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Abstract

When the Compound Muscle Action Potential (CMAP) is recorded in motor nerve conduction studies, the reference (E2) electrode can make a signifi cant contribution 
to the CMAP. Recording from FDI muscles presents a challenge in placing the reference electrode due to its positive defl ection. This study investigates the E2 recorded 
signal and its effect on CMAP measurements when E2 electrode is placed at different sites. 

The aim of this research is to determine the optimal position for placing the reference electrode in FDI muscles.

Method: A total of 46 hands were included in this study. Data collection adhered to the extensive and detailed descriptions provided in various research papers. 
The tests were conducted by a qualifi ed clinical physiologist specializing in Neurophysiology, utilizing a Keypoint 9033A07 machine, in accordance with the Ulnar Nerve 
Screening Protocol (Protocol 1.1, 2020). All data were recorded numerically to ensure methodological reliability. The CMAP was recorded using the active electrode on the 
muscle belly and 5 different E2 electrodes placed at distal sites, including the tendon of the FDI muscles at the base of digit II, over the thumb, the tendon of ADM muscles 
at the base of digit V, Radial pathways at the wrist and tendon for FDI muscles in other hand.

Result: Out of 46 hands were tested for the Nerve Conduction Study (NCS) by placing reference electrodes in fi ve different places while recording ulnar nerves from 
FDI muscles i.e. Tendon of the FDI muscles to the base of digit II shows positive defl ection in all hands with amplitudes ranging from 6 to 15 mV, over the middle of the 
thumb shows the baseline slightly elevated, impacting distal motor latency calculations with amplitude between 5-8mV, tendon of ADM muscles at the base of digit V 
shows clear baseline for accurate distal motor latency with the higher amplitude rage 10-18mV, radial pathways of the wrist shows slightly elevated distal motor latency 
with the amplitude range between 5-10mV and to record from tendon of the FDI muscles in other hand placing the reference electrode shows no clear baseline distal 
latency with the amplitude range between 5-10 mV.

Conclusion: This study shows that recording the best and clearest response by placing the reference electrode at the tendon of ADM muscles at the base of digit V 
while recording from FDI muscles of the ulnar nerve is more reliable compared to other four areas to get the maximum amplitude. It also shows that distal motor latency 
in all placements is comparable.
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Introduction

There are a few different defi nitions available in books, 
the internet and in research papers to understand the reason 
for using a reference electrode (E2) with an active electrode 
(E1) and the ground electrode (E0). According to Wikipedia, 
“A reference electrode is an electrode that has a stable 
and well-known electrode potential. The overall chemical 
reaction taking place in a cell is made up of two independent 
half-reactions, which describe chemical changes in the two 
electrodes. To focus on the reaction at the working electrode, 
the reference electrode is standardized with constant (buffered 
or saturated) concentrations of each participant of the redox 
reaction. According to Pavithara (online source), the reference 
electrode is defi ned as, the defi nition of a reference electrode 
is: “The electrode potential of any other electrode that can be 
measured is called a reference electrode. In other words, the 
electrode whose half-cell potential is known and is constant 
and completely insensitive to the composition of the solution 
is called a reference electrode. The reference electrode can 
act as both anode or cathode, depending upon the nature of 
other electrodes. As noted by Sanjeev Nandedkar, “The E2 (or 
“reference”) electrode is conventionally placed in a supposedly 
electrically quiet or “inactive” location. In most instances, this 
is at the distal muscle tendon or even further distally. Hence, the 
CMAP recording is thought to primarily represent the electrical 
activity of the muscle over which the E1 electrode is placed, 
and the E2 is considered to be “minimally contributory to the 
signal”. And, in the words of Jun Kimura in Electrodiagnosis 
in disease of the Nerve and Muscles principle and practice 
Fourth edition, page number 1063, he mentioned “Reference 
electrode is synonymous with input terminal 2 or E2, which 
remains neutral. “This results in an upward defl ection of the 
impedance.” In most electrochemical measurements, it is 
necessary to keep one of the electrodes in an electrochemical 
cell at a constant potential. This so-called reference electrode 
allows control of the potential of a working electrode. In the 
past, the electrodes were called ‘G1′, ‘G2′ or E1, E2 and ‘ground’ 
or G. The terms G1 and G2 refer to the grids of vacuum tubes 
used in old amplifi ers which are no longer available. Later, these 
inputs were referred to as ‘active’, ‘reference’ and ‘ground’. The 
term ‘ground’ is confusing. The ‘ground’ in Electrodiagnostic 
recording refers to a point on the amplifi er circuit that is used as 
a point of reference for voltage measurement. The ‘reference’ 
electrode is presumed to be electrically silent but does record 
large volume-conducted potentials. In current practice, the 
E2 electrode records signifi cant voltage from other muscles 
innervated by the stimulated nerve [1-8]. The objective of this 
study is to investigate the effect of the E2 position on the CMAP 
waveform and its measurements. By reducing E2 contribution, 
the CMAP will better represent the electrical activity of the 
tested muscle, both in normal muscles and muscles affected by 
neuromuscular disorders [9,10]. Ulnar nerve entrapment is the 
second most frequent neuropathy in the hand, occurring at the 
wrist and across the elbow Preston and Shapiro suggested that 
ulnar motor nerve conduction study with FDI recording should 
be done in all patients with suspected UNW.(defi ne) There 
are various techniques that have been developed to diagnose 

