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Abstract

The split hand phenomenon refers to predominant wasting of thenar muscles and is an early and specific feature of amyotrophic lateral
sclerosis (ALS). A novel split hand index (SI) was developed to quantify the split hand phenomenon, and its diagnostic utility was assessed in
ALS patients. The split hand index was derived by dividing the product of the compound muscle action potential (CMAP) amplitude recorded
over the abductor pollicis brevis and first dorsal interosseous muscles by the CMAP amplitude recorded over the abductor digiti minimi muscle.
In order to assess the diagnostic utility of the split hand index, ALS patients were prospectively assessed and their results were compared to
neuromuscular disorder patients. The split hand index was significantly reduced in ALS when compared to neuromuscular disorder patients
(P<0.0001). Limb-onset ALS patients exhibited the greatest reduction in the split hand index, and a value of 5.2 or less reliably differentiated ALS
from other neuromuscular disorders. Consequently, the split hand index appears to be a novel diagnostic biomarker for ALS, perhaps facilitating
an earlier diagnosis.

Video Link

The video component of this article can be found at https://www.jove.com/video/51056/

Introduction

The split hand, refers to preferential atrophy of the thenar complex group of intrinsic hand muscles [abductor pollicis brevis (APB) and first
dorsal interosseous (FDI)], with relative preservation of hypothenar muscles, and is a specific and early clinical feature of amyotrophic lateral
sclerosis (ALS)1-4. The finding that the split hand sign is specific for ALS, suggests a potential role for the split hand sign as a diagnostic
biomarker in ALS3.

Quantification of the split hand sign, through the development of a novel neurophysiological biomarker, may further aid in ALS diagnosis.
Specifically, the split hand index (SI), which quantifies the split hand phenomenon, is derived by multiplying the compound muscle action
potential (CMAP) amplitude recorded over the thenar complex muscles (APB and FDI), and dividing this product by the CMAP amplitude
recorded over the hypothenar muscles (namely the abductor digiti minimi, ADM)5.

The diagnosis of ALS relies largely on clinically based criteria encompassing a combination of upper and lower motor neuron signs6. These
criteria, however, were deemed insensitive especially in establishing a diagnosis of ALS in the early stages of the disease process7-10. A recent
modification of the diagnostic criteria were developed11, and although these criteria appear to increase the diagnostic sensitivity12-16, the increase
sensitivity seems restricted to bulbar-onset ALS patients15.

In the absence of a pathognomonic test, the diagnosis of ALS may be significantly delayed8. Ultimately, the institution of neuroprotective
therapies and recruitment into clinical trials may be delayed, perhaps beyond the critical therapeutic window period9,17. Consequently, the
diagnostic utility of the SI was prospectively assessed in sporadic ALS patients.

Protocol

1. Patient Preparation

1. Recruit patients prospectively and consecutively. Note: The following protocol is approved by the Sydney West Area Health Service Human
Research Ethics Committees. Informed consent was provided by all patients. Patients were recruited prospectively and consecutively from
the ALS/neuromuscular clinic at Westmead Hospital.

2. Determine suitability of ALS patients for testing. Exclude patients who are not diagnosed with ALS or a neuromuscular disorder.
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3. Exclude patients with a coexistent focal neuropathy, median neuropathy at the wrist or ulnar neuropathy at elbow.
4. Exclude patients with a generalized neuropathy, such as diabetic polyneuropathy.
5. Extensively investigate and clinically follow-up patients to confirm the diagnosis of ALS or neuromuscular mimic disorders.
6. Ensure that informed consent is provided by all patients, including ALS and neuromuscular mimic disorder patients, for all the

neurophysiological procedures.

2. Clinical Assessment

1. Determine the clinical staging of all ALS patients by using the Amyotrophic Lateral Sclerosis Functional Rating Scale-Revised (ALSFRS-R)
score18.

