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Abstract

Background: This study aimed to assess the diagnostic role of the Abductor Pollicis Brevis -

First Dorsal Interosseous (APB-FDI) Index in the diagnosis of Amyotrophic Lateral Sclerosis (ALS)

among the Bangladeshi population. It also compared its diagnostic performances with first dorsal

interosseous first dorsal interosseous and abductor digiti minimi (FDI-ADM) and (ADM-APB) ratios

measuring the split hand phenomenon.

Methods: This cross-sectional study was carried out in the Department of Neurology, Sir

Salimullah Medical College & Mitford Hospital, and Dhaka Medical College Hospital, Dhaka,

from March 2019 to September 2021. It also determined the APB-FDI index in ALS patients and

compared the findings with age and gender-matched healthy control and disease control

(Hirayama disease). The data was analyzed with receiver operating characteristic (ROC) curves

and calculated area under the curve (AUC) for each ratio. Integrated discrimination improvement

(IDI) and Decision Curve Analysis (DCA) to compare diagnostic accuracy over FDI-ADM and

ADM-APB ratios.

Results: Total 43 people were studied  with ALS, 30 healthy people, and 10 Hirayama patients.

The cutoff values of APB-FDI Index, ADM-APB ratio, and FDI-ADM ratio are 4.27, 1.04, and 2.20

respectively. The APB-FDI Index has a high AUC of 0.9, with good sensitivity and specificity.

However, for Hirayama disease, the APB-FDI Index cutoff value is 11.6. The APB-FDI Index is

clinically effective with optimal threshold probabilities identified through the Youden-Index (APB-

FDI Index-0.72, ADM-APB CMAP amplitude ratio-0.51, and FDI-ADM CMAP amplitude ratio-

0.17). Its standardized net benefits exceed healthy control and Hirayama when risk thresholds

are between 0.1 and 0.8. The IDI results showed that the APB-FDI Index was superior to the

ADM-APB ratio and FDI-ADM ratio.

Conclusion: APB-FDI Index is the sensitive, specific, and early diagnostic marker for ALS.

Keywords: amyotrophic lateral sclerosis; compound muscle action potential; split hand; APB-

FDI index.
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Introduction:

Amyotrophic lateral sclerosis (ALS) is a
progressive degenerative disorder1 involving the
motor neurons, a heterogeneous disease that
begins focally and becomes widespread within
a short period. The patient dies within three
years of symptom onset due to respiratory
muscle involvement.2 The mechanisms of
neuronal degeneration include oxidative stress,
excitotoxicity, mitochondrial dysfunction, glial

activation, RNA processing, and growth factor
abnormalities. They may occur parallelly or in
sequence.3 There is no definitive diagnostic tool
for diagnosing ALS. The progressive upper
motor neuron (UNM) and lower motor neuron
(LMN) findings in the history and examination
may diagnose ALS with 95% accuracy.4 For the
uniformity of the diagnosis, El Escorial criteria
were developed.5,6 The sensitivity of these
criteria is low in case of early stages of the



disease.7 Possible differentials like Spinal
muscular atrophy (SMA), Hirayama disease,
cervical myeloradiculopathy, and Multifocal
motor neuropathy with conduction block
(MMCB) are sometimes difficult to exclude.8 The
median diagnostic time from the symptom onset
is 11.5 months, and about half of the patients
received alternative diagnoses.9 A dissociated
pattern of muscle atrophy, first described as a
split hand by Wilbourn10, was observed in 60-
70% of ALS patients.9,11 Here the abductor
pollicis brevis (APB) and first dorsal
interosseous (FDI) muscles are involved more
than the hypothenar muscles. The cause of
differential muscle involvement in ALS is
unknown; there are theories for cortical and
peripheral mechanisms.12 Among the
postulated peripheral mechanism, higher nodal
persistence of sodium currents in the APB and
FDI than in Abductor Digiti Minimi (ADM) might
be a mechanism.13 Furthermore, the cortical
mechanism involves preferential involvement of
corticomotoneuronal input to the thenar
muscles.14 In our day-to-day activities, using a
pincer grasp is essential (adductor pollicis, first
dorsal interosseous and flexor pollicis brevis
muscles.), making the spinal motor neurons
innervating these muscles liable to more
oxidative stress.