the entrapment. The two main muscles at the wrist, the fi rst 
dorsal interosseous (FDI) and Abductor Digiti Minimi (ADM) 
are supplied by the deep branch of the Ulnar nerve. Many 
studies indicate that the FDI muscle can be used to diagnose 
early entrapment across the elbow. When recording from FDI 
muscles, there is a challenge in placing the reference electrode 
at the belly of the FDI muscle at the base of digit II due to its 
positive defl ection. 

FDI recording has a shortcoming: the initial positive 
defl ection of Compound Muscle Action Potential (CMAP), 
which complicates measuring distal motor onset latency. In 
1985, Olney and Wilbourn noted that placing Active (E1) over 
the motor point often did not yield the largest-amplitude 
response. Dumitru and King demonstrated in 1991 that both 
a muscle’s origin and its insertion hand produce monophasic 
potentials. In 1993, Kincaid compared CMAPs obtained with a 
belly-tendon montage to those recorded over the muscle or 
tendon with a contralateral reference electrode. The Association 
of Neurophysiological Scientists (ANS) and British Society of 
Clinical Neurophysiology (BSCN) published joint guidelines 
in a BSCN-EPTA Statement on Handheld Devices for Carpal 
Tunnel Testing in 2007. Citing to their guidelines, Guideline 
5 suggests performing motor nerve conduction in the ulnar 
nerve of the affected limb with surface electrodes to measure 
response amplitude and latency/velocity. However, it lacks 
specifi c instructions on which muscles to record from. The 
Joint ANS/BSCN Ulnar Nerve Audit 2014, Standard 4, states that 
ulnar motor nerve conduction should be tested in the affected 
hand with stimulation points just proximal to the wrist and 
both proximal and distal to the elbow. This standard also does 
not specify electrode placement or recording muscles [11-15]. 

Currently, Neurophysiology services in the United Kingdom 
lack a unifi ed standard. Each clinic follows its own departmental 
guidelines. 

No clinical assessments will be conducted for the purposes 
of this research during the Neurophysiological test, to eliminate 
bias in the patient’s condition.

Method

No ethical approval and institutional approval were needed 
as this was a retrospective data collection.

Verbal consent was obtained from all participants from each 
patient prior to using their numerical nerve conduction data 
for the research purpose. No patient personal identifi able data 
was included in this study. All patients included in this study 
had normal nerve conduction studies. This supplementary 
analysis aimed to establish normative amplitude and latency 
values. No proximal nerve conduction study data was included 
in this study as it was not part of the research.

To establish a standard, published literature was reviewed 
and normative data collected. A Clinical Physiologist conducted 
the test using a Keypoint 9033A07 machine, following the Ulnar 
nerve screening protocol (2020). Quantitative data collection 
ensured accuracy and eliminated bias, including only normal 
patients, to prevent misinterpretation. 
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The procedure began by carrying out the sensory testing, 
by placing the ring electrodes on digit V to stimulate the ulnar 
nerve and the recording electrode on the surface of the wrist 
to the allocated nerve. The orthodromic technique was used 
for both sensory and motor NCS tests. Skin temperature was 
maintained above 30 °C throughout the procedure throughout 
the recording. Proper skin preparation was done prior to placing 
the electrodes. A supramaximal current is applied to obtain the 
full evoked response from the ulnar nerve at digit V for ulnar 
sensory recording and motor ulnar nerve pathways from the 
First Dorsal Interosseous (FDI) of the wrist. Amplitude was 
recorded from peak to peak for sensory responses, and base to 
peak for motor responses. 

