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Chapter One

General introduction and outline of the thesis 

Videler AJ
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CHARCOT-MARIE-TOOTH DISEASE TYPE 1A

Charcot-Marie-Tooth disease (CMT),  also known as hereditary motor and sensory 

neuropathy (HMSN), refers to a heterogeneous group of slowly progressive motor 
and sensory neuropathies that are among the most common heritable disorders1. It 
is  characterized by slowly progressive distal muscle weakness, atrophy and sensory 
loss, with symptoms and signs most pronounced in feet and hands2,3. The most 
frequent genetic form of CMT is CMT1A, which constitutes about 60-70% of CMT 

type 1 cases and 50%  of all CMT cases4. The estimated prevalence of Charcot-
Marie-Tooth disease type 1A (CMT1A) is 1 per 5.000 people4. CMT1A is caused by 
a 1.4 Mb duplication at chromosome 17p11.2 in the region containing the PMP22 
gene5,6. The mode of inheritance is autosomal dominant.

Figure 1

Jean-Martin Charcot, Pierre Marie & Howard Henry Tooth

HISTORICAL PERSPECTIVE

The first clear descriptions  of a disease entity entitled peroneal type of progressive 

muscular atrophy were made simultaneously, but separately, by Charcot and Marie 
in France and Tooth in England in 1886  (Figure 1)  7,8. They defined a disorder with its 
onset commonly in childhood and characterized by slowly progressive wasting and 
weakness of the muscles innervated by the peroneal nerve. Early involvement of the 
peroneal muscles, less severe sensory loss, tendency of the disorder to affect more 

than one member of the family, occurrence of foot deformities  and the classical 
inverted champagne bottle configuration of the legs were emphasized. Progression 
to the hands was mentioned as a late feature of the disorder.

The hand in Charcot-Marie-Tooth disease 1A
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Based on nerve studies, Tooth suggested a peripheral neuropathy8. Over the next 
several decades all sorts of hereditary peripheral neuropathies were reported. The 
introduction of nerve conduction studies in the 1950s began to shed light on the 

classification of this group of diseases. Severe slowing of motor nerve conduction 
velocities was found in some patients with peroneal muscular atrophy while other 
cases had normal or near normal motor nerve conduction velocities9. In 1968, Dyck 
and Lambert10 found that severe conduction slowing was consistent within family 
members and could be found in patients with ‘hypertrophic’ changes in sural nerve 

biopsies. Patients with normal conduction velocities did not show these histologic 
features  and were classified as the ‘neuronal’ type10. After analysis of a large group 
of patients,  a classification into seven types of hereditary motor and sensory 
neuropathies  (HMSN)  was composed11. This classification, which was adopted by 
most neurologists, distinguished two major types.  These two types were clinically 

identical but could be distinguished by nerve conduction studies: HMSN type I was 
considered to be a primary demyelinating neuropathy with reduced motor nerve 
conduction velocities. The second ‘neuronal’ type (HMSN type II)  referred to 
individuals with relatively preserved nerve conduction velocity (> 40m/s) 11. The term 
CMT-disease has  been introduced by the molecular geneticists who were 

responsible for a complete reshuffling of the classification, which was thus far based 
on clinical and electrophysiological features.
The first genetic developments in CMT appeared in the early 1980s12 showing 
linkage to the Duffy (Fy) locus on chromosome 1q, in a family with the demyelinating 
form of HMSN. In 1993, a mutation in the myelin protein P0 (MPZ) gene located 

near the Duffy locus on chromosome 1 was found in this family13.  This form of 
HMSN was called CMT1B, whereas a family not showing linkage to the Duffy locus 
was called CMT1A since description of this family by Dyck took place in 1963. In 
1991, Lupski et al.5 and Raeymakers et al.6 simultaneously discovered a duplication 
of a region on chromosome 17 containing the peripheral myelin protein 22 (PMP22) 

gene in CMT1A. With the discovery of new loci in various froms of CMT disease, the 
classification has been updated and changed14.
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PATHOGENESIS

Although the pathogenesis of CMT1A is  still unknown several hypotheses have been 

put forward. Dyck et al suggested a neuronal or axonal disorder, leading to distal 
axonal atrophy and degeneration, as the primary pathogenetic process15. Others 
favoured a primary abnormality in the Schwann cell or myelin, resulting in uniform 
slowing of conduction velocity over all nerve segments and florid demyelination in 
early childhood followed by axonal loss at a later stage16.

Recent advances in molecular genetics suggest that the peripheral nerve specific 
myelin protein PMP-22 is involved in mediating interactions between Schwann cells 
and the extracellular matrix, essential for the integrity of peripheral nerves17.
An extra copy of the PMP22 gene in each cell is the most common mutation that 
causes CMT type 1A.  The extra gene leads  to an overproduction of peripheral 

myelin protein 22, which clogs the Golgi apparatus in Schwann cells and prevents 
completion of the necessary processing steps. Myelin assembly is impaired due to 
the reduced availability of properly processed protein. The accumulation of 
unprocessed peripheral myelin protein 22 probably also disrupts  other Schwann cell 
activities, leading to myelin loss and axonal dysfunction.

CLINICAL FEATURES IN CMT1A

The general clinical picture of CMT1A is  that of a distal length-related neuropathy 
affecting the lower limbs  to a greater extent than the upper limbs, and motor 
function more than sensory function18. There is a remarkable diversity in clinical 

presentation in CMT1A, ranging from severe distal weakness  and atrophy resulting 
in deformities  of the feet and hands  to slightly affected or even asymptomatic 
individuals16. The clinical features of CMT1A have been analyzed, among others, by 
Thomas et al.18 and Birouk et al.3. The peak onset of the disease was found in the 
first decade of life. Symmetrical muscle wasting and weakness was the most 

consistent clinical  abnormality, involving both the lower and upper limbs in about 
two-thirds of the patients.  Tremor and ataxia were found less frequently. On clinical 
assessment, sensory loss was evident in 72% of the patients; presenting as loss of 
pain and touch and loss of proprioception in predominantly the lower limbs3,18. 
Parents of children with CMT1A may report ‘unsteady ankles’, stumbling,  late 

walking in infancy, running abnormally, or not picking up their feet. Abnormalities of 
the feet, such as  pes cavus, pes equinovarus, hammertoes, or symptoms related to 
painful calluses are present in most cases3,18.

The hand in Charcot-Marie-Tooth disease 1A
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When the upper limbs are involved, loss of hand strength and manual dexterity are 
common complaints19. Patients with CMT1A may have difficulties  with the 
manipulation of small objects such as coins or buttons or with grasping large, heavy 

objects.
Not all patients with CMT1A seek the help of their neurologist or rehabilitation 
physician for the neuromuscular symptoms and loss of dexterity due to their 
neuropathy. Due to the slow progression of the disease they may have become 
accustomed to their symptoms or not seldom, they might have been told that there 

is nothing that can be really done for them20.

THE HAND IN CMT1A

In the literature, little attention has yet been paid to the impairments in hand function 
and the following functional restrictions  of patients  with CMT1A. This  is surprising, 

since loss of hand function, especially bi-lateral loss,  may have major impact on the 
performance of our daily life activities. In their descriptions, Charcot, Marie and 
Tooth emphasize that feet and legs are affected primarily, and they mention the 
involvement of hands and forearms as a late feature of the disorder7,8. Only recently, 
a study among young children with CMT1A showed that hand weakness and 

dysfunction can be present at even early age21. 
In the hands of CMT1A patients,  the intrinsic muscles become primarily affected22. 
These muscles are innervated by the ulnar and median nerves. The motor branches 
of the ulnar nerve innervate the m. palmaris brevis, the abductor digiti minimi,  all 
interossei,  the two ulnar lumbricales, the adductor pollicis,  and generally the deep 

head of the flexor pollicis  brevis muscle. The median nerve innervates the two radial 
lumbricales and the muscles of the thenar, the superficial head of the flexor policis 
brevis, the opponens  pollicis and the abductor pollicis brevis.  The sensory branches 
of the ulnar nerve innervate the medial half of the fourth and the entire fifth digit of 
the hand, the ulnar part of the palm, and the ulnar portion of the posterior aspect of 

the hand23. The median nerve supplies  sensory innervation to the lateral aspect of 
the palmar skin, lateral (radial)  three and a half digits on the palmar side and index, 
middle and ring finger on dorsum of the hand23.

Median and ulnar nerve pathology 
may result in a variety of clinical features:
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An intrinsic-minus hand

A hand without intrinsic muscle function is generally known as an intrinsic-minus 

or claw hand24. In CMT1A,  wasting of the intrinsic musculature can be observed 
especially at the dorsum of the hand, as grooves between the metacarpalia. The 
normal cupping of the hand diminishes, giving the hand a flattened appearance 
(Figure 2).
A (mild) clawing position of the fingers may arise due to an imbalance between 

the intrinsic and extrinsic muscles of the hand25. The intrinsic muscles are the 
only prime flexors of the metacarpal phalangeal (MP) joints. The long flexor 
muscles  do flex these joints, but only secondarily; their first action is on the 
interphalangeal joints24.  In intrinsic palsy the flexion vector, induced by the 
intrinsic muscles, across the MP joints is  lost while the long extrinsic extensor 

muscles  hyperextend the MP joints and the extrinsic flexors flex the proximal 
interphalangeal (PIP) and distal interphalangeal (DIP) joints  of the fingers.  The 
result is  an ‘intrinsic minus’ or ‘clawing hand’, with the MP joints in 
hyperextension and the PIP and DIP joints in flexion (Figure 3). The deformity is 
present in varying degrees, depending on the extent of the paresis  and the 

suppleness of the digits. It involves the four fingers in cases of associated 
paralysis of the ulnar and median nerves. It involves only the ring and small 
fingers in cases of predominantly ulnar paralysis26.

Figure 2

A hand of a CMT1A patient with distinct intrinsic 

muscle atrophy

The hand in Charcot-Marie-Tooth disease 1A
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Loss of finger function

With ulnar-nerve deficits the ability of the fingers to abduct (spread)  and adduct 

(close)  is  lost and an abducted resting position of the little finger can be 
observed (Wartenberg’s sign) (Figure 4)26. Due to wasting of the interosseous 
muscles  patients with ulnar nerve pathology are also not able to actively flex the 
MP joints  of the ring and little fingers with simultaneous active IP extension, as in 
holding cards. 

Figure 3

A CMT1A patient with clawing of 

the fourth and fifth fingers; 

hyperextension of the MP joints 

and flexed PIP and DIP joints

Figure 4

Wartenberg's sign; abducted 

resting position of the fifth finger
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Dyskinetic finger flexion

Normally, finger flexion begins at the base of the fingers, at the PIP and MCP 

joints and is followed by flexion at the DIP joint. In the case of an interosseous 
paralysis, the sequence of flexion is altered24. Finger flexion is now accomplished 
by the long flexors alone, which acts first on the distal phalanges26. With a 
dyskinetic finger flexion it is difficult for the hand to grasp large objects. The help 
of the contra-lateral hand is needed, or objects such as a cup of coffee are most 

likely to be pushed away or pushed over (Figure 5). 

Figure 5

Dyskinetic finger flexion (reprinted from Tubiana et al.26)

The hand in Charcot-Marie-Tooth disease 1A
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Froment’s sign

With ulnar-nerve pathology, a flexed position of the IP joint of the thumb can be 

observed when the patient is asked to adduct the thumb (Figure 6)  or when the 
patient attempts to make a firm pinch grip (Figure 7). This  is called Froment’s 
sign. When a firm pinch grip is made, the adductor pollicis and the first dorsal 
interosseous muscles are particularly active.  The adductor stabilizes  the thumb 
during pinch and helps extend the IP joint of the thumb through its attachment 

into the dorsal  apparatus. When the adductor pollicis muscle is weak, the 
extrinsic flexor pollicis longus muscle pulls the IP joint into hyper-flexion.

Loss of thumb opposition

Signs of median-nerve involvement include atrophy of the thenar eminence, a 

resting posture of the thumb in the plane of the palm of the hand and loss  of 
thumb opposition (Figure 8). One of human’s differences in anatomy, from that of 
our predecessor the ape, is the ability to oppose the thumb. Therefore this 
characteristic deformity is sometimes called the ‘ape’ or ‘simian hand’. 
During opposition of the thumb to the fifth finger, both fingertips are extended as 

they meet pulp-to-pulp and the fingers  form a vertical arch. In the absence of the 
opponens pollicis, pseudo-opposition can occur by a combination of the flexor 
pollicis  brevis (deep head) muscle, which acts to flex the thumb in the 
carpometacarpal and MCP joints,  and the adductor pollicis  muscle, which acts 
to slide the thumb across the palm. The result is that the flexed thumb advances 

to the lateral aspect of the fifth finger and rotation does not take place.
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Figure 6

Froment’s sign occurs when the 

patient is asked to adduct the thumb

Figure 7

Froment’s sign during pinch grip

Figure 8

Atrophy of the thenar eminence and 

loss of thumb opposition

The hand in Charcot-Marie-Tooth disease 1A
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A weak pinch

If all,  or parts of the intrinsic muscles of the thumb are weak, its stabilization is 

lost resulting predominantly in limited functional pinch grips such as the two-
point pinch, the tripod pinch and the lateral pinch. Loss of the first dorsal 
interosseous muscle contributes to the pinch instability, as it is  predominantly 
responsible for stabilizing the thumb metacarpal and for providing stability for 
lateral pinch against the index finger.

When the intrinsic muscles are paralyzed, patients are unable to make an “O” 
with their thumb and index finger.  During a two-point or tripod pinch the 
pressure from the index finger is exerted on the dorso-ulnar aspect of the distal 
phalanx of the thumb, forcing the thumb into supination, called the ‘Crank-
handle’ effect (Figure 9) 24,26.

Finally,  sensory loss of the volar radial side of the hand may also contribute to a 
weak and disturbed pinch grip (Figure 10).

Figure 9

The ‘crank-handle’ effect

Figure 10

Disturbed pinch grip in CMT1A
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MANUAL DEXTERITY

It has long been recognized that the sensory and motor capabilities of the human 

hand endow it with unique properties and a degree of specialization not evident in 
other structures of the body. Although of great importance for our daily activities and 
individual independence, literature on hand function and manual dexterity in patients 
with CMT1A has been sparse. The attention given to the problems of the lower 
extremity may have often overshadowed the disabling deformities  seen in the upper 

extremity.
Manual dexterity is classified in the International Classification of Functioning, 
Disability and Health (ICF),  in the Chapter Mobility (d440) on the level of Activity and 
Participation and defined as “fine hand use”27. A more extended description is 
provided by the American Society of Hand Therapists  (ASHT): “the ability to move 

the hands easily and skillfully and to work with the hands in turning and placing 
motions”28. It involves working with arms and hands when for example objects are 
stacked or in other situations in which wrists  and hands are used in turning and 
placing movements. Finger dexterity, which is defined as “the ability to move fingers, 
and manipulate small objects with fingers, rapidly or accurately”, may or may not 

accompany manual dexterity28.
For the rehabilitation management of patients with upper limb related disabilities, the 
evaluation of manual dexterity with a dexterity test, qualified in the perspective of the 
ICF as capacity, is  of great importance.  It provides  information about the patient’s 
ability to execute a task or action. Because activities are to be considered as the 

primary focus of rehabilitation29, manual dexterity needs to be objectified, not merely 
as  an outcome measure, but also for a better understanding of the causes of activity 
limitations and of the consequences of the impairments  in body functions for hand 
use.
Ideally, a CMT1A manual dexterity test should provide data about a variety of 

aspects such as speed, accuracy, and the quality of hand and finger use during 
unilateral  and bilateral tasks.  Although numerous manual dexterity tests  exist, there 
are no tests developed specifically for CMT1A and no evaluation covers all aspects 
of dexterity.

PERCEIVED LIMITATIONS IN ACTIVITIES AND PARTICIPATION

For people with CMT1A disease,  it is likely that the reduced motor and sensory 
functions in arms and legs  might lead to limitations in daily activities and 
subsequently to restrictions in participation in life situations. Unfortunately,  there is 

The hand in Charcot-Marie-Tooth disease 1A

14



1

currently no way to cure CMT1A or influence the progression. Therefore the 
rehabilitation of these patients aims to prevent complications, to reduce or postpone 
their limitations in activities, and to optimize their participation in society in the 

presence of a chronic illness. Participation is defined by the ICF as social 
involvement in a life situation. In the ICF, the need to assess patients’ own 
perceptions of their life situations  are emphasized27. Nevertheless, no reports have 
been published on either perceived upper limb functioning or patient participation in 
CMT1A.

AIM OF THE THESIS

This  thesis focuses entirely on the hand in CMT1A and addresses upper limb 
involvement on all three levels of the International Classification of Functioning, 
Disability and Health (ICF); body functions  and structures,  activities and 

participation. The ICF is World Health Organization’s  framework for measuring health 
and disability at both individual and population levels27.
The research project is initiated to obtain more insight into the impairments  in hand 
function, the perceived limitations in activities, the restrictions in participation and to 
identify important determinants of manual dexterity of patients with CMT1A. 

Although CMT1A is a demyelinating neuropathy, previous studies indicated that 
clinical disease severity is especially associated with the severity of axonal 
dysfunction30,31.  Therefore, the associations between motor axon loss, hand 
function and manual dexterity on CMT1A are explored additionally.
Insight into upper limb functioning, manual dexterity,  daily life functioning and into its 

underlying factors is  needed to design intervention strategies, effective to preserve 
or even enhance daily life functioning of patients with CMT1A.

The main objectives of this thesis are:

To evaluate, on the level of body functions and structures, hand function (hand 

strength and fatigue, joint mobility and sensory functions) of patients with 

CMT1A;

To investigate in CMT1A the relation between motor axon loss, as estimated 

with motor unit number estimation (MUNE)  and compound muscle action 

potentials (CMAP), hand function and manual dexterity;
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To evaluate, on the levels of activities and participation, manual dexterity, the 

perceived limitations in upper limb related activities  and the restrictions in 

participation of CMT1A patients;

To assess the reproducibility of two manual dexterity test in patients with CMT1A

And to identify important determinants of manual dexterity.

OUTLINE

The first two studies  are explorative by nature and performed in both type 1 and 2 

CMT patients. In the first study, presented in chapter 2, maximal isometric strength 
of handgrip, two-point pinch, and lateral pinch of patients  with CMT is compared 
with healthy age- and sex-matched controls, and fatigue (the rate of decline of 
maximal isometric handgrip strength during series of contractions) is examined. 

Additionally, the reproducibility of handgrip strength and fatigue measurements in 
CMT is determined. Chapter 3  consists of a pilot study in which we explore the 
impairments in manual dexterity and the perceived limitations in upper extremity-
related activities of the same group of CMT patients.
In chapters 4, 5  and 6  upper limb involvement is evaluated extensively in a large 

and homogeneous sample of CMT1A patients.  A homogeneous sample of DNA-
confirmed CMT1A patients was chosen as study population to eliminate variation 
due to disease heterogeneity that might obscure the effects of variety in clinical 
manifestations of CMT1A, which was our primary focus of interest.
The study in chapter 4 assesses the prevalence and significance of impaired 

manual dexterity in CMT1A and compares the feasibility, reliability and agreement of 
two manual dexterity tests. 
In chapter 5, clinical aspects of hand function (grip and pinch strength, mobility and 
sensory modalities)  and motor axon loss, as estimated with motor unit number 
estimation (MUNE)  and compound muscle action potentials (CMAP) are evaluated in 

CMT1A.  The relation between motor axon loss  and hand function and manual 
dexterity is investigated in this  study as abundant evidence suggests that clinical 
disease severity is determined by axonal degeneration, secondary to the 
demyelination.
In chapter 6  we aim to gain insight into patients’  perception of functioning. 

Perceived upper limb functioning and perceived restrictions on participation of 
CMT1A patients are evaluated. Because both upper and lower limbs are affected in 
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CMT1A, the independent contribution of upper and lower limb functioning to 
participation restrictions is studied additionally.
Finally,  in chapter 7,  we identify the major determinants of impaired manual 

dexterity in CMT1A. In order to elucidate the relative contributions of motor and 
sensory impairments to limited manual dexterity,  grip and pinch strengths, joint 
motion and sensory functions of the hand are evaluated. In a motor and sensory 
neuropathy as  CMT1A, sensory loss may also contribute to impaired dexterity and 

therefore we compare the results of the CMT1A group with a sample of patients 
with multifocal motor neuropathy (MMN), a pure motor neuropathy.
Chapter 8  presents a general discussion were the main findings and limitations of 
this thesis are dealt with. Finally, clinical implications and future perspectives are 
considered.

REFERENCES

1. Skre H. Genetic and clinical aspects of Charcot-Marie-Tooth's disease. Clin Genet 
1974; 6(2): 98-118.

2. Harding AE, Thomas PK. The clinical features of hereditary motor and sensory 
neuropathy types I and II. Brain 1980; 103(2): 259-80.

3. Birouk N, Gouider R, Le Guern E, Gugenheim M, Tardieu S, Maisonobe T, et al. 
Charcot-Marie-Tooth disease type 1A with 17p11.2 duplication. Clinical and 
electrophysiological phenotype study and factors influencing disease severity in 
119 cases. Brain 1997; 120 (Pt 5): 813-23.

4. Nelis E, Van BC, De JP, Lofgren A, Vandenberghe A, Latour P, et al. Estimation of 
the mutation frequencies in Charcot-Marie-Tooth disease type 1 and hereditary 
neuropathy with liability to pressure palsies: a European collaborative study. Eur J 
Hum Genet 1996; 4(1): 25-33.

5. Lupski JR, de Oca-Luna RM, Slaugenhaupt S, Pentao L, Guzzetta V, Trask BJ, et 
al. DNA duplication associated with Charcot-Marie-Tooth disease type 1A. Cell 
1991; 66(2): 219-32.

6. Raeymaekers P, Timmerman V, Nelis E, De JP, Hoogendijk JE, Baas F, et al. 
Duplication in chromosome 17p11.2 in Charcot-Marie-Tooth neuropathy type 1A 
(CMT 1A). The HMSN Collaborative Research Group. Neuromuscul Disord 1991; 
1(2): 93-7.

7. Charcot JM, Marie P. Su rune forme particulière d'atrophie musculaire progressive, 
souvent familiale debutant par les pieds et les jambs et atteignant plus tard les 
mains. Rev Méd 1886; 6: 97-138.

8. Pearce JM. Howard Henry Tooth (1856-1925). J Neurol 2000; 247(1): 3-4.

9. Gilliatt RW, Thomas PK. Extreme slowing of nerve conduction in peroneal muscular 
atrophy. Ann Phys Med 1957; 4(3): 104-6.

 17



10. Dyck PJ, Lambert EH. Lower motor and primary sensory neuron diseases with 
peroneal muscular atrophy I. Neurologic, genetic, and electrophysiologic findings in 
hereditary polyneuropathies. Arch Neurol 1968; 18: 603-18.

11. Dyck P.J. Inherited neuronal degeneration and atrophy affecting peripheral motor, 
sensory, and autonomic neurons. In: Dyck P.J., Thomas P.K., Lambert E.H, 
editors. Peripheral Neuropathy. Philadelphia / London, W.B. Saunders 1975: 
825-67.

12. Bird TD, Ott J, Giblett ER. Evidence for linkage of Charcot-Marie-Tooth neuropathy 
to the Duffy locus on chromosome 1. Am J Hum Genet 1982; 34(3): 388-94.

13. Hayasaka K, Himoro M, Sato W, Takada G, Uyemura K, Shimizu N, et al. Charcot-
Marie-Tooth neuropathy type 1B is associated with mutations of the myelin P0 
gene. Nat Genet 1993; 5(1): 31-4.

