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ABSTRACT

Background: Charcot-Marie-Tooth type 1A (CMT1A) is a primarily demyelinating 

neuropathy, characterized by slowly progressive muscle weakness, atrophy, and 
sensory loss, and is  most pronounced in both feet and hands. There is increasing 
evidence that muscle weakness is determined by motor axonal dysfunction. 
Objective: To investigate in patients with CMT1A whether motor axon loss, as 

estimated with motor unit number estimation (MUNE)  and compound muscle action 
potential (CMAP), is related to hand function and manual dexterity.
Methods:  Hand function, manual dexterity, and axon loss  were studied in 48 
patients with proven CMT1A. Using high-density surface EMG on the thenar 
muscles, MUNE was determined and CMAPs were measured.

Results: Pinch strength, clawing of the fingers, and manual dexterity correlated 
significantly with MUNE and CMAP (amplitude and area), while sensory impairments 
did not. Grip strength correlated significantly with CMAP amplitude but did not 
become significant with MUNE and CMAP area. Neurophysiologic variables were 
particularly associated with fine motor function of the hand.

Conclusions: Motor axon loss is  likely to be the major cause of hand dysfunction 
and impaired manual dexterity in Charcot-Marie-Tooth type 1A (CMT1A). In a clinical 
setting, the evaluation of the hands of patients  with CMT1A should thus be mainly 
directed towards the evaluation of fine motor functions.
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INTRODUCTION

In the first two decades  of life, patients  with Charcot-Marie-Tooth (CMT)1A typically 

demonstrate slowly progressive distal muscle wasting, weakness, and impaired 
sensation of both lower and upper limbs, legs more than arms1-3. As  the disease 
progresses, upper limb symptoms usually become more apparent with the intrinsic 
muscles  of the hand primarily affected4,5. Subsequent paresis and deformities of the 
hand may follow and hamper daily activities that require grip strength or the 

manipulation of small objects6-8. Although the extent of symptoms is extremely 
variable, limited hand function and manual dexterity is a common finding6,8-10. 
CMT1A is a primarily demyelinating disease with markedly decreased motor and 
sensory nerve conduction velocities in a uniform distribution9,11. Accumulating data 
suggest that clinical disease severity is particularly determined by (secondary) axonal 

dysfunction1,2,12,13.  CMAP amplitude or area reduction is generally used as an 
indirect measurement of motor axonal loss. However, sprouting of axons may 
increase the amplitude of individual motor unit action potentials  (MUAPs), leading to 
a relatively normal CMAP amplitude, despite severe motor unit loss14. Using motor 
unit number estimation (MUNE),  this  underestimation of axonal loss due to 

reinnervation is circumvented.
In this study, we investigated in patients with CMT1A whether motor axon loss as 
estimated with MUNE and CMAP is related to hand function and manual dexterity. 

METHODS

Patients

All known CMT1A patients  of the neurology and the rehabilitation clinic of the 
Academic Medical Centre in Amsterdam were invited to participate. Selection was 
based on diagnosis  confirmed by a duplication on chromosome17p11.2-p12 and 

not on the presence of hand involvement. Patients were excluded if their medical 
history included stroke, plexopathy, radiculopathy, upper limb pathology, surgery,  or 
a psychiatric disorder. Participants  visited our clinic twice. At the first visit the 
medical history was taken and hand function was evaluated. Patients were asked to 
identify the age at which they first noted symptoms. A standard sequence of testing 

was adhered to and consisted of the evaluation of joint motion, sensory modalities, 
muscle strength,  and manual dexterity. To reduce the variability,  all  tests were 
performed by the same investigator (AV)  and patients  avoided strenuous activity 
before test sessions. MUNE was  performed at the second visit. The non-dominant 
hand was taken for all evaluations to minimize the risk of confounding findings due 
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to concurrent nerve entrapments. For MUNE and CMAP, reference values were 
obtained in 55 healthy subjects.  The local Medical Ethical  Committee approved the 
study and all participants gave written informed consent.

