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Background: We aimed to assess the diagnostic utility of abductor pollicis brevis/abductor digiti 
minimi compound muscle action potentials (APB/ADM CMAP) ratio as an indicator of split hand 
phenomenon in the differentiation of amyotrophic lateral sclerosis (ALS) patients from healthy controls.
Objectives: To assess diagnostic utility of APB/ADM CMAP ratio as an indicator split hand 
phenomenon in differentiation of ALS patients from healthy controls.
Materials & Methods: This cross-sectional retrospective study was conducted at Alzahra and 
Kashani hospitals of Isfahan, Iran, in 2021. The study population consisted of all patients with definite 
diagnoses of ALS who had undergone electrophysiological studies within the previous 5 years. APB/
ADM CMAP ratio was calculated in both groups based on right/left hand and below/over 50 years of 
age. The statistical analysis also evaluated the diagnostic accuracy of the APB/ADM amplitude ratio.
Results: A total of 200 ALS patients and 200 healthy controls were evaluated. APB/ADM ratios of 
the right hand in the controls and patients were 1.27±0.71 and 1.27±1.69 (P=0.961), while in the left 
hand, these figures were 1.30±0.54 and 1.11±0.97, respectively (P=0.018). Analysis based on age 
group revealed a significant difference in the APB/ADM amplitude ratio in the left hand of individuals 
younger than 50. The cut-off points of 0.81 (sensitivity=86.2% and specificity=58.7%) and 1.03 
(sensitivity=72.5% and specificity=58.5%) were calculated for right and left hands, respectively.
Conclusion: APB/ADM CMAP ratio is a relatively highly sensitive but moderately specific 
diagnostic marker for differentiating ALS patients from healthy controls with higher diagnostic 
utility in patients younger than 50.
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Introduction

myotrophic lateral sclerosis (ALS), a neu-
rodegenerative disease, manifests with 
progressive paralysis in skeletal muscles 
[1] reports on its incidence range from 0.6 
to 3.8 per 100000 person-years. The ALS 

incidence has continuously risen in recent years [2]. The 
time between the onset of disease to dependency on re-
spiratory support or death is reported to be around 24 to 
50 months [3, 4]. 

Several diagnostic criteria and markers have been sug-
gested in the literature [5], but more consistent markers are 
required due to difficulties and delays in diagnosing ALS. 

Split hand phenomenon, first introduced by Wilbourn 
and Sweeney [6], is a specific pattern characterized 
by atrophy of thenar muscles (abductor pollicis brevis 
[APB] and first dorsal interosseous muscles [FDI]) with 
relative preservation of hypothenar muscles (abductor 
digiti minimi [ADM]) [7]. Since its introduction in the 
literature, the split hand has been considered a specif-
ic and characteristic sign that helps diagnose ALS [8]. 
Markers of the split hand, including split hand index (SI) 
and APB/ADM ratio measured by compound muscle ac-
tion potentials (CMAP), have been evaluated for their 
diagnostic accuracy for ALS. Still, no agreement has 
been reached on the best choice [9, 10]. Normal adult 
values of APB and ADM CMAP amplitude are ≥4.0 and 
≥6.0, respectively, and their normal ratio is 0.6 [11].

In nerve conduction studies (NCSs), a decreased APB/
ADM CMAP amplitude ratio (<0.6) reflects the split 
hand phenomenon, which in ALS indicates cortical mo-
tor neuron compromise, particularly because APB and 
FDI are muscles with extensive corticospinal connec-
tions affected by glutamate excitotoxicity [7]. The split 
hand phenomenon is observed in 55% of ALS patients. 
The dissociated hand muscle atrophy, particularly the 
combination of APB/ADM ratio <0.6 and FDI/ADM 
ratio <0.9, is rarely found in pure LMN disease, cervical 
spondylotic amyotrophy, and polyneuropathies [12].

Diagnosing ALS is based on the coexistence of upper and 
lower motor neuron involvements and progressive symp-
toms [13]. Numerous ALS phenotypes and the lack of a de-
finitive diagnostic test have led to frequent diagnostic delays 
[14]. Subsequently, initiation of neuroprotective treatment 
strategies is deferred, and the disease progresses. Clinical di-
agnostic criteria such as El Escorial criteria are not sensitive 
enough to identify earlier stages of ALS [14, 15]. To enhance 
diagnostic sensitivity, the gold coast criteria for diagnosis of 
ALS has recently been proposed (Table 1) [16]. 