14. Vance JM, Nicholson GA, Yamaoka LH, Stajich J, Stewart CS, Speer MC, et al. 
Linkage of Charcot-Marie-Tooth neuropathy type 1A to chromosome 17. Exp 
Neurol 1989; 104(2): 186-9.

15. Dyck PJ, Lais AC, Offord KP. The nature of myelinated nerve fiber degeneration in 
dominantly inherited hypertrophic neuropathy. Mayo Clin Proc 1974; 49(1): 34-9.

16. Gabreels-Festen AA, Gabreels FJ, Jennekens FG. Hereditary motor and sensory 
neuropathies. Present status of types I, II and III. Clin Neurol Neurosurg 1993; 
95(2): 93-107.

17. Berger P, Niemann A, Suter U. Schwann cells and the pathogenesis of inherited 
motor and sensory neuropathies (Charcot-Marie-Tooth disease). Glia 2006; 54(4): 
243-57.

18. Thomas PK, Marques W, Jr., Davis MB, Sweeney MG, King RH, Bradley JL, et al. 
The phenotypic manifestations of chromosome 17p11.2 duplication. Brain 1997; 
120 (Pt 3): 465-78.

19. Brown RE, Zamboni WA, Zook EG, Russell RC. Evaluation and management of 
upper extremity neuropathies in Charcot-Marie-Tooth disease. J Hand Surg; 17A: 
523-30.

20. Shy ME. Therapeutic strategies for the inherited neuropathies. Neuromolecular 
Med 2006; 8(1-2): 255-78.

21. Burns J, Bray P, Cross LA, North KN, Ryan MM, Ouvrier RA. Hand involvement in 
children with Charcot-Marie-Tooth disease type 1A. Neuromuscul Disord 2008; 
18(12): 970-3.

22. Selles RW, van Ginneken BT, Schreuders TA, Janssen WG, Stam HJ. 
Dynamometry of intrinsic hand muscles in patients with Charcot-Marie-Tooth 
disease. Neurology 2006; 67(11): 2022-7.

23. Netter FH. Upper Limb. In: Netter FH, editor. Atlas of Human Anatomy. 4 ed. 2006: 
475-6.

24. Brand PW. Paralytic claw hand; with special reference to paralysis in leprosy and 
treatment by the sublimis transfer of Stiles and Bunnell. J Bone Joint Surg 1958; 
40B(4): 618-32.

The hand in Charcot-Marie-Tooth disease 1A

18



25. Srinivasan H. Clinical features of paralytic claw fingers. J Bone Joint Surg 1979; 
61A(7): 1060-3.

26. Tubiana R, Thomine J, Mackin E. Examination of the peripheral nerve functions in 
the upper limb. In: Tubiana R, Thomine J, Mackin E, editors. Examination of the 
hand and wrist. 2 ed. London: Martin Dunitz Ltd. 1996: 261-369.

27. World Health Organisation. International classification of functioning, disability and 
health (ICF). Geneva 2002.

28. Apfel ER, Carranza J. Dexterity. In: Casanova JS, editor. Clinical Assessment 
Recommendations. Chicago: American Society of Hand Therapists 1992: 85-94.

29. Nollet F. Perfomics. Amsterdam: Vossiuspers UvA, Amsterdam Universitty Press 
2004.

30. Krajewski KM, Lewis RA, Fuerst DR, Turansky C, Hinderer SR, Garbern J, et al. 
Neurological dysfunction and axonal degeneration in Charcot-Marie-Tooth disease 
type 1A. Brain 2000; 123 (Pt 7): 1516-27.

31. Verhamme C, van Schaik IN, Koelman JH, de Haan RJ, Vermeulen M, de Visser M. 
Clinical disease severity and axonal dysfunction in hereditary motor and sensory 
neuropathy 1A. J Neurol 2004; 251(12): 1491-7.

 19



2



 2
Chapter Two

Hand strength and fatigue in patients with Hereditary 

Motor and Sensory Neuropathy (Type I and II) 

Archives of Physical Medicine & Rehabilitation 2002; 83(9): 1274-8

Videler AJ

Beelen A

Aufdemkampe G

de Groot IJ

van Leemputte M

 21



ABSTRACT

Objectives: To compare maximal isometric hand strength and fatigue between 

subjects with Hereditary Motor and Sensory Neuropathy (HMSN) and healthy 
controls  and to test the reproducibility of handgrip strength (peak force of handgrip 
[PFgrip]) and fatigue.
Design: PFgrip and the decline in PFgrip during 3  sets of 15 contractions were 

compared.
Setting: University hospital in The Netherlands.
Participants: Twenty subjects with HMSN and 20 age- and sex-matched healthy 
controls; 15 healthy subjects for the reproducibility part of the study.
Interventions: Not applicable.

Main outcome measures: PFgrip and the decline in PF grip were compared by 
using a digital  handgrip dynamometer.  Two-point and lateral pinch measurements  of 
subjects with HMSN were standardized against reference values. Reproducibility 
measurements were performed on 15 healthy subjects on 2 separate occasions 

within 1-week interval.
Results: PFgrip was significantly lower in the HMSN subjects  compared with 
controls  (p< 0.05). Pinch measurements also showed a large variance from average 
normal performance. No significant difference was found in the decline in 
percentage of PFgrip. Reproducibility was excellent for PFgrip (Intraclass correlation 

coefficient [ICC], 0.98; 95% confidence interval [CI], 0.95-0.99) but poor for fatigue 
(ICC, 0.62; 95% CI, 0.20-0.85). 
Conclusion: PFgrip and two-point and lateral pinch in HMSN subjects were 
significantly reduced compared with healthy controls. Our findings indicated that the 
rate of decline of PFgrip during effort does not vary between groups. 
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 2INTRODUCTION

With an estimated prevalence of 100 per million, hereditary motor and sensory 

neuropathy (HMSN)  represents the most common inherited neuromuscular disease 
affecting the upper extremity1,2. HMSN, also known as Charcot-Marie-Tooth disease 
(CMT), forms a heterogeneous group of slowly progressive diseases of the 
peripheral  nerve system. Clinical features include a symmetrical distal muscle 
weakness and atrophy, loss  of sensibility and absent or diminished deep tendon 

reflexes. There is  a remarkable diversity in clinical representation, ranging from 
patients with severe distal atrophy and deformities of hand and foot to individuals 
whose only clinical finding is minimal distal muscle weakness3. Based on 
electrophysiologic and histopathologic findings, HMSN is classified into 3  major 
groups. Type I is considered a primary demyelinating neuropathy with reduced 

motor nerve conduction velocities, whereas type II refers to individuals  with an 
axonal neuropathy and normal or near-normal nerve conduction velocities  (>40 m/s). 
The age of onset of HMSN type I is in the first decade and of type II in the second 
decade or later. Type III,  also known as Dejerine-Sottas disease, represents a severe 
hypertrophic demyelinating polyneuropathy and has an onset early in life3,4. 

Muscle weakness  and atrophy usually start in the foot and leg muscles. In a later 
stage, the hand may be affected. In the literature, the period between the onset of 
the disease and the involvement of the hand varies  from 9 to 19 years1,5,6. Although 
in the literature and clinical practice the attention lies predominantly on the problems 
of the lower extremity, many patients  with HMSN present with loss  of hand strength 

and manual dexterity1,7. The intrinsic muscles of the hand are primarily affected. This 
may result in a clawing position of the hand and loss of opposition.  Some patients 
experience difficulties with the manipulation of small objects  and with activities  that 
require a strong grip, such as carrying a shopping bag or opening a jar.
Measuring the strength of the hand muscles with a dynamometer is frequently used 

a parameter to assess  hand function8-11. In studies and in clinical practice, it is 
common to measure only the peak force, but many patients indicate that during 
daily activities,  they experience most difficulty when an effort has to be maintained 
for a longer period of time12,13. 
Therefore,  the aim of this study is to test the hypothesis that, during effort, the 

decline in strength is more prominent in subjects  with HMSN compared with healthy 
subjects. To our knowledge, no data are available on fatigue of hand muscles in 
HMSN patients. We have chosen to measure fatigue by using an intermittent 
protocol with short bouts  of maximal voluntary contractions (MVCs). We did this to 
avoid overestimating exercise level when testing fatigue at a percentage of MVC and 
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to avoid limitations in force caused by a reduced circulation. The research questions 
of our study were (1) What is  the difference in maximal isometric strength of 
handgrip, two-point pinch and lateral pinch between subjects with HMSN and 

healthy subjects of the same age and sex and (2) Is there a difference in the rate of 
decline of maximal isometric handgrip strength during series of contractions 
between subjects with HMSN and healthy subjects?  In addition, we investigated the 
reproducibility of maximal voluntary isometric grip strength and fatigue in healthy 
subjects.

METHODS

The study consisted of 2 parts. In the first part, strength and fatigue were compared 
between subjects with HMSN and healthy control subjects. The second part 
focussed on the reproducibility of the measurement of maximal voluntary isometric 

handgrip strength and fatigue in healthy subjects.

Participants

In the comparative part, 20 subjects with HMSN and an equal number of age- and 
gender-matched healthy controls were included. HMSN subjects were recruited 

from the outpatient rehabilitation clinic of the Academic Medical Center in 
Amsterdam and from the Dutch Association for Neuromuscular Diseases (Vereniging 
Spierziekten Nederland). Inclusion criteria for subjects with HMSN were (1)  diagnosis 
of HMSN or CMT types I and II confirmed by an electrophysiologic, histopathologic, 
or DNA study; (2)  age between 18  and 70 years;  and (3)  ability to hold the 

measurement equipment during the strength tests. Subjects were excluded if there 
were any disabling disorders in their medical history that might influence muscle 
strength or fatigue of the hand. Another group of 15 healthy subjects participated in 
the testing of reproducibility. Healthy subjects were excluded if they perform heavy 
labor with the upper extremities during work, hobbies or sports. 

The Medical Ethics Committee of our hospital approved the study, and written 
informed consent was obtained from all participants.

Measurement Instruments

Handgrip strength and fatigue

A digital handgrip dynamometera was used to measure maximal isometric grip 
strength and fatigue. The dynamometer was suspended from the ceiling with an 
adjustable cord to eliminate the weight of the dynamometer and to position it in front 
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Figure 1

Schematic overview of testing position

of the subject. The cord was partly elastic to enable minor movements of the upper 
extremity during the grip effort.  A static construction could have limited maximal grip 
strength. This isometric force measurement system was connected to an amplifiera 
and a computer for data acquisition and analysis. The subject was seated on an 
adjustable chair with both feet placed flat on the floor with the ankles, knees, and 

hips  90° flexed. Grip strength was measured in the standardized grip posture of 
humeral adduction, elbow flexion to 90°, neutral forearm rotation, self-selected wrist 
position, and without support of the arm14,15 (Figure 1). The handle of the dynamo-
meter was set in the second position, representing a grip of 45 mm distance. This 
position of the dynamometer is recommended to test maximal grip strength 

irrespective of age, weight,  or hand dimensions8. Only the dominant hand was 
tested. Because none of the subjects were familiar with the equipment beforehand, 
the procedure was explained and shown. Also, each person was given the 
opportunity to experience a single maximal grip effort with the non-dominant hand. 
During the test, the subject received strong verbal encouragement. Subjects 

performed 3  bouts of 15 isometric MVCs separated by 1-minute rest intervals. Each 
contraction lasted 3  seconds with an interval of 1 second. The beginning and end of 
each contraction was indicated by an auditory signal. Grip strength was digitizeda at 
a sampling rate of 15 Hz and stored on computer for subsequent off-line analysis.

Pinch strength

With a pinch gaugeb the maximal voluntary isometric force of the two-point (tip) and 
lateral (key) pinch were measured, as described by Mathiowetz et al.15. 
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Protocol

In the first part of the study, testing adhered to a standard sequence. First, all 

subjects with HMSN were questioned about the duration, spectrum, severity, and 
progression of the symptoms. The age of onset of the disease was determined by 
questioning the subjects  about their first disabling symptoms; therefore, it 
characterized the first functional manifestations rather than the onset of the disorder 
itself. 

Second, the two-point and lateral pinch measurements were performed followed by 
the measurements of grip strength and fatigue. Before the measurement of grip 
strength and fatigue, subjects were given the opportunity to rest for half an hour or 
longer if they did not feel fully recovered. To assess reproducibility,  the handgrip 
measurements were performed twice at 2 separate sessions with an interval of 7 

days. To reduce the variability of all strength and fatigue measurements, tests were 
performed by the same investigator, subjects avoided strenuous activity before 
testing sessions, and repeated tests were performed at the same time of the day. 
Preceding the strength tests, all devices were calibrated according to the 
manufacturers' instructions.

Data analysis

Maximal voluntary isometric grip force, indicated as peak force of grip (PFgrip), was 
calculated as  the mean force of contraction 2, 3, and 4 of set 1. The first contraction 
was excluded because it is used as a trigger to start data collection. To quantify 

endurance, a fatigue index (FI)  was calculated as the relative decline in mean PFgrip 
from the beginning of set 1 (contraction 2/3/4)  to the end of set 3  (contraction 
43/44/45):
     x  PFgrip 43/44/45

      x  PFgrip 2/3/4

Peak force of the two-point pinch and the lateral pinch of HMSN subjects were 
calculated as  the mean force of 3  trials. The results were standardized against 
reference values  16 and expressed as  z-scores,  indicating the number of standard 
deviations  (SDs) from average normal performance given the patient’s age and 

gender. 
Groups (HMSN, controls) were compared by using the paired-samples t-test or 
Mann-Whitney-U test if the data were not normally distributed.  The Kolmogorov-
Smirnov test was used to ascertain normality. The reproducibility of the 
measurement of PFgrip and FI was determined by using the intraclass  correlation 

coefficient (ICC)  as estimated from a 1-way random effects analysis of variance 
model and the Bland and Altman method for assessing agreement17.  For all 
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 2analyses, an α-level of p  less then 0.05 was used. All data analyses  were performed 
by using SPSS, version 9.0, statistical programc.

RESULTS

Participants

Of the 20 HMSN subjects, 12 were determined as having type I, 7 with type II, and 1 

subject was diagnosed with CMT (presumably type I).  The mean age at examination 
was 40 ±13  years (range,18-65 y). Eleven of the 20 participants were women. The 
number of years  between the onset of the disease and the onset of hand symptoms 
varied from 0 to 47 (median, 10.5 y;  interquartile range, 2.7 – 28.8). Three subjects 
could not recall the onset of the hand symptoms, and 1 subject stated not to have 

any involvement of the hand. The majority of the HMSN subjects experienced the 
following subjective findings: loss of sensibility (70%), loss of hand strength (65%), 
tremors (60%),  and cramp and pain (55%). The 20 healthy matched subjects had 
the same characteristics for age and gender as the HMSN subjects.
A separate group of healthy subjects with a mean age of 36  ± 9 years participated 

in the second part of the study (reproducibility of PFgrip and FI). Eleven of these 15 
healthy volunteers were women.

Comparison of the HMSN and Control groups

PFgrip

Compared with age- and gender-matched healthy control subjects, PFgrip was 
significantly lower in HMSN subjects (paired-samples t-test, p< 0.001; table 1). 
Mean PFgrip in HMSN subjects (227 ±130N)  was 67%  of the mean PFgrip in the 
control group (339 ±109N).

Peak force of the two-point and lateral pinch

Three HMSN subjects were unable to perform a two-point pinch.  The mean values 
and z-scores of the two-point and lateral pinch are presented in table 2. The mean 
z-score of two-point pinch was –1.14 ±1.76 and of lateral pinch –1.39 ±2.57. A z-

score of 0.80 or more can be seen as a large difference from average normal 
performance, according to the criteria of Cohen18.

Fatigue

Fatigue testing was well tolerated, as indicated by the fact that all subjects 

completed the 3  sets.  All HMSN subjects and healthy controls showed a decline in 
PFgrip during the 3 sets, but no significant difference was found in the rate of
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Table 1: Maximal grip strength (PFgrip) and Fatigue index (FI) in HMSN and control subjectsTable 1: Maximal grip strength (PFgrip) and Fatigue index (FI) in HMSN and control subjectsTable 1: Maximal grip strength (PFgrip) and Fatigue index (FI) in HMSN and control subjectsTable 1: Maximal grip strength (PFgrip) and Fatigue index (FI) in HMSN and control subjectsTable 1: Maximal grip strength (PFgrip) and Fatigue index (FI) in HMSN and control subjectsTable 1: Maximal grip strength (PFgrip) and Fatigue index (FI) in HMSN and control subjectsTable 1: Maximal grip strength (PFgrip) and Fatigue index (FI) in HMSN and control subjects

HMSN 
subjects

Control 
subjects

Mean 
difference

95% CI

PFgrip (N) mean ±SD 227 ±130 339 ±109 -113* -175 → -50

range 39 - 501 128 - 545

FI (%) mean ±SD 34 ±18 40 ±16 -6 -19 → 7

range 0 - 81 3 - 64

NOTE. Mean ±SD values and ranges are given for PFgrip and the fatigue index. Mean 

differences between HMSN subjects and control subjects and the 95% confidence interval 

(CI) for the mean difference are presented. 

* p< 0.001

NOTE. Mean ±SD values and ranges are given for PFgrip and the fatigue index. Mean 

differences between HMSN subjects and control subjects and the 95% confidence interval 

(CI) for the mean difference are presented. 

* p< 0.001

NOTE. Mean ±SD values and ranges are given for PFgrip and the fatigue index. Mean 

differences between HMSN subjects and control subjects and the 95% confidence interval 

(CI) for the mean difference are presented. 

* p< 0.001

NOTE. Mean ±SD values and ranges are given for PFgrip and the fatigue index. Mean 

differences between HMSN subjects and control subjects and the 95% confidence interval 

(CI) for the mean difference are presented. 

* p< 0.001

NOTE. Mean ±SD values and ranges are given for PFgrip and the fatigue index. Mean 

differences between HMSN subjects and control subjects and the 95% confidence interval 

(CI) for the mean difference are presented. 

* p< 0.001

NOTE. Mean ±SD values and ranges are given for PFgrip and the fatigue index. Mean 

differences between HMSN subjects and control subjects and the 95% confidence interval 

(CI) for the mean difference are presented. 

* p< 0.001

NOTE. Mean ±SD values and ranges are given for PFgrip and the fatigue index. Mean 

differences between HMSN subjects and control subjects and the 95% confidence interval 

(CI) for the mean difference are presented. 

* p< 0.001

Table 2: Mean values and z-scores of two-point and lateral pinchTable 2: Mean values and z-scores of two-point and lateral pinchTable 2: Mean values and z-scores of two-point and lateral pinchTable 2: Mean values and z-scores of two-point and lateral pinch

two-point pinch Lateral pinch

N	 Valid 17 20

	Missing 3 0

Mean in N ±SD 47.9 ±24.5 68.9 ±32.1

Mean z-score ±SD -1.14 ±1.76 -1.39 ±2.57

95% CI of the mean -0.23 → -2.04 -0.19 → -2.60

decline (expressed as percentage of PFgrip) between HMSN subjects and healthy 
controls  (p= 0.36).  After 3  sets  of 15 contractions, the mean decline in PFgrip was 
34% ±18% in HMSN subjects compared to 40% ±16% in control subjects (Table 1).

Reproducibility

Reproducibility was excellent for the grip strength testing method (Table 3). PFgrip 
had an ICC of 0.98. The Bland and Altman test results for PFgrip showed a good 
agreement. The distribution of values in figure 2 shows that in all cases the 
difference between the two measures was 28N or less (mean PFgrip,  339 ±109N; 

table 1), and the points were distributed around zero. Reproducibility for testing 
fatigue in healthy subjects was poor, with an ICC of 0.62 (95% confidence interval, 
0.20-0.85; table 3). The Bland and Altman plot also shows that the agreement 
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 2Table 3: Reproducibility - ICC's and Bland and Altman testsTable 3: Reproducibility - ICC's and Bland and Altman testsTable 3: Reproducibility - ICC's and Bland and Altman testsTable 3: Reproducibility - ICC's and Bland and Altman testsTable 3: Reproducibility - ICC's and Bland and Altman testsTable 3: Reproducibility - ICC's and Bland and Altman testsTable 3: Reproducibility - ICC's and Bland and Altman tests

ICC
(one way random)

ICC
(one way random)

Bland and AltmanBland and AltmanBland and AltmanBland and AltmanBland and Altman

ICC 
coeff

95% CI d̅ SE of d̅ 95% CI for d̅ SDdiff 95% limits of 
agreement

PFgrip (N) 0.98 0.95 → 0.99 -5.60 8.74 -14.34 → 3.14 15.79 -39.47 → 28.27

FI (%) 0.62 0.20 → 0.85 1.55 4.81 -3.26 → 6.35 8.68 -17.07 → 20.16

d̅ is the mean difference; SE of d is the standard error of the mean difference; 95% CI for d is 

the 95% confidence interval for the mean difference; SDdiff is the standard deviation of the 

differences; ICCcoeff = intraclass correlation coefficient. Maximal voluntary isometric grip 

force is indicated as PFgrip and fatigue index as FI.

d̅ is the mean difference; SE of d is the standard error of the mean difference; 95% CI for d is 

the 95% confidence interval for the mean difference; SDdiff is the standard deviation of the 

differences; ICCcoeff = intraclass correlation coefficient. Maximal voluntary isometric grip 

force is indicated as PFgrip and fatigue index as FI.

d̅ is the mean difference; SE of d is the standard error of the mean difference; 95% CI for d is 

the 95% confidence interval for the mean difference; SDdiff is the standard deviation of the 

differences; ICCcoeff = intraclass correlation coefficient. Maximal voluntary isometric grip 

force is indicated as PFgrip and fatigue index as FI.

d̅ is the mean difference; SE of d is the standard error of the mean difference; 95% CI for d is 

the 95% confidence interval for the mean difference; SDdiff is the standard deviation of the 

differences; ICCcoeff = intraclass correlation coefficient. Maximal voluntary isometric grip 

force is indicated as PFgrip and fatigue index as FI.

d̅ is the mean difference; SE of d is the standard error of the mean difference; 95% CI for d is 

the 95% confidence interval for the mean difference; SDdiff is the standard deviation of the 

differences; ICCcoeff = intraclass correlation coefficient. Maximal voluntary isometric grip 

force is indicated as PFgrip and fatigue index as FI.

d̅ is the mean difference; SE of d is the standard error of the mean difference; 95% CI for d is 

the 95% confidence interval for the mean difference; SDdiff is the standard deviation of the 

differences; ICCcoeff = intraclass correlation coefficient. Maximal voluntary isometric grip 

force is indicated as PFgrip and fatigue index as FI.

d̅ is the mean difference; SE of d is the standard error of the mean difference; 95% CI for d is 

the 95% confidence interval for the mean difference; SDdiff is the standard deviation of the 

differences; ICCcoeff = intraclass correlation coefficient. Maximal voluntary isometric grip 

force is indicated as PFgrip and fatigue index as FI.

d̅ is the mean difference; SE of d is the standard error of the mean difference; 95% CI for d is 

the 95% confidence interval for the mean difference; SDdiff is the standard deviation of the 

differences; ICCcoeff = intraclass correlation coefficient. Maximal voluntary isometric grip 

force is indicated as PFgrip and fatigue index as FI.

d̅ is the mean difference; SE of d is the standard error of the mean difference; 95% CI for d is 

the 95% confidence interval for the mean difference; SDdiff is the standard deviation of the 

differences; ICCcoeff = intraclass correlation coefficient. Maximal voluntary isometric grip 

force is indicated as PFgrip and fatigue index as FI.