All patient data was collected by fulfi lling the criteria 
mentioned in the above paragraph. The criteria mentioned in 
the above paragraph are intended to be more reliable from a 
Clinical Physiologist’s perspective.

The reference electrode in motor ulnar nerve conduction 
study, while recording from FDI muscles were placed at fi ve 
sites: 

• The active electrode at the belly of FDI muscles, 

• The ground electrode between stimulation and recording 
sites, 

• The reference electrode over various points: 

• Base of digit II (tendon of FDI muscles) 

• Middle of the thumb 

• Base of digit V (tendon of ADM muscle) 

• Contralateral hand FDI muscle 

• Radial nerve pathways at wrist. 

Patients aged 22-60 years, with a mean age of 19 years, 
were studied. Bilateral recordings were performed to ensure 
consistency in data collection (Graphs 1-6)(Pictures 1-9)
(Tables 1-7). 

The graph illustrates the baseline shift and amplitude 
difference. 
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Graph 1: Minimum distal Latency in cm comparison of Ulnar nerve from FDI 
Reference electrode placed in different places.
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Graph 2: Maximum distal latency comparison of Ulnar nerve from FDI Reference 
electrode placed in different places.
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Graph 3: Mean distal latency in cm comparison of Ulnar nerve from FDI Reference 
electrode placed in different places.
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Graph 4: Minimum peak amplitude in μV comparison in FDI with reference electrode 
placed in different places.
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Graph 5: Maximum peak amplitude in μV comparison in FDI with reference electrode 
placed in different places.

Various published books and literature have recommended 
that the distance between the reference point and the active 
point in the stimulator may affect the recording amplitude. 
According to the literature, the ideal distance between the active 
and reference points in the stimulator should be 2 cm apart. 
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In my experiments, I applied this principle to all 46 hands by 
placing the active and reference stimulating points at distances 
of 2 cm and 4.5 cm respectively, while positioning the active 

electrode on the FDI muscle and the reference electrode over 
the base of digit II, specifi cally the belly of the FDI muscles 
[16,17].
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Graph 6: Mean peak amplitude in μV comparison in FDI with reference electrode 
placed in different places.

Picture 1: Refence electrode placed at the base of digit II.

Picture 2: Reference electrode placed at the base of digit II.

Picture 3: Reference electrode placed at the digit I.

Picture 4: Reference electrode placed at digit I.

Picture 5: Reference electrode placed at radial pathways.

Picture 6: Reference electrode placed at the radial pathways.

Picture 7: Reference electrode placed at base of digit V.
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Results

Results indicate that all 46 hands had distal latency within 
normal limits, i.e., less than 4ms. All 46 hands exhibited normal 
amplitude, i.e., more than 5 mV. The comparison of amplitude 
data shows that the highest amplitude was recorded with the 
reference electrode at the base of digit V, corresponding to the 
tendon of the ADM muscles. The second-highest amplitude 
occurred when the reference electrode was placed at the base 
of digit II, corresponding to the tendon of the FDI muscles. 
The only difference between these positions is the baseline, 
where the base of digit II shows a positive defl ection, while 
the base of digit V shows a clear distal latency baseline from 

Picture 8: Reference electrode placed at the base of digit V.

Picture 9: Reference electrode placed in Contralateral hand FDI muscles.

Table 1: Minimum distal latency in cm comparison of Ulnar nerve from FDI Reference 
electrode placed in different places.

Total Right hand 23

Total Left Hand 23

Mini distal latency Over the base of digit II 2.3

Mini distal latency at the middle of the thumb 2.1

Mini distal latency at the base of digit V 2.1

Mini distal latency at the other hand FDI 2.1

Mini distal latency at the radial nerve 2.1

Table 2: Maximum distal latency in cm comparison of Ulnar nerve from FDI Reference 
electrode placed in different places.