Reports have designated split hand as an early sign of 
ALS which can assist in the prompt diagnosis of ALS pa-
tients [7]. Thus, in this study, we evaluated the utility of the 
APB/ADM CMAP ratio as a diagnostic marker in evaluat-
ing ALS and its differentiation from healthy controls. 

Materials and Methods

This cross-sectional retrospective study was conducted 
at Alzahra and Kashani hospitals of Isfahan, Iran, in 2021. 
The study population consisted of all patients with a defi-
nite or probable diagnosis of ALS based on the revised El 
Escorial criteria who had undergone electrophysiological 
studies within the previous 5 years. Patients with clinical 
suspicion of other diseases mimicking ALS and compres-
sion neuropathies, such as C8 radiculopathy and carpal tun-
nel syndrome, were excluded from the study. Individuals 
with non-specific complaints who had undergone electro-
physiological studies but were not diagnosed with ALS or 
any other neuromuscular abnormality were enrolled in the 
study as healthy controls. A total of 200 ALS patients and 
200 healthy controls were evaluated in our study by con-
secutive convenient sampling.

Demographic data, including age and gender, were col-
lected from medical records. Electrophysiological stud-
ies of patients were retrieved to collect CMAP ampli-
tudes of APB and ADM muscles in both study groups. 
Then, APB/ADM CMAP ratio was calculated in both 
groups based on right/left hand and below/over 50 years 
of age. The statistical analysis also evaluated the diag-
nostic accuracy of the APB/ADM amplitude ratio.

A

Highlights 

• APB/ADM CMAP or abductor pollicis brevis/abductor digiti minimi compound muscle action potentials ratio is a 
relatively highly sensitive but moderately specific diagnostic marker for differentiating amyotrophic lateral sclerosis 
patients from healthy controls. 

• The diagnostic utility of the APB/ADM CMAP ratio is higher in patients under 50 years of age.
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Statistical analysis was performed with IBM SPSS soft-
ware, version 25 (IBM Corp., Armonk, N.Y., USA). De-
scriptive analysis is presented as frequency and percentage 
or Mean±SD. The independent t-test and chi-square test 
were used to compare continuous and categorical param-
eters between the two groups. The diagnostic yield of the 
APB/ADM amplitude ratio for the differentiation of ALS 
from healthy controls was assessed by the ROC curve to 
determine cut-off values and their corresponding sensitivi-
ty, specificity, positive predictive value, negative predictive 
value, and area under the curve. P≤0.05 was considered 
statistically significant. 

Results

A total of 200 patients with ALS and 200 healthy con-
trols were enrolled in this study. Overall, 225 participants 
(56.3%) were males, and 185(46.25%) were females. The 
mean age of participants was 53.29±12.40 years (16-80 
years). To be more specific, 247 participants (61.75%) 
were in the >50 years age group, while 153 participants 
(38.3%) were below 50 years. Also, 63 participants were 
patients, and 90 participants were healthy.

The mean age of the patients and controls was 
54.44±13.25 years (16-77) and 52.15±11.41 years (25-
80), respectively (P=0.065). The patients’ group consist-

ed of 122 males (61%) and 78 females (39%), while 105 
subjects (52.5%) and 95 (47.5%) in the control group 
were males and females, respectively (P=0.086).

APB/ADM amplitude ratio for diagnosis of ALS

APB/ADM amplitude ratio showed no significant dif-
ference in the right hand and both hands together be-
tween patients and controls. However, this ratio in the 
left hand was significantly higher in healthy controls than 
in patients (P=0.018). The results showed that in patients 
below 50 years of age, a significant difference in APB/
ADM amplitude ratio between patients and controls was 
only detected in the left hand (P=0.008), with higher lev-
els in healthy controls compared to patients. In the age 
group over 50, no significant difference in APB/ADM 
amplitude ratio between healthy controls and patients 
was found in any of the hands and neither in both hands 
together (P>0.05). The details of APB/ADM amplitude 
ratio measurements are presented in Table 2 and Table 3.