Clinical evaluation

Standard goniometric measurements were used to evaluate both passive (PROM) 
and active range of motion (AROM) of the finger joints. Thumb opposition was 
evaluated according to the Kapandji opposition score, which defines 10 stages of 

opposition.  The first three stages describe a terminolateral pinch,  with the tip of the 
thumb located on lateral aspects of the index finger. Stage 3  to 6 describes the 
course of a tip-to-tip pinch to all four fingers and in stage 7 to 10, the tip of the 
thumb runs on the volar aspect of the little finger, finally reaching the distal palmar 
crease15. The extent of clawing of the fingers was graded on a 0 to 4 scale with a 

score of 0 indicating no clawing. Clawing of only digit V is  scored as 1, IV and V as 
2, III to V as 3 and with a score of 4 clawing can be observed in digits II to V.
Three sensory items were evaluated. Tactile sensation was  determined at seven 
locations divided over the hand and fingers using Semmes-Weinstein monofilaments 
(SWM)16. The average of seven locations  was calculated. Monofilaments  varied from 

1.65 to 6.65. Results are graded on an ordinal scale, with grade 0 (1.65 - 2.38) 
indicating normal tactile sensation, grade 1 (3.22 - 3.61) diminished tactile 
sensation, grade 2 (3.84 - 4.31) diminished protective sensation, and grade 3  (4.45 
- 6.65)  loss of protective sensation. Testing with monofilaments has good intra- and 
interobserver reliability in CMT17. Tactile discrimination was evaluated with static 

two-point discrimination using a Disk-Criminator at the tip of the index finger18. 
Finally,  a Rydel-Seiffer tuning fork was used to assess the vibration threshold at the 
dorsum of the distal interphalangeal joint of the index finger. The vibration threshold 
is  calculated by averaging the readings of three repeated tests.  Results  can be 
compared with reference values and graded as  normal (grade 0)  or disturbed (grade 

1 or more). Good inter- and intraobserver agreements and high responsiveness 
values were demonstrated for this tuning fork19,20.
Digital handgrip dynamometers (Lode Medical Technology) were used to measure 
maximal isometric grip and pinch (two-point, tripod, and lateral pinch) strength 
(Figure 1, 2 and 3). For grip strength testing,  the handle of the dynamometer was 

set in the recommended second position21. Patients were seated on a height-
adjustable chair and received verbal encouragement.  Isometric forces of grip and 
pinch strengths were measured as described by Mathiowetz et al.22. The mean 
force of 3 trials was taken for all strength measurements.
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Manual dexterity was assessed with the standardized Sollerman hand function test 
(SHT)23 which consists  of 20 subtests, each comprising a task of daily living. 
Unilateral and bilateral handgrip function and the most common used handgrips 

were evaluated during tasks such as picking up coins, doing up buttons, writing, 
turning a door handle, and pouring water from a jug. Subtests  are scored on a 4 to 
0 scale. With their nondominant hand healthy subjects should achieve a sum score 
of 77-79 points. We recently published a detailed description of the SHT results of 
this study sample8.

Figure 1

Two-point pinch grip

Figure 2

Tripod pinch grip

Figure 3

Lateral pinch grip
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MUNE using high-density surface EMG

Recently,  we introduced and described in detail high-density surface EMG 

(HDsEMG)  for motor unit number estimation in healthy subjects24,25. HDsEMG uses 
multiple electrodes that are densely spaced to measure the electrical  activity of 
motor units26,27. This noninvasive technique, which in principle is  similar to the 
original incremental counting technique28,  allows the user to obtain a large sample of 
single motor unit potentials (MUPs) using not only temporal but also spatial 

information. The number of motor units was estimated by dividing a mean MUP into 
the maximal CMAP24.
A high-density electrode grid was placed over the thenar covering the median nerve 
innervated muscles. A reference electrode was placed on the first 
metacarpophalangeal joint of the fifth digit.  The median nerve was stimulated using 

an electrical constant current stimulator with square pulses  of 100 or 200 µs at 
subthreshold intensity. The current was slowly increased until  an all-or-none 
response became visible and was subsequently further increased until  new waves 
appeared. If combinations of different MUPs were visible (alternation) the current 
was kept constant. The alternating MUPs that were active at the same stimulus 