Figure 2

Distribution plot from Bland and 
Altman test showing mean 
measurements against differen-
ces between measurements for 
reproducibility of PFgrip. The 
straight line represents the 
mean difference between both 
measurements; the dotted lines 
represent the 95% limits of 
agreement.

Figure 3

Distribution plot from Bland and 
Altman test showing mean 
measurements against differen-
ces between measurements for 
reproducibility of FI. The straight 
line represents the mean dif-
ference between both measure-
ments; the dotted lines repre-
sent the 95% limits of agree-
ment.
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between the test-retest results was poor (Figure 3), as shown by the wide 95% 

limits of agreement.  This implies  that a decline in PFgrip of, for example, 45% may 

actually lie between 28% and 65%. 

DISCUSSION

Our study showed a reduced maximal isometric strength of handgrip and two-point 
and lateral pinch in subjects  with HMSN compared with healthy controls.  The mean 
PFgrip in HMSN subjects was approximately two thirds  of the mean PFgrip in 
control subjects. Also, the z-scores of the two-point and lateral pinches indicated a 
large difference from average normal performance. Although no results of 

comparative studies between hand strength in HMSN and healthy subjects are 
available, upper extremity evaluations  in HMSN have been published. In the study by 
Miller et al.1, the upper extremity was evaluated in 68  patients diagnosed with CMT 
disease.  The results showed that the major complaint in 75% of these patients 
relate to motor deficits with loss of strength and dexterity as the main components. 

Motor abnormalities were found in 98%  of patients tested with the Jamar and pinch 
dynamometers. Harding and Thomas7 reported in 228  patients with HMSN that two 
thirds of the patients with HMSN type I and half of the patients with HMSN type II 
had distal upper extremity weakness. In our study, the fatigue test of handgrip 
strength showed in all  subjects a decline in PFgrip, but no differences were found in 

the rate of decline in PFgrip between HMSN subjects and healthy controls. This may 
be because of poor reproducibility of the fatigue measurements. 
Various ways of assessing muscle fatigue are described in the literature. This 
underlines the difficulty of testing this complex clinical symptom. In this study, we 
chose to measure muscle fatigue by using an intermittent protocol with short bouts 

of MVCs for 2 reasons: 1) to avoid overestimating exercise level when testing fatigue 
at a percentage of MVC, and 2) to avoid limitations  in force caused by a reduced 
circulation. McComas et al.19 have emphasized the difficulty in interpretation of 
voluntary endurance studies  when voluntary activation is initially low. The level of 
exercise may be overestimated (as  a percentage of MVC) when the level of true 

MVC is underestimated. 
Assessing fatigue with the use of a sustained contraction may be disturbed by 
diminished muscle circulation. In maximal static contractions, the pressure within the 
muscle will exceed the systolic blood pressure, and blood flow through the active 
muscle is totally occluded20.  Schwid et al.21 studied the test-retest reproducibility of 

fatigue of hand grip strength with a sustained protocol. Reproducibility of the fatigue 
index (decline in strength as a percentage of initial peak force)  was  poor in control 
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 2subjects, as well as in subjects with Multiple Sclerosis (ICC, 0.09; ICC,  0.46 
respectively). With an intermittent protocol, we had hoped to find a reproducible way 
of measuring fatigue.  Reasons for the poor reproducibility of our fatigue measures 

are not clear. Inhibitory effects at various levels  in the central nervous system and at 
muscle level can limit voluntarily generated force. The variability in force may reflect 
the day-to-day biologic fluctuation in motor function.  Variability may also be caused 
by the absence of an anatomically shaped handle of the dynamometer. A possible 
uncomfortable grip could have limited the maximal effort of the subjects. Finally, 

reproducibility of the fatigue measurements may have been poor because MVC 
force depends strongly on motivation. The protocol required a maximal effort for 
each contraction, and it is conceivable that not all  of the contractions were maximal. 
Measurements of actual performance incorporating some type of electric stimulation 
to assess the adequacy of voluntary drive may contribute to an accurate evaluation 

and may improve the reproducibility of this test.
Because of the poor reproducibility of the fatique index, we cannot answer the 
question whether the decline in strength is more prominent in HMSN subjects 
compared with healthy control subjects.  In the study of Lindeman et al.22, fatigability 
was measured in HMSN subjects by means of an endurance test during which the 

subject extended the leg at 80% of MVC for as long as possible. Endurance was 
found to be less (p= 0.03) for HMSN subjects than for controls, but reproducibility of 
this testing method has not been investigated. To our knowledge, there are no data 
available in the literature on fatigue characteristics of muscles in subjects with 
HMSN. One of the factors that determines fatigue is the proportion of fiber types in 

the muscles. Ericson et al.23 found a statistically significant higher percentage of 
type I muscle fibers in CMT1 (p< 0.01) and CMT2 (p< 0.05) when compared with 
normal controls. A larger proportion of type I muscle fibers may lead to a slower 
decline in strength rather than a more prominent decline. Fatigability of muscles is 
determined by a variety of other factors such as mitochondrial and glycolytic 

enzyme activity and capilarization (numbers of capillaries surrounding the muscle 
fibers). It is not known whether these factors differ between HMSN subjects and 
healthy controls. The frequent complaint of early fatigue by subjects with HMSN may 
be explained by weakness. If a person has  become weak and attempts the same 
task as a healthy and stronger subject, fatigue must occur sooner. This conclusion 

depends on the fact that there is normally an inverse relationship between the 
percentage of maximum force attempted and the time to a set failure level (fatigue). 
Suppose that a person with a neuromuscular disorder can only develop half the 
initial force compared with the force of a healthy subject. The percentage of force 
needed to perform the same task will be 2 times  as high. Clearly, the time to fatigue 
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will be less for a MVC in these circumstances than it would have been in a healthy 
subject19.  With this study, we can not confirm our hypothesis that during effort the 
decline in strength is more prominent in subjects  with HMSN compared with healthy 

subjects. Further research is  recommended to explore whether increased fatigability 
in subjects with HMSN is caused by a difference in the decline of strength or by a 
diminished initial strength. An important consideration when measuring muscle 
fatigue is the fact that there is no reproducible protocol available yet. In future study, 
it will be necessary to develop a protocol that is reliable and valid for patients with 

neuromuscular disorders. Care should be taken not to draw unjustified conclusions 
about fatigue from results that are obtained from a method with unknown 
reproducibility.

Conclusion

PFgrip, two-point pinch, and lateral pinch in HMSN subjects  were significantly 
reduced compared with healthy controls.  Reproducibility was excellent for PFgrip 
but poor for fatigue. Our findings do not indicate that the rate of decline of PFgrip 
during effort differed between the groups.
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ABSTRACT

Purpose:  To explore impairments in manual dexterity and perceived limitations in 

upper extremity related activities in subjects with Hereditary Motor and Sensory 
Neuropathy (HMSN).
Method: Cross-sectional study of 20 HMSN subjects. Manual dexterity was 
assessed using the Jebsen test of hand function. Perceived limitations were 

assessed using the Rehabilitation Activities  Profile (RAP) and the Disabilities of Arm, 
Shoulder and Hand questionnaire (DASH). 
Results: Impaired manual dexterity was found in four out of seven Jebsen subtests. 
Turning over cards, lifting large light and large heavy objects were most impaired, as 
reflected by median z-scores of 5.7, 12.0 and 16.9, respectively. Perceived 

limitations, as reflected by median and percentile (P25; P75)  sum-scores, were 7.5 (3; 
11.7)  for the RAP domains of personal care (scale 0 - 69)  and 6.0 (1.25; 15.5) for 
the domains  of occupation (scale 0 - 42). The median (P25; P75) DASH score (scale 0 
- 100) was 13.3  (2.7; 48.1). Jebsen test scores were significantly associated with 
RAP and DASH scores.

Conclusions: Manual dexterity of HMSN subjects, especially requiring the 
manipulation of flat and of large objects, was impaired and associated with the 
amount of perceived limitations in upper extremity function. Major limitations were 
perceived in activities related to upper extremity function by 25% of HMSN subjects. 
Measurement of manual dexterity and perceived limitations should be incorporated 

into the evaluation and treatment of HMSN subjects.
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INTRODUCTION

Hereditary motor and sensory neuropathy (HMSN), also known as Charcot-Marie-

Tooth disease (CMT), represents a heterogeneous group of degenerative peripheral 
neuropathies1,2. With prevalence ranging from 14 to 282 per million it is  the most 
common group of peripheral neuropathies encountered in clinical practice3. Two 
major phenotypes have been distinguished: HMSN type I, the demyelinating and 
most frequent form, and type II, the axonal form4-6.  Both types of HMSN are 

characterized by a generally symmetrical slowly progressive muscle weakness, 
atrophy, and sensory impairment of the extremities. Compared to the lower 
extremities, the upper extremities  are often involved later in the progress of the 
disease,  and are usually less severely affected. In the hand, the intrinsic muscles are 
primarily affected. Characteristically resulting in a (mild)  clawing position of the 

fingers, loss of opposition (Figure 1), and a weak pinch1,2,7.
Available literature on upper extremity manifestations in HMSN has focussed 
predominantly on impaired body functions1,2,7,8. No attention has yet been paid to 
the functional restrictions due to these impairments, suggesting that it is not of great 
importance. This  is  surprising,  since loss of functional abilities is probably the major 

concern to the patients  involved. Therefore, this study focuses on the functional 
assessment of the upper extremity in HMSN subjects.
With the assessment of manual dexterity, insight can be obtained in the subject’s 
ability to move the hands easily and skilfully and to work with the hands in turning 
and placing motions9. For goal-oriented therapy,  instruction and advice to subjects 

with HMSN, it is necessary to also understand their perceived limitations in upper 
extremity related activities. Insight in both manual dexterity and perceived limitations 
is  an essential step towards  preserving or restoring daily life functioning and well-
being.

Figure 1

Subject with HMSN with loss of 

opposition while performing one of the 

subtests of the Jebsen test of hand 

function (stacking checkers).
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The aim of this study is: (1) to explore impairments  in manual dexterity of subjects 
with HMSN, (2) to explore their perceived limitations in upper extremity-related 
activities, and (3)  to investigate the associations between manual dexterity and 

perceived limitations.

PARTICIPANTS & METHODS

A convenience sample of 20 subjects  with HMSN participated. Subjects were 
recruited from the outpatient rehabilitation clinic of the Academic Medical Center in 

Amsterdam and from members of the Dutch Patients' association for 
Neuromuscular Diseases ('Vereniging Spierziekten Nederland').  Inclusion criteria 
were: (1) diagnosis of HMSN or CMT, confirmed by electrophysiologic, 
histopathologic, or DNA study; and (2)  age between 18  and 70 years. Patients were 
selected on the basis of diagnosis  and not on any involvement of the upper 

extremity. Subjects were excluded if there were any disabling disorders in their 
medical history that might influence hand function or if they had difficulty 
understanding Dutch. Informed consent was obtained in accordance with a protocol 
approved by the university hospital Medical Ethics Committee.

Manual dexterity

Manual dexterity was evaluated with the Jebsen test of hand function10. This  short 
(15 min), easily administered capacity test assesses  seven different unilateral hand 
functions that are frequently used in daily activities. It is widely applied for evaluating 
manual dexterity11,12, and is currently recommended for the assessment of manual 

dexterity in HMSN patients in The Netherlands13. The time needed to complete each 
sub-test (writing,  turning over cards, picking up small  objects, simulated feeding, 
stacking checkers and lifting up large light and heavy objects)  is recorded. The 
results for each sub-test can be compared to reference values10,14,15. Lower Jebsen 
test scores indicate greater manual capacity. The reported test-retest reliability 

coefficients for the Jebsen test range from 0.60 to 0.9910,12.

Perceived limitations in activities

Perceived limitations in activities related to upper extremity function were assessed 
with two instruments: the Rehabilitation Activities Profile (RAP)16 and the official 

Dutch language version of the Disabilities of Arm, Shoulder and Hand (DASH-DLV) 
questionnaire17.
The RAP quantifies the severity of the limitations in activities on a 4-point Likert 
scale. This  semi-structured interview assesses various  activities in 5 domains: 
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communication,  mobility, personal care, occupation and relationships. For each 
activity the response options range from 0 (= no difficulty)  to 3  (inability). Sum-scores 
are calculated for each domain. Inter-rater and intra-rater agreement of the RAP has 

been found to be good to very good18. Only the domains  of personal care (23 
activities)  and occupation (14 activities)  were assessed, since activities of the upper 
extremity are best represented within these two domains.
The DASH questionnaire is  a brief, self-administered questionnaire to assess a 
patient’s perception of impairments and limitations in activities, associated with 

various conditions affecting the upper limb. This 30-item questionnaire includes 21 
items on physical function, 6  items on symptoms, and 3  items on social or role 
function. The response to each individual item is scored on a 5-point Likert scale. 
The DASH assessments were scored according to the test instructions, and a sum-
score was calculated, ranging from 0 to 100: a score of 0 indicating no impairments 

and limitations, and a score of 100 indicating maximal impairment and difficulty19. 
Veehof et al.17 showed that the Dutch version of the DASH questionnaire is a reliable 
and valid instrument for assessing activity limitations and impairments  in upper limb 
disorders in patients in The Netherlands.

Protocol

A standard sequence of testing was adhered to. First, we recorded the medical 
history and subjective neuromuscular symptoms. Subsequently, upper extremity 
function was evaluated with the Jebsen test of hand function, the RAP, and the 
DASH-DLV.  Because none of the subjects were familiar with the Jebsen test, the 

test was explained and demonstrated. Only the dominant hand was tested. All 
assessments took place during a single visit,  and the subjects were given the 
opportunity to rest between the assessments until they felt fully recovered.

Statistical analysis

Median sum-scores (25th and 75th percentiles)  were calculated for the Jebsen test, 
the RAP and the DASH. For each Jebsen subtest, raw time scores  were compared 
with the appropriate age- and sex-matched norm, and were transformed into z-
scores on the distribution of the norm value.  Univariate linear regression analysis 
was applied to investigate associations between the overall sum-scores of the 

Jebsen test, the sum scores of the DASH and the RAP domains of personal care 
and occupation. The level of significance was set at 0.05 for all analyses. Data-
analyses were performed with the SPSS 11.5.1 software package (SPSS Inc., 
Chicago, Illinois, USA). 
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Table 1: Jebsen test of hand function scoresTable 1: Jebsen test of hand function scoresTable 1: Jebsen test of hand function scoresTable 1: Jebsen test of hand function scoresTable 1: Jebsen test of hand function scoresTable 1: Jebsen test of hand function scores

Test Writing Turning 
over 
cards

Picking 
up small 

obj.

Simulate
feeding

Stacking 
checkers

Lifting 
light 
obj.

Lifting 
heavy 
obj.

Sum
scores

Time scores 
(s)
Time scores 
(s)

4.9 9.8 4.6 4.2 4.5 7.8 11.9 50.2

(4.0; 15.0) (8.5; 15.0) (3.4; 6.8) (3.3; 6.7) (3.8; 7.4) (6.7; 17.8) (9.7; 14.1) (4.6; 72.1)

z-scores -2.1 5.7 -1.2 -2.4 1.8 12.0 16.9

(-3.6; -0.6) (3.3; 11.7) (-2.5; 1.1) (-3.1; 0) (0.8; 5.5) (7.9; 35.4) (14.1; 21.2)

Time scores and z-scores of HMSN subjects are expressed as median scores. The 25th and 
75th percentile values of the time scores are given between parentheses. A z-score indicates 
the number of standard deviations from average normal performance given the subjects age 
and gender.

Time scores and z-scores of HMSN subjects are expressed as median scores. The 25th and 
75th percentile values of the time scores are given between parentheses. A z-score indicates 
the number of standard deviations from average normal performance given the subjects age 
and gender.

Time scores and z-scores of HMSN subjects are expressed as median scores. The 25th and 
75th percentile values of the time scores are given between parentheses. A z-score indicates 
the number of standard deviations from average normal performance given the subjects age 
and gender.

Time scores and z-scores of HMSN subjects are expressed as median scores. The 25th and 
75th percentile values of the time scores are given between parentheses. A z-score indicates 
the number of standard deviations from average normal performance given the subjects age 
and gender.

Time scores and z-scores of HMSN subjects are expressed as median scores. The 25th and 
75th percentile values of the time scores are given between parentheses. A z-score indicates 
the number of standard deviations from average normal performance given the subjects age 
and gender.

Time scores and z-scores of HMSN subjects are expressed as median scores. The 25th and 
75th percentile values of the time scores are given between parentheses. A z-score indicates 
the number of standard deviations from average normal performance given the subjects age 
and gender.

Time scores and z-scores of HMSN subjects are expressed as median scores. The 25th and 
75th percentile values of the time scores are given between parentheses. A z-score indicates 
the number of standard deviations from average normal performance given the subjects age 
and gender.

Time scores and z-scores of HMSN subjects are expressed as median scores. The 25th and 
75th percentile values of the time scores are given between parentheses. A z-score indicates 
the number of standard deviations from average normal performance given the subjects age 
and gender.

Time scores and z-scores of HMSN subjects are expressed as median scores. The 25th and 
75th percentile values of the time scores are given between parentheses. A z-score indicates 
the number of standard deviations from average normal performance given the subjects age 
and gender.

Time scores and z-scores of HMSN subjects are expressed as median scores. The 25th and 
75th percentile values of the time scores are given between parentheses. A z-score indicates 
the number of standard deviations from average normal performance given the subjects age 
and gender.

RESULTS

Participants

Twenty subjects  with HMSN (9 males and 11 females) were assessed. Thirteen 
subjects were diagnosed as type I, 7 as type II. The mean age on examination was 
40 ±13  years (range of 18-65), and all subjects were right-handed. From the 
reported neuromuscular symptoms  it appeared that the majority of the subjects 
experienced subjective loss of hand function. Diminished touch was experienced by 

14 subjects, loss  of hand strength by 13  subjects, tremors by 12 subjects  and 
cramps and pain by 11 subjects. Other subjective findings were loss of motion/
deformities (n= 5),  loss of manual dexterity (n= 3) and sympathetic dysfunction (n= 
3). Only one subject reported no involvement of the hand.

Manual dexterity

Median time scores, z-scores and the overall sum-score for the Jebsen test are 
presented in table 1. For three out of seven sub-tests (writing, picking up small 
objects and simulated feeding) the median z-scores indicated performance within 
the Jebsen sub-test norm values. The median z-score to perform the subtest 

turning over cards was 5.7. A z-score of 5.7 is  equivalent to a value 5.7 standard 
deviations  above the mean, indicating that subjects  needed much more time than 
average normal performance. Z-scores for the sub-tests, turning over cards and 
lifting up large light and heavy objects showed an even larger deviation from normal 
performance.
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Perceived limitations in upper extremity-related activities

The median (P25; P75) sum-score for the RAP domain of personal care was 7.5 (3; 

11.7)  on a scale range from 0 to 69. The domain of occupation showed a median 
sum-score of 6.0 (1.25; 15.5), on a scale of 0 to 42. Within the domain of personal 
care the HMSN subjects  perceived most disabilities in dressing and undressing, and 
especially with fastenings (buttons, zippers,  shoelaces)  and jewellery. Within the 
domain of occupation, most disabilities were perceived during household activities 

such as  making the bed, cleaning and doing the laundry. The median (P25; P75) 
DASH sum-score was 13.3 (2.7; 48.1).

Associations

Both domains  of the RAP, and the DASH scores were significantly associated with 

the Jebsen test sum-scores (p< 0.05). Correlations were found between the overall 
time-scores for the Jebsen test and the sum-scores of the DASH (r= 0.61, p= 
0.005), the RAP domains of personal care (r= 0.75, p= 0.001) and occupation (r= 
0.49,  p= 0.027). The results of the regression analysis  showed that the Jebsen test 
explained 56% of the total variance in the RAP personal care score, 24%  of the 

variance in the RAP occupation score, and 37% of the DASH score.
The RAP domain scores for personal care and occupation correlated significantly 
with the DASH sum-score (r= 0.81 and 0.88, respectively; p< 0.001).  The sum-
scores of the Jebsen test, the RAP and of the DASH questionnaire did not correlate 
significantly with age.

DISCUSSION

This  explorative study showed that manual dexterity in this sample of HMSN 
subjects is impaired. On four of the seven Jebsen sub-tests, HMSN subjects 
needed much more time to complete the task,  compared to the age and gender 

related norm. Furthermore, 25% of these subjects perceived considerable limitations 
in activities requiring upper extremity function.
Considering the above,  it must be emphasized that HMSN subjects were not 
selected on the criteria of upper extremity involvement, but solely on the basis  of 
diagnosis. Subjects were recruited from our outpatient rehabilitation clinic to which 

they were referred to, in most cases, because of lower extremity problems. Despite 
the small number of subjects, the study sample represented the broad clinical 
spectrum of upper extremity involvement in HMSN, varying from subjects  with no 
limitations, or only mild limitations in manual dexterity to subjects with severe 
involvement of the upper extremity. However, we realize that some selection bias 
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may have occurred. It may well be that willingness to participate in the present study 
is greater in HMSN subjects with upper extremity involvement. Therefore 
generalizability is  limited. Nevertheless, the findings of our study are not in line with 

the idea that CMT patients have no deformities or functional impairments related to 
atrophic intrinsic hand muscles20.
For the assessment of limitations in activities we used two different instruments, the 
RAP and the DASH. The DASH is a questionnaire, and reflects the limitations 
perceived by the subject, whereas with the RAP, limitations in activities are assessed 

by the investigator in a semi-structured interview. Furthermore, the DASH evaluates 
only the activities  of the upper extremity, whereas the RAP has a more general focus 
on activities of daily living. The highly significant correlation found between the 
outcomes of the RAP and the DASH suggests  that, despite the difference in 
approach, the two instruments overlap.

The Jebsen test of hand function was chosen in order to obtain objective data of 
standardized tasks  that can be compared with norm values. The test items cover 
the different prehensile patterns required to perform the activities of daily life. 
Surprisingly, our results show that HMSN subjects needed less  time to perform the 
sub-tests of writing, picking-up small objects and simulated feeding than the 

prescribed norm. The prehensile patterns  for these sub-tests are the three-jaw 
chuck pinch, the two-point pinch and the lateral pinch and require opposition of the 
thumb and fine manipulation of the fingers. Due to the affected intrinsic muscles, 
these functions  in particular are expected to be limited when the hands of HMSN 
subjects are involved. During the assessment of manual dexterity we noted that 

subjects performed several sub-tests within the time-limits (normative data), but with 
various compensatory movement patterns. With the Jebsen test these subjects  are 
classified as having normal manual dexterity, because only the time needed to 
perform the task is  recorded, and no qualitative data are obtained. Apparently some 
HMSN subjects were able to compensate adequately for the prehensile patterns 

needed for the sub-tests of writing, picking-up small objects and simulated feeding. 
The same prehensile patterns are needed for turning over cards  and stacking 
checkers, but these sub-tests may be more difficult to execute, due to the required 
coordination and object manipulation. The extra time needed to complete the sub-
tests of lifting large light and heavy objects may be explained by the fact that the 

hand must first be opened sufficiently to be able to grasp an object. An abduction 
and opposition movement of the thumb is needed to open the hand, and 
metacarpal-phalangeal joint flexion is required for an adequate grasp. These 
functions may be limited in HMSN subjects who have a (mild) clawing position of the 
hand.
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The significant correlations between the limitations  scores and the manual dexterity 
score indicate that, in general,  subjects who experience more limitations in upper 
extremity function perform worse on a capacity test, i.e., the Jebsen test, and vice 

versa. The correlation between the RAP and the Jebsen test appeared to be the 
strongest for the domain of personal care.  The Jebsen test explained 56% of the 
variance in RAP personal care score. This  may be due to the fact that this  domain 
encompasses more activities that require upper extremity use than the domain of 
occupation. We expected that the Jebsen test sum-score would have explained a 

higher percentage of the total variance in the DASH score, because this 
questionnaire is specifically designed for the evaluation of perceived limitations in 
activities  and symptoms associated with any condition affecting the upper limb17. 
Why less variance in the DASH score was explained by the Jebsen test sum-score 
remains unclear,  given the high correlation between the RAP and the DASH. It is 

important to realize that capacity measures such as the Jebsen test of hand 
function, and self-reported measures of perceived activity limitations in daily 
functioning are complementary, but do not necessarily measure the same construct.
In this  explorative study only a limited number of subjects with HMSN were 
investigated, restricting the generalizability. Studies involving larger, unselected 

HMSN populations  are needed, for a better knowledge of the prevalence, the 
determinants of manual dexterity and the impact of the loss of dexterity on daily life 
activities. Such studies will provide the necessary information to develop 
interventions to preserve or enhance manual dexterity in subjects with HMSN.