Diagnostic accuracy parameters of APB/ADM 
amplitude ratio for diagnosis of ALS

ROC curve (receiver operating characteristic curve) 
analysis was performed to assess the sensitivity and 
specificity of the APB/ADM amplitude ratio of right 

Table 1. Two criteria for diagnosis of ALS

Revised El Escorial Criteria

Definite ALS: Clinical or electrophysiological evidence, demonstrated by the presence of upper and lower motor neuron signs in the 
bulbar region and at least two spinal regions, or the presence of upper and lower motor neuron signs in three spinal regions

Probable ALS: Clinical or electrophysiological evidence demonstrated by upper and lower motor neuron signs in at least two spinal 
regions, with some upper motor neuron signs necessarily rostral to the lower motor neuron signs

Possible ALS: Clinical or electrophysiological signs of upper and lower motor neuron dysfunction in only one region, upper motor 
neuron signs alone in two or more areas, or lower motor neuron signs rostral to upper motor neuron signs

Gold Coast Criteria

1. Progressive motor impairment documented by history or repeated clinical assessment, preceded by normal motor function and
2. Presence of upper and lower motor neuron dysfunction in at least 1 body region (with upper and lower motor neuron dysfunction 
noted in the same body region if only one body region is involved) or lower motor neuron dysfunction in at least 2 body regions and 

3. Investigations excluding other disease processes

Table 2. APB/ADM amplitude ratio in right and left hands of ALS patients and healthy controls

Group
Both Hands Right Hand Left Hand

Mean±SD P Mean±SD P Mean±SD P

Controls 1.29±0.63
0.203

1.27±0.71
0.961

1.30±0.54
0.018

Patients 1.19±1.38 1.27±1.69 1.11±0.97
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and left hands and both hands to discriminate pa-
tients from healthy subjects to select the best cut-off 
points and their respective sensitivity and specificity. 
The APB/ADM amplitude ratio cut-off in both hands 
was 0.81, with a sensitivity of 86.6% and specificity 
of 39.8%. A cut-off ratio of 0.81 in the right hand re-
vealed a sensitivity of 86.2% and specificity of 58.7%. 
The APB/ADM amplitude ratio cut-off in the left hand 
was 1.03, which resulted in a sensitivity of specificity 
of 72.5% and 58.5%. The area under curve values for 
both hands was 0.641, and for left and right hands were 
0.663 and 0.620 (P=0.237). Table 4 and Figure 1 pres-
ent more details on APB/ADM amplitude ratio diag-
nostic accuracy parameters for diagnosing ALS. 

To be more specific, data were categorized into two 
classes below and over 50 years of age. In patients be-
low 50 years of age, APB/ADM amplitude ratio cut-off 
point was calculated as 1.12 (sensitivity=72.4%, speci-
ficity=67.2%) and 0.64 (sensitivity=94.3% and speci-
ficity=31.1%) and 0.64 (sensitivity=94.2% and speci-
ficity=29.5%) for left, right, and both hands together, 
respectively. In participants over 50 years of age, these 
figures were 0.81 (sensitivity=86.8% and specific-
ity=41.7%) and 0.78 (sensitivity=87.2% and specific-
ity=39.1%), and 0.81 (sensitivity=86.5% and specific-
ity=40.8%), respectively. In the group below 50 years 
of age, the area under the curve of APB/ADM amplitude 
ratio in the left hand was significantly higher than the 
right hand (0.699 vs 0.566, P=0.011), while in the over 

Table 3. APB/ADM amplitude ratio in right and left hands of ALS patients and healthy controls based on the age groups

Age (y) Group
Both Hands Right Hand Left Hand

Mean±SD P* Mean±SD P* Mean±SD P*

<50
Controls 1.31±0.52

0.467
1.25±0.45

0.543
1.38±0.57

0.008
Patients 1.23±1.28 1.38±1.61 1.07±0.82

≥50
Controls 1.26±0.71

0.357
1.30±0.86

0.666
1.23±0.50

0.306
Patients 1.17±1.42 1.22±1.73 1.12±1.03

Ghasemi M, et al. APB/ADM CMAP Ratio and ALS. Caspian J Neurol Sci. 2023; 9(3):192-168