intensity were disentangled using the unique spatiotemporal pattern of the individual 
MUPs. This procedure was repeated at different sites along the nerve to obtain a 
large number (>20) of single MUPs. MUPs that were already recorded at a previous 
stimulation site were removed during off-line analysis. Finally,  three maximal CMAPs 
were obtained, stimulating the median nerve at 6 cm from the centre of the 

electrode grid. To obtain a maximal CMAP it was often necessary to increase the 
pulse width to 500 μs.  Although CMAP area seems more appropriate as this 
variable is less  prone to physiological changes and independent of anthropometrical 
factors29, the more commonly used CMAP amplitude is  also given. To obtain the 

motor nerve conduction velocity (MNCV), the distance between a proximal (elbow) 
and distal (wrist)  stimulation site was  divided by the latency difference between the 
two CMAPs.

Statistical analysis

Data from clinical examination (hand function and manual dexterity)  and 
electrophysiologic data (MUNE, CMAP, and MNCV) were analyzed using descriptive 
statistics. Associations between clinical and electrophysiologic data were explored 
with univariate analyses (Pearson product moment correlation coefficients [r] and 
Spearman rank correlation coefficients [rs] depending on the distribution of the data). 

Scores on the Sollerman test were log-transformed (Log [80-score] +1)  to yield a 
normal distribution as they appeared to be skewed to the left (with 80 as maximal 
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test score). The significance of all univariate correlations was evaluated with p< 0.05. 
All analyses were performed with SPSS for Windows 14.0 (SPSS Inc.).

RESULTS

Patients

From the 63  CMT1A patients known at our centre, 52 agreed to participate. Four 
patients were excluded; 3  with co-morbidity (Dupuytren disease, recent shoulder 

surgery, psychiatric disorder)  and 1 with alcohol abuse in the history. Characteristics 
of the final study sample (n= 48) are presented in table 1. Most participants were 
found to be in their fifth decade (mean age, 46.8; range, 21-69). Gender was about 
equally divided.
Reliable distal CMAPs were obtained in 44 out of 48  patients. In 7 patients MUNE 

could not be determined: no CMAP (n= 2)  or no reliable CMAP (n= 2) was available 
in 4 patients while 3  patients  could not relax their hand muscles sufficiently 
hampering analysis  of single MUPs. The patients who lacked MUNE (missing 
subgroup) differed from the total study sample in disease duration (Table 1). MUNE 
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Table 1: Characteristics of the study sampleTable 1: Characteristics of the study sampleTable 1: Characteristics of the study sample

Total sample
n = 48

MUNE subgroup
n = 41

Missing subgroup
n = 7

Gender, n (%) male 21 (44) 18 (43.9) 3 (42.9)

female 27 (56) 23 (56.1) 4 (57.1)

Age, yrs
mean ±SD, 
range

46.8 ±11.7, 
21 - 69

46.1 ±11.4, 
22 - 69

49.1 ±14.0, 
25 - 69

Age per stratum, n (%) 18-39 yrs. 13 (27.1) 11 (26.8) 2 (28.6)

40-59 yrs. 28 (58.3) 25 (61.0) 3 (42.9)

≥ 60 yrs. 7 (14.6) 5 (12.2) 2 (28.6)

Hand dominance, n(%) right 47 (98) 40 (97.6) 7 (100)

left 1 (2) 1 (2.4) 0

Disease duration*, yrs.
mean ±SD, 
range

28.7 ±17.0, 
0 - 57.8

26.6 ±16.4, 
0 - 57.6

40.4 ±16.5, 
16.5 - 57.8

Hand involvement n (%) yes / no 36 (75) / 12 (25) 31 (75.6) / 10 (24.4) 7 (87.5) / 1 (12.5)

Duration hand 

involvement**, yrs.

