch strength ratio and the variable innervation of
the FDI in the CuTS patients was examined using logistic
regression analysis. Receiver operating characteristic
(ROC) curves were plotted to estimate the sensitivity
and specificity of the pinch strength ratio to predict the

incidence of variable innervation of the FDI in the CuTS
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patients. All data were handled using Stata 11.2 version
(Stata Corporation, College Station, TX, USA). The level
of statistical significance was set at P<0.05.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by the Ethics Committee of Huashan Hospital,
Fudan University, Shanghai, China (No. 2018-416) and
informed consent was taken from all the patients.

Results
Patient characteristics

There were 211 patients included in this study. The patients
ranged in age from 17 to 83 years old, with an average age
of 51.46 years old. There were 109 and 102 left and right
hands affected, respectively. There were 128 patients in the
CTS group, 59 patients in the CuTS group, and 24 patients
in the control group. The average disease duration was
47.61 months in the CTS group and 16.22 months in the
CuTS group (1able 2).

The incidence of variable innervation of the FDI
determined by electropbysiological examination

The electrophysiological examination showed that 18 of
the 59 patients (30.51%) in the CuTS group had possible
variable innervation of the FDI; this was compared to 2
out of 128 patients (1.56%) in the CTS group and 2 out of
24 patients (8.33%) in the control group (Table 3).
Compared with the CTS group and the control group,
the incidence of variable innervation of the FDI was much
higher in the CuTS group (CuTS group vs. CTS group
and control group, P<0.001; CuTS group vs. CTS group,
P<0.001; CuTS group vs. control group, P=0.032). There
was no significant difference between the CTS group and
the control group (P=0.057).

In the CuTS group, there was only 1 case of variation
in the over-60-year-old group, but there were 17 cases of
variation in the under-60-year-old group (7uable 4). The
CuTS patients under 60 years old were more likely to have
this variant (P=0.043). Among the 18 patients whose FDI
was innervated by the median nerve, 9 of 19 patients were
diagnosed as moderate CuTS and 9 of 40 patients were
diagnosed as severe CuT'S. No significant relationship was
identified between FDI variation and the severity of CuTS
in this study (P=0.053).
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Table 3 The incidence of variable innervation of the first dorsal
interosseous muscle by using electrophysiological examination

Positive results (variable) No. Incidence
CTS group 2 1.56%
Left 0
Right 2
CuTS group 18 30.51%
Left 10
Right 8
Control group 2 8.33%
Left 2
Right 0

CTS, carpal tunnel syndrome; CuTS, cubital tunnel syndrome.

Table 4 The variable innervation of the first dorsal interosseous
muscle in the CuT'S patients

Variable Positive Negative
Age
>60 years (n=13) 1 12
<60 years (n=46) 17 29
Severity of CuTS
Moderate CuTS (n=19) 9 10
Severe CuTS (n=40) 9 31

CuTS, cubital tunnel syndrome.

Table 5 The association between pinch strength and variable
innervation of the first dorsal interosseous muscle in the CuTS
patients

Coefficient Std.err P value 95% conf. interval

Pinch 19.047
strength ratio

25.806  0.030 1.326, 273.603

Higher pinch strength after surgery was associated with
variable innervation of the FDI in the CuTS patients

The data of pinch strength of 58 CuTS patients were
collected at 6 months after surgery and 1 patient missed
the follow-up. The pinch strength was significantly
different between the FDI variation group and the no FDI
variation group (P=0.007). Higher pinch strength ratio was
significantly associated with variable innervation of the FDI
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Figure 2 The receiver operating characteristic (ROC) curve for
predicting the incidence of variable innervation of the first dorsal

interosseous muscle.

in the CuTS patients (P=0.030, Tizble 5). When using the
pinch strength ratio to predict the variable innervation of
the FDI, the area under the curve was 0.7229 (Figure 2).
The cutoff value was 0.32, clinical significance of which
is that the FDI might be innervated by the median nerve
when the ratio of the pinch strength was bigger than the
cutoff value (Figure 3). The Jordan coefficient of the cutoff
value was 0.4472.

Discussion

This study found that the variable innervation of the FDI
was more common in patients with CuTS, especially those
of a younger age. Meanwhile, this variation might lead to a
better prognosis in CuTS patients.