The corticospinal connections to FDI far
outnumber those of ADM. It may produce more
glutamate excitotoxicity in the FDI spinal
neurons.15 The APB-FDI index quantifies this
preferential muscle involvement, which is
derived by multiplying the APB and FDI CMAP
amplitudes and dividing the product by the ADM
Compound Muscle Action Potential (CMAP)
amplitude  according  to  the  following

formula:  (APB FDI Index =                         16.

This  index helps detect the early stages of ALS,
not fulfilling the diagnostic criteria.11 This
phenomenon did not differ in different stages
and certainty.17 The cutoff value of this index
is 5.2 and exhibits 74% sensitivity and 80%
specificity in diagnosing ALS.11 It is more
sensitive than the two other ratios used to
quantify the split hand phenomenon (ADM/APB
CMAP amplitude ratio >1.7, 51% sensitive, and
FDI/ADM less than 0.9 is 34 % sensitive).16

This method was not examined among the
Bangladeshi population, and the cutoff value
is largely unknown among the Bangladeshi

people. So, it was planned to assess the
diagnostic role of the APB FDI Index, ADM/APB
CMAP amplitude ratio, and FDI/ADM CMAP
amplitude ratio in the diagnosis of Amyotrophic
Lateral Sclerosis (ALS) and to determine their
cutoff values for the Bangladeshi population.
Their diagnostic performance was also
cpmpared in diagnosing ALS.

Methods: 

This cross-sectional study was done in the
Department of Neurology at Sir Salimullah
Medical College & Mitford Hospital, Dhaka, and
Dhaka Medical College from March 2019 to
September 2020. Ethical clearance was
obtained  from the ethical review committee of
Sir Salimullah Medical College Mitford Hospital
(SSMC/2019/224).

Participants: 

All the probable, possible, and definite cases of
Amyotrophic lateral sclerosis (ALS) were
enrolled  according to the revised El Escorial
Diagnostic Criteria for ALS5, presented in
electrophysiology lab of the neurology
department of Sir Salimullah Medical College
& Mitford Hospital and Dhaka Medical College.
Patients aged 18 years or more and of both sexes
were included in this study. Patients with
undetectable CMAP amplitude of any muscle
(APB, FDI, and ADM), associated radiculopathy,
peripheral neuropathy, or neuromuscular
disease were excluded from the study. Healthy
volunteers  were recruited as the control.
Patients diagnosed with Hirayama disease were
also taken according to criteria outlined by
Tashiro et al.18 and confirmed with MRI cervical
spine flexion and extension view as disease
control. Both the cases and control participants
gave Informed written consent. The calculated
sample size was 30 for ALS and healthy-control,
considering the abnormal split hand index
proportion of 41% in the case and 5% in the
healthy control group, according to Kuwabara
et al. 2008.19 With a 5% level of significance in
the two-tailed test and 90% power,  following
formula  was used to calculate the sample size

ADM 
CMAP 

FDI 
CMAP ×

ADM CMAP 
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The electrophysiology findings of 10 Hirayama
patients were also compared with the ALS
patients.