mean ±SD, 
range

10.8 ±12.3, 
0 - 54.8

9.2 ±10.2, 
0 - 36.8

20.3 ±19.1, 
0 - 54.8

*  = Time since onset of symptoms; ** = Time since onset of hand symptoms*  = Time since onset of symptoms; ** = Time since onset of hand symptoms*  = Time since onset of symptoms; ** = Time since onset of hand symptoms*  = Time since onset of symptoms; ** = Time since onset of hand symptoms*  = Time since onset of symptoms; ** = Time since onset of hand symptoms
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Table 2: Group values for MUNE, CMAP, MNCV, and clinical variablesTable 2: Group values for MUNE, CMAP, MNCV, and clinical variablesTable 2: Group values for MUNE, CMAP, MNCV, and clinical variablesTable 2: Group values for MUNE, CMAP, MNCV, and clinical variablesTable 2: Group values for MUNE, CMAP, MNCV, and clinical variables

Total sample
n = 48

MUNE 
subgroup
n = 41

Missing 
subgroup
n = 7

MUNE
no. of estimated motor 
units (n)

median (P25; P75) 100 (72; 164)MUNE
no. of estimated motor 
units (n) mean ±SD 124.3 ±79.4

MUNE
no. of estimated motor 
units (n)

range 15 - 310

CMAP* area
(mVms)

mean ±SD 15.24 ±7.58CMAP* area
(mVms)

range 1.52 - 33

CMAP* amplitude
NP (mv)

mean ±SD 3.71 ±1.84CMAP* amplitude
NP (mv)

range 0.34 - 8.06

MNCV**
(m/s)

mean ±SD 23.4 ±5.1MNCV**
(m/s)

range 14.4 -34.7

Mobility of the fingers
n(%)

limited AROM 12 (25) 7 (17.1) 5 (71.4)Mobility of the fingers
n(%)

clawing of the fingers 10 (20.9) 5 (12.2) 5 (71.4)

limited PROM 2 (4.2) 0 (0) 2 (28.6)

impaired opposition 19 (39.6) 14 (34.1) 5 (71.4)

Sensory modalities

     SWM mean ±SD 3.55 ±0.31 3.51 ±0.28 3.8 ±0.41

range 2.89 - 4.25 2.89 - 4.11 3.01 - 4.25

     Static two-point
     discrimin. (mm)

mean ±SD 4.56 ±2.5 4.12 ±0.90 7.1 ±5.8     Static two-point
     discrimin. (mm)

range 2 - 20 2 - 6 3 - 20

     Impaired
     vibration, n(%)

7 (14.6) 4 (9.8) 3 (42.9)

Hand strength

     Grip strength, (N) mean ±SD 240.5 ±116.3 259.4 ±112.0 129.9 ±75.1

range 39 - 533 62 - 533 39 - 230

     Two-point pinch, (N) mean ±SD 33.6 ±19.2 37.1 ±17.5 12.7 ±15.7

range 0*** - 80 0 - 80 0 - 44

     Tripod pinch, (N) mean ±SD 44.1 ±26.1 49.2 ±23.8 14.1 ±18.4

range 0*** - 96 0 - 96 0 - 46

     Lateral pinch, (N) mean ±SD 47.9 ±22.7 51.7 ±20.7 25.3 ±22.1

range 7 - 112 15 - 112 7 - 69

Manual dexterity
SHT sum score

median (P25; P75) 76 (69.3; 77.8) 76 (73.5; 78) 48 (42; 73)Manual dexterity
SHT sum score

range 41 - 80 57 - 80 41 - 75

* Distal CMAPs were obtained in 44 patients; **Conduction velocity was assessed in a 
subgroup of 36 patients; in 4 of them no proximal CMAP could be obtained, hampering 
MNCV determination; ***One patient (2.4%) was not able to perform a two-point pinch and 2 
patients (4.9%) were not able to perform a tripod pinch; all were scored as 0 Newton; SWM = 
Semmes Weinstein Monofilaments; SHT = Sollerman Hand Function test.

* Distal CMAPs were obtained in 44 patients; **Conduction velocity was assessed in a 
subgroup of 36 patients; in 4 of them no proximal CMAP could be obtained, hampering 
MNCV determination; ***One patient (2.4%) was not able to perform a two-point pinch and 2 
patients (4.9%) were not able to perform a tripod pinch; all were scored as 0 Newton; SWM = 
Semmes Weinstein Monofilaments; SHT = Sollerman Hand Function test.