Total Right hand 23

Total Left Hand 23

Max distal latency Over the base of digit II 3.2

Max distal latency at the middle of the thumb 3.1

Max distal latency at the base of digit V 3.2

Max distal latency at the other hand FDI 3.1

Max distal latency at the radial nerve 3.2

Table 3: Mean distal latency in cm comparison of Ulnar nerve from FDI Reference 
electrode placed in different places.

Total Right hand 23

Total Left Hand 23

Mean distal latency Over the base of digit II 2.7

Mean distal latency at the middle of the Thumb 2.6

Mean distal latency at the base of digit V 2.5

Mean distal latency at the other hand FDI 2.6

Max distal latency at the radial nerve 3.2

Table 4: Minimum peak amplitude in μV comparison in FDI with reference electrode 
placed in different places.

Total Right hand 23

Total Left Hand 23

Mini amp over the base of digit II 1.5

Mini amp at the middle of the thumb 5.2

Mini amp at the base of digit V 1.5

Mini amp at the other hand FDI 5.2

Mini amp at the radial nerve 1.5

Table 5: Maximum peak amplitude in μV comparison in FDI with reference electrode 
placed in different places.

Total Right hand 23

Total Left Hand 23

Max amp over the base of digit II 11

Max amp at the middle of the thumb 10

Max amp at the base of digit V 15

Max amp at the other hand FDI 10

Max amp at the radial nerve 10.9

Table 6: Mean peak amplitude in μV comparison in FDI with reference electrode 
placed in different places.

Total Right hand 23

Total Left Hand 23

Mean amp over the base of digit II 8.6

Mean amp at the middle of the thumb 7.9

Mean amp at the base of digit V 12.35

Mean amp at the other hand FDI 7.9

Mean amp at the radial nerve 8.55

Table 7: Comparison of distal latency and amplitude in FDI by placing reference 
electrode in different places.
Total 46 hands tested for FDI 

muscles  
Base line status 

Distal latency 
(ms) 

Amplitude 
(mV) 

At the base of digit II  Positive defl ection  2.5-3.2  6-11 

At the middle of the thumb  Slightly elevated 2.2-3.1  5-10 

At the base of digit V  Clear base line  2.2-3.2  7-15 

At the Contralaterale hand FDI 
muscle 

Slight positive 
defl ection 

2.5-3.4  5-10 

At the radial nerve pathways 
at wrist 

Elevated baseline  2.2-3.2  5-10 
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which distal latency was calculated. Other reference electrode 
positions showed similar distal latency and amplitude, with 
slight elevated baselines for distal latency calculation. It was 
also observed that recording from FDI muscles at the belly with 
the reference electrode at the base of digit V showed a Martin-
Gruber anomaly was observed 30% less frequently compared 
to recordings with the reference electrode at the base of digit 
II. The Martin-Gruber anomaly was not observed, when the 
elbow was bent at 900 and stimulating below the elbow, with 
the reference electrode at the base of digit II. This discrepancy 
often arises when clinical physiologists fail to bend the 
patient’s elbow during testing (CP) conduct studies without 
bending patients’ elbow at 900. The study conducted with 
the reference electrode at the base of digit V while recording 
from the FDI muscle indicates that if the elbow is not bent at 
900, the Martin-Gruber phenomenon may still be detected if 
present. Results show no amplitude difference when the active 
electrode and the reference electrode of stimulation were 
placed at 2 cm and 4.5 cm while recording from FDI muscles 
with the reference electrode at the belly of FDI muscles [18,19].

Conclusion 

Despite the limited sample size, the fi ndings were 
consistent and clinically informative. The optimal electrode 
confi guration for accurate CMAP recording from FDI muscles 
is by placing the reference electrode at the base of digit V, 
specifi cally at the tendon of the ADM muscle. These results 
confi rm that the reference electrode infl uences CMAP readings 
and cannot be considered electrically inert. While conducting 
nerve conduction studies. The reference electrode contributes 
substantially to CMAP confi guration during nerve conduction 
studies, and it also acts as an active electrode. Likewise, it is 
important to be consistent in using electrode placement when 
comparing studies and deciding on normal values. Recording 
from FDI muscles, by placing an active electrode and the 
reference electrode placed over the tendon of ADM muscles, 
offers improved clarity regarding the Martin-Gruber anomaly. 
The results indicate that Clinical physiologists may apply any 
commercially available stimulation devices on the market 
when recording FDI muscles.
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