Study procedure:

The demographic profile and complaints were
recorded in a preformed case record form. The
expert neurologist did detail Neurologic

examinations. The hemoglobin, total count,
differential count, blood sugar, serum
creatinine, brain CT scan, and MRI cervical
spine were done to exclude the other diagnoses

for all the included patients. Revised El Escorial

Diagnostic Criteria for ALS diagnose patients

with ALS.5 The disability of ALS was assessed

with ALS Functional Rating Scale-Revised (ALS-

FRS-R).20 The Hirayama disease was diagnosed

with Tashiro criteria.18 

NCS assessment:

The NCS was done with NIHON KOHDEN

Neuropack MEB-7102 mobile unit with a two-

channel evoked potential/EMG measuring

system (Nihon Kohden Corporation, Tokyo,

Japan) according to the American Association

of Electrodiagnostic Medicine, American

Academy of Neurology, and American Academy

of Physical Medicine and Rehabilitation

guidelines. The temperature was maintained at

33-34 degrees centigrade. The neurophysio-

logical study was done on the most affected

hand and opposite lower limb in cervical onset

MND, including the measurement of motor

conduction velocity (MCV), distal motor latency

(DML), and compound muscle action potential

amplitude (CMAP), F-latency, sensory

conduction velocity (SCV), distal latency and

sensory nerve action potential amplitude (SNAP)

of the examined nerves. In limb onset type MND,

the electrophysiological study was done on the

most affected lower limb and opposite upper

limb, and in bulbar onset MND in the right hand

and left leg.

Motor nerve conduction studies were performed

on the median and ulnar nerves with compound

muscle action potential (CMAP) responses

recorded from the abductor pollicis brevis (APB),

first dorsal interosseous (FDI), and abductor

digit minimi (ADM) muscles. The responses were

recorded by 10 mm gold disc electrodes
positioned in a belly tendon arrangement over
each muscle. Active electrode was placed over
the midpoint of the respective muscle, ensuring

a negative take-off of the CMAP response, while
the reference electrode was positioned over the
base of the thumb (APB and FDI CMAP
recordings) and base of digit 5 (for ADM CMAP

recordings). The distance was set between the
stimulating cathode and active electrode for APB
and ADM, CMAP to 5 cm, and for FDI CMAP to
8 cm. We set the filter at 3 and 10 kHz, the

sweep speed at 20 msec, or 2 msec/division,
and the sensitivity for recording CMAP
responses at 5 mV. The pulse duration was 0.2
ms. Additional 25% current was  increased to

ensure the supramaximal stimulation.
Measurements of the compound muscle action
potential (CMAP) included latency (onset and
peak) and conduction velocity (CV). In the study,

belly tendon montage was used which gave the
stimulation at the wrist using an orthodromic
technique with a bipolar stimulator, and
expressed the distal latency as a millisecond

and conduction velocity as a meter per second. 

The APB FDI index was calculated by
multiplying the CMAP amplitude recorded over
the APB and FDI muscles and dividing this

product by the CMAP amplitude recorded over
the ADM muscle, as follows: APB FDI sindex =
APB CMAP X FDI CMAP /ADM CMAP.  ADM/
APB CMAP amplitude ratio, and FDI/ADM

CMAP amplitude ratio was also calculated. For
the analysis, the values were taken from the
most affected hand in case of ALS and Hirayama
disease. In the case of control, generally right-

hand parameters were used.

Statistical analysis: 

Data were analyzed using SPSS 20 and R
(v4.1.1). Qualitative data were expressed in

number, percentage, normally distributed
quantitative data as mean (±SD), and non-
normal data as median (IQR). Comparisons
between groups (continuous parameters) were

made by Student’s t-test and skewed
parameters with Mann Whitney U test. The Chi-
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57 suspected patients 
screened for enrollment 

46 patients diagnosed as 

probable, possible or definite ALS 

Cervical Radiculopathy-04 

Carpal tunnel syndrome -03 

Associated diabetic 

neuropathy-02 

43 patients were Included in 
the study 

43 patients were Included in 
the study 

10 patients were Included in 
the study

42 Healthy volunteers 
approached 

32 Volunteers eligible to be 
included in the study 

30 volunteers included in 
the study 

2 patients denied the 

consent 

3 Patients MRI was 

inconclusive 

15 patients with Hirayama 
were approached 

2 patients denied the consent 

Cervical Myeloradiculo-

pathy-09 Paraneoplastic-01 

Associated diabetic 

neuropathy-01 

3 patients denied the consent 

Possible ALS-07 

Probable ALS-08 

Definite ALS-28 

Square test compared categorical parameters.
Several indicators were used to measure the