* Distal CMAPs were obtained in 44 patients; **Conduction velocity was assessed in a 
subgroup of 36 patients; in 4 of them no proximal CMAP could be obtained, hampering 
MNCV determination; ***One patient (2.4%) was not able to perform a two-point pinch and 2 
patients (4.9%) were not able to perform a tripod pinch; all were scored as 0 Newton; SWM = 
Semmes Weinstein Monofilaments; SHT = Sollerman Hand Function test.

* Distal CMAPs were obtained in 44 patients; **Conduction velocity was assessed in a 
subgroup of 36 patients; in 4 of them no proximal CMAP could be obtained, hampering 
MNCV determination; ***One patient (2.4%) was not able to perform a two-point pinch and 2 
patients (4.9%) were not able to perform a tripod pinch; all were scored as 0 Newton; SWM = 
Semmes Weinstein Monofilaments; SHT = Sollerman Hand Function test.

* Distal CMAPs were obtained in 44 patients; **Conduction velocity was assessed in a 
subgroup of 36 patients; in 4 of them no proximal CMAP could be obtained, hampering 
MNCV determination; ***One patient (2.4%) was not able to perform a two-point pinch and 2 
patients (4.9%) were not able to perform a tripod pinch; all were scored as 0 Newton; SWM = 
Semmes Weinstein Monofilaments; SHT = Sollerman Hand Function test.
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and CMAP reference values were obtained in 55 healthy controls (mean age, 47.5; 
range, 22-78). For MNCV, published reference values were used30 

Clinical and electrophysiologic findings

Clinical  findings, MUNE, CMAP area, CMAP negative peak amplitude, and MNCV 
are summarized in table 2. On clinical  examination, the AROM was limited in 25% of 
the patients, presenting as a clawing position of the fingers in 10 patients.  The 
extent of clawing varied between involvement of all four fingers (10.4%)  and solely 

the fifth finger (6.3%). Limited PROM was  found in 2 patients. Loss of thumb 
opposition was found in nearly 40% of the patients with 5 patients only able to 
perform a terminolateral pinch (Kapandji score 2). Tactile sensation was diminished 
(mean ±SD SWM, 3.55 ±0.31). Four patients scored outside the normal value range 
(< 6  mm) for static two-point discrimination. Vibration sense was impaired (grade 1) 

in 7 patients. Descriptive data of muscle strength, showing a large variation, are 
provided in table 2. 
Manual dexterity of the nondominant hand was limited in 28  (58.3%) patients. SHT 
sumscores ranged from 41 to 80 with a median group sumscore of 76 (P25, 69.3; 
P75, 77.8; Table 2). The most difficult subtests  of the SHT required finger grips like 

two-point, tripod, and lateral pinch.
MUNE values were not normally distributed with a median MUNE of 100 (P25, 72; 
P75, 164) in the CMT patients. Healthy controls  had a median MUNE of 286 (P25, 
232; P75, 380). In patients, the mean negative peak CMAP area was 15.24 mVms 
(SD, 7.58) and the mean negative peak CMAP amplitude was 3.71 mV (SD, 1.84) 

compared to a CMAP area of 29.99 mVms (SD, 10.52) and CMAP amplitude of 8.2 
mV (SD, 3.05) for the controls. Motor nerve conduction velocity was assessed in a 
subgroup of 36 patients.  In four of these patients no proximal CMAP could be 
obtained. Mean MNCV was 23.4 m/s with an SD of 5.1 (mean MNCV reference 
value is  57 m/s; SD,  5)30. MNCV was not correlated with MUNE, CMAP area, or 

amplitude (data not shown). There was a significant relation between MUNE and 
CMAP area (r= 0.63; p< 0.01)  and negative peak CMAP amplitude (r= 0.55; p< 
0.01).  Abnormal MUNE with normal CMAP area was seen in 8  (20%) patients. 
Abnormal MUNE with normal CMAP amplitude was found in 7 (17%) patients. 
Abnormal CMAP amplitude or area with normal MUNE was  found in 5 and 3 