In clinical practice, there are patients whose symptoms
of muscular atrophy did not progress at a pace equal to the
severity of the corresponding nerve compression disease
(7-11). Tamagawa found that the anastomosis between
the median nerve and ulnar nerve in the wrist might lead
to misdiagnosis in electromyography (12). Golovchinsky
found that if there was anastomosis between the median
nerve and ulnar nerve in the forearm, the function of the
intrinsic muscle could be preserved, and the muscular
atrophy was not obvious (13). In some patients, all of the
intrinsic muscles could be innervated by a single nerve (14).
In clinic, there are patients whose symptoms of numbness
and muscular atrophy are discordant. All of these unusual
symptoms suggest the presence of abnormal innervation
caused by anatomical variations.
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Figure 3 The cutoff point was 0.32; at this point, the sensitivity
was 72.22% and the specificity was 72.50%.

Anastomosis between the median nerve and ulnar nerve
is the most common anatomical variation. Anatomical
and electrophysiological studies have shown that the
innervation variations of intrinsic muscles were caused by
the anastomosis in the forearm and hand (15,16). As the
previous studies have proven, there are many anatomical
variations in the population. Each of these variations has
effects on vessels, organs, nervous system, and other parts
of the body (17). In our electrophysiological study, the total
percentage of CTS and the control group patients whose
median nerve innervated the FDI was 2.63% (4/152 cases).
This incidence was similar to those found in previous
studies (3,8).

In this study, we found that variable innervation of the
FDI was more common in the CuTS group (30.51%). In
CuTS patients, the injury to the ulnar nerve could lead
to the denervation of the FDI and muscular atrophy. As
nerve tissues has the ability to regenerate (18,19), after the
compensation by other nerves, the muscular atrophy could
be improved to some degree as the muscular branches
that grow from the median nerve reinnervate the FDI.
Furthermore, histological studies have proven that skeletal
muscles could be atrophied by denervation over time (20,21).
Electrophysiological studies have shown that some nerve
motor units are reborn after the loss of old units, which
suggests that the reinnervation partly begins at the start of
denervation (22). Okwueze discovered that in about quarter
of the population, the FDI could also be innervated by the
posterior interosseous nerve and the superficial branch of
the radial nerve (23). Similarly, as previously mentioned,
Sunderland (3) and Massey (8) found that the FDI could
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be innervated by the median nerve. Therefore, in CuTS
patients, the variable innervation of the FDI by the median
nerve could improve the muscular atrophy.

We also found that the percentage of younger patients
with variation of the FDI is much higher than that of older
patients. Previous studies have revealed that reinnervation
and denervation in the motor unit is related to age. In older
people, the reinnervated speed of the newborn nerve fiber
is lesser than the speed of denervation (22,24,25). Thus, the
reinnervation of the FDI by the median nerve after injury
to the ulnar nerve may be more likely to occur in younger
patients, thereby improving their muscular atrophy.

In clinic, the loss of function in the intrinsic muscle
caused by CuTS may recover slowly or not at all (4). Loss
of intrinsic muscle function could lead to severe loss of hand
function, especially fine finger movement. The recovery of
the intrinsic muscle has always been a significant problem
affecting the prognosis of CuTS. As the literature shows,
pinch strength can be used to evaluate the intrinsic muscle
function and estimate the clinical outcomes of CuTS
patients (26). Therefore, we also wanted to investigate
whether the ratio of pinch strength in both hands between
the thumb and index finger was different between patients
with and without the variation. In our study, we found
that the higher the ratio of the pinch strength in the
thumb and index finger between the affected hand and the
healthy hand, the higher the possibility that the first dorsal
interosseous was innervated by the median nerve in CuTS
patients. As Doherty’s study showed, reinnervation partly
begins at the start of denervation (22), and the distance
between the muscle and the nerve can be a factor that
impacts the reinnervation speed (19). In this situation, the
patients with the variation who had no injury to the median
nerve that might have caused the pinch strength to recover
quicker than in those patients who had no variation. The
function of the intrinsic muscle might have recovered
more quickly in the patients with the variation. This partly
explains how the FDI variation might lead to a better
prognosis for CuTS.

However, there are some limitations in our study.
First, this study included a relatively limited number of
cases within a short follow-up period. Further larger-
scale studies are needed to validate our findings. Second,
electrophysiological examination is based on the volume
conduction effect. As the human body is considered to be a
volume conductor, the errors caused by volume conduction
in measuring the nerve conduction velocity should be
acknowledged (27). Nevertheless, compared to anatomical
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surgery, electrophysiological examination is a convenient
and minimally invasive way to detect variation.

Conclusions

In summary, through electrophysiological examination,
our study showed that the median nerve could innervate
the FDI. Variable innervation should be considered when
the clinical manifestation in the FDI does not progress at a
pace equal to the CuTS. After ulnar nerve injury, the FDI
may become innervated by the median nerve. When this
variation is present in CuTS, the patient’s prognosis may be
better.
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