performance of the APB-FDI Index, FDI-ADM,
and ADM-APB ratios. The prediction scoring

systems were analyzed using the receiver

operating characteristic (ROC) curve and the
area under the ROC curves (AUC). DeLong’s test

was used to determine the statistical difference

between AUCs. The Integrated Discrimination
Improvement (IDI) indicator was also used to

evaluate their performance. Decision Curve

Analysis (DCA) was also performed to assess
the clinical usefulness of these ratios. The

significance of the results, as determined by a

95% confidence interval and a value of p<0.05,
was considered statistically significant.

Results:

This cross-sectional study was conducted in the
Neurology department of Sir Salimullah Medical

College & Mitford Hospital and Dhaka Medical

College, Dhaka, from March 2019 to March
2022. Total 57 suspected patients with ALS were

screened and 43 patients were included after

considering the patient’s inclusion, exclusion

criteria, and consent. There was 30 age and

sex-matched healthy control (Figure 1) and  10

Hirayama patients also to compare the index

and the ratios (APB-FDI Index, ADM-APB CMAP

amplitude ratio, and FDI-ADM CMAP amplitude

ratio)

Demographic and clinical profile of the

participants:

The age of the ALS group was generally >40
years (88.4%), and the mean age (±SD) was
56.1(±14.8). The age of patients with ALS was
comparable with the control. Whereas the
Hirayama patients were generally < 40 years
(90%), and the mean age was 24.7(13.7). The
males were similarly frequent in ALS,
34(79.1%), and Hirayama groups, 7(70%).
15(34.4%) of the ALS patients were

underweight. The mean (SD) weight of the ALS

and Hirayama was 18.8(1.8) and 21.6(2.2),

respectively (Table 1).

Fig.-1: Patients and volunteer selection for this study. We screened 57 suspected patients with

Motor Neuron Disease and included 43 patients after screening. We had 30 healthy volunteers and

ten patients with Hirayama disease for comparison
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In this study total of 28(65.1%) had definite ALS
and presented with median (IQR), 6(5-10)
months of illness. They were generally cervical
phenotype, 31(72.1%), and they had ALS
functional rating score, median (IQR) of 27(25-
32). (Table II).

The median (IQR) CMAP amplitude of FDI, APB,
and ADM, 2.8(0.8-5.3), 2.3(0.8-4.6), and
3.8(1.8-6.9) respectively were significantly low
(p-value <0.001) than the healthy control.

Among ALS patients amplitude of FDI and APB

is lower than the amplitude of ADM. The median

(IQR) of APB-FDI index, APB-ADM ratio and FDI-

ADM ratio were 1.7(0.3-3.8), 0.6(0.3-1.1) and

0.8(0.4-1.1) were significantly lower than that

of healthy control (p value<0.001, 0.016, 0.003

respectively). The ADM-APB ratio of 1.7(0.9-3.2)

is significantly higher than the healthy control

(p-value 0.016). (Table III).

Table I

Demographic characteristics of the study participants

Trait Group 1 Group Group III

 (cases) II(Control) (Hirayama)

N=43 N=30 N=10

Age in years, mean (SD) 56.1(14.8) 57.7(9.7) 24.7(13.7)

Age groups, n (%)

<40 years 5(11.6) 2(6.7) 9(90)

40-60 years 22(51.2) 21(70) 0(0)

>60 years 16(37.2) 7(23.3) 1(10)

Sex (Male), n (%) 34(79.1) 22(73.3) 7(70)

BMI, Mean (SD) 18.8(1.8) 22.8(1.65) 21.6(2.2)

BMI groups, n (%)