patients.
Associations  among clinical variables, MUNE, and CMAP are presented in table 3. 
Clawing of the fingers and all pinch strength measurements correlated significantly 
with MUNE and CMAP, while sensory loss did not.  Grip strength did correlate 
significantly with CMAP amplitude but not with CMAP area or MUNE. Due to the 
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small number of patients with impaired vibration sense the association with MUNE 
and CMAP could not be investigated. This also holds for AROM and PROM. 
Patients with a low opposition score had low MUNE, although the opposition scores 

did not correlate significantly with MUNE and CMAP. Tripod pinch strength most 
strongly correlated with MUNE (r= 0.49; p< 0.01)  and CMAP. Electrophysiologic 
findings were all significantly related with the SHT sumscore (manual dexterity)  (Table 
3). 

Table 3: Relationships between MUNE, CMAP and clinical variablesTable 3: Relationships between MUNE, CMAP and clinical variablesTable 3: Relationships between MUNE, CMAP and clinical variablesTable 3: Relationships between MUNE, CMAP and clinical variablesTable 3: Relationships between MUNE, CMAP and clinical variables

Clinical variables of the handClinical variables of the hand MUNE CMAP area CMAP 

amplitude

Mobility of the fingers Extent of clawing,
(grade 0 - 4)

rs = -0.33* rs = -0.49** rs = -0.48**Mobility of the fingers

Kapandji opposition score, 
(range 0 - 10)

rs = 0.20 rs = 0.27 rs = 0.20

Sensory modalities SWM r = 0.13 r = -0.09 r = -0.20Sensory modalities

Static two-point discrimination, 
(mm)

rs = -0.15 rs = -0.09 rs = -0.20

Hand strength Grip strength, (N) r = 0.27 r = 0.29 r = 0.39*

Two-point pinch, (N) r = 0.41** r = 0.40** r = 0.48**

Tripod pinch, (N) r = 0.49** r = 0.43** r = 0.48**

Lateral pinch, (N) r = 0.38* r = 0.39* r = 0.48**

Manual dexterity SHT sum score r = -0.36* r = -0.40** r = -0.33*

N = 41 for MUNE and 44 for CMAP;

* correlation is significant at the 0.05 level (2-tailed); 

** correlation is significant at the 0.01 level (2-tailed);

MUNE = motor unit number estimation; CMAP = compound muscle action potential; SWM = 

Semmes Weinstein Monofilaments; SHT = Sollerman Hand function Test.

N = 41 for MUNE and 44 for CMAP;

* correlation is significant at the 0.05 level (2-tailed); 

** correlation is significant at the 0.01 level (2-tailed);

MUNE = motor unit number estimation; CMAP = compound muscle action potential; SWM = 

Semmes Weinstein Monofilaments; SHT = Sollerman Hand function Test.

N = 41 for MUNE and 44 for CMAP;

* correlation is significant at the 0.05 level (2-tailed); 

** correlation is significant at the 0.01 level (2-tailed);

MUNE = motor unit number estimation; CMAP = compound muscle action potential; SWM = 

Semmes Weinstein Monofilaments; SHT = Sollerman Hand function Test.

N = 41 for MUNE and 44 for CMAP;

* correlation is significant at the 0.05 level (2-tailed); 

** correlation is significant at the 0.01 level (2-tailed);

MUNE = motor unit number estimation; CMAP = compound muscle action potential; SWM = 

Semmes Weinstein Monofilaments; SHT = Sollerman Hand function Test.

N = 41 for MUNE and 44 for CMAP;

* correlation is significant at the 0.05 level (2-tailed); 

** correlation is significant at the 0.01 level (2-tailed);

MUNE = motor unit number estimation; CMAP = compound muscle action potential; SWM = 

Semmes Weinstein Monofilaments; SHT = Sollerman Hand function Test.