Conclusions

Manual dexterity of HMSN subjects was impaired for the majority of the Jebsen 
subtests, and positively related with the amount of perceived limitations in upper 
extremity function.  Subtests requiring the manipulation of flat and of large objects 
were the most difficult to perform. Furthermore, 25%  of the HMSN subjects 

perceived major limitations in upper extremity-related activities such as  making the 
bed, cleaning, doing the laundry, dressing, and especially with fastenings (buttons, 
zippers, shoelaces,  jewellery). Based on our results, we suggest that, in case of 
suspect upper extremity involvement, measurement of manual dexterity and 
perceived limitations should be considered in the evaluation and treatment of HMSN 

subjects.
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ABSTRACT

Objective: The prevalence and significance of impaired manual dexterity in 

Hereditary Motor and Sensory Neuropathy Type 1A (HMSN1A), with the Sollerman 
hand function and the Functional Dexterity test, and compare the reliability and 
agreement of the tests.
Design: Descriptive cross-sectional study. 

Subjects: Forty-nine subjects with HMSN1A.
Results: Forty-six (94%)  subjects had an abnormal Sollerman sum score (<80) for 
the dominant hand. The most difficult subtests required finger grips such as pulp, 
tripod and lateral pinches. Dexterity scores of both hands were categorised as 
‘moderately functional’. Test-retest reliability was excellent for the Sollerman test, 

with intraclass  correlation coefficients between 0.98  and 0.99 (95% Confidence 
interval  [CI], 0.97-0.99), and good for Functional Dexterity Test scores with 
correlation coefficients  between 0.83  and 0.95 (95% CI, 0.71-0.97). The 95% limits 
of agreement between Sollerman tests showed that differences greater than 3 
points can be interpreted as a change in dexterity. The Functional dexterity test 

limits were wide.
Conclusion: Impaired manual dexterity is common among subjects with HMSN1A, 
stressing that the evaluation of dexterity is  an essential element of the functional 
assessment. Both tests are able to detect impaired manual performance in 
HMSN1A. For monitoring of disease progression and the effects of treatment 

programmes the Sollerman test is most suitable.
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INTRODUCTION

Hereditary Motor and Sensory Neuropathy (HMSN), also known as Charcot-Marie-

Tooth disease (CMT), is  a group of neuropathies, characterised by slowly 
progressive, distal muscle weakness and wasting, and sensory loss  predominantly 
in the feet and hands. Impairments in hand function are frequently reported in 
HMSN1-6, but studies  that focus on the implications of impaired hand function for 
the activities of daily life are sparse. Nowadays, both in clinical trials  and in clinical 

practice, functional assessments are carried out in addition to widely used 
symptom-oriented measures7.
Manual dexterity is of utmost importance in performing activities  of daily living and is 
described as the ability to move the hands easily and skilfully, to work with the 
hands  in turning and placing motions 8. Many patients with HMSN with affected 

hand function complain of reduced manual dexterity, and the evaluation of 
limitations in this field has recently received more attention5,9-12. 
Although numerous manual dexterity tests exist,  there is  no test available specifically 
for HMSN. Well known tests, such as the Nine-hole-peg test,  the Box and Block 
test, the Purdue pegboard test,  the Jebsen test and the Sollerman hand function 

test (SHT)  have all been used for the evaluation of dexterity in HMSN1,5,10,12. 
However,  with the exception of the SHT, these tests  provide data only on the speed 
of hand and finger use13. Based on a previous  explorative study12, we believe that a 
manual dexterity test for HMSN should include additional aspects of dexterity, such 
as grasp patterns, precision and accuracy, coordination and bilateral tasks. The SHT 

seems to be appropriate, but empirical data to support the use of this test in HMSN 
is  lacking.  The drawback of the SHT is  that it is  time consuming and may not be 
suitable for use in daily clinical practice. We therefore added the rapidly administered 
Functional Dexterity Test (FDT), a time scored test that also incorporates qualitative 
aspects of movement during the manipulation of pegs.

This  paper aims to evaluate manual dexterity and the suitability of the SHT and FDT 
in subjects with HMSN. The research questions addressed in this study are:  to what 
extent is manual dexterity,  as measured with the SHT and the FDT, impaired; and 
how do these manual dexterity tests perform in terms of feasibility, reliability 
(homogeneity, test-retest) and agreement in subjects with HMSN?
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METHODS

Participants

All patients with HMSN1A, known at the department of Rehabilitation and the 
department of Neurology of the Academic Medical Center in Amsterdam, were 
invited to participate (n= 63).  We included only subjects with HMSN1A in order to 
achieve a genetically homogeneous  group of the most prevalent subtype of HMSN. 

Inclusion criteria were: 1) diagnosis of HMSN type 1A, confirmed by DNA study 
showing duplication on chromosome 17p11.2-p12; and 2)  age between 18  and 70 
years. Subjects were excluded if any other disabling disorder in their medical history 
might influence hand function and if they had difficulty understanding Dutch. 
The study was approved by the Medical Ethics Committee of our hospital and all 

subjects gave their consent to participate.

Measurement Instruments

Manual dexterity was assessed with the SHT14 and the FDT15.
The SHT assesses unilateral and bilateral handgrip function and reflects the 7 most 

common grip types  used in daily life:  pulp pinch, lateral pinch, tripod pinch, 5-finger 
pinch, diagonal volar grip, transverse volar grip, and spherical volar grip. This  test 
has  been used to evaluate manual dexterity in various conditions affecting hand 
function16-20, after hand surgery14,21 and repair of peripheral nerve injury22. Intra- and 
interrater reliability is good14,19. Twenty subtests are scored on a scale from 0 to 4 

points. Subjects with normal manual dexterity should achieve a total of 80 points 
with the dominant hand and 77-79 points with the non-dominant hand.  Both hands 
can be tested within 45 minutes14. 
The FDT measures the ability to perform a tripod pinch through the timed 
manipulation of pegs (administration time about 5 minutes). A tripod pinch pattern is 

frequently used during daily activities such as eating, writing and tying14,15. This grip 
pattern in particular may become problematical when the intrinsic muscles of the 
hands  are affected. The examiner records the time, in sec, it takes the subject to 
turn over 16  pegs, as quickly as possible, with one hand. A 5-sec penalty is added 
each time the subject supinates  the arm or touches the board for assistance. If a 

peg is dropped, time is stopped, and a 10-sec penalty is added. Two scores are 
obtained: 1) the initial time score to complete the test, and 2) the combined time 
score with penalty scores added to the initial time score. According to the 
classification of Aaron & Jansen15 FDT scores can be classified into categories, 
ranging from ‘functional’ to ‘non-functional’. Intra- and interrater reliability of the FDT 
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test appeared to be good, construct validity has been confirmed and preliminary 
normative data are available15. 

Protocol

Information concerning subject characteristics  was collected as part of a larger, 
descriptive cross-sectional study on the determinants of manual dexterity in 
HMSN1A. Manual dexterity was measured twice with a minimal interval of 5 days. 
To reduce variability, the same investigator (AV)  took all measurements at the same 

location.

Data analysis

Scores on SHT and FDT were analyzed using descriptive statistics. The ability to 

perform the tests was employed as an empirical indicator of feasibility. Homogeneity 
(internal consistency)  of the SHT was expressed in Cronbach’s α. Test-retest 
reliability of the SHT sum scores and the FDT raw scores was assessed by 
calculating intraclass correlation coefficient's (ICC) and the 95% confidence interval 
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Table 1: Characteristics of the study sample (n = 49) Table 1: Characteristics of the study sample (n = 49) Table 1: Characteristics of the study sample (n = 49) 

Sex, n (%) male 21 (43)

female 28 (57)

Age, yrs mean ±SD, range 46.8 ±11.7, 21 - 69

Age per stratum, n (%) 18-39 yrs. 13 (26.5)

40-59 yrs. 29 (59.0)

≥ 60 yrs. 7 (14.3)

Hand dominance, n(%) right 48 (98)

left 1 (2)

Disease duration*, yrs. mean, median, range 31.5, 30.7, 2.7-60.1

Hand involvement, n (%) yes / no / missing 37 (75.5) / 11 (22.5) / 1 (2)

Duration hand involvement**, yrs. mean, median, range 11.6, 6.7, 0-54.8

Working status, n (%) yes / no / not applicable 32 (65.3) / 16 (32.7) / 1 (2)

*  = Time since first symptoms of HMSN; ** = Time since first symptoms of the hand*  = Time since first symptoms of HMSN; ** = Time since first symptoms of the hand*  = Time since first symptoms of HMSN; ** = Time since first symptoms of the hand



(CI)  of the ICC, from a random effects one-way analysis of variance. A lower limit of 
the CI of at least 0.75 was considered as good test-retest reliability23,24. Systematic 
differences  between visits were tested with Student’s t–tests. Agreement of 

measurements was analyzed according to the Bland-Altman method25. For all 
analyses, an alpha level of p< 0.05 was used. All data was analyzed using the SPSS 
12.0.1 statistical program a.

RESULTS

From the group of 63  subjects with HMSN1A, 53  were willing to participate in this 
study. Four subjects were excluded; 3  due to co-morbidity and one due to alcohol 
abuse. Characteristics  of the final study sample (n= 49, 78%  response rate)  are 
shown in table 1. Forty-two subjects  were willing to return for a second evaluation of 
manual dexterity (mean interval of 27 days).

Ninety-four percent of the subjects  had an abnormal SHT sum-score for the 
dominant hand (<80) and 59% of the subjects  for the non-dominant hand (<77). The 
distributions of the SHT scores appeared to be skewed, showing marked clustering 
between 70 and 79  points. Although the sum-scores  ranged from 33  to 80 for the 
dominant hand and from 41 to 80 for the non-dominant hand, the P25 indicates that 

the majority (75%)  of the subjects had a sum-score of 67.5 or more for the dominant 
hand (Table 2).

Table 2: Score distributions of SHT and FDT scoresTable 2: Score distributions of SHT and FDT scoresTable 2: Score distributions of SHT and FDT scoresTable 2: Score distributions of SHT and FDT scoresTable 2: Score distributions of SHT and FDT scoresTable 2: Score distributions of SHT and FDT scores

Test Median (P25; P75) Range Mean ±SD

SHT D 76 (67.5; 78.0) 33 - 80

ND 76 (69.0; 77.5) 41 - 80

FDT-1 (s) D 25.1 (21.9; 36.3) 16.2 - 93.0 31.0 ±14.7

ND 28.5 (24.5; 37.8) 18.5 - 73.0 33.2 ±13.2

FDT-C (s) D 29.0 (22.9; 49.2) 16.2 - 149.4

ND 33.4 (26.4; 49.7) 20.8 - 144.8

N= 49; The sum-scores of the Sollerman test (SHT) are given in points; SHT norm scores for 
the dominant hand: 80 points and non-dominant hand: 77-79 points; FDT scores are given in 
seconds; FDT-1 = Initial FDT time score; FDT-C = Combined FDT score (with penalties).
D = dominant hand, ND = non-dominant hand

N= 49; The sum-scores of the Sollerman test (SHT) are given in points; SHT norm scores for 
the dominant hand: 80 points and non-dominant hand: 77-79 points; FDT scores are given in 
seconds; FDT-1 = Initial FDT time score; FDT-C = Combined FDT score (with penalties).
D = dominant hand, ND = non-dominant hand

N= 49; The sum-scores of the Sollerman test (SHT) are given in points; SHT norm scores for 
the dominant hand: 80 points and non-dominant hand: 77-79 points; FDT scores are given in 
seconds; FDT-1 = Initial FDT time score; FDT-C = Combined FDT score (with penalties).
D = dominant hand, ND = non-dominant hand

N= 49; The sum-scores of the Sollerman test (SHT) are given in points; SHT norm scores for 
the dominant hand: 80 points and non-dominant hand: 77-79 points; FDT scores are given in 
seconds; FDT-1 = Initial FDT time score; FDT-C = Combined FDT score (with penalties).
D = dominant hand, ND = non-dominant hand

N= 49; The sum-scores of the Sollerman test (SHT) are given in points; SHT norm scores for 
the dominant hand: 80 points and non-dominant hand: 77-79 points; FDT scores are given in 
seconds; FDT-1 = Initial FDT time score; FDT-C = Combined FDT score (with penalties).
D = dominant hand, ND = non-dominant hand

N= 49; The sum-scores of the Sollerman test (SHT) are given in points; SHT norm scores for 
the dominant hand: 80 points and non-dominant hand: 77-79 points; FDT scores are given in 
seconds; FDT-1 = Initial FDT time score; FDT-C = Combined FDT score (with penalties).
D = dominant hand, ND = non-dominant hand

N= 49; The sum-scores of the Sollerman test (SHT) are given in points; SHT norm scores for 
the dominant hand: 80 points and non-dominant hand: 77-79 points; FDT scores are given in 
seconds; FDT-1 = Initial FDT time score; FDT-C = Combined FDT score (with penalties).
D = dominant hand, ND = non-dominant hand

N= 49; The sum-scores of the Sollerman test (SHT) are given in points; SHT norm scores for 
the dominant hand: 80 points and non-dominant hand: 77-79 points; FDT scores are given in 
seconds; FDT-1 = Initial FDT time score; FDT-C = Combined FDT score (with penalties).
D = dominant hand, ND = non-dominant hand
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Table 3: Results of the SHT subtestsTable 3: Results of the SHT subtestsTable 3: Results of the SHT subtestsTable 3: Results of the SHT subtestsTable 3: Results of the SHT subtestsTable 3: Results of the SHT subtests

Subtests Expected grips % below 
norm

1 Put key into Yale lock, turn 90˚ Pulp pinch, lateral pinch D
ND

29 %
22 %

2 Pick coins up from flat surface, 
put into purse mounted on wall

Pulp pinch D
ND

37 %
25 %

3 Open/close purse Pulp pinch, lateral pinch D
ND

41 %
47 %

4 Pick up coins from purses Pulp pinch D
ND

33 %
45 %

5 Lift wooden cubes over edge 
5 cm in height

5-finger pinch D
ND

33 %
33 %

6 Lift iron over edge 
5 cm in height

Transverse volar grip D
ND

16 %
12 %

7 Turn screw with screwdriver Diagonal volar grip D
ND

18 %
12 %

8 Pick up nuts and put on bolts Pulp pinch, lateral pinch, tripod pinch D
ND

90 %
96 %

9 Unscrew lid of jars Spherical volar grip D
ND

29 %
25 %

10 Do up buttons Pulp pinch, lateral pinch D
ND

41 %
33 %

11 Cut modelling clay with 
knife and fork

Tripod pinch, diagonal volar grip D
ND

33 %
20 %

12 Put tubigrip stocking on the other hand Lateral pinch, 5-finger pinch D
ND

20 %
20 %

13 Write with a pen Tripod pinch D
ND

31 %
41 %

14 Fold paper, put into envelope 5-finger pinch, lateral pinch D
ND

33 %
33 %

15 Put paper clip on envelope Pulp pinch, lateral pinch D
ND

35 %
33 %

16 Pick up telephone-receiver 
and put it to the ear

Diagonal volar grip D
ND

14 %
12 %

17 Turn door-handle 30˚ Transverse volar grip D
ND

10 %
10 %

18 Pour water from one litre paper 
milk package

5-finger pinch D
ND

20 %
18 %

19 Pour water from jug Transverse volar grip D
ND

10 %
12 %

20 Pour water from cup Pulp pinch, lateral pinch D
ND

37 %
33 %

The % scores represent, with regard to the subtest, the percentage of subjects with a man-
ual dexterity score below normal performance. Scores are obtained from the first admini-
stration of the SHT.
D = dominant hand, ND = non-dominant hand.

The % scores represent, with regard to the subtest, the percentage of subjects with a man-
ual dexterity score below normal performance. Scores are obtained from the first admini-
stration of the SHT.
D = dominant hand, ND = non-dominant hand.

The % scores represent, with regard to the subtest, the percentage of subjects with a man-
ual dexterity score below normal performance. Scores are obtained from the first admini-
stration of the SHT.
D = dominant hand, ND = non-dominant hand.

The % scores represent, with regard to the subtest, the percentage of subjects with a man-
ual dexterity score below normal performance. Scores are obtained from the first admini-
stration of the SHT.
D = dominant hand, ND = non-dominant hand.

The % scores represent, with regard to the subtest, the percentage of subjects with a man-
ual dexterity score below normal performance. Scores are obtained from the first admini-
stration of the SHT.
D = dominant hand, ND = non-dominant hand.

The % scores represent, with regard to the subtest, the percentage of subjects with a man-
ual dexterity score below normal performance. Scores are obtained from the first admini-
stration of the SHT.
D = dominant hand, ND = non-dominant hand.
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No difference was found between the SHT sum-scores for the dominant and non-
dominant hands (mean difference, -0.5; standard deviation [SD], 4.9; p= 0.45).  SHT 
scores did not correlate significantly with age (rs= -0.27; p= 0.06) but a negative 

correlation with disease duration was found (rs= -0.34; p= 0.02; Figure 1).
None of the 20 SHT subtests were performed within reference limits by all subjects 
(Table 3). Subtest 8  (pick up nuts  and put on bolts) stands out, with 90% of the 
subjects scoring below normal with the dominant hand and 96%  with the non-
dominant hand, respectively.

Median and percentile scores of the FDT are presented in table 2. Fine hand use 
subjects with HMSN1A ranged from functional to non-functional, with an average 
FDT score indicating a ‘moderately functional’ level. Compared with the initial FDT 
time scores, the median of the combined scores were 3.9  sec longer for the 
dominant hand and 4.9 sec longer for the non-dominant hand, respectively. Large 

differences  between initial time scores and combined scores  were seen for the P75 
scores in particular, with differences of 9.9 and 11.9 sec, respectively. 
Feasibility of the SHT and FDT was good. Although we observed various 
compensatory movement patterns, all subjects were able to complete both tests 
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Table 4: Reproducibility - ICC's and Bland and Altman testsTable 4: Reproducibility - ICC's and Bland and Altman testsTable 4: Reproducibility - ICC's and Bland and Altman testsTable 4: Reproducibility - ICC's and Bland and Altman testsTable 4: Reproducibility - ICC's and Bland and Altman testsTable 4: Reproducibility - ICC's and Bland and Altman testsTable 4: Reproducibility - ICC's and Bland and Altman testsTable 4: Reproducibility - ICC's and Bland and Altman testsTable 4: Reproducibility - ICC's and Bland and Altman tests

Test ICC
(one way random)

ICC
(one way random)

Bland and AltmanBland and AltmanBland and AltmanBland and AltmanBland and Altman

ICCcoeff 95% CI d̅ SE of d̅ 95% CI for d̅ SDdiff 95% limits of 
agreement

SHT D 0.99 0.98 → 0.99 -0.07 0.23 -0.54 → 0.39 1.5 -3.1 → 2.9

ND 0.98 0.97 → 0.99 -0.50 0.28 -1.06 → 0.06 1.8 -4.1 → 3.1

FDT-1 (s) D 0.87 0.77 → 0.93 -1.76 1.00 -3.77 → 0.25 6.45 -29% → 28%

ND 0.83 0.71 → 0.91 0.14 1.21 -2.31 → 2.59 7.86 -31% → 49%

FDT-C 
(s)

D 0.93 0.88 → 0.96 -0.67 1.96 -4.63 → 3.29 12.71 -44% → 65%

ND 0.95 0.91 → 0.97 -1.04 1.51 -4.10 → 2.02 9.81 -39% → 52%

ICC values are presented with their 95% confidence interval; the 95% limits of agreement of 
the FDT-1 and FDT-C scores are expressed as ratios (derived by taking the antilogs of the 
limits of agreement calculated on log-transformed data).d is the mean difference; SE of d is 
the standard error of the mean difference; ICCcoeff is the intraclass correlation coefficient; 
95% CI for d is the 95% confidence interval for the mean difference; SDdiff is the standard 
deviation of the differences. SHT = Sollerman sum score, FDT-1 = initial score of Functional 
Dexterity test and FDT-C = the combined FDT score. D = dominant hand, ND = non-
dominant hand.

ICC values are presented with their 95% confidence interval; the 95% limits of agreement of 
the FDT-1 and FDT-C scores are expressed as ratios (derived by taking the antilogs of the 
limits of agreement calculated on log-transformed data).d is the mean difference; SE of d is 
the standard error of the mean difference; ICCcoeff is the intraclass correlation coefficient; 
95% CI for d is the 95% confidence interval for the mean difference; SDdiff is the standard 
deviation of the differences. SHT = Sollerman sum score, FDT-1 = initial score of Functional 
Dexterity test and FDT-C = the combined FDT score. D = dominant hand, ND = non-
dominant hand.

ICC values are presented with their 95% confidence interval; the 95% limits of agreement of 
the FDT-1 and FDT-C scores are expressed as ratios (derived by taking the antilogs of the 
limits of agreement calculated on log-transformed data).d is the mean difference; SE of d is 
the standard error of the mean difference; ICCcoeff is the intraclass correlation coefficient; 
95% CI for d is the 95% confidence interval for the mean difference; SDdiff is the standard 
deviation of the differences. SHT = Sollerman sum score, FDT-1 = initial score of Functional 
Dexterity test and FDT-C = the combined FDT score. D = dominant hand, ND = non-
dominant hand.

ICC values are presented with their 95% confidence interval; the 95% limits of agreement of 
the FDT-1 and FDT-C scores are expressed as ratios (derived by taking the antilogs of the 
limits of agreement calculated on log-transformed data).d is the mean difference; SE of d is 
the standard error of the mean difference; ICCcoeff is the intraclass correlation coefficient; 
95% CI for d is the 95% confidence interval for the mean difference; SDdiff is the standard 
deviation of the differences. SHT = Sollerman sum score, FDT-1 = initial score of Functional 
Dexterity test and FDT-C = the combined FDT score. D = dominant hand, ND = non-
dominant hand.

ICC values are presented with their 95% confidence interval; the 95% limits of agreement of 
the FDT-1 and FDT-C scores are expressed as ratios (derived by taking the antilogs of the 
limits of agreement calculated on log-transformed data).d is the mean difference; SE of d is 
the standard error of the mean difference; ICCcoeff is the intraclass correlation coefficient; 
95% CI for d is the 95% confidence interval for the mean difference; SDdiff is the standard 
deviation of the differences. SHT = Sollerman sum score, FDT-1 = initial score of Functional 
Dexterity test and FDT-C = the combined FDT score. D = dominant hand, ND = non-
dominant hand.

ICC values are presented with their 95% confidence interval; the 95% limits of agreement of 
the FDT-1 and FDT-C scores are expressed as ratios (derived by taking the antilogs of the 
limits of agreement calculated on log-transformed data).d is the mean difference; SE of d is 
the standard error of the mean difference; ICCcoeff is the intraclass correlation coefficient; 
95% CI for d is the 95% confidence interval for the mean difference; SDdiff is the standard 
deviation of the differences. SHT = Sollerman sum score, FDT-1 = initial score of Functional 
Dexterity test and FDT-C = the combined FDT score. D = dominant hand, ND = non-
dominant hand.