Underweight (<18.5 kg/m2) 15(34.9) 0(0) 1(10)

Normal weight (18.5-22.9 kg/m2) 21(48.8) 18(60) 7(70)

Overweight (23-24.9 kg/m2) 6(14) 11(36.7) 1(10)

Obesity (25-29.9 Kg/m2) 1(2.3) 1(3.3) 1(10)

Table II

Clinical characteristics of the ALS patients

Clinical Characteristics Results

Disease Categories according to El scorial criteria, n (%)

Possible 7(16.3)
Probable 8(18.6)
Definite 28(65.1)
Age of onset, Median (IQR) 57(46-64)

Phenotype according to the onset
Bulbar 3(7)
Cervical 31(72.1)
Lumbar 2(4.7)

Mixed 7(16.3)
Disease duration, months, median (IQR) 6(5-10)
ALS function rating score, median (IQR) 27(25-32)
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CMAP amplitude of the FDI did not differ
between the ALS and Hirayama patients (p-
value 0.7). Whereas the median (IQR) amplitude
of the APB, 6.4(5.3-8.1), is significantly higher
(p-value <0.001), and the amplitude of ADM,
0.7(0.4-3.6) was significantly lower (p
value0.003) in the Hirayama than ALS.

The median (IQR) of APB-FDI index, and FDI-
ADM ratio was 13.6(6.9-15.7), and 2(1.2-2.7)
were significantly higher in Hirayama group
than that of healthy control (p value<0.001,
<0.001, 0.002 respectively). Whereas the ADM-
APB ratio of 0.2(0.1-0.3) is significantly lower
in the Hirayama group than in the ALS group
(p-value <0.001).

There was no correlation between the disease
severity of ALS and the APB-FDI index (r= -0.16,
p-value 0.28) (Figure 2).

Comparison of ROC curves

To diagnose ALS, the APB-FDI Index, ADM-APB
CMAP amplitude ratio, and FDI-ADM CMAP
amplitude ratio are used with cutoff values of
4.27, 1.04, and 2.20, respectively. The APB-FDI
Index has a high sensitivity and specificity with
an AUC of 0.9. However, when differentiating

Hirayama disease, the APB-FDI Index’s cutoff
value is higher at 11.6, but its specificity is lower
at 0.7. In comparison, the APB-FDI Index is the
most effective in diagnosing ALS compared to
healthy individuals, but it has lower
performance in differentiating Hirayama disease
(Figure 2).

Table III

Comparison of Electrophysiologic findings with the healthy controls and Hirayama disease

Muscle Group CMAP P CMAP P

examined in-30 amplitude in  mV value a amplitude in mV value b

Group II, Group III,

n=30 n=30

FDI (CMAP amplitude in mV) 2.8(0.8-5.3) 10.4(8.5-12.6) <0.001 1.3(0.9-4.9) 0.7

APB (CMAP amplitude in mV) 2.3(0.8-4.6) 7.9(6.5-9.3) <0.001 6.4(5.3-8.1) <0.001

ADM(CMAP amplitude in mV) 3.8(1.8-6.9) 9.7(6.2-11.8) <0.001 0.7(0.4-3.6) 0.003

APB-FDI Index c 1.7(0.3-3.8) 9.9(6.1-13.1) <0.001 13.6(6.9-15.7) <0.001

APB/ADM 0.6(0.3-1.1) 0.8(0.7-1.2) 0.016 6.3(3.2-13,9) <0.001

ADM/APB 1.7(0.9-3.2) 1.2(0.9-1.4) 0.016 0.2(0.1-0.3) <0.001

FDI/ADM 0.8(0.4-1.1) 1.2(0.9-1.4) 0.003 2(1.2-2.7) 0.002

a-comparison between ALS and healthy control

b-Comparison between the ALS and Hirayama

c- calculated with the formula APB FDI index (SI) = APB CMAP X FDI CMAP /ADM CMAP

APB-FDI Index, FDI-ADM, and ADM-APB ratios.