Table 4. Diagnostic accuracy parameters of APB/ADM amplitude ratio for diagnosis of ALS

Hand AUC P Sensitivity Specificity PV+ PV- Cut-off P

Left 0.663 <0.001 72.5 58.5 63.6 68.61 1.03

0.237Right 0.620 <0.001 86.2 58.7 59.0 73.5 0.81

Both hands 0.641 <0.001 86.6 39.8 59.1 74.8 0.81

Abbreviations: AUC: Area under curve; PV+: Positive predictive value; PV-: Negative predictive value.

Table 5. Diagnostic accuracy parameters of APB/ADM amplitude ratio for diagnosis of ALS based on the age groups

Age Hand AUC P Sensitivity Specificity PV+ PV- Cut-off P

<50 years

Left 0.699 <0.001 72.4 67.2 75.9 63.1 1.12

0.011Right 0.566 0.206 94.3 31.1 66.1 79.2 0.64

Both 
hands 0.631 0.0002 94.2 29.5 65.5 78.3 0.64

≥50 years

Left 0.639 0.001 86.8 41.7 54.4 79.9 0.81

0.832Right 0.637 <0.001 87.2 39.1 54.0 78.8 0.78

Both 
hands 0.638 <0.001 86.5 40.8 54.2 78.8 0.81

Abbreviations: AUC: Area under curve; PV+: Positive predictive value; PV-: Negative predictive value.

http://cjns.gums.ac.ir/
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50 years of age, no significant difference was found be-
tween right and left hands (0.637 vs 0.639, P=0.832). 
The area under the curve of APB/ADM amplitude ratio 
in both hands together in participants below and over 50 
years of age were 0.631 and 0.638, respectively. More 
details are presented in Table 5.

Discussion

The current study assessed APB/ADM CMAP ratio 
as one of the key indicators of the split hand phenom-
enon in patients with ALS. In this study, we found that 
APB/ADM CMAP ratio is significantly higher in the 
left hands of controls compared to patients, while no 
significant difference was observed in the right hands or 
both hands together. Analysis based on age groups also 
showed that in the <50 years of age group, APB/ADM 
CMAP ratio was significantly higher for the right hand 
in controls compared to patients, while no remarkable 
difference was found in the age group of over 50 years. 
Our results indicated that APB/ADM CMAP ratio could 
yield cut-off values for discriminating ALS patients from 
healthy controls with satisfactory sensitivities. 

The split hand is reported to be present in around 50% 
of ALS cases, meaning that not every patient with ALS 
has a split hand. On the other hand, not all patients 
with split hands have ALS. Thus, the differentiation of 
ALS from other conditions in the case of split hand is 
a field of interest. In our study, APB/ADM amplitude 
ratio was equal between patients and controls in the 
right hand (1.27), while in the left hand, patients showed 
significantly lower values compared to controls (1.11 

