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Case Report
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Introduction

Compound muscle action potential (CMAP) amplitude 
is measured in nerve conduction studies (NCS). CMAP 
amplitude represents the functioning axons within a nerve 
and depolarization of underlying muscle fibers1. A lower 
than average CMAP amplitude can suggest either a loss 
of motor axons, failed action potential propagation, futile 
neuromuscular junction transmission, or primary muscle 
disease2. In a standard CMAP study, the nerve must be 
supramaximally stimulated to prevent technically induced 
low CMAP. Certain physiological factors, such as skin 
impedance, subcutaneous edema, fibrosis, or obesity, can 
result in understimulation and low CMAP, potentially resulting 

in a false positive indication of disease3. Therefore, CMAP 
findings should be cautiously interpreted, and submaximal 
stimulation should be avoided. Few case reports involving 
patients with tendinopathy and pain have reported low CMAP 
amplitudes. The present case report describes our experience 
in managing a patient with tingling pain and limited ankle 
dorsiflexion due to tendinopathy mimicking the presentation 
of neuropathy. The patient received an ultrasound-guided 
corticosteroid injection for pain relief, and after 1 month, 
CMAP amplitude and muscle strength had been restored.

Case presentation

A 41-year-old Asian man visited our university hospital 
clinic due to left lateral ankle pain that had been ongoing for 
2 days. The patient reported no past health problems and 
was in good overall condition. The pain had started after 
the patient completed a brisk walk of approximately 8 km. 
According to the patient’s smartwatch, the walk involved 
10,000 steps over flat terrain. The patient described the 
pain as similar to that of an ankle sprain. The pain was 
aggravated by ankle inversion and relieved when the ankle 
was placed in the dorsiflexion position. At work on the day 
after the walk, the patient had only been able to walk on his 
left heel. The patient visited our university hospital clinic for 
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further evaluation. Upon examination, the patient presented 
weakness in performing left ankle dorsiflexion with grade 4 
on manual muscle testing compared to full muscle strength 
on the right ankle. Pain intensity of 7 on visual analogue 
scale (VAS) was noted while trying to attempt left ankle 
eversion and toe extension. In addition, talar tilt test was 
positive and foot palpation showed tenderness with tingling 
over left lateral ankle and dorsal foot with extension to toes. 
Swelling, local heat, erythema, and muscular atrophy were 
not observed. An NCS of the lower limbs and an ultrasound 
study of the left ankle were ordered.

Nerve conduction was studied through readings taken from 
the extensor digitorum brevis while stimulating the peroneal 
nerve at the ankle and the fibular head. Electromyography 
was performed using a Medelec Synergy system (Medelec 
Biomedical, Surrey, UK). Initially, a low CMAP amplitude 
was observed in the left deep peroneal nerve (2.2 mV from 
anterior ankle and 1.8 mV from fibula head) with normal 
distal latency and velocity (Table 1). CMAP amplitude was 
52% lower in the left peroneal nerve than in the right 
peroneal nerve. Left superficial peroneal sensory and tibial 
motor nerve studies revealed normal latency, velocity, and 
amplitude. Initial NCS results indicated left peroneal axonal 
neuropathy.

Ultrasound was ordered to assess for contributing 
anatomic abnormalities, specifically the left peroneal nerve. 
Sonographic examination did not reveal ligamentous or deep 
peroneal nerve abnormalities; however, mild enlargement 
and increased hypoechogenicity of the extensor digitorum 

longus (EDL) tendon without tear and focal circumferential 
hypoechoic distention of the EDL tendon sheath were 
observed (asterisks in Figure 1A and 1D). EDL tenosynovitis 
was suspected and ultrasound-guided injection into the EDL 
tendon sheath of triamcinolone (20 mg / 0.5 mL) mixed 
with 1% lidocaine (0.5 mL) was performed (Figure 1B). Pain 
relief was immediate following the injection, with the patient 
reporting a pain intensity of 2 on the VAS, down from 7. 
The patient had resumed full normal activity and a normal 
ambulatory state 4 days later.

A 1-month follow-up NCS revealed that the left peroneal 
CMAP amplitude had returned to normal (5.0 mV; Table 1). 
No pain or tenderness were observed on palpation, and the 
patient reported a pain intensity 0 of the VAS. Follow-up 
ultrasound on the ankle revealed normal EDL with no tendon 
thickening or tendon sheath fluid (Figure 1C and 1D). We 
concluded that the patient had experienced EDL tendinopathy 
that mimicked neuropathy on NCS. The tendinopathy had 
been successfully treated using an ultrasound-guided steroid 
injection for pain relief, and restoration of normal CMAP had 
been achieved by the 1-month follow-up.

Discussion

Symptoms presenting as numbness, tingling, pain, 
or weakness benefit from NCS for identifying whether 
peripheral neuropathy is present4. Quantitative assessment 
of peripheral nerve and muscle function helps clinicians 
determine the physiological sources of patients’ symptoms5. 

Table 1. Nerve conduction study of a patient with tendinopathy in left extensor digitorum longus mimicking left peroneal motor neuropathy.