Figure 2: Correlation between the disease

severity of ALS assessed with ALS functional

rating scale and the APB-FDI index (r= -0.16, p-

value 0.28)
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Comparison of IDI

This evaluated the prediction performance of

the scoring systems by calculating IDIs,

corresponding P values, and confidence

intervals using 1000 times bootstrap

resampling (Table IV).  The IDI results showed

that the APB-FDI Index was superior to the

ADM-APB CMAP amplitude ratio and FDI-ADM

CMAP amplitude ratio in healthy control and

Hirayama although p value is insignificant. The

Figure 3: Comparison of the ROC curve and diagnostic performances of APB-FDI Index, ADM-APB

CMAP amplitude ratio, and FDI-ADM CMAP amplitude ratio

IDI for APB-FDI Index in comparison to ADM-

APB CMAP amplitude ratio and FDI-ADM

CMAP amplitude ratio was 0.55 (95% CI -

0.661, -0.434; p=0.481) and -0.55 (95% CI -0.658,

-0.440; p=0.504), respectively in healthy control.

In Hirayama, the IDI for APB-FDI Index in

comparison to ADM-APB CMAP amplitude ratio

and FDI-ADM CMAP amplitude ratio was -0.228

(95% CI -0.416, -0.015; p=0.487) and -0.368 (95%

CI -0.541, -0.172; p=0.465), respectively.

Table IV

Pairwise comparison of IDIs in overall patients

Comparison of models(New model VS reference model) IDI 95% CI of IDI P-value of IDI

For healthy control

FDI-APB index vs FDI-ADM ratio -0.549 -0.658, -0.440 0.504
FDI-APB index vs ADM-APB -0.545 -0.661, -0.434 0.481
FDI-ADM ratio vs ADM-APB 0.007 -0.035, 0.051 0.495

For Hirayama
FDI-APB index vs FDI-ADM ratio -0.368 -0.541, -0.172 0.465
FDI-APB index vs ADM-APB -0.228 -0.416, -0.015 0.487
FDI-ADM ratio vs ADM-APB 0.133 -0.028, 0.262 0.495

The Diagnostic Role of Abductor Pollicis Brevis -First Dorsal Interosseous Index in Diagnosing ALS Islam MS et al

13



Decision Curve Analysis (Case vs Control)
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Comparison of DCA curves

The results of DCA (Fig 4) demonstrate the
clinical value of evaluating standardized net
benefits (sNBs) and risk threshold probabilities
using the APB-FDI Index, ADM-APB CMAP
amplitude ratio, and FDI-ADM CMAP amplitude
ratio. The sNBs of the APB-FDI Index were
higher than the extreme curve for healthy
control and Hirayama when the range of risk
threshold probabilities was between 0.1 and 0.8.
Compared to the ADM-APB CMAP and FDI-ADM
CMAP amplitude ratios, the APB-FDI Index had
higher sNBs when the range of threshold
probabilities was between 0.1 and 0.8,
indicating its broad clinical utility. Optimal
threshold probabilities were also determined for
each index using the Youden-Index (APB-FDI
Index-0.72, ADM-APB CMAP amplitude ratio-
0.51, and FDI-ADM CMAP amplitude ratio-
0.17), and the DCA results show that the APB-
FDI Index had higher sNBs than the other two
ratios. Furthermore, the results and
conclusions remained consistent for threshold
probabilities between 0.45 and 0.80.

Discussion:

This study confirms the split hand phenomenon
in ALS patients, where the CMAP amplitude of
the ADM muscle is higher than that of the FDI
and APB muscles. This phenomenon in
measured  using the APB-FDI index, APB-ADM
ratio, and FDI-ADM ratio. The cutoff values for
these measurements are 4.27, 1.04, and 2.20,
respectively. The APB-FDI index is more
sensitive and specific than the other two ratios,

with a high AUC. However, for Hirayama
disease, the APB-FDI index cutoff value is 11.6,
and it shows broad clinical utility with
standardized net benefits exceeding those of
healthy controls and Hirayama patients when
the risk thresholds are between 0.1 and 0.8.
The IDI results indicate that the APB-FDI index
is superior to the ADM-APB CMAP amplitude
ratio and FDI-ADM CMAP amplitude ratio in
healthy controls and Hirayama patients.