DISCUSSION

We showed that in adults with CMT1A, fine motor functions of the hand (pinch 
strengths, clawing of the fingers) and manual dexterity are correlated to MUNE and 
CMAP of the thenar muscles. In contrast, sensory impairments did not correlate 
significantly with the number of functional motor axons.  Compared to the various 
motor impairments, sensory abnormalities  were found in a minority of our patients 
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and were generally mild. These results indicate that motor axon loss is  likely to be 
the major cause of hand dysfunction and impaired manual dexterity in CMT1A. This 
corroborates previous studies in which we and others  already postulated that clinical 

disease severity in CMT1A is determined by the extent of axonal dysfunction1,2,12,13.
The relation between MUNE and clinical disease severity in CMT1A has been 
investigated previously12. MUNE of the abductor pollicis brevis muscle was 
estimated and correlated with CMAP amplitude and muscle strength12.  In various 
forms of CMT extensive motor unit reconfiguration and enlargement was found in 

strong proximal muscles and motor unit loss in the abductor digiti minimi muscle 
was found to correlate well with muscle weakness31,32. In addition, a correlation 
between loss of functional motor neurons and the level of motor deficits was shown 
in an animal model33. However, associations between MUNE and other aspects of 
hand function such as grip and pinch strengths, and the ability to actually use the 

hands during functional activities were not addressed previously.
From all strength measurements, tripod pinch strength correlated most strongly with 
MUNE and CMAP, whereas grip strength was only significantly correlated with 
CMAP amplitude and not with MUNE or CMAP area. This  observation is of clinical 
relevance as grip strength is often chosen as  an indicator of affected hand function. 

However,  during grip, both intrinsic and extrinsic muscles  contract, whereas with 
pinch predominantly the intrinsic muscles of which MUNE and CMAP were 
determined are involved.
Loss of opposition related to MUNE as all patients with a low opposition score had 
low MUNE and CMAP, but this did not reach statistical significance. This might be 

explained by the fact that from the patients with limited opposition only five patients 
were not able to oppose the thumb at all.  Most patients  were just able to position 
the thumb opposite to the fingers but without the force needed for a pinch grip.
The clinical findings in this study are generally in line with other studies that 
evaluated grip and pinch strength in various types of CMT4. MUNE values in our 

CMT1A patients  are low compared to healthy controls. Furthermore, the range of 
MUNE values (15-301) seems wider compared to a previous study (65-211)12. One 
explanation may be that our patients are slightly older and reported a 6  year longer 
disease duration.  However, MUNE values  are difficult to compare when different 
techniques are used; for instance, the statistical technique is known to give lower 

MUNE values as the multiple point stimulation technique34.
Unexpectedly, MUNE and CMAP correlated equally well with clinical variables. In a 
previous report31 MUNE of the abductor digiti minimi and biceps muscle was more 
often abnormal than CMAP amplitude, which suggests considerable enlargements 
of motor units.  We also found that in approximately 20% of patients  MUNE was 
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reduced while CMAP was normal,  suggesting that reinnervation with subsequently 
larger motor units  has compensated for motor unit loss. This  was not consistently 
found in the whole group, suggesting that the process of reinnervation does not 

keep up with motor unit loss in the majority of our patients.
The subgroup in which we could not obtain MUNE and CMAP consisted of more 
severely diseased patients. In general it seemed that more severely affected patients 
had more difficulty in relaxing their hand muscles and needed relatively higher 
currents and longer stimulation duration to obtain the maximal CMAP.

We did not measure sensory nerve action potentials (SNAPs) because in a recent 
study among 51 CMT1A patients, CMAP amplitude appeared the most important 
contributor to physical disability and no correlation between sensation of the hand 
and median nerve SNAP amplitude was found1.
Based on our study results the number of functional motor units is reduced in 

CMT1A and thus more attention should be given to the evaluation of fine motor 
function and in particular to the evaluation of tripod-pinch strength. Healthy subjects 
are able to recruit a single or few motor units inducing a very minimal movement at a 
low strength level. As a general rule, motor units are recruited in order of their size, 
also called the 'Henneman size principle'35.  This results in an orderly addition of 

sequentially larger and stronger motor units amounting to a smooth increase in 
muscle strength. If this recruitment process  is disturbed, as in CMT, because of a 
continuous process of denervation and subsequent reinnervation, the control over 
fine movements may be lost leading to impaired manual dexterity.
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