Initial presentation One month after treatment

Stimulation 
Site

Latency (ms)
Amplitude 

(mV)
Duration 

(ms)
Velocity 

(m/s)
Latency (ms)

Amplitude 
(mV)

Duration 
(ms)

Velocity 
(m/s)

Left Deep Peroneal Motor (Extensor Digitorum Brevis)

Anterior 
Ankle

3.7 2.2 13.20 - 4.0 5.0* 11.41 -

Fibula Head 11.3 1.8 12.58 45.5 13.0 4.9* 9.69 44.9

Right Deep Peroneal Motor (Extensor Digitorum Brevis)

Anterior 
Ankle

3.7 4.2 8.52 - 4.1 4.6 10.94 -

Fibula Head 12.5 4.0 8.75 48.8 12.4 4.5 9.77 45.8

Left Superficial Peroneal Antidromic Sensor (Anterior lateral malleolus)

Anterior Calf 1.7 7.5 0.94 38.6 1.8 9.2 1.53 40.8

Right Superficial Peroneal Antidromic Sensor (Anterior lateral malleolus)

Anterior Calf 2.4 8.7 1.44 42.4 2.4 9.0 1.47 41.7

Left Tibial Motor (Abductor Hallucis Brevis)

Medial Ankle 3.6 13.4 11.56 - - - - -

Popliteal 
Fossa

12.0 10.5 14.30 48.8 - - - -

* CMAP amplitude in the left peroneal nerve was restored 1 month after an intra-tendon corticosteroid injection.
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Our case is an incidental finding featuring low CMAP during 
acute onset of pain from tendinopathy, mimicking that of 
neuromuscular disease on NCS.

The cause of reduced CMAP amplitude in this case was 
likely multifactorial. Tenosynovial fluid might have reduced 
conduction efficiency to a degree that would be observed 
when conducting an NCS on edematous limbs. Alternatively, 
tendon swelling may have caused focal nerve compression; 
however, focal nerve compression was not observed during 
initial ultrasound imaging. We conjecture that muscle length, 
affected by pain from tendinopathy, was the cause of the 
reduced CMAP amplitude.

Several studies with readings taken from the abductor 
pollicis brevis in healthy individuals have demonstrated that 

muscle length may alter CMAP waveform parameters6-7. 
Hashimoto et al. found that muscle lengthening decreased 
CMAP amplitude with a concomitant increase in duration, 
whereas muscle shortening increased CMAP amplitude with 
a concomitant reduction in duration6. In our case, lateral 
ankle pain prevented the patient from performing ankle 
eversion and toe extension. Therefore, whether the patient 
was in a neutral position during the NCS and the potential 
effects of muscle length and contraction were unknown. We 
emphasize the importance of monitoring the position of the 
recorded muscle upon stimulation and remind operators 
and clinicians to differentiate between waveform changes 
caused by muscle length changes and those resulting from 
nerve lesions.

Figure 1. Ultrasound of left ankle. (A) Extensor digitorum longus (EDL) tendon with focal tenosynovitis (asterisk) on initial examination in 
short-axis view. Note normal deep peroneal nerve (arrow) and anterior tibial artery. (B) Ultrasound-guided injection within tendon sheath 
by needle tip (arrowhead) in short-axis view. Note that the deep peroneal nerve (arrow) is not infiltrated by lidocaine. (C) Short-axis view 1 
month later with decreased hypoechogenicity and tendon sheath fluid surrounding the EDL. (D) Long-axis view before and 1 month after 
treatment shows resolution of EDL tenosynovitis.
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Muscle weakness frequently accompanies conditions 
with musculoskeletal pain. According to the pain adaptation 
model developed by Lund et al., pain reduces muscle 
excitability and the ability to contract one’s muscles8-10. This 
suggests that the observed decrease in CMAP amplitude 
may be due to reduced muscle fiber excitability. However, 
other studies have not observed reduced CMAP amplitudes 
after pain was evoked using hypertonic saline injection. 
Several studies have reported no difference in CMAP latency 
and amplitude before versus after injection of hypertonic 
saline into muscle11-12. However, a recent study by Duez 
et al. revealed reduced amplitudes of potentials obtained 
by direct muscle stimulation and by nerve stimulation in 
subjects with hypertonic saline injection–evoked pain in the 
biceps brachii13. Few studies have investigated the effects of 
experimental pain on muscle fiber excitability, as measured 
by the amplitudes of evoked potentials. Assuming that the 
pain adaptation model functions as useful reflex to reduce 
further injury and pain, evoked pain likely leads to a decrease 
in muscle fiber excitability and thereby has a peripheral effect 
on the muscle and affects quantitative values on NCS.

Tendinopathy can cause pain and weakness, and 
tenosynovitis is suspected when symptoms of swelling, pain, 
or tenderness along the course of the tendon occur14. A 
systematic review concluded that steroid injections provide 
short-term pain relief15. The decreased VAS score in the 
present report suggests that treatment with corticosteroid 
injection was effective, and the normal CMAP amplitude 
observed at the 1-month follow-up may be due to decreased 
tenosynovitis, reduced pain, normal muscle excitability, or 
surviving motor units reinnervating. Further research is 
warranted to correlate pain and tendinopathy affecting NCS 
quantitative measurement, aside from commonly known 
intrinsic physiological or extrinsic technical factors.

Conclusion

This report describes a rare case of an incidental finding 
where acute tendinopathy showed low CMAP amplitude on 
NCS, mimicking peripheral neuropathy. We demonstrated 
pain relief after ultrasound-guided steroid injection and 
restoration of CMAP amplitude on follow-up examination. 
This case serves as a valuable reminder to clinicians and 
NCS operators to pay attention to the patient’s condition 
because unknown intrinsic and extrinsic variables may affect 
quantitative measurements and result in misinterpretation. 
The degree of tendinopathy severity that might affect 
CMAP amplitude is unknown. Further study is necessary to 
elucidate the peripheral effect of pain on muscle excitability, 
contraction, and length and the interplay of these factors with 
CMAP waveforms.
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