ICC values are presented with their 95% confidence interval; the 95% limits of agreement of 
the FDT-1 and FDT-C scores are expressed as ratios (derived by taking the antilogs of the 
limits of agreement calculated on log-transformed data).d is the mean difference; SE of d is 
the standard error of the mean difference; ICCcoeff is the intraclass correlation coefficient; 
95% CI for d is the 95% confidence interval for the mean difference; SDdiff is the standard 
deviation of the differences. SHT = Sollerman sum score, FDT-1 = initial score of Functional 
Dexterity test and FDT-C = the combined FDT score. D = dominant hand, ND = non-
dominant hand.

ICC values are presented with their 95% confidence interval; the 95% limits of agreement of 
the FDT-1 and FDT-C scores are expressed as ratios (derived by taking the antilogs of the 
limits of agreement calculated on log-transformed data).d is the mean difference; SE of d is 
the standard error of the mean difference; ICCcoeff is the intraclass correlation coefficient; 
95% CI for d is the 95% confidence interval for the mean difference; SDdiff is the standard 
deviation of the differences. SHT = Sollerman sum score, FDT-1 = initial score of Functional 
Dexterity test and FDT-C = the combined FDT score. D = dominant hand, ND = non-
dominant hand.

ICC values are presented with their 95% confidence interval; the 95% limits of agreement of 
the FDT-1 and FDT-C scores are expressed as ratios (derived by taking the antilogs of the 
limits of agreement calculated on log-transformed data).d is the mean difference; SE of d is 
the standard error of the mean difference; ICCcoeff is the intraclass correlation coefficient; 
95% CI for d is the 95% confidence interval for the mean difference; SDdiff is the standard 
deviation of the differences. SHT = Sollerman sum score, FDT-1 = initial score of Functional 
Dexterity test and FDT-C = the combined FDT score. D = dominant hand, ND = non-
dominant hand.

ICC values are presented with their 95% confidence interval; the 95% limits of agreement of 
the FDT-1 and FDT-C scores are expressed as ratios (derived by taking the antilogs of the 
limits of agreement calculated on log-transformed data).d is the mean difference; SE of d is 
the standard error of the mean difference; ICCcoeff is the intraclass correlation coefficient; 
95% CI for d is the 95% confidence interval for the mean difference; SDdiff is the standard 
deviation of the differences. SHT = Sollerman sum score, FDT-1 = initial score of Functional 
Dexterity test and FDT-C = the combined FDT score. D = dominant hand, ND = non-
dominant hand.

ICC values are presented with their 95% confidence interval; the 95% limits of agreement of 
the FDT-1 and FDT-C scores are expressed as ratios (derived by taking the antilogs of the 
limits of agreement calculated on log-transformed data).d is the mean difference; SE of d is 
the standard error of the mean difference; ICCcoeff is the intraclass correlation coefficient; 
95% CI for d is the 95% confidence interval for the mean difference; SDdiff is the standard 
deviation of the differences. SHT = Sollerman sum score, FDT-1 = initial score of Functional 
Dexterity test and FDT-C = the combined FDT score. D = dominant hand, ND = non-
dominant hand.
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within the reported administration time14,15 and test scores were obtained in all 
subjects. 

The homogeneity of the SHT subtests scores was high for both the dominant (α = 
0.96)  and the non-dominant hand (α = 0.95), indicating good internal consistency. 
The test-retest reliability was excellent for the measurements of the SHT. ICCs 
ranged from moderate to good for initial FDT scores and from good to excellent for 
FDT combined scores (Table 4). There were no systematic differences in SHT and 

FDT scores between visits. 
For the dominant hand, the 95% limits of agreement between the 2 SHT 
measurements were -3.1 to 2.9  points, and for the non-dominant hand -4.1 to 3.1 
points (Table 4). Since the Bland-Altman plots of the FDT showed that the difference 
between 2 measurement values was proportional to their mean value, limits  of 

agreement were calculated on log-transformed data. The limits  of agreement for the 
FDT were wide (Table 4). 

Figure 1

Relation between 
manual dexterity
and disease duration
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DISCUSSION

The results  of this study show that impaired manual dexterity is a common finding 

among subjects with HMSN1A, and on average, fine hand use can be categorised 
as ‘moderately functional’. Activities  that require finger grips such as  the pulp pinch, 
the tripod pinch and the lateral pinch, are most limited.
Reduced manual dexterity, described in the International Classification of 
Functioning, Disability and Health (ICF)  as “fine hand use”, may hamper the 

execution of many daily activities of subjects with HMSN1A and lead to restrictions 
in participation7. For the rehabilitation management of upper extremity related 
disabilities the evaluation of manual dexterity with a dexterity test, qualified in an ICF 
perspective as capacity, is of crucial importance. It provides  information about the 
patient’s ability to execute a task or an action.  Because activities are the primary 

focus of rehabilitation, manual dexterity needs to be objectified, not merely as an 
outcome measure, but also for a better understanding of the causes of activity 
limitations and of the consequences of the impairments  in body functions for hand 
use. These relationships need to be known to design and evaluate rehabilitation 
interventions. 

In this  study we have used the SHT and the FDT. Previously we used the Jebsen 
test of hand function to evaluate manual dexterity in subjects  with HMSN type I and 
II12.  Although the Jebsen test also includes  functional tasks, it only measures  the 
time needed to perform a task. As a consequence, with this test some HMSN 
subjects were classified as  having normal manual dexterity, although they showed 

various compensatory movements.  Since the objective of evaluating manual 
dexterity is  to provide data about the speed, accuracy and manner of hand and 
finger use,  manual dexterity should be evaluated with a test that also incorporates 
qualitative aspects of movement8. The SHT and FDT both provided, besides speed, 
additional information on the quality of movement. The need of subjects to use 

compensatory movement patterns  is incorporated into both scoring systems, and 
with the SHT an evaluation of the various grip patterns commonly used in daily life 
was obtained and a broad spectrum of functional tasks is  evaluated. Compared to 
the FDT, the tasks of the SHT are more representative for activities of daily living and 
also include bilateral tasks. The SHT therefore better reflects the ability of HMSN1A 

subjects to use their hands in daily life. The FDT, on the other hand, is less time 
consuming.
The relatively high sum scores on the SHT suggest that the severity of the limitations 
in dexterity is  mild. However, it should be realized that the SHT measures overall 
hand function14. Low scores on the SHT are obtained only if all grip patterns are 
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severely affected. HMSN1A subjects performed relatively well on those subtests that 
required a volar grip, while activities that require finger grips, such as the pulp pinch 
and the tripod pinch, were difficult to perform. Picking up nuts and putting them on 

bolts using a tripod pinch was the most difficult task. Similar SHT scores were found 
in other studies of patients with affected hand function due to Dupuytren’s 
contractures16, and after long-term haemodialysis20.
Only 2 studies  on manual dexterity in HMSN were found1,10. Miller et al.1 reported 
poor performance on a Purdue pegboard and, in keeping with our results,  the 

greatest impairments were found in areas requiring the most precise function. 
However,  data on reliability and agreement of the Purdue pegboard in HMSN 
subjects were not reported.  More recently, Svensson et al.10 evaluated the manual 
dexterity and reliability of the Nine-hole-peg test and the Box and Block test in 20 
subjects with various types of CMT. In line with the results of our study, subjects with 

CMT were much slower than age- and sex-matched norms. Test-retest reliability of 
both tests was found to be good but it must be realized that the various 
compensatory hand grip techniques of HMSN subjects are not taken into account 
with these tests. Furthermore, as opposed to the SHT, the Nine-hole-peg test and 
Box and Block test provides solely information on the use of a pinch grip.

With respect to representativeness of our findings,  selection bias might have 
occurred.  Subjects with more upper limb impairment could be more willing to 
participate than those with less impairment. However, a high percentage (77.8%)  of 
the known HMSN1A subjects at our departments  participated in this  study, 
selection was  made only on the basis of diagnosis and 22.5%  of our study sample 

did not experience any upper limb involvement (Table 1).
Opinions differ about the natural course of HMSN1A in adulthood. A recent study 
suggests that disease duration is associated with the severity of signs and 
symptoms3. Our study findings support this hypothesis (Figure 1), but this should 
further be evaluated in prospective follow-up studies. 

An essential requirement of all outcome measures  is that they are feasible, valid and 
reproducible. Feasibility of the SHT and FDT was  good. All subjects were able to 
complete both dexterity tests, varying from subjects with no limitations to subjects 
with severe involvement of the upper limb.
The test-retest reliability of the SHT measurements was excellent and moderate to 

excellent for FDT scores. The Bland and Altman 95% limits  of agreement tests 
showed that, for example, for the dominant hand only a decline between 2 SHT 
measurements of more than 3  points can be interpreted as a real decline in manual 
dexterity. The limits of agreement for the initial and combined scores of the FDT 
showed rather wide ranges. This has to be taken into account when tests are used 
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for longitudinal evaluation of manual dexterity of individual subjects with HMSN. 
Together with the fact that, compared with the FDT, the SHT tasks  better represent 
activities  of daily living, we propose the SHT be used in HMSN1A for monitoring 

disease progression and evaluating hand therapy programmes. The FDT can serve 
as a quick test to assess the severity of impaired dexterity.
This  study did not aim to provide full validity and reliability of the SHT and FDT in 
subjects with HMSN. For that purpose, studies that focus  on inter-observer reliability 
and concurrent validity are warranted.

In conclusion, impaired manual dexterity is common in HMSN1A, and evaluation of 
fine hand use should therefore be included as an essential part of the functional 
assessment. Both the SHT and the FDT dexterity tests render detailed information 
on various aspects  of dexterity in subjects with HMSN1A. Based on the 
representation of daily life activities  and reliability, the SHT should be used in clinical 

practice, to monitor disease progression and the effects  of hand treatment 
programmes, and in research to evaluate the relationships between dexterity on the 
one hand and impairments in body functions and activity limitations  on the other. 
Better insight into these relationships  is  needed in order to develop adequate, 
evidence-based interventions.
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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 

The hand in Charcot-Marie-Tooth disease 1A

74



 5

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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ABSTRACT

Objective: To evaluate upper limb functioning, restrictions on participation and the 

independent contribution of upper and lower limb disability to participation in 
hereditary motor and sensory neuropathy 1A.
Design: Descriptive cross-sectional study.
Subjects: Forty-nine patients with hereditary motor and sensory neuropathy 1A.

Methods:  Perceived upper limb functioning was evaluated using the Michigan Hand 
Outcomes Questionnaire and participation restrictions with the Impact on 
Participation and Autonomy Questionnaire.  Upper and lower limb domains of Guy’s 
Neurological Disability Scale were used to determine their impact on participation 
restrictions.

Results: Limitations in upper limb functioning were perceived by 98%  of the 
patients. Median scores ranged between 70 points  for overall hand function and 
100 points for aesthetics (scale 0 - 100). Patients were least satisfied with dominant 
hand performance. Most patients (46-78%) reported their participation to be 
sufficient. Restrictions were reported in the domains work, family roles, and 

autonomy outdoors. Minor problems with restricted participation were indicated by 
22-55%, severe problems by 2-12%. Upper limb functioning correlated significantly 
with all participation subscales.  Upper limb disability was independently associated 
with participation restrictions, whereas lower limb disability was not.
Conclusion: Limitations in upper limb functioning were perceived by the majority of 

patients with hereditary motor and sensory neuropathy 1A and strongly related to 
restricted participation.
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INTRODUCTION

Hereditary motor and sensory neuropathy (HMSN), also known as Charcot-Marie-

Tooth disease (CMT), is the most common inherited neuropathy, affecting 
approximately one in every 2,500 individuals1. Demyelinating HMSN1A,  the most 
prevalent subtype of HMSN, is characterised by slowly progressive distal muscle 
weakness and wasting and by sensory loss. In the upper limbs the intrinsic hand 
muscles  are primarily affected, often manifesting as a clawing of the fingers and 

impaired hand function2-5. 
The progression of HMSN1A cannot currently be influenced. The rehabilitation of 
these patients therefore aims to reduce the limitations in activities and optimize 
participation in society6. A previous pilot study of 20 patients with HMSN type I and 
II showed that 25%  of the patients perceived major limitations in hand function7. 

More recently, we studied the ability of HMSN1A patients  to execute manual tasks 
and showed that impaired manual dexterity is common, especially for activities 
requiring finger grips8.  Although these latter results provided information on the 
capacity of HMSN1A patients to perform manual tasks,  it did not give insight into 
patients’ perception of functioning. Participation, defined by the International 

Classification of Functioning, Disability and Health (ICF)  as  the social involvement in 
a life situation, is a concept that addresses the need to assess patients’ own 
perceptions of their life situation6. Quality of life in HMSN has attracted interest 
recently9-12, but to our knowledge no reports have been published on either 
perceived upper limb functioning or patient participation in HMSN1A. Lack of insight 

into the perceived limitations and restrictions in participation hampers practitioners  in 
informing patients about the functional and societal consequences of their disease 
and in determining effective rehabilitation programmes.
The aim of the present study was  to evaluate perceived upper limb functioning and 
restrictions in participation in patients with HMSN1A. In HMSN1A both lower and 

upper limbs are involved,  with the lower limbs  becoming affected earlier and more 
severely.  Therefore, the independent contribution of upper and lower limb 
functioning to participation restrictions was also studied.

METHODS

Participants

The study sample consisted of 49  HMSN1A patients who had already been 
described in detail  previously8. All  patients met the following inclusion criteria: 
between 18  and 70 years of age and diagnosis confirmed by a duplication on 
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chromosome 17p11.2-p12. Patients were excluded if they had difficulties 
comprehending or reading the Dutch language and if their medical history included 
stroke, plexopathy, radiculopathy, upper limb pathology (traumatic, degenerative, 

idiopathic), upper limb surgery or a psychiatric disorder.
Written informed consent was obtained from all patients in accordance with the 
protocol approved by the university hospital Medical Ethics Committee.

Assessments

Perceived upper limb functioning was  evaluated using the Dutch language version of 
the Michigan Hand Outcomes Questionnaire (MHQ-DLV).  The MHQ is  a 57-item 
hand-specific outcome questionnaire designed specifically for the assessment of 
perceived physical functioning of patients  with chronic hand conditions. 
Furthermore, it provides separate domain scores relevant for HMSN1A patients. This 

self-administered questionnaire contains  6  domains: 1)  overall hand function,  2) 
activities  of daily living, 3)  pain, 4) work performance, 5)  aesthetics, or the 
appearance of the hand, and 6) patient satisfaction with hand function. Domains 1, 
2, 5, and 6 assess  each hand separately. In general, the mean time required to 
complete the questionnaire is 10 minutes13. Raw scores for each scale can be 

converted to a sum score ranging from 0 to 100; high scores denote better hand 
performance and less pain. The MHQ has been proven to be reliable, valid and 
responsive to change in patients with chronic hand disorders13-15. Though not 
specifically validated for HMSN, it has been used in various hand pathology studies, 
such as carpal tunnel syndrome, Dupuytren’s disease and full-thickness  hand 

burns14,16-18.
The Impact on Participation and Autonomy Questionnaire (IPA)  was used to assess 
restrictions in participation19,20. We have chosen this generic self-administered 
questionnaire as it focuses  on patient’s  self perception of participation. The IPA 
measures 2 aspects of participation. Firstly, the IPA quantifies restrictions in 5 

domains reflecting different life situations: 1)  autonomy indoors,  2) autonomy 
outdoors, 3) family role, 4)  social relationships, and 5) work and education. Each 
domain is graded on a 5-point scale, with responses ranging from 0 (very good) to 4 
(very poor). A mean score was  calculated for each domain; higher mean scores 
denote more restrictions  on participation in the specific domain. Secondly, the IPA 

examines 9 items (mobility, self-care, family role, finances, leisure, social relations, 
helping and supporting others, occupation, and education)  to determine the extent 
to which patients perceive their restrictions on participation as problematic. This 
second aspect was graded on a 3-point scale, ranging from 0 (no problem)  to 2 
(severe problem). The IPA is considered to be reliable and has been validated in 

The hand in Charcot-Marie-Tooth disease 1A

84



 6

patients with neuromuscular disease, spinal cord injury, stroke, rheumatoid arthritis, 
traumatic hand injury and fibromyalgia19-22. 
We used the upper and lower limb domains of the Guy’s Neurological Disability 

Scale (GNDS) to assess  the impact of upper and lower limb disabilities on 
participation restrictions23.  The GNDS was developed as  a measure of disability in 
multiple sclerosis and found to be reliable, responsive, and valid23,24. This face-to-
face questionnaire has also been applied to inflammatory neuropathies and HMSN 
studies25,26 and was chosen as  it allows for a standardized and similar evaluation of 

both lower and upper limb disabilities. Scores range between 0 and 5 (most severe 
problem in that area)  and are graded for the upper limb and lower limb as: 0 = no 
problems, 1 = problems in one or both arms, not affecting activities like dressing, 
washing or brushing hair, turning a key, eating and doing up zips or buttons; walking 
is  affected, but walks independently;  2 = problems in one or both arms affecting 

some,  but not preventing any, of the activities listed; mostly uses unilateral support 
to walk outdoors; 3  = problems in one or both arms, affecting all  or preventing one 
or two of the activities listed;  mostly uses bilateral support to walk outdoors;  4 = 
problems in one or both arms preventing 3  of the activities  listed; mostly uses 
wheelchair to travel outdoors, but able to stand and walk a few steps and 5 = 

unable to use either arm for any purposeful movements; restricted to wheelchair, 
unable to walk a few steps. 
Data concerning patient characteristics and MHQ and IPA data were collected by 
one examiner,  as part of a larger descriptive cross-sectional study on the 
determinants of manual dexterity in HMSN1A. The GNDS was scored by a 

neurologist.

Statistical analysis

The characteristics of the study group were summarized by descriptive statistics. 
Mean and standard deviation (SD) or median and (25th and 75th percentile)  scores 

were calculated for all domains of the MHQ, GNDS, and subscales of the IPA. 
Differences  between dominant and non-dominant MHQ scores were compared by 
paired sample t-tests  or Wilcoxon signed-rank tests. Associations between 
perceived upper limb functioning determined by the MHQ, participation scores 
determined by the IPA, and age were investigated using Pearson product moment 

correlation coefficients (r)  or Spearman rank correlation coefficients (rs)  depending on 
the distribution of the data. 
The independent contribution of upper and lower limb disabilities to perceived 
restrictions on the different domains of participation, as determined by the GNDS 
scores, was explored using multiple linear regression analysis.  Residual analysis was 
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performed to search for violations of necessary assumptions  in the multiple 
regression in terms of linearity, equality of variance, independence of error, normality, 
and influential data points  (Cook's  distances). Statistical significance was set at p< 

0.05. All statistical analyses were performed using SPSS 16.0.2 for Windows.

Table 1: Characteristics of 49 HMSN1A patientsTable 1: Characteristics of 49 HMSN1A patientsTable 1: Characteristics of 49 HMSN1A patients

Gender, n male 21

female 28

Age, yrs mean, range 46.8, 21 - 69

Hand dominance, n right 48

left 1

Disease duration*, yrs. mean, range 31.5, 2.7 - 60.1

Hand involvement, n yes / no / missing 37 / 11 / 1

Duration hand involvement**, yrs. mean, range 14.2, 1.6 - 54.8

Working status, n yes / no / not applicable 32 / 16 / 1

Disability benefit, n yes / no / not applicable 22 / 25 / 2

*  = Time since first symptoms of hereditary motor and sensory neuropathy 1A (HMSN1A)

** = Time since first hand symptoms, if applicable (n= 37)

*  = Time since first symptoms of hereditary motor and sensory neuropathy 1A (HMSN1A)

** = Time since first hand symptoms, if applicable (n= 37)

*  = Time since first symptoms of hereditary motor and sensory neuropathy 1A (HMSN1A)

** = Time since first hand symptoms, if applicable (n= 37)

RESULTS

From the 63  DNA confirmed HMSN1A patients, known at the departments of 
neurology and rehabilitation medicine of our university hospital, 53  agreed to 
participate.  Four patients were excluded: 3  with comorbidity (Dupuytren's disease, 
recent shoulder surgery, psychiatric disorder) and one with alcohol abuse in the 
history. The characteristics  of the final study sample (n= 49, 28  women and 21 men) 

are shown in table 1. Affected hand function was perceived by the majority of 
participants. Disease duration, duration of hand involvement, and working status 
varied greatly.

Perceived upper limb functioning

Ninety-eight percent of the HMSN1A patients perceived limitations in upper limb 
functioning (MHQ sum score < 100). The domain and sum scores  for the MHQ are 
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shown in table 2. Median scores are given, as the distribution of MHQ scores 
appeared to be skewed. Most limitations  were indicated in the domains of overall 
hand function, work,  and satisfaction with hand function. Median scores ranged 

between 70 points  for overall hand function and 100 for aesthetics. High MHQ 

scores were found for 2 domains: aesthetics  and pain. The MHQ sum score for the 
dominant hand was significantly lower than the non-dominant hand (p< 0.001, 
Wilcoxon signed-rank test). At the domain level, a significant difference between 

both hands was only found for one domain, satisfaction (p< 0.001).  A significant 
negative association was found between the MHQ sum scores  for the dominant 
hand and age (Spearman’s rank correlation coefficient: -0.31, p< 0.05).

Perceived restrictions on participation and autonomy

The standardised median (P25; P75)  sum scores for all  IPA subscales are given in 
table 3. A wide range of scores was found. For example, in the work and education 
domain the scores  ranged from 0 (no restrictions)  to 4, which indicates  very poor 
participation and autonomy. The extent to which patients quantified their 
participation is also shown in table 3. Overall, the majority of patients  (46-78%) 

reported their participation to be very good or good. Fair participation was  perceived 
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Domain 	Median	(P 25;	P 75)     Range

Overall hand function D 	 70.0	 (55.0;	75.0) 	35 -  100

ND 	 70.0	 (65.0;	75.0) 	35 -  100

ADL D 	 85.4	 (72.1;	95.7) 	16 -  100

ND 	 85.4	 (73.6;	94.5) 	11 -  100

Work 	 80.0	 (52.5;	100.0) 	  0 -  100

Pain* 	 90.0	 (60.0;	100.0) 	  5 -  100

Aesthetics D 	 100.0	 (81.3;	100.0) 	31 -  100

ND 	 93.8	 (87.5;	100.0) 	38 -  100

Satisfaction** D 	 75.0	 (45.8;	93.8) 	17 -  100

ND 	 83.3	 (54.2;	100.0) 	13 -  100

Sum score** D 	 80.3	 (63.8;	92.5) 	21 -  100

ND 	 82.4	 (66.3;	91.7) 	21.2 - 99.3

Median scores, 25th and 75th percentile scores, and minimum and maximum scores are 

given for all domains of the MHQ; high scores denote better hand performance. ADL = 

Activities of Daily Living. * Recorded pain score (100 = no pain); ** Significant differences 

between dominant (D) and non-dominant (ND) hand scores (p< 0.01).

Median scores, 25th and 75th percentile scores, and minimum and maximum scores are 

given for all domains of the MHQ; high scores denote better hand performance. ADL = 

Activities of Daily Living. * Recorded pain score (100 = no pain); ** Significant differences 

between dominant (D) and non-dominant (ND) hand scores (p< 0.01).

Median scores, 25th and 75th percentile scores, and minimum and maximum scores are 

given for all domains of the MHQ; high scores denote better hand performance. ADL = 

Activities of Daily Living. * Recorded pain score (100 = no pain); ** Significant differences 

between dominant (D) and non-dominant (ND) hand scores (p< 0.01).