2. Determine the rate of disease progression in all ALS patients according to the previously reported formula;
 

(48-ALSFRS-R)/duration of symptoms)19.
3. Determine muscle strength in all patients using the Medical Research Council (MRC) rating scale20. Develop a total MRC score comprising

upper limb (shoulder abduction; elbow flexion; elbow extension; wrist dorsiflexion; finger abduction; thumb abduction, total score 60) and
lower limb (hip flexion; knee extension; ankle dorsiflexion, total score 30) muscle groups. The total MRC score should be 90 if muscle
strength is normal.

4. Determine the site of disease onset, defined as bulbar or limb, in all ALS patients.

3. Neurophysiological Assessment

1. Undertake motor nerve conduction studies 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.

2. Prepare the stimulating sites at the wrist, by cleaning the skin surface with an abrasive gel to reduce skin resistance, followed by application
of an alcohol wipe. Set the stimulating current to 20% above the intensity required to produce a maximal CMAP response (supramaximal
current).

3. Ensure that the selected stimulation site exhibits the lowest threshold for stimulation such that volume conduction is avoided.
4. Prepare recording site over each muscle by cleaning the skin surface with an abrasive gel to reduce skin resistance, followed by application

of an alcohol wipe.
5. Record the size of the compound motor action potential (CMAP) from the APB, ADM, and FDI muscles. Responses to be recorded by 10 mm

gold disc electrodes positioned in a belly tendon arrangement over each muscle. Specifically, position the active electrode over the midpoint
of the respective muscle ensuring a negative take-off of the CMAP response, while reference electrode to be positioned over the base of
thumb (APB and FDI CMAP recordings) and base of digit 5 (for ADM CMAP recordings).

6. Set the distance between the stimulating cathode and active electrode for APB and ADM compound motor action potential responses to 5 cm
and the distance to the FDI at 8 cm.

7. Position the electrosurgical neutral earth plate on the dorsal aspect of the hand, between stimulating and G1 electrode, with conductive gel
to reduce artifact. Prior to application of the neutral earth prepare the site by cleaning the skin surface with an abrasive gel to reduce skin
resistance, followed by application of an alcohol wipe.

8. Ensure the filter settings are between 3 Hz (low-frequency filter) and 10 KHz (high-frequency filter).
9. Ensure that the sweep speed is set to 20 msec, or 2 msec/division.
10. Ensure that the sensitivity for recording CMAP responses is set to 5 mV.
11. Monitor temperature at the site of stimulation throughout the study and ensure that the limb temperature is maintained at 32 °C.

4. Analysis and Interpretation

1. Measure baseline-to-peak CMAP amplitudes (mV) over the APB, FDI and ADM muscles in ALS patients and the neuromuscular mimic
disease controls.

2. Calculate the split hand index (Figure 1) 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:
 

SI = APB CMAP * FDI CMAP
 

_________________________
 

           ADM CMAP
3. Determine the diagnostic utility of the split hand index by comparing the SI values between ALS patients and neuromuscular mimic disorder

pathological controls according to the standards for reporting of diagnostic accuracy (STARD) criteria.
4. Determine optimal diagnostic cutoff values for the split hand index by using the receiver operating characteristic (ROC) curves. Derive ROC

curve by plotting the sensitivity (y-axis) and 1-specificty (x-axis) for SI values derived from ALS and neuromuscular disorder patients.

Representative Results

Clinical Phenotype

In total, 44 ALS patients were studied, of which 76% (N=33) were classified as definite or probable and 24% (N=11) as possible ALS according
to the Awaji criteria11. The diagnosis of ALS was confirmed in the “possible” cohort after extensive investigations and clinical follow-up for up
to 3 years and 53% died during this period. Bulbar-onset disease was evident in 41%, while limb-onset in 59% of ALS patients. At the time of
assessment, mean disease duration was 18.9±3.1 months, with a median ALSFRS-R score being 41(32-45), indicating a moderate degree of
disability.
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The neuromuscular control group comprised 121 patients (mean age 54 years) and included the following diagnosis: entrapment neuropathies-
carpal tunnel syndrome (CTS) and ulnar neuropathy at the elbow (UNE), N=62; demyelinating neuropathy (N=9); axonal sensorimotor
polyneuropathy (N=36); cervical radiculopathy (11); spino-bulbar muscular atrophy (N=1); Hirayama’s disease (N=1); spinal muscular atrophy
(N=1).