vs. 1.30, P=0.018) and in both hands together, patients 
showed higher values compared to controls (1.38 vs. 
0.63, P=0.203). Consistent with our findings, Hu et al. 
reported in a systematic review that APB/ADM CMAP 
in ALS patients was significantly lower than in healthy 
controls [17]. Also, De Carvalho et al. reported that 
CMAP amplitudes of APB and FDI showed significant 
decrements over 6 months. In contrast, ADM muscle 
amplitude decrement was much lower than APB and 
FDI muscles, leading to a low APB/ADM amplitude 
ratio in ALS patients [18]. Kim et al. also showed that 
APB/ADM CMAP ratio was significantly lower in ALS 
patients (0.64) compared to healthy controls (1.01) [19]. 
Although it is well-established that APB/ADM am-
plitude ratio is reduced in ALS patients, its diagnostic 
yield is still debatable. We measured this ratio in two age 
groups below and over 50 for more elucidation. In the 
over 50 years group, no significant difference in APB/
ADM amplitude ratio was noted between controls and 
patients, while in the below 50 years group, ALS patients 
showed significantly lower values compared to controls 
in the left hand. No previous report has found and dis-
cussed differences between right and left hands as in our 
study. To justify our findings, we may attribute this dis-
crepancy between these two hands to the fact that most 
of the population is right-handed. Right-handedness can 
put nerves and muscles under the compressive burden 
and subsequent degenerative changes. Thus, left hands 
can be more reliably judged in these clinical settings and 
assessments.
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Figure 1. Receiver operating characteristic (ROC) curve of APB/ADM amplitude ratio in left and right hands
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Disease progression usually involves thenar muscles 
(APB and FDI) at first and spares the hypothenar mus-
cles (ADM). More advanced stages of the disease are 
associated with the involvement of hypothenar muscles. 
Simultaneous involvement of ADM and APB muscles 
in the progressive stages of ALS raises the APB/ADM 
ratio from the lower values usually found in ALS pa-
tients. Higher ages are usually associated with higher 
stages of the disease. As explained, we expect the APB/
ADM ratio to increase to around normal values in the 
healthy population. Thus, our study found no significant 
difference between ALS patients and controls regarding 
the APB/ADM amplitude ratio in the age group of over 
50 years. Consistent with our findings, Fang et al. have 
stated that aging was associated with the decline of APB 
and ADM amplitudes, but the extent of their change is 
equivalent, which makes the use of the APM/ADM am-
plitude ratio limited in aged patients. Thus, APB/ADM 
ratio is more beneficial in assessing individuals below 
the age of 50 years [20].

The diagnostic accuracy of the APB/ADM amplitude 
ratio has been evaluated in several studies to figure out 
the clinical utility of this marker in the differentiation of 
ALS patients from healthy controls. In our research, the 
cut-off points of 0.81 (sensitivity=86.2% and specific-
ity=58.7%) and 1.03 (sensitivity=72.5% and specific-
ity=58.5%), and 0.81 (sensitivity=76.6% and speci-
ficity=39.8%) were calculated for right, left, and both 
hands together, respectively. Jiang et al. reported that a 
cut-off value of 0.93 for APB/ADM yielded a sensitivity 
of 75.8% and specificity of 83.1% for diagnosing ALS. 
Another study by Kim et al. with 0.58 as the cut-off 
value of the APB/ADM ratio resulted in a sensitivity of 
67% and specificity of 92% for discrimination of ALS 
from other mimicking disorders and controls [19]. Kalita 
et al. also reported a sensitivity of 61% and specificity 
of 91% for the differentiation of ALS from other similar 
clinical conditions mimicking ALS with a cut-off value 
of 1.2 [21]. The mutual finding of the mentioned stud-
ies is that APB/ADM amplitude ratio is a highly specific 
marker for ALS with moderate sensitivity, but our results 
are in contrast with their findings indicating high sensi-
tivity and moderate specificity for APB/ADM ratio. The 
reasons for this finding should be investigated in future 
studies, but selection bias, sample population, and study 
design can play roles in achieving these results. For in-
stance, most of these studies have reported the sensitivity 
and specificity of the APB/ADM ratio in differentiating 
ALS from other neurologic/mimicking disorders.

In contrast, in our study, we tried to discriminate ALS 
from healthy controls. In addition, we provided cut-off 
points of APB/ADM amplitude ratio in two age groups 
below and over 50 years which were not previously re-
ported in the literature. These figures must be evaluated 
and confirmed in future studies with larger sample sizes. 

Our study had several limitations. First, we did not 
evaluate the split hand index (SI) as another key indica-
tor for comparing its clinical utility and diagnostic ac-
curacy with APB/ADM amplitude ratio. Second, we did 
not assess study subjects throughout the time to evalu-
ate disease progression and its corresponding changes 
in measured ratios. Third, our study did not include dis-
orders mimicking ALS and was limited only to healthy 
controls. Evaluation of ALS mimicking disorders in ad-
dition to ALS can provide more valuable information on 
the clinical utility of APB/ADM amplitude ratio in daily 
practice. 

Conclusions

APB/ADM CMAP ratio is a relatively highly sensitive 
but moderately specific diagnostic marker for differen-
tiating ALS patients from healthy controls with higher 
diagnostic utility in patients <50.
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