Median scores, 25th and 75th percentile scores, and minimum and maximum scores are 

given for all domains of the MHQ; high scores denote better hand performance. ADL = 

Activities of Daily Living. * Recorded pain score (100 = no pain); ** Significant differences 

between dominant (D) and non-dominant (ND) hand scores (p< 0.01).

Median scores, 25th and 75th percentile scores, and minimum and maximum scores are 

given for all domains of the MHQ; high scores denote better hand performance. ADL = 

Activities of Daily Living. * Recorded pain score (100 = no pain); ** Significant differences 

between dominant (D) and non-dominant (ND) hand scores (p< 0.01).

Median scores, 25th and 75th percentile scores, and minimum and maximum scores are 

given for all domains of the MHQ; high scores denote better hand performance. ADL = 

Activities of Daily Living. * Recorded pain score (100 = no pain); ** Significant differences 

between dominant (D) and non-dominant (ND) hand scores (p< 0.01).



by more than 25% of the patients  for all of the IPA subscales, with the exception of 
autonomy indoors. In work and education, more than one-third of the patients 
experienced fair participation and autonomy. Reports of insufficient participation, 

either poor or very poor,  was indicated in the domains of getting or keeping work, 
doing preferred work, social contacts, leisure time, moving freely indoors  and 
outdoors, and performing the role, tasks, and responsibilities within the family. 
Table 4 shows the percentage of patients reporting problems in 9  aspects of 
participation. A large proportion (22-55%) of the patients perceived minor problems. 

Severe problems with restricted participation were indicated by a small group 
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Table 3:	Standardised scores of the Impact of the Participation and Autonomy Questionnaire 

(IPA) - Perceived restrictions on participation (n= 49)

Standardised 
sum scores

Perceived participationPerceived participationPerceived participation

Very good 
& Good Fair

Poor & 
Very poor

Subscale Content Median     (P 25; P75)  
Range

n
%

n
%

n
%

Autonomy 
indoors

Chances of looking after 
yourself the way you want 
(washing, dressing, going to 
bed, eating, and drinking), 
moving freely indoors.

 0.7(0.0; 1.0)
0 - 2.9

38
77.6%

  9
18.4%

  2
  4.1%

Family role Perceived your role, tasks, and 
responsibilities within the 
family, doing tasks around the 
house and garden, choosing 
how to spend your money.

 1.1(0.7; 2.0)
0 - 3.4

24
49.0%

14
28.6%

  3
  6.1%

Autonomy 
outdoors

Activities outdoors, such as 
frequency of social contacts, 
possibilities to spend leisure 
time, and to get around 
outdoors when and where you 
want, leading the life you want.

 1.0(0.6; 1.8)
0 - 3.2

25
51.0%

17
34.7%

  7
14.3%

Social life 
and 
relationships

Quality of social life and 
relationships, communication, 
respect, and intimacy. Helping 
and supporting other people 
the way you want.

 0.7(0.4; 1.1)
0 - 2.0

37
75.5%

12
24.5%

-

Work and 
education*

Paid and voluntary work, 
education and training.

 1.2(0.8; 1.8)
0 - 4.0

17
45.9%

14
37.8%

  6
16.2%

Standardised median sum scores range from 0 to 4; a score of 0 indicates very good 

participation and autonomy, 1 good, 2 fair, 3 poor, and 4 very poor. * 12 patients reported that 

the item was not relevant to them and, according to the instructions in the question-naire, left 

out this subscale.
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(2-12%)  of the HMSN1A patients, particularly with items addressing their family role, 
leisure, and (voluntary) occupation.
All correlations  between MHQ sum scores and the IPA subscale scores were 

significant (p< 0.01;  Table 5). No significant association was found between the IPA 
domain scores and age.

Impact of upper and lower limb functioning on participation

The median (P25; P75,  range)  GNDS score was 2 (1; 2, 0-3)  for the upper limb and 3 

(2; 3, 0-4)  for the lower limb. For one patient no GNDS scores were obtained due to 
a failure to visit the participating neurologist. The independent contributions of upper 
and lower limb disabilities to perceived restrictions on the different domains of 
participation are shown in table 5. Upper limb disability, as determined by the 
GNDS, independently contributed to the IPA subscales for indoors, family role, and 

work and education. Lower limb disability did not significantly contribute to either of 
the IPA subscales.

DISCUSSION

The majority of the HMSN1A patients  perceived limited upper limb functioning and 

mild restrictions on participation. Patients were satisfied with the appearance of their 
hands  and rarely experienced pain. The dominant hand was reported as  being the 
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Table 4:	Results of the Impact on Participation and Autonomy Questionnaire (IPA) - Problem 

experience (n= 49)

Items on problem experience No problems
%

Minor problems
%

Severe problems
%

Mobility 41 55 4

Self-care 67 31 2

Family role 43 45 12

Finances 69 27 4

Leisure 41 51 8

Social relations 61 33 6

Helping and supporting 55 41 4

(Voluntary) occupation* 31 41 8

Education** 29 22 4

Values are reported as the percentage of patients that perceived their restrictions on 

participation as problematic. * 10 and ** 22 patients, respectively, indicated that these IPA 

items were irrelevant and, in accordance with the instructions of the IPA, omitted them.

Values are reported as the percentage of patients that perceived their restrictions on 

participation as problematic. * 10 and ** 22 patients, respectively, indicated that these IPA 

items were irrelevant and, in accordance with the instructions of the IPA, omitted them.

Values are reported as the percentage of patients that perceived their restrictions on 

participation as problematic. * 10 and ** 22 patients, respectively, indicated that these IPA 

items were irrelevant and, in accordance with the instructions of the IPA, omitted them.

Values are reported as the percentage of patients that perceived their restrictions on 

participation as problematic. * 10 and ** 22 patients, respectively, indicated that these IPA 

items were irrelevant and, in accordance with the instructions of the IPA, omitted them.

Values are reported as the percentage of patients that perceived their restrictions on 

participation as problematic. * 10 and ** 22 patients, respectively, indicated that these IPA 

items were irrelevant and, in accordance with the instructions of the IPA, omitted them.



most limited and patients were subsequently least satisfied with dominant hand 
functioning; a finding that can be explained by higher expectations  and demands for 
the dominant hand. Restrictions on participation were perceived particularly in the 

domains of work, family role, and autonomy outdoors. Although most HMSN1A 
patients found their participation to be sufficient in the domains addressed, a limited 
group (2-12%) indicated severe problems with restrictions on participation.
The MHQ has been found to be reliable and reproducible in patients with various 
wrist and hand disorders13,14,18, but in HMSN1A the psychometric properties of this 

questionnaire still needs to be investigated. Compared to the MHQ scores reported 
for other pathological conditions of the hand, such as  full-thickness hand burns 
(mean ±SD, 63  ±23), Dupuytren’s  contracture (mean ±SD, 74.7 ±12.8), other 
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Table 5:	Univariate and multivariate associations between upper and lower limb functioning 

and restrictions on participation
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Univariate associationUnivariate association Multivariate associationMultivariate associationMultivariate associationMultivariate associationMultivariate association

IPA subscale MHQ 
sum score

GNDS 
domain scores

B Std. error p Adjusted R2

IPA indoors -0.67** Upper limb
Lower limb

0.24
0.19

0.12
0.11

0.45*
0.11

0.13

IPA family role -0.72** Upper limb
Lower limb

0.41
0.19

0.15
0.14

0.01*
0.20

0.23

IPA outdoors -0.66** Upper limb
Lower limb

0.26
0.23

0.14
0.13

0.06
0.08

0.19

IPA social 
relations

-0.49** Upper limb
Lower limb

0.13
0.03

0.09
0.09

0.14
0.69

0.04

IPA work -0.79** Upper limb
Lower limb

0.41
0.11

0.20
0.19

0.049*
0.58

0.14

Univariate association: Spearman’s rank correlation coefficients between perceived upper 
limb function (Michigan Hand Outcomes Questionnaire [MHQ]) and restrictions on participa-
tion (Impact on Participation and Autonomy Questionnaire [IPA]; n= 49) are given.

Multivariate association: the association between upper- and lower limb disabilities (Guy’s 
Neurological Disability Scale [GNDS] domain scores) and IPA domain scores are based on 
multiple linear regression analyses (n= 48). Analysis of residuals did not show violations of 
necessary assumptions in multiple regression in terms of linearity, equality of variance, inde-
pendence of error and normality. R2 is the percentage of the total variation of the dependent 
variable score (restrictions in participation) that is explained by the independent variables 
(upper and lower limb disability scores). Each percentage is adjusted for the variables that are 
already included in the model. Adjusted R2 is adjusted for the number of independent vari-
ables in the model.*p< 0.05; **p< 0.01.
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peripheral  nerve (median, 59.9), and wrist disorders (median, 83.4), our results 
indicate that HMSN1A patients  perceived on average moderate restrictions, though 
ranging from severe to mild16-18. 

Overall, the degree of perceived restrictions  in participation of this  cohort of 
HMSN1A patients  was comparable to those of patients with other chronic diseases, 
such as multiple sclerosis, rheumatoid arthritis,  and spinal cord injury21. In the 
subscale family role, for example, the median standardised IPA score ranged from 
1.14 to 1.6  in the other conditions compared to 1.3  found in the present study. 

Nevertheless, the kind of perceived restrictions will evidently differ between 
diseases, as the distribution of impairments is disease specific. 
HMSN1A is a chronic disease in which patients have time to adapt to the increasing 
impairment and limitations in hand functioning.  This adaptation to disability and poor 
health is known as ‘response-shift’27 and may contribute to the mildness  of the 

perceived limitations in upper limb function and restrictions on participation and 
autonomy. 
The patients’ perceived upper limb functioning appeared to be strongly related to 
the perceived restrictions on participation and autonomy, especially in the domains 
of work and family role. These domains contain,  in particular, upper limb activities, 

for example doing work the way one prefers, minor and heavy housework, and 
repair activities. 
Both the lower and upper limbs are involved in HMSN1A with the lower limbs 
affected more severely. This  was reflected by the median GNDS scores we found in 
this HMSN1A cohort, indicating that usually bilateral support is  needed (2 canes or 

crutches,  frame, or 2 arms) to walk outdoors  (lower limb score 3)  and that the 
problems in one or both arms affect but not prevent activities  such as dressing, 
washing or brushing hair, turning a key, eating and up doing zippers (upper limb 
score 2). Surprisingly, the GNDS lower limb scores did not contribute significantly to 
either of the IPA subscales, although the association between lower limb disability 

and autonomy outdoors almost reached statistical significance. Upper limb disability 
contributed independently to the restrictions in participation and autonomy but the 
explained variances found were low (< 23%). This  may be explained by the fact that 
the GNDS is  an ordinal 6-step scale, making it insensitive to small differences in 
disability. As the GNDS evaluates the upper and lower limbs in a similar way, this 

cannot explain the finding that upper limb disability contributed independently to 
restrictions in participation and lower limb disability did not. Although we do believe 
that upper limb function has major impact on participation in HMSN1A, and that 
these are not spurious findings, further study is needed in this field.
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This  study is  the first to evaluate perceived upper limb functioning and restrictions 
on participation in a large sample of DNA-confirmed type 1A HMSN patients. 
Nevertheless, it has a few weaknesses. Firstly, there are no questionnaires  available 

that are specifically designed for HMSN1A. Therefore, the questionnaires used in 
this study have been chosen based on clinical experience, but have not been 
validated for patients with HMSN1A. Secondly, the study focused on the patients’ 
perception and used self-assessment questionnaires. As in any study based upon 
self-assessment, the patients’ own perception might be influenced by factors such 

as the attention provided by the study, the presence of an investigator, or the 
questionnaire itself and, therefore,  only approaches reality. Thirdly, the study 
population was not a random sample of HMSN1A patients. Some selection bias 
may have occurred because patients with advanced upper limb involvement could 
be more willing to participate than those who are less impaired. However, it is 

reasonable to believe that the results provide a good indication of perceived upper 
limb functioning and participation in HMSN1A because a high percentage (78%) of 
the known patients in our departments  participated, selection was based only on 
diagnosis, and 22% of our study sample did not indicate upper limb involvement.
In conclusion, this study shows  that upper limb functioning in patients with 

HMSN1A has a clear impact on restrictions in participation and autonomy. These 
results may support health professionals in offering tailor-made goal-setting 
treatments and prevention programmes suited to the specific needs  of patients with 
HMSN1A. 

The hand in Charcot-Marie-Tooth disease 1A

92



 6

REFERENCES

1. Emery AE. Population frequencies of inherited neuromuscular diseases--a world 
survey. Neuromuscul Disord 1991; 1(1): 19-29.

2. Krajewski KM, Lewis RA, Fuerst DR, Turansky C, Hinderer SR, Garbern J, et al. 
Neurological dysfunction and axonal degeneration in Charcot-Marie-Tooth disease 
type 1A. Brain 2000; 123 (Pt 7): 1516-27.

3. Videler AJ, Beelen A, Aufdemkampe G, de Groot I, Van Leemputte M. Hand 
strength and fatigue in patients with hereditary motor and sensory neuropathy 
(types I and II). Arch Phys Med Rehabil 2002; 83(9): 1274-8.

4. Selles RW, van Ginneken BT, Schreuders TA, Janssen WG, Stam HJ. 
Dynamometry of intrinsic hand muscles in patients with Charcot-Marie-Tooth 
disease. Neurology 2006; 67(11): 2022-7.

5. Vinci P, Villa LM, Castagnoli L, Marconi C, Lattanzi A, Manini MP, et al. Handgrip 
impairment in Charcot-Marie-Tooth disease. Eura Medicophys 2005; 41(2): 131-4.

6. World Health Organisation. International classification of functioning, disability and 
health (ICF). Geneva 2002.

7. Videler AJ, Beelen A, Nollet F. Manual dexterity and related functional limitations in 
Hereditary Motor and Sensory Neuropathy. An explorative study. Disabil Rehabil 
2008; 30(8): 634-8.

8. Videler AJ, Beelen A, van Schaik IN, de Visser M, Nollet F. Manual dexterity in 
Hereditary Motor and Sensory Neuropathy type 1A: severity of limitations and 
feasibility and reliability of 2 assessment instruments. J Rehabil Med 2008; 40: 
132-6.

9. Pfeiffer G, Wicklein EM, Ratusinski T, Schmitt L, Kunze K. Disability and quality of 
life in Charcot-Marie-Tooth disease type 1. J Neurol Neurosurg Psychiatry 2001; 
70(4): 548-50.

10. Vinci P, Serrao M, Millul A, Deidda A, De SF, Capici S, et al. Quality of life in 
patients with Charcot-Marie-Tooth disease. Neurology 2005; 65(6): 922-4.

11. Padua L, Pareyson D, Aprile I, Cavallaro T, Quattrone A, Rizzuto N, et al. Natural 
history of CMT1A including QoL: a 2-year prospective study. Neuromuscul Disord 
2008; 18(3): 199-203.

12. Padua L, Aprile I, Cavallaro T, Commodari I, Pareyson D, Quattrone A, et al. 
Relationship between clinical examination, quality of life, disability and depression 
in CMT patients: Italian multicenter study. Neurol Sci 2008; 29(3): 157-62.

13. Chung KC, Pillsbury MS, Walters MR, Hayward RA. Reliability and validity testing 
of the Michigan Hand Outcomes Questionnaire. J Hand Surg 1998; 23A(4): 
575-87.

14. Kotsis SV, Chung KC. Responsiveness of the Michigan Hand Outcomes 
Questionnaire and the Disabilities of the Arm, Shoulder and Hand questionnaire in 
carpal tunnel surgery. J Hand Surg 2005; 30A(1): 81-6.

 93



15. Chung KC, Hamill JB, Walters MR, Hayward RA. The Michigan Hand Outcomes 
Questionnaire (MHQ): assessment of responsiveness to clinical change. Ann Plast 
Surg 1999; 42(6): 619-22.

16. Holavanahalli RK, Helm PA, Gorman AR, Kowalske KJ. Outcomes after deep full-
thickness hand burns. Arch Phys Med Rehabil 2007; 88(12 Suppl 2): S30-5.

17. Herweijer H, Dijkstra PU, Nicolai JP, Van der Sluis CK. Postoperative hand therapy 
in Dupuytren's disease. Disabil Rehabil 2007; 29(22): 1736-41.

18. Dias JJ, Rajan RA, Thompson JR. Which questionnaire is best? The reliability, 
validity and ease of use of the Patient Evaluation Measure, the Disabilities of the 
Arm, Shoulder and Hand and the Michigan Hand Outcome Measure. J Hand Surg 
2008; 33B(1): 9-17.

19. Cardol M, de Haan RJ, de Jong BA, van den Bos GA, de Groot I. Psychometric 
properties of the Impact on Participation and Autonomy Questionnaire. Arch Phys 
Med Rehabil 2001; 82(2): 210-6.

20. Cardol M, Beelen A, van den Bos GA, de Jong BA, de Groot I, de Haan RJ. 
Responsiveness of the Impact on Participation and Autonomy questionnaire. Arch 
Phys Med Rehabil 2002; 83(11): 1524-9.

21. Sibley A, Kersten P, Ward CD, White B, Mehta R, George S. Measuring autonomy 
in disabled people: Validation of a new scale in a UK population. Clin Rehabil 
2006; 20(9): 793-803.

22. Kersten P, Cardol M, George S, Ward C, Sibley A, White B. Validity of the impact 
on participation and autonomy questionnaire: a comparison between two 
countries. Disabil Rehabil 2007; 29(19): 1502-9.

23. Sharrack B, Hughes RA. The Guy's Neurological Disability Scale (GNDS): a new 
disability measure for multiple sclerosis. Mult Scler 1999; 5(4): 223-33.

24. Rossier P, Wade DT. The Guy's Neurological Disability Scale in patients with 
multiple sclerosis: a clinical evaluation of its reliability and validity. Clin Rehabil 
2002; 16(1): 75-95.

25. Van den Berg-Vos RM, Franssen H, Wokke JH, Van den Berg LH. Multifocal motor 
neuropathy: long-term clinical and electrophysiological assessment of intravenous 
immunoglobulin maintenance treatment. Brain 2002; 125(Pt 8): 1875-86.

26. Verhamme C, van Schaik IN, Koelman JH, de Haan RJ, Vermeulen M, de Visser M. 
Clinical disease severity and axonal dysfunction in hereditary motor and sensory 
neuropathy 1A. J Neurol 2004; 251(12): 1491-7.

27. Sprangers MA, Schwartz CE. Integrating response shift into health-related quality 
of life research: a theoretical model. Soc Sci Med 1999; 48(11): 1507-15.

The hand in Charcot-Marie-Tooth disease 1A

94



 95



7



 7

Chapter Seven

Tripod pinch strength and thumb opposition are 

the major determinants of manual dexterity in 

Charcot-Marie-Tooth disease type 1A 

Submitted 2009 

Videler AJ

Beelen A
van Schaik IN
Verhamme C
van den Berg LH
de Visser M

Nollet F

 97



ABSTRACT

Background: Clinical features  of Charcot-Marie-Tooth disease type 1A (CMT1A), 

the most frequent form of CMT, include slowly progressive distal  muscle weakness, 
atrophy, and sensory loss.  Upper limb involvement results  in reduced manual 
dexterity interfering with the execution of daily activities.
Objective: To identify which hand function impairments are determinants of manual 

dexterity in CMT1A.
Methods:  In a cross-sectional, observational study hand function (hand strength, 
mobility and sensory function) and manual dexterity, evaluated with the Sollerman 
hand function test, were evaluated in 49 proven CMT1A patients and compared 
with a sample of 15 patients  with multifocal motor neuropathy (MMN), chosen as a 

reference group with only motor impairments.
Results: Hand strength, mobility and sensory functions were impaired in CMT1A 
compared to normal values. Limited manual dexterity was found in 94% of the 
patients. In CMT1A, multiple linear regression analysis  showed that from all 
investigated determinants (age, gender, grip and pinch strength, joint mobility, ability 

to oppose the thumb, threshold for touch, discrimination and vibration sense), tripod 
pinch strength, thumb opposition and to a lesser degree vibration sense were 
independently associated with manual dexterity (69% explained variance). In MMN, 
motor functions and manual dexterity were impaired and tripod pinch strength 
showed the strongest association with manual dexterity.

Conclusions: Tripod pinch strength and thumb opposition are the major 
determinants of manual dexterity in CMT1A, and should therefore be the focus of 
intervention strategies that aim to preserve or enhance manual dexterity in CMT1A.
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INTRODUCTION

Charcot-Marie-Tooth disease type 1A (CMT1A), the most frequent form of CMT is 

caused by a duplication of the gene for peripheral nerve myelin protein 22 (PMP22) 
on chromosome 17p11.2 (MIM 118220) and characterized by slowly progressive 
length-dependent distal  muscle weakness, atrophy and sensory loss1-4. Symptoms 
and signs  are most pronounced in feet and hands. It is  generally assumed that the 
hands  of CMT1A patients  are involved less  frequently and later in the disease as 

compared to the lower extremities. However,  a recent study among young children 
with CMT1A showed that hand weakness and dysfunction is present from the 
earliest stages of the disease5.
In the hand, the intrinsic muscles are primarily affected resulting in a (mild) clawing 
position of the fingers, loss  of thumb opposition,  and impaired grip and pinch 

strengths1,6,7. Manual dexterity, of utmost importance in performing daily activities, is 
known to be frequently impaired in CMT1A8. It is defined as the ability to move the 
hands  easily and skilfully and to work with hands in turning and placing motions9. 
Identifying the underlying determinants  is  important to develop intervention 
strategies that can effectively maintain or improve manual dexterity in CMT1A.

In CMT1A both motor and sensory functions are involved hampering the distinction 
of the impact on manual dexterity between these two impairments. We therefore 
compared the CMT1A results with those of multifocal motor neuropathy (MMN) 
patients, chosen as a reference group with only motor impairments. MMN is a rare 
acquired immune-mediated disorder characterized by slowly progressive, 

asymmetric, predominantly distal weakness of one or more limbs without sensory 
loss usually starting in the hand or forearm10.
In this study we determined the impact of hand strength, joint mobility and sensory 
function on manual dexterity in both CMT1A and MMN patients.

METHODS

Patients

All DNA-proven CMT1A patients  between 18  and 70 years  old known at the 
departments of Rehabilitation and Neurology at the Academic Medical Center (AMC) 

were invited to participate. Additionally, patients with MMN, diagnosed on clinical, 
laboratory and electrophysiological characteristics10, aged between 18  and 70 years 
old and known at the departments of Neurology at the AMC and the University 
Medical Centre Utrecht were asked to participate.
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Patients were excluded if they had difficulty comprehending the Dutch language or 
with a history of comorbidity that might interfere with upper limb function in CMT1A 
or MMN, including stroke, plexopathy, radiculopathy, upper limb surgery,  alcohol 

abuse or a psychiatric disorder. All subjects gave informed consent to the 
procedures, which were approved by the Medical Ethical Committee of the AMC.