Neurophysiological Studies

In ALS patients, there was a significant reduction of CMAP amplitude recorded over the APB (ALS, 3.9±0.5 mV; neuromuscular disorders
8.1± 0.2 mV, P<0.001), FDI (ALS, 4.8±0.7 mV; neuromuscular disorders 10.7±0.3 mV, P<0.001) and ADM (ALS, 6.1±0.5 mV; neuromuscular
disorders 9.7±0.2 mV, P<0.001). Importantly, the reduction in CMAP amplitudes was more prominent when recording over the APB (CMAPAPB
3.9±0.5 mV; CMAPADM 6.1±0.5 mV P<0.001) and FDI (CMAPFDI 4.8±0.7 mV; CMAPADM 6.1±0.5 mV P<0.05) muscles then ADM in the ALS
cohort.

Of further relevance, the extent of CMAP reduction was more prominent in limb-onset patients when recording over APB (CMAPLIMB-ONSET
3.8±0.4 mV; CMAPBULBAR-ONSET 5.3±0.6 mV P<0.05), FDI (CMAPLIMB-ONSET 4.4±0.7 mV; CMAPBULBAR-ONSET 7.0±0.9 mV P<0.05) and ADM
(CMAPLIMB-ONSET 5.8±0.5 mV; CMAPBULBAR-ONSET 7.6±0.6 mV P<0.01) muscles compared to bulbar onset ALS patients. In contrast, the reduction
in CMAP amplitudes was most prominent when recording over the APB (8.1±0.2 mV, P<0.0001) and ADM (9.7±0.2 mV, P<0.01) muscles in the
neuromuscular cohort (CMAPFDI 10.7±0.3 mV).

Combining the CMAP amplitudes, it was evident that there was a significant reduction of the split hand index in ALS patients compared to
neuromuscular disorder patients (ALS 3.5±0.6; neuromuscular disorders 9.1±0.3, P<0.0001, Figure 2A)21. While this reduction in the split hand
index was a ubiquitous finding in ALS, it was most pronounced in ALS patients with limb-onset disease (SILIMB-ONSET2.3±0.5; SIBULBAR-ONSET
5.3±1.2, P<0.0001, Figure 2B)21.

Analysis of receiver operating characteristic curves disclosed a good diagnostic accuracy of the split hand index in differentiating ALS from other
neuromuscular disorders, as indicated by the fact that the area under curve (AUC) was 0.83 (P<0.0001, Figure 3A)21. An SI value of 5.2 or less,
as indicated by dotted black lines (Figure 3A), differentiated ALS from other neuromuscular disorders21. Importantly, the diagnostic utility of the
split hand index was greater in ALS patients with limb-onset disease (Figure 3B)21.

In order to assess the diagnostic utility of the split hand index, SI values were compared between those ALS patients meeting the “definite”
versus “possible” diagnostic category on the Awaji-Shima criteria11. Importantly, there was a significant reduction of SI in patients classified as
“possible” ALS (ALS POSSIBLE SI 5.1±0.8; neuromuscular disorders 9.1±0.3, P<0.01). In addition, of the 11 patients classified as possible ALS,
64% exhibited a reduction in the split hand index value of less than 5.2. Taken together, these findings suggest that an abnormal split hand index
may support a diagnosis of ALS in up to 64% of patients not meeting the “definite/probable” Awaji diagnostic criteria.

Of potential prognostic relevance, the split hand index significantly correlated with the total MRC score (rho = 0.7, P<0.001) and MRC score from
the thenar eminence (rho = 0.8, P<0.001). Of further relevance, the SI exhibited a significant correlation with the rate of disease progression (rho
= - 0.4, P<0.05). These findings indicate that SI is associated with disease severity and progression, thereby suggesting a potential role for the SI
in ALS prognostication.