This study was done among a small number of
Bangladeshi ALS patients. NCS parameters may
differ in demography and physical factors20; we
cannot generalize the findings to different races,
ages, and physical traits. It needs a
multicentered and multinational prospective
study to generalize. 

In the present study, most ALS patients were
40 years or more, were generally male, and
one-third had low body mass index. It is
concordant with the demography and
characteristics of ALS patients.2,4,21 Most of
the patients were a cervical onset phenotype.
The predominant phenotype of ALS is bulbar
in some studies22, but in China dominant type
is limb onset23 in the case of sporadic ALS. As
in this study, hand cervical phenotype is
frequent here. The patients with Hirayama
were generally young and male, as found in
the other studies. 25,26

The diagnosis of ALS is not always
straightforward. There are no specific
biomarkers of ALS, and it is mainly diagnosed

Figure 4. DCA curves of APB-FDI Index, ADM-APB CMAP amplitude ratio, and FDI-ADM CMAP

amplitude ratio
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by criteria.27,28 Accurate and early diagnosis is
essential to increasing the life expectancy of ALS
patients.29 The most used diagnostic criteria
are the revised El Escorial criteria (rEEC) and
Awaji criteria (AC), has sensitivity ranges from
40-70%, which increases with the progression
of the disease.30 Electrophysiology may help
diagnose early ALS, as some electrophysiologic
findings may appear earlier. Spilt hand
phenomenon is commonly found across all
stages and degrees of certainty of ALS.17,18 

The split hand phenomenon was first described
by Wilbourn.10 Satoshi Kuwabara [18], in their
research electro physiologically confirmed the
preferential involvement of APB and FDI among
ALS patients. In their study, they elucidate APB-
ADM, FDI-ADM, and FDI-APB ratio. Among the
healthy control, the ratio of APB-ADM, FDI-
ADM, and FDI-APB were 1(.3), 1.5(0.4), and
1.6(0.5), respectively.10 Among the healthy
subjects, the APB-ADM ratio was 0.8(0.7-1.2),
FDI-ADM was 1.2(0.9-1.4) 18, and both were
almost similar. In our study The cutoff values,
ADM-APB CMAP amplitude ratio, and FDI-ADM
CMAP amplitude ratio are 4.27, 1.04, and 2.20,
respectively. In this study, among the ALS
patients, the APB-ADM value was 0.6(0.3-1.1),
and the FDI-ADM value was 0.8(0.4-1.1). The
slight difference in the value might be due to
different reporting parameters. Moreover, they
used the mean, whereas we used the median.
And in our study, the parameter was not
normally distributed. They examined the ratio
in lower motor neuron disorders (LMND),
cervical spondylotic amyotrophy (CSA), and
polyneuropathy. They found that the findings
are specific to ALS.18 

We found few studies comparing the findings
in Hirayama disease, which also presents with
the small muscle of hand wasting.31 This study
also found that the split hand phenomenon is
unique to ALS. The ratio of APB-ADM and FDI-
ADM is reversed in Hirayama disease 6.3(3.2-
13,9) and 2(1.2-2.7), respectively. In the case
of Hirayama disease, the reverse split hand
phenomenon is described in some studies. One
study reported APB-ADM ratio 0.89 ± 0.98.17

APB amplitude of Hirayama in our study was
6.4(5.3-8.1), similar to Kalita et al.32 They found

CMAP ratio of ADM-APB was 0.43 (0.29), and
in our study, the median value was 0.2(0.1-
0.3). Moreover, we found wasting is more
prominent in APB than in the FDI (.28 vs. 2.3). 