Assessments

Clinical  information was obtained by one examiner (AV) in a standardized manner 

and included medical history taking with the general question whether patients 
noticed hand involvement and if so which symptoms they perceived,  a detailed 
clinical assessment of the motor and sensory functions of the hand, and evaluation 
of manual dexterity.
Standard goniometric measurements of both the passive range of motion (PROM) 

and active range of motion (AROM)  of the fingers  joints  were used and classified as 
impaired or normal11.  Thumb opposition was evaluated according to the Kapandji 
opposition score which defines ten stages of opposition, with full opposition scored 
as stage 1012.
Three sensory functions were evaluated: the threshold for touch, tactile 

discrimination and vibration sense. The threshold for touch was determined at seven 
locations divided over the hand and fingers using Semmes-Weinstein monofilaments 
(SWM)13. The set of monofilaments ranged from 2.38  to 6.65, which represent the 
values of the logarithmic transformation of the force needed to buckle the filament. 
The finest filament felt at each location was recorded and the average of the seven 

locations on the hand was  calculated. We used data of a Dutch reference 
population to determine the cut-off for normal threshold for touch14. We calculated 
the mean + 1.96 standard deviation (SD) with these reference data, resulting in 
filament 3.61 as cut-off for normal threshold for touch.  Testing with monofilaments 
has good to excellent intra- and interobserver reliability in CMT15. Tactile 

discrimination was evaluated with static two-point discrimination (s2PD) using a 
Disk-Criminator at the tip of the index finger16. Less than 6mm distance is  generally 
accepted as normal tactile discrimination in the finger pulp16. The vibration threshold 
was assessed using a Rydel-Seiffer tuning fork at the dorsum of the distal 
interphalangeal joint of the index finger. The average of three repeated readings was 

calculated as the vibration threshold. Results can be compared with reference 
values and graded as normal (grade 0)  or disturbed (grade 1 to 4). A disturbed 
vibration sense at the dorsum distal interphalangeal joint of the index finger is 
classified as  grade 1; abnormal sense at the ulnar styloid process as grade 2;  at the 
medial humerus epicondyle as grade 3; and at the acromioclavicular joint as grade 
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417,18. Good inter- and intraobserver agreements and high responsiveness values 
were demonstrated for this tuning fork17,18.
While muscle strength is commonly measured subjectively, using the MRC scale, 

hand-held dynamometry is regarded as  more precise, sensitive and objective19. 
Therefore we assessed maximal isometric grip and pinch (two-point, tripod,  and 
lateral pinch) strength using digital handgrip dynamometers (Lode Medical 
Technology)  according to a standardized testing procedure20. Patients were seated 
on a height-adjustable chair and received verbal encouragement during strength 

measurements. For grip strength testing, the handle of the dynamometer was set in 
the second position, recommended to test maximal grip strength irrespective of 
age, weight or hand dimensions 21. The mean force (in Newtons) of three trials was 
taken for all strength measurements. The use of hand-held dynamometry to 
measure hand strength has been shown to be highly reliable and valid in adults with 

CMT7,22.
To examine manual dexterity, the standardized Sollerman hand function test (SHT) 
was used, consisting of 20 subtests (scale 0 to 4)  assessing unilateral and bilateral 
handgrip function, and reflecting the most common handgrips used during daily 
activities23.  Both hands were evaluated. Subjects with normal manual dexterity 

should achieve a total of 80 points with their dominant hand and 77-79 points with 
the non-dominant hand.

Statistical analysis

Data from clinical examination were analyzed using descriptive statistics and 

compared with normal values. Published reference values  of healthy subjects, 
stratified by age, gender and hand dominance, were recalculated into Newtons and 
used to determine the impact of CMT1A on hand strength (grip, two-point pinch, 
tripod and lateral pinch)20. Differences between dominant and non-dominant hand 
function variables were analyzed with the Wilcoxon signed ranks test.  The scores on 

the Sollerman test were log-transformed (Log ((80-score)  +1))  to yield a normal 
distribution as they were skewed to the left. Associations between manual dexterity 
(log-transformed SHT sum score) and continuous hand function variables (thumb 
opposition,  clawing position, the threshold for touch, two-point discrimination, grip 
strength, two-point pinch, tripod pinch and lateral pinch strength)  were investigated 

using Pearson product moment correlation coefficients  (r). Associations between 
manual dexterity and dichotomous variables (AROM, PROM, vibration sense)  were 
investigated with point biserial correlation coefficients (rpb).  In the CMT1A group 
multiple linear regression analysis was performed to determine the independent 
contribution of hand function variables on manual dexterity. Variables with a 
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univariate p-value < 0.10 were entered in a multiple stepwise linear regression 
analysis to obtain a set of mutually independent determinants. To reduce the 
number of determinants three separate models were built  for manual dexterity with 

determinants on joint mobility (model 1), sensory functions (model 2) and grip and 
pinch strength (model 3). A final model for manual dexterity was made using the 
independent factors that were significant in the three regression models. Diagnostic 
tests were used to check for violations of the assumptions inherent in linear 
regression models. Given the small sample size, only univariate analyses were used 

in MMN. All statistical analyses were performed using SPSS software package for 
Windows version 16.0. A p-value of < 0.05 was considered to be statistically 
significant.

RESULTS

Patient characteristics

From the 63  eligible CMT1A patients, 53  (28  women, 21 men) agreed to participate. 
Four patients were excluded: 3  with comorbidity (Dupuytren disease, recent 
shoulder surgery,  psychiatric disorder)  and 1 with history of alcohol abuse. Sixteen 
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Table 1: Patient characteristicsTable 1: Patient characteristicsTable 1: Patient characteristics

CMT1A
n = 49

MMN
n = 15

Gender, n (%) male 21 (43) 12 (80)

female 28 (57) 3 (20)

Age, yrs mean ±SD, range 46.8 ±11.7, 21 - 69 54.2 ±8.3, 39 - 66

Hand dominance, n(%) right 48 (98) 14 (93)

left 1 (2) 1 (7)

Disease duration*, yrs. mean ±SD, range 28.5 ±16.9, 0 - 57.8 16.6 ±6.7, 5.9 - 30

History of hand involvement, n (%) yes / no 38 (78) / 11 (22) 15 (100) / 0

Duration hand involvement**, yrs. mean ±SD, range 10.9 ±12.2, 0 - 54.8 14 ±6.1, 3.8 - 23.1

Perceived hand symptoms, n(%)

	 Loss of strength yes / no 35 (71) / 14 (29) 14 (93) / 1 (7)

	Fatigue yes / no 21 (43) / 28 (57) 7 (47) / 8 (53)

	Sensory loss yes / no 28 (57) / 21 (43) 2 (13) / 13 (87)

	Pain, cramps yes / no 29 (59) / 20 (41) 8 (53) / 7 (47)

	 Tremors yes / no 20 (41) / 29 (59) 11 (73) / 4 (27)

* Time since onset of symptoms; ** Time since onset of hand symptoms; two CMT1A 

patients could not recall time of onset of symptoms (n= 47) and one CMT1A patient could not 

recall the onset of hand symptoms (n= 48).

* Time since onset of symptoms; ** Time since onset of hand symptoms; two CMT1A 

patients could not recall time of onset of symptoms (n= 47) and one CMT1A patient could not 

recall the onset of hand symptoms (n= 48).

* Time since onset of symptoms; ** Time since onset of hand symptoms; two CMT1A 

patients could not recall time of onset of symptoms (n= 47) and one CMT1A patient could not 

recall the onset of hand symptoms (n= 48).

* Time since onset of symptoms; ** Time since onset of hand symptoms; two CMT1A 

patients could not recall time of onset of symptoms (n= 47) and one CMT1A patient could not 

recall the onset of hand symptoms (n= 48).
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MMN patients were willing to participate. One MMN patient was excluded because 
of hand surgery. The final study samples comprised of 49 patients with CMT1A and 
15 patients with MMN (Table 1).  The CMT1A patients showed a broad spectrum of 

clinical severity ranging from asymptomatic to severely affected hand function.  All 
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Table 2: Group values of clinical variables of hand function and manual dexterityTable 2: Group values of clinical variables of hand function and manual dexterityTable 2: Group values of clinical variables of hand function and manual dexterityTable 2: Group values of clinical variables of hand function and manual dexterityTable 2: Group values of clinical variables of hand function and manual dexterityTable 2: Group values of clinical variables of hand function and manual dexterity

CMT1A

n= 49

MMN

n= 15

Mobility of the fingersMobility of the fingersMobility of the fingers

Impaired AROM, n(%) D
ND

18 (37)
13 (27)

12 (80)
13 (87)

Clawing of the fingers, n(%) D
ND

13 (27)
11 (22)

8 (53)
7 (47)

Impaired PROM, n(%) D
ND

3 (6)
2 (4)

3 (20)
2 (13)

Impaired opposition, n(%) D
ND

25 (51)
20 (41)

11 (73)
10 (67)

Sensory modalitiesSensory modalitiesSensory modalities

Threshold for touch, SWM 
(mean of 7 localizations)

mean ±SD, range D
ND

3.62 ±0.33, 
2.89-4.32
3.57 ±0.32, 

2.89-4.25

3.37 ±0.19, 
3.05-3.68
3.35 ±0.26, 

2.83-3.74

Static two-point discrimination, 
mm

mean ±SD, range D
ND

5.18 ±2.27, 2-16
4.76 ±2.80, 2-20

4.4 ±2.67, 2-12
4.3 ±2.46, 2-12

Impaired vibration sense, n(%) D
ND

10 (20)
7 (14)

1 (7)
1 (7)

Hand strengthHand strengthHand strength

Grip strength, (N) mean ±SD, range D
ND

245 ±122, 42-544
237 ±117, 39-533

166 ±132, 13-458
170 ±119, 5-449

Two-point pinch, (N) * mean ±SD, range D
ND

31 ±20, 0-78
33 ±19, 0-80

17 ±24, 0-64
15 ±19, 0-56

Tripod pinch, (N) * mean ±SD, range D
ND

43 ±28, 0-102
44 ±26, 0-96

26 ±40, 0-105
21 ±24, 0-66

Lateral pinch, (N) mean ±SD, range D
ND

47 ±24, 6-102
47 ±23, 7-112

41 ±32, 3-100
38 ±25, 2-79

Manual dexterityManual dexterityManual dexterity

SHT sum score median (P25;P75), 
range

D
ND

76 (67.5; 78), 33-80
76 (69; 77.5), 41-80

48 (43; 68), 27-80
50 (44; 67), 19-77

D= dominant hand; ND= non-dominant hand; AROM= active range of motion; PROM= 

passive range of motion; SWM= Semmes Weinstein Monofilaments; SHT= Sollerman hand 

function test; * If a patient was not able to perform a two-point or tripod pinch, a score of 0 

Newton (N) was recorded.

D= dominant hand; ND= non-dominant hand; AROM= active range of motion; PROM= 

passive range of motion; SWM= Semmes Weinstein Monofilaments; SHT= Sollerman hand 

function test; * If a patient was not able to perform a two-point or tripod pinch, a score of 0 

Newton (N) was recorded.

D= dominant hand; ND= non-dominant hand; AROM= active range of motion; PROM= 

passive range of motion; SWM= Semmes Weinstein Monofilaments; SHT= Sollerman hand 

function test; * If a patient was not able to perform a two-point or tripod pinch, a score of 0 

Newton (N) was recorded.

D= dominant hand; ND= non-dominant hand; AROM= active range of motion; PROM= 

passive range of motion; SWM= Semmes Weinstein Monofilaments; SHT= Sollerman hand 

function test; * If a patient was not able to perform a two-point or tripod pinch, a score of 0 

Newton (N) was recorded.

D= dominant hand; ND= non-dominant hand; AROM= active range of motion; PROM= 

passive range of motion; SWM= Semmes Weinstein Monofilaments; SHT= Sollerman hand 

function test; * If a patient was not able to perform a two-point or tripod pinch, a score of 0 

Newton (N) was recorded.

D= dominant hand; ND= non-dominant hand; AROM= active range of motion; PROM= 

passive range of motion; SWM= Semmes Weinstein Monofilaments; SHT= Sollerman hand 

function test; * If a patient was not able to perform a two-point or tripod pinch, a score of 0 

Newton (N) was recorded.



MMN patients reported hand involvement, whereas this was the case in 37 (76%)  of 
the CMT1A patients. All but one MMN patient perceived loss of hand strength 
compared to 35 (71%) of the CMT1A patients. The percentage of patients who 

perceived hand fatigue, pain, cramps and tremor varied between 41 and 73%  in 
both groups. One MMN patient mentioned symptoms of sensory loss.

Descriptive data on hand function and manual dexterity

Group values for dominant and non-dominant hand function and manual dexterity in 

CMT1A and MMN patients are given in Table 2. Differences between the dominant 
and non-dominant hand were found in CMT1A for grip strength (p= 0.035), two-
point discrimination (p= 0.007) and for the threshold for touch (p= 0.049).
Limited active range of motion presenting as  a clawing position of the fingers  was 
found in 27%  of the CMT1A patients. The extent of clawing varied between 

involvement of all four fingers n= 7(14%) and solely the fifth finger n= 2 (4%). Loss of 
thumb opposition was found in more than half of the patients.
An impaired threshold for touch was found in 51% of the CMT1A patients. Thirteen 
patients (27%) scored outside the normal value range (< 6  mm)  for static two-point 
discrimination. Disturbed vibration sense was found in 20% of the patients; five 

(10%) with grade 1, one (2%) with grade 2 and four patients (8%) with grade 4.
A large variation in grip strength (range 42 and 544 Newton)  was found (Table 2). 
Compared with reference values of healthy subjects grouped by gender and age, 
maximal isometric grip and pinch (two-point, tripod, and lateral pinch) strength was 
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Table 3: Dominant hand strength: percentage of healthy reference valuesTable 3: Dominant hand strength: percentage of healthy reference valuesTable 3: Dominant hand strength: percentage of healthy reference valuesTable 3: Dominant hand strength: percentage of healthy reference values

CMT1A
n = 49
CMT1A
n = 49

MMN *
n = 15
MMN *
n = 15

Grip strength mean % ±SD of norm*, 
range

65 ±25.4,
9.8 - 111.5

mean % (P25; P75),
range

36 (24.8; 50.6),
2.7 - 90.7

Two-point pinch strength ** mean % ±SD of norm*, 
range

49 ±27.7,
0 - 98.1

mean % (P25; P75),
range

0 (0; 51.8),
0 - 79.0

Tripod pinch strength ** mean % ±SD of norm*, 
range

47 ±28.5
0 - 102.1

mean % (P25; P75),
range

0 (0; 42.1),
0 - 96.3

Lateral pinch strength mean % ±SD of norm*, 
range

51 ±22.4,
5.8 - 93.3

mean % (P25; P75),
range

30 (20.2; 66.7),
2.6 - 87.7

Published reference of healthy subjects, stratified by age, gender and hand dominance, were 

used to understand the impact of CMT1A on hand strength. The dominant hand was taken 

for comparison; * Median % and the 25; 75 percentile scores are given for MMN patients as 

data were skewed; ** Five CMT1A and nine MMN patients were not able to perform a two-

point pinch, six CMT1A and 9 MMN patients were not able to perform a tripod pinch; which 

resulted in a score of 0 Newton.

Published reference of healthy subjects, stratified by age, gender and hand dominance, were 

used to understand the impact of CMT1A on hand strength. The dominant hand was taken 

for comparison; * Median % and the 25; 75 percentile scores are given for MMN patients as 

data were skewed; ** Five CMT1A and nine MMN patients were not able to perform a two-

point pinch, six CMT1A and 9 MMN patients were not able to perform a tripod pinch; which 

resulted in a score of 0 Newton.

Published reference of healthy subjects, stratified by age, gender and hand dominance, were 

used to understand the impact of CMT1A on hand strength. The dominant hand was taken 

for comparison; * Median % and the 25; 75 percentile scores are given for MMN patients as 

data were skewed; ** Five CMT1A and nine MMN patients were not able to perform a two-

point pinch, six CMT1A and 9 MMN patients were not able to perform a tripod pinch; which 

resulted in a score of 0 Newton.
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lower in CMT1A patients (Table 3).  Mean grip strength in CMT1A reached 65% of 
the normal reference value. Two-point, tripod and lateral pinch strengths  of CMT1A 
patients were reduced to approximately 50%.

Manual dexterity of the dominant hand was impaired in all  but 3  (94%)  patients with 
CMT1A (Table 2). The most difficult Sollerman subtests were: picking up coins and 
putting them into a purse, opening and closing a zipper, picking up nuts and putting 
them on bolts, doing up buttons, putting a paperclip on a envelope, and pouring 
water from a cup. A more detailed description of the SHT data in this  study sample 

has been published previously8.
On all  aspects of joint mobility and hand strength, MMN patients scored worse than 
CMT1A patients (Table 2). Impaired sensory function was found in one MMN patient. 
Manual dexterity of the dominant hand was limited in 87%  of the MMN patients. The 
average SHT sum score was substantially lower for both the dominant and non-

dominant hand in MMN patients  compared to CMT1A patients. The SHT subtests 
that caused most difficulty in MMN patients were comparable with those of CMT1A 
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Table 4: Associations between hand function and manual dexterityTable 4: Associations between hand function and manual dexterityTable 4: Associations between hand function and manual dexterity

CMT1A
n = 49

MMN *
n = 15

Log-transformed SHT sum scoresLog-transformed SHT sum scores

Continuous variables r r

	Clawing of the fingers .67 ** .64 *

	Thumb opposition -.73 ** -.72 **

	 Threshold for touch .34 * .30 *

	 Two-point discrimination .5 ** .31 *

	 Grip strength -.51 ** -.89 **

	 Two-point pinch strength -.76 ** -.95 **

	 Tripod pinch strength -.76 ** -.95 **

	 Lateral pinch strength -.66 ** -.94 **

Dichotomous variables rpb rpb

	Limited AROM .64 ** .57 *

	Limited PROM .44 ** .30

	 Impaired vibration sense .51 ** .12

Associations between manual dexterity (log-transformed SHT sum score) and continuous 

hand function variables were investigated using Pearson product moment correlation 

coefficients (r); * p < 0.05; ** p < 0.01; Associations between manual dexterity and 

dichotomous variables were investigated with point biserial correlation coefficients; the results 

of the dominant hand were taken for all associations; AROM = active range of motion; PROM 

= passive range of motion.

Associations between manual dexterity (log-transformed SHT sum score) and continuous 

hand function variables were investigated using Pearson product moment correlation 

coefficients (r); * p < 0.05; ** p < 0.01; Associations between manual dexterity and 

dichotomous variables were investigated with point biserial correlation coefficients; the results 

of the dominant hand were taken for all associations; AROM = active range of motion; PROM 

= passive range of motion.

Associations between manual dexterity (log-transformed SHT sum score) and continuous 

hand function variables were investigated using Pearson product moment correlation 

coefficients (r); * p < 0.05; ** p < 0.01; Associations between manual dexterity and 

dichotomous variables were investigated with point biserial correlation coefficients; the results 

of the dominant hand were taken for all associations; AROM = active range of motion; PROM 

= passive range of motion.



patients, but additionally included activities that require a strong grip such as 
pouring water from a jug, lifting an iron and unscrewing a lid from a jar.

Associations between hand function and manual dexterity

Associations  between hand-function impairments and manual dexterity of CMT1A 
and MMN patients are shown in Table 4.  In CMT1A, all variables of hand function 
were significantly associated with manual dexterity, with the strongest associations 
found for tripod pinch (Figure 1)  and two-point pinch strength. In MMN, tripod pinch 

strength showed the strongest association with manual dexterity scores. Sensory 
functions were not related to manual dexterity in MMN patients. In both patient 
groups manual dexterity was not related to age and gender.
In table 5 the results of the multiple linear regression analysis are given. The final 
model showed that in CMT1A, only tripod pinch strength (57% explained variance), 

thumb opposition (10% added explained variance)  and to a lesser degree vibration 
sense (2%  added explained variance)  were independently associated with manual 
dexterity (69% explained variance).

The hand in Charcot-Marie-Tooth disease 1A

106

Table 5:	Stepwise regression models to determine the independent contribution of hand 
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Entry order Predictors Model summary & coefficientsModel summary & coefficientsModel summary & coefficientsModel summary & coefficients

B Std. Error (b) p Adjusted R2

Model 1 Joint mobility

AROM, PROM, clawing of 

fingers, thumb opposition

Thumb opposition
Clawing of fingers

-.169
.205

.045

.096
.000
.038

.53

.56

Model 2 Sensory functions

Threshold for touch, two-point 

discrimination, vibration sense

Two-point discrimination
Vibration sense

.200

.971
.051
.285

.000

.001
.29
.42

Model 3 Strength

Grip strength, two-point, 

tripod, lateral pinch strength

Tripod pinch strength -.028 .003 .000 .57

Final model

Thumb opposition, clawing 

of fingers, two-point 
discrimination, vibration 
sense, tripod pinch strength

Tripod pinch strength
Thumb opposition
Vibration sense

-.018
-.107
.481

.004

.036

.227

.000

.005

.040

.57

.67

.69

CMT1A: n= 49; The independent contributions of joint mobility, sensory functions and hand 

strength on manual dexterity (log-transformed SHT sum scores) is given. Analysis of residuals 

did not show violations of necessary assumptions in multiple regression in terms of linearity, 

equality of variance, independence of error and normality. Adjusted R2 is adjusted for the 

number of independent variables in the model.
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strength on manual dexterity (log-transformed SHT sum scores) is given. Analysis of residuals 

did not show violations of necessary assumptions in multiple regression in terms of linearity, 
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number of independent variables in the model.
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 7

Figure 1

Scatterplot of bivariate 

association between tripod pinch 

strength and log transformed 

SHT sum score of the dominant 

hand in CMT1A.

DISCUSSION

Hand function and manual dexterity were impaired in the majority of this  large group 
of CMT1A patients. In previous studies we have shown that impaired manual 
dexterity was associated with limitations in upper limb related activities and 
restricted participation24,25. The main finding of this  study is that of all potential 
determinants (age, gender, grip and pinch strength, joint motion, and sensory 

functions), tripod pinch strength and thumb opposition are the major determinants 
of impaired manual dexterity in CMT1A. Together with impaired vibration sense,  they 
explained 69% of the total variance in manual dexterity scores. 
We hypothesized that both motor and sensory impairments would contribute to the 
loss of manual dexterity in CMT1A and therefore we compared the results with 

those of MMN patients  in whom by definition only motor function is impaired.  In 
patients with MMN motor functions were obviously strongly associated with manual 
dexterity. In CMT1A, motor functions (tripod pinch and thumb opposition) explained 
67% of the total variance in manual dexterity scores.  The sensory impairments were 
found to be less severe than motor impairments and appeared to have some but 

limited consequences  for manual dexterity in the CMT1A patients. Among the 
sensory variables, only vibration sense was independently associated with manual 
dexterity in CMT1A. The extent of sensory loss in the hands varies strongly in the 
literature on CMT. Impaired sensory functions of the hand are reported in 14-64% of 
the patients, but results are difficult to compare as various studies used different 

measurement methods and cut-off values1,2,15,26-29.
Tripod pinch strength appeared to be the most discriminative factor to explain 
manual dexterity in CMT1A. Several explanations for this finding can be given. 
Firstly, this grip pattern in particular may become affected in CMT patients as a 
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result of the weak intrinsic thenar muscles. Secondly, a tripod pinch grip is one of 
the most frequently used grip patterns in daily activities23,30. Finally, the manual 
dexterity subtests that were the most difficult to perform almost all required pinch 

grips  like the tripod pinch. The 9% explained variance, added by loss of thumb 
opposition in CMT1A, is more difficult to understand as the thumb is positioned and 
stabilized by the same thenar muscles  used during pinch grip. An explanation may 
be that some patients could not perform the required tripod grip for the 
dynamometer. In these patients tripod pinch strength was recorded as 0 Newton 

but a differentiation in opposition score could still be given.
In this study, the hand was found to be affected in 78% of the CMT1A patients 
which is a rather high percentage compared to other studies reporting upper limb 
involvement in one-half to two-thirds of CMT patients1,29. This may be explained by 
the fact that our study addresses various aspects of hand function.