 

Figure 1. Split hand sign refers to preferential wasting of the thenar complex group of muscles [abductor pollicis brevis (APB) and first
dorsal interosseous (FDI)] muscles when compared to the hypothenar [abductor digit minimi (ADM)] muscles. The split hand index is
calculated by multiplying the compound muscle action potential (CMAP) amplitude recorded over the APB by that recorded over the FDI and
dividing the product by the CMAP amplitude recorded over the ADM. (In part reproduced from Menon and colleagues. Split hand index for the
diagnosis of amyotrophic lateral sclerosis. From Menon et al.21 
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Figure 2. (A) The split hand index (SI) was significantly reduced in amyotrophic lateral sclerosis (ALS) when compared to
neuromuscular disorder patients (NMS). (B) The reduction in SI was most prominent in ALS in patients with limb-onset disease. ***P<0.001;
****P<0.0001.
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Figure 3. (A) The split hand index (SI) robustly differentiated amyotrophic lateral sclerosis (ALS) from neuromuscular disorder patients
(NMS), with an optimal diagnostic cut-off value being 5.2. (B) The diagnostic utility of SI was more prominent in limb-onset ALS patients. (In
part reproduced from Menon and colleagues. Split hand index for the diagnosis of amyotrophic lateral sclerosis. From Menon et al.21

Discussion

The present study reports on the diagnostic utility of the split hand index in ALS, a novel neurophysiological diagnostic biomarker. The SI reliably
distinguished ALS from neuromuscular disorders, with an optimal diagnostic cut-off value of 5.2. The reduction in the SI was most prominent in
limb-onset ALS patients. Importantly, a substantial proportion of ALS patients that were classified in the diagnostic “possible” category as per the
recently developed diagnostic criteria11, exhibited an abnormal SI. Taken together, findings from the present study suggest that the split hand
index may be a diagnostic biomarker of ALS, potentially aiding in an earlier diagnosis of ALS.

Diagnostic criteria, relying on the presence of upper and lower motor neuron dysfunction in multiple regions, have been developed to aid the
diagnosis of ALS6,11,22. These criteria, however, have been shown as insensitive and at times limited by patient tolerability due to the need to
perform extensive needle EMG sampling7-10,14-16. Consequently, critical diagnostic delay may ensue, perhaps beyond the therapeutic window
period.

The split hand index, a simple neurophysiological biomarker, can be readily performed in a clinical setting. Importantly, the present study
underscores the diagnostic utility of the split hand index in ALS, particularly in limb-onset disease. Of relevance, the finding that reduction in the
split hand index was an early feature in ALS, further underscores its diagnostic utility. Ultimately, the application of SI may lead to recruitment
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of ALS patients into clinical trials at an earlier stage in the disease process where effectiveness of future neuroprotective agents may be at their
peak.

A potential limitation of the split hand index may occur in the setting of coexistent focal pressure mononeuropathies, particularly carpal tunnel
syndrome and ulnar neuropathy at the elbow. Clinical, neurophysiological, and radiological correlation should then be utilized to assess for
a specific pattern of pathology and alternative techniques need to be implemented so as to establish a diagnosis of ALS23,24. In addition, the
SI may be limited in advanced disease, when there may be global atrophy of intrinsic hand muscles. As with focal mononeuropathies, other
diagnostic modalities should be utilized to confirm the diagnosis of ALS. In addition, avoiding a contribution from a volume conducted response
to the CMAP amplitude is critical prior to conclude the diagnostic value of the SI. Volume conduction may be reduced by appropriate positioning
of recording electrodes so as to ensure a CMAP response with negative take-off and appropriate stimulation intensities should be utilized to
prevent cross stimulation. If all such potential limitations are addressed, the SI could be utilized as a potential diagnostic aid in ALS.
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