In a study, an ADM-APB ratio >1.7 was found
to be 51% sensitive and 99% sensitive [16]; in
our study, we found the median ratio of 1.7of
(0.9-3.2), and a value >2.2 can diagnose ALS
with 21% sensitivity and 96% specificity.

The split hand index was first examined by
Menon et al.11; they found the index in ALS
was 3.5 ± 0.6, SI cutoff value of 5.2 exhibiting a
sensitivity of 74% and specificity of 80%. Our
study found that the median index was 1.7(0.3-
3.8), and a cutoff value lower than 4.2 can
diagnose ALS with 72% sensitivity and 100%
specificity. In another study, the spilt hand
index in Hirayama was found as 13.68 (9.39),
whereas in our study, it was 13.6(6.9-15.7), and
in ALS, they found it 2.13 (1.90)32. In this study,
we affirmed the findings of other studies.

We evaluate which ratio performs better using
indicators such as AUCs, IDIs, and DCAs. Based
on DCA curve analysis, when the threshold
probabilities were between 0.5 to 0.7, the order
of performance was as follows: APB-FDI, FDI-
ADM, and ADM-APB ratios. The APB-FDI index
outperformed in all threshold probabilities, but
FDI-ADM performed better than ADM-APB after
threshold probabilities of 0.5.

Using decision curve analysis (DCA) has several
advantages, including the consideration of
patient and physician preferences and the use
of a threshold probability metric. DCA helps in
evaluating the benefits and harms associated
with prediction models by assessing the value
of correctly treating a positive case versus the
risk of treating a false positive case. This makes
it an essential tool in clinical decision-making.
When determining the risk threshold, a model
with a higher standardized net benefit (sNB) is
deemed superior.32

This study found that the APB-FDI index is more
effective than other groups, with an AUC of 0.93
and a 95% confidence interval of 0.99-0.98.
However, the AUC for FDI-ADM and ADM-APB
were only 0.75 and 0.47, respectively. The
Youden Index, which summarizes the receiver
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operating characteristic curve and places equal
importance on sensitivity and specificity33,
showed a high score of 0.72 for the APB-FDI
index and a very low score of 0.18 for ADM-
APB.

This study found that the overall IDA was less
than 0, meaning the model’s performance could
have been better. Nevertheless, the APB-FDI
index performed slightly better than the other
two ratios, although the difference was not
significant.

This research has shown that the APB-FDI
index is a more effective diagnostic tool than
others, as it simultaneously considers all three
muscles’ involvement. Nevertheless, the APB-
FDI test may be helpful in cases of severe muscle
atrophy and concomitant entrapment
neuropathy. It should still be routinely
administered to evaluate small muscle wasting
in the hands. This can help reduce unnecessary
interventions for ALS patients, as research has
shown that 5% of ALS patients undergo spinal
surgery and 42% have lower back operations.35

In this study, a comprehensive analysis of the
diagnostic performances. However, it is
essential to note that this study was provided
had certain limitations. The small sample size
and the cross-sectional design are inherent
limitations that may affect the generalizability
of our findings. Additionally, as our data was
obtained in real-time, the results may change
throughout the disease. Future studies should
establish whether this phenomenon is
maintained in advanced disease stages through
prospective analysis. Unfortunately, due to the
limited sample size, subgroup analysis could
not be conducted. Further studies are
recommended comparing this phenomenon in
different phenotypes of ALS while also
considering the duration of the disease. It
should be noted that most patients were
evaluated during the routine diagnostic process.

Conclusion

APB-FDI Index, depicting the split hand
phenomenon, is a highly sensitive and specific
diagnostic marker and may be helpful in early
and conflicting instances to diagnose ALS. Its
diagnostic value is also higher than other

diagnostic tests, like APB-ADM and FDI-ADM
ratio, which reproduce the split hand
phenomenon.
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