Although 27% of the CMT1A patients presented with a clawing position of the 
fingers, restricted passive range of motion was found in only 6%, indicating very little 
presence of joints contractures in the fingers. Apparently, in most CMT1A patients 
with affected hand function passive joint mobility remains largely intact and 
preventive measures are generally not needed.

Recently,  potential differences between dominant and non-dominant hand strength 
in CMT have been discussed and contradictory findings have been reported31-33.  In 
a cohort of 106 CMT patients, the dominant hand was found to be weaker than the 
non-dominant hand and it was hypothesized by the authors that this could be the 
result of overwork weakness31.  In contrast, two other studies did not report 

differences  in strength between both hands32,33.  We did find a significant difference 
between dominant and non-dominant grip strength in favour of the dominant hand. 
Therefore, our results do not support the overwork hypothesis.
Manual dexterity was limited more often and more severely in patients with MMN 
compared to CMT1A. Activities, that were difficult to perform for MMN patients, 

were comparable with those of CMT1A patients but limited dexterity in MMN was 
also distinct with activities that require grip strength. Tripod pinch strength appeared 
to be the most explaining factor of manual dexterity in MMN. Although MMN is 
known as a pure motor neuropathy, one patient indicated to perceived sensory loss, 
and mild objective sensory impairments were found in this patient. Minor sensory 

loss, in the course of the disease has been reported previously in MMN34. Hand 
function and manual dexterity have not yet been studied in MMN; therefore, our 
findings cannot be compared with those of others.
This  study evaluated hand function and manual dexterity in a large sample of 
CMT1A patients and in MMN patients. The study population was based on a 
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convenience sample of CMT1A and MMN patients, and therefore,  some selection 
bias  may have occurred. Patients with advanced upper limb involvement could have 
been more willing to participate than those with less  impairment.  However, it is 

reasonable to believe that the results provide a fair indication of the wide range in 
upper limb involvement in CMT1A, because a high percentage (78%) of the known 
CMT1A patients at our departments participated and selection was based only on 
diagnosis. The sample of MMN patients that participated is considerable, taking into 
account the rareness  of this  disease (estimated prevalence:  1 or 2:100.000)34. Hand 

function of MMN patients known at our departments might have been more severely 
affected compared to others not under treatment. 
Preservation of upper limb functioning of CMT1A patients is a major issue.  There is 
no evidence about effective interventions. Surgical interventions such as tendon 
transfer procedures  may restore thumb opposition and tripod pinch strength, but 

literature on this subject is limited35,36. Orthotic management, assistive devices and 
exercise programs have only been described for the lower limbs37-40. The results of 
this study, justify the need for therapeutic and surgical intervention studies aimed at 
improving hand function, manual dexterity,  and ultimately daily life functioning of 
patients with CMT1A.
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Chapter Eight

General discussion

Videler AJ
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With an estimated prevalence of 1:5.000, Charcot-Marie-Tooth disease type 1A 
represents the most common inherited neuromuscular disease affecting the upper 
limbs. Nevertheless,  literature on hand function and manual dexterity in CMT1A has 

been sparse. Insight into hand function, manual dexterity, daily life functioning and 
into the factors  that determine limited manual dexterity is  important for clinicians and 
therapists to be able to provide more specific intervention strategies for patients with 
CMT1A.  This  thesis focuses on hand function and manual dexterity and addresses 
upper limb involvement in CMT1A on all three ICF1  levels: body functions and 

structures,  activities  and participation. In this chapter, the main findings and their 
clinical implications  are discussed. Furthermore, the limitations of the studies and 
future research perspectives are considered.

Impairments in body functions and structures

Hand strength

Hand involvement was reported by 78% of the CMT1A patients. Grip and pinch 
strength were significantly reduced compared to healthy controls  and a large 
variation in strength was observed.  Grip strength of CMT1A patients  ranged 

between 10% and 112% of the normal reference value,  with a mean (SD)  grip 
strength of 65% (± 25.4) (chapter 7). Two-point,  tripod and lateral pinch strength 
were markedly reduced to approximately 50% (± 22.4 – 28.5)  (chapters 2 & 7). 
Froment’s  sign, a flexed position of the interphalangeal joint of the thumb during 

pinch grip, was seen in 41% of the CMT1A patients  indicating a weak m. adductor 
pollicis. Our findings on grip and pinch strength are generally in line with other CMT 
studies reporting hand strength reductions of more than 50%1-4 and confirm that 
motor function of the hands is also severely impaired in patients with CMT1A.

Dominant and non-dominant hand strength

Recently,  differences in strength between the dominant and the non-dominant hand 
of patients with CMT have been discussed5,6.  In a cohort of 106  CMT patients  Vinci 
et al. found that the dominant hand was weaker than the non-dominant hand and 
postulated that this  could be the result of overwork weakness5. If this were true, it 

would have implications for training guidelines  and patients should be advised not to 
overuse their hands. In contrast, two other studies did not report differences in 
strength between both hands6,7. The results  presented in this  thesis also contrasted 
with those of Vinci et al. A significant difference between the dominant and non-
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dominant hand for grip strength was demonstrated, but in favour of the dominant 
hand (chapter 7).  Although the difference in hand strength between the dominant 

hand and non-dominant hand of CMT1A patients  (3% more strength in dominant 
hand)  was small compared to healthy subjects (5-10%), our results made the 
overwork hypothesis unlikely. CMT1A patients did indicate to perceive most 
limitations in hand function for their dominant hand. However, this was determined 
by a difference in satisfaction between both hands  presumably caused by higher 

expectations and requirements for the dominant hand (chapter 6).

Hand fatigue

In this cohort of CMT1A patients, 43% perceived hand fatigue (chapter 7). Despite 
this subjective complaint,  our study on fatigue of grip strength failed to show a 

difference in the rate of decline of maximal grip strength during effort between CMT 
patients and healthy controls  (chapter 2). Normally there is an inverse relationship 
between the percentage of maximum force attempted and the time to perceive 
fatigue. Therefore, we hypothesized that the manifestation of fatigued hands can be 
explained by weakness. If CMT patients, despite weakness of the hands,  perform 

equally to healthy and stronger subjects fatigue will probably occur sooner. 

Sensory impairment

The sensory abnormalities in the hands of CMT1A patients were generally mild in 
comparison with the prominent motor impairments. An impaired threshold for touch 

was found in 51%  of the CMT1A patients, an impaired discrimination sense in 27%, 
and a disturbed vibration sense in 20%. In the literature, the severity and distribution 
of sensory loss in the hands vary strongly; with sensory impairments reported in 
14-64 %  of the patients4,8-14. However, it is difficult to compare our results  with 
those of others as various assessment methods and cutoff values are used.

Joint mobility

Only in 6% of the CMT1A patients a restricted passive range of motion was found, 
indicating very little presence of joints contractures in the fingers. Apparently,  most 
CMT1A patients with affected hand function are able to maintain their joint mobility. 

Limited active mobility, caused by intrinsic muscle loss,  was a more frequent feature; 
with impaired thumb opposition found in more than half of the CMT1A patients 
(chapter 7).

The relation of motor axon loss and hand function

The study in chapter 5 investigated the relation between motor axon loss, as 
indicator of disease severity,  and hand function and manual in CMT1A. Motor axon 
loss was  estimated with motor unit number estimation (MUNE), a relatively new and 
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non-invasive technique15 and with compound muscle action potentials  (CMAP). 
MUNE and CMAP values of CMT1A patients  were low compared to healthy 
controls. In 20% of the patients MUNE was reduced while CMAP was normal, 

suggesting that reinnervation, subsequently giving rise to larger motor units,  had 
compensated for motor unit loss. Since this was found in a small proportion of the 
cohort, one has to conclude that reinnervation does  not keep up with denervation in 
the majority of the CMT1A patients.
A relationship between MUNE and clinical disease severity in CMT1A has been 

shown previously4,11, however, the association between MUNE, grip and pinch 
strength, and the ability to use the hands during functional activities was not 
addressed before. Fine motor functions of the hand and manual dexterity were 
correlated to MUNE and CMAP of the thenar muscles. From all strength 
measurements, loss of tripod pinch strength correlated most strongly with axonal 

dysfunction. This observation is of clinical relevance as grip strength is  often 
measured in CMT1A. We advocate that the evaluation of fine motor functions  of the 
hand,  and in particular tripod pinch strength should be an essential part of the 
clinical assessment in CMT1A. 

Limitations in activities and restrictions in participation

Manual dexterity

Manual dexterity of CMT1A patients was reduced in nearly all patients (chapters 3 

and 4).  Ninety-four percent of the patients scored below the normal Sollerman hand 
function test (SHT) sum-score of 80 points  and dexterity scores obtained with the 
Functional Dexterity Test (FDT) were categorised as ‘moderately functional’. The 
results of the Jebsen test of hand function (chapter 3) showed that,  compared to 
the age and gender related norm, CMT patients needed much more time to 

manipulate mainly flat and large objects. This may be caused by a dyskinetic finger 
flexion (chapter 1)  or by the inability to open the hand, abduct and oppose the 
thumb sufficiently to grasp a large object adequately (chapter 1). Surprisingly, with 
the Jebsen test less time than the prescribed norm was  needed for writing and 
picking-up small objects, which require finger grips such as the two-point, tripod or 

lateral pinch. With the SHT and FDT, those activities that were the most difficult to 
perform all required two-point, tripod or lateral pinch grips (chapter 4). An 
explanation for these contrasting findings may be that Jebsen test scores are solely 
based on the time needed to perform the task. During the assessment of the 

Jebsen test it was noted that patients  performed several sub-tests within the time 
limits (normative data),  but with various compensatory movement patterns. With the 
Jebsen test, these CMT patients may be classified as having normal dexterity, 
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whereas both the SHT and FDT incorporate the need to use compensatory 
movement patterns  into their scoring systems  and hence, classify these patients as 
having an impaired manual dexterity.

It is interesting to discuss the purpose of manual dexterity tests. Is it  important to 
assess how patients use their hands during the execution of a task or is  the only 
interest whether a task can be done within an acceptable amount of time? The 
evaluation of manual dexterity with a dexterity test that also incorporates qualitative 
aspects of movement, like the SHT, does not only render information about the 

patient’s ability to execute a task or an action, but also provides information on the 
compensatory movement patterns  that accompany the performance. This is an 
essential requirement to understand the relations between activity limitations and the 
underlying impairments in body functions for hand use. These relationships  need to 
be known to design and evaluate meaningful rehabilitation interventions to improve 

hand use in daily activities in CMT1A.
Data to support the use of the SHT and FDT in CMT1A was lacking. Therefore, 
feasibility and reproducibility of both tests were assessed (chapter 4). Feasibility 
appeared to be good in both tests, and homogeneity of the SHT subtests scores 

was high indicating good internal consistency. Test-retest reliability was excellent for 
the SHT, and good for the FDT. The results  of the Bland and Altman test showed 
that for the SHT differences greater than 3  points can be interpreted as a change in 
dexterity, which seems to be reasonable for use in clinical practice in CMT1A. 
However,  the FDT test limits were wide. Based on these findings, we recommend 

the use of the SHT for monitoring disease progression and for the evaluation of 
hand therapy programmes in CMT1A. The FDT can serve as a quick test to assess 
the severity of impaired manual dexterity.

Tripod pinch  strength  and thumb opposition  are the major determinants  of manual 

dexterity in CMT1A.

Motor and sensory impairments in the hands may hamper manual dexterity in 
CMT1A.  The impact of hand strength, joint mobility, and sensory function on manual 
dexterity in CMT1A was determined in chapter 7.  It was expected that both motor 

and sensory impairments  would be determinants  of manual dexterity in CMT1A, but 
it was found that motor impairments,  due to axon loss, are most likely the major 
cause of hand dysfunction and impaired manual dexterity (chapter 5 & 7). Sensory 
impairments were found to be less severe than motor impairments and appeared to 
have only limited consequences for manual dexterity. Only vibration sense was 

independently associated with manual dexterity in CMT1A (chapter 7).
Tripod pinch strength appeared to be the strongest determinant of impaired manual 
dexterity in CMT1A. This finding can be clarified by the fact that in CMT1A, as a 
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result of the paralytic intrinsic thenar muscles, this  grip pattern in particular may 
become affected. Furthermore, a tripod pinch grip is one of the most frequently 
used grip patterns in daily activities16,17. The limited additional effect of impaired 

opposition is  more difficult to explain as the thumb is  positioned and stabilized by 
the same thenar muscles used with a pinch grip. An explanation may be that some 
patients were not able to hold the dynamometer and perform a tripod pinch grip. In 
these patients tripod pinch strength was recorded as 0 Newton, despite some 
thenar strength, and a further differentiation could be made based upon the degree 

of thumb opposition.

Perceived functional limitations

In the literature no attention has yet been paid to the perceived functional limitations 
of patients with CMT1A. This  is surprising, since loss  of functional abilities is 

probably of major concern to the patients involved. The studies presented in 
chapters 3  & 6  are the first to evaluate perceived upper limb functioning and 
restrictions in participation in CMT1A.
The majority of the CMT1A patients perceived limited upper limb functioning and 

experienced mild restrictions in participation. Compared to scores  reported for other 
pathological conditions of the hand, like full-thickness  hand burns, Dupuytren’s 
contracture other peripheral nerve, and wrist disorders, our results  indicate that 
CMT1A patients perceived on average moderate limitations in upper limb function, 
though ranging from severe to mild18-20.  In 50% of the CMT1A patients, the 

problems in one or both arms  hampered but still  allowed activities  like dressing, 
washing or brushing hair, turning a key, eating and doing zippers. About 25% 
perceived major limitations in upper limb related activities such as making the bed, 
cleaning, doing the laundry,  dressing, and especially with fastenings of buttons, 
zippers, shoelaces and jewellery. Most limitations  were indicated in the domains of 

overall hand function, work, and satisfaction with hand function.

Restrictions in participation

In CMT1A, perceived upper limb functioning appeared to have a clear impact on 
restricted participation.  Restrictions were particularly perceived in the domains of 

work, family role, and autonomy outdoors. Although, most CMT1A patients found 
their participation to be sufficient in the domains addressed, a limited group (2-12%) 
indicated severe problems with participation. Overall, the severity of participation 
restrictions in this cohort of CMT1A patients  was comparable to other chronic 
diseases, such as multiple sclerosis, rheumatoid arthritis,  and spinal cord injury21. 

Although,  evidently the nature of the restrictions may differ. The slow progression of 
CMT1A impairments may contribute to the relative mildness of perceived disability, 
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allowing for adaptation to the declining hand function. CMT1A patients may learn to 
cope with their slow decline in dexterity, or adjust their expectations, and as  a result 
value their disability differently as time goes by. This phenomenon is known in the 

literature as ‘response shift’22.
For the evaluation of perceived functional limitations  and restrictions  in participation 
we used various questionnaires: the Dutch versions of the Disabilities of Arm, 
Shoulder and Hand (DASH-DLV) and the Michigan Hand Outcomes Questionnaire 
(MHQ-DLV)  questionnaires, the Rehabilitation Activities Profile (RAP), the Impact on 

participation and autonomy (IPA) questionnaire and the upper and lower limb 
domains of the Guy’s Neurological Disability Scale (chapters 3 &  6). Although the 
DASH questionnaire is  specifically designed for the upper limb, and very frequently 
used in research and clinical practice, it turned out to be not very suitable for our 

CMT1A study.  The DASH values  for pain, function and activities produce a single 
score and therefore cannot identify disease-specific problems, which may be 
relevant for CMT1A. The also well-known MHQ does provide separate domains 
scores, such as hand function, ADL, work and pain which makes it possible to 
understand the consequences of the disease on different dimensions.

Clinical implications

Based on the results presented in this thesis, we propose that the clinical evaluation 
of hand function of CMT1A patients should at least consist of a thorough history, of 
inspection of the upper limb and in particular of the hand and forearm, and of the 

following assessments: the ability to oppose the thumb (Kapandji opposition score), 
tripod pinch strength (hand-held dynamometry) and the evaluation of vibration sense 
(Rydel-Seiffer tuning fork).  The extent of clawing of the fingers provides additional 
information on the imbalance between the intrinsic and extrinsic muscles of the 
hand.  Furthermore, our study findings underline that the evaluation of manual 

dexterity and perceived upper limb function must be included in the functional 
assessment of CMT1A patients.
Based on our study findings, the SHT is recommended to evaluate manual dexterity 
during disease progression and treatment programmes in CMT1A. The FDT can 
serve as a quick test to assess the severity of impaired manual dexterity (chapter 

4). The MHQ and the IPA questionnaires  were found to be most appropriate for the 
evaluation of perceived upper limb limitations in CMT1A (chapter 6). Performance 
tests and self-assessment instruments (questionnaires) consider different concepts 
of functional health status and provide important and complementary information on 
functional abilities relevant to set treatment goals and to decide on the choice of 
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interventions. All assessments and evaluations should be done in a standardised 
way and preferably with valid instruments. 

METHODOLOGICAL CONSIDERATIONS

This  thesis  is the first to evaluate upper limb involvement extensively in a large 
sample of DNA-confirmed CMT type 1A patients. A few methodological 
considerations should be taken into consideration.
1.	Our study population was not a random sample of CMT1A patients. Some 

selection bias  may have occurred because patients with advanced upper limb 
involvement could have been more willing to participate than those with less 
impairment. However, it  is reasonable to believe that the results provide a fair 
representation of the spectrum of upper limb involvement in CMT1A because a 
high percentage (78%) of the known patients in our departments participated. 

2.	Reproducibility of our fatigue protocol used in chapter 2 was poor. Several 
reasons may explain the poor reproducibility. The variability in voluntary force may 
be due to a day-to-day biological fluctuation in motor function. Variability may 
also be caused by the design of the dynamometer. The absence of an 

anatomically shaped handle might have been uncomfortable for the patients, 
limiting their maximal effort. Finally, reproducibility of the fatigue measurements 
may have been poor as  maximal voluntary contraction force depends strongly on 
motivation. The protocol required for each contraction a maximal effort and it is 
conceivable that not all of the contractions were maximal. In further research a 

reliable fatigue protocol is needed to be able to investigate if increased hand 
fatigability in CMT1A is caused by a steeper decline in strength or by a 
diminished initial strength.

3.	 In chapter 5  in which we investigated whether motor axon loss is related to hand 
function and manual dexterity, MUNE could not be determined in 7 out of 48 

CMT1A patients  because no CMAP or no reliable CMAP could be elicited. These 
patients were more severely disabled compared to the rest of the study sample, 
limiting the generalization of our electrophysiological findings.

4.	There are no manual dexterity tests or questionnaires  available that were 
specifically designed for CMT1A. The measurements and questionnaires used in 

this study have been chosen based on clinical experience but have not been 
validated for patients with CMT1A.

	 First the Jebsen test of hand function was used, because this well-known test 
was recommended in the Dutch rehabilitation guideline for CMT patients23. Other 
well-known dexterity tests, such as the Box and Block test, the Nine-hole-peg 
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test, the Purdue pegboard test have been used in CMT by others, but as the 
Jebsen test, these only provide data on the speed of hand and finger use2,3. Both 
the Sollerman hand function test (SHT) and the Functional dexterity test (FDT) 

incorporate the need to use compensatory movement patterns into their scoring 
systems. Compared to the FDT, the tasks of the SHT are more representative for 
activities  of daily living and also include bilateral tasks. The FDT on the other hand 
is less time consuming. 

5. There are also no CMT1A-specific questionnaires to evaluate perceived limitations 

in upper limb functioning. The Guy’s Neurological Disability Scale has been 
applied previously in a CMT1A study4 and allows  for a similar evaluation of upper 
and lower limb disability. Nevertheless, its ordinal 6-step scale appeared to be 
insensitive to small differences in disability in patients with CMT1A.

6. Part of the study focused on patients’  perception and used self-assessment 

questionnaires. As  in any study based upon self-assessment, the patients’ own 
perception might be influenced by factors such as the attention given by the 
study, the presence of an investigator, or the questionnaire itself and, therefore, 
only approaches reality. 

FUTURE PERSPECTIVES

In search of better outcome measures

While muscle strength is commonly measured subjectively, using the MRC scale, 
hand-held dynamometry is regarded as  more precise, sensitive and objective24. 

Furthermore, it  has been recommended as  a measure of outcome in the evaluation 
of peripheral nerve function25. Therefore, in our study grip and pinch strengths were 
assessed using digital handgrip dynamometers  A [Lode Medical Technology]. 
However,  it is obvious that grip and pinch strength measurements provide 
information on the combined function of intrinsic and extrinsic muscles of the hand 

and are not direct measures of isolated intrinsic muscle strength. Recently,  the 
Rotterdam Intrinsic Hand Myometer (RHIM) has been introduced, a new hand-held 
dynamometer designed to measure isolated intrinsic muscle strength26. The RHIM 
was found to be reliable in patients with CMT1. For future research this instrument 
may therefore be a valuable supplementary tool in the evaluation of hand function in 

CMT1A.
A disadvantage of the SHT is that it is quite time-consuming for the clinical practice. 
Recently,  a selection of 3  items of the SHT (picking up coins from purses, picking up 
nuts and screw them on bolts and doing up buttons) has been proposed and found 
to correlate with the full outcome of the SHT in patients with intrinsic muscle loss 

 123



due to peripheral nerve injury25,27. Although its  clinimetric properties in CMT are 
unknown,  the 3-item version has been used previously in a CMT study, where a high 
correlation between the 3-item SHT and intrinsic muscle strength was found1. In our 

cohort of CMT1A patients, a strong correlation (r = .95, p  = < 0.001) between the 3-
item and the full version of the SHT was found (data not published). The 3-item 
version seems therefore promising as a quick manual dexterity assessment but 
future research on the validity and responsiveness of the 3-item version in CMT1A is 
needed to determine if this  short version of the SHT can be recommended in this 

patient population. 

In search of effective interventions

Rehabilitation ought to play an essential role in preserving upper limb functioning of 
CMT1A patients,  but evidence on the effectiveness  of rehabilitation interventions is 

lacking. Currently,  when patients  with CMT1A with limited upper limb function seek 
the help of a multidisciplinary rehabilitation team, the physical or occupational 
therapist will try to improve hand function and manual dexterity with exercise therapy 
and all sorts of splints, such as  a ‘knuckle bender’, a ‘Swanneck-correction splint’, 
and a thumb opposition splint Nevertheless,  these therapy modalities are neither 

standardized nor evidence-based in CMT1A. In the literature, orthotic management, 
assistive devices,  surgical procedures  and exercise programs have only been 
described for the lower limbs28-32.
Tripod pinch strength and thumb opposition, being the major determinants of 
manual dexterity in CMT1A, should be the focus of intervention strategies that aim 

to preserve or enhance manual dexterity in CMT1A. It is known that thumb 
opposition of patients with CMT can be improved with tendon transfer surgery, 
although studies  reporting the efficacy are scarce33,34. An opposition splint is a 
conservative measure to position the thumb in a more functional position, but 
unfortunately, there is no literature available on splint therapy in CMT. Therefore, we 

recently conducted a pre- and post-intervention pilot study to evaluate the feasibility 
of a short thumb opponens splint, and its  initial efficacy on manual dexterity and 
perceived physical functioning. 
A neoprene thumb opposition splint (Figure 1) was custom-made in 10 CMT 
patients. Manual dexterity with the use of the splint was evaluated with the SHT and 

the FDT. Perceived limitations  in upper limb function were evaluated with the MHQ 
and occupational performance with the Canadian Occupational Performance 
Measure (COPM). Feasibility of the splint was evaluated with a questionnaire 
specifically designed for this pilot study.
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Figure 1

Neoprene short thumb opponens splint

Figure 2

Activities requiring a pinch grip were easier 

to perform with the use of the splint

All patients (6  male, 4 female, mean (SD) age 53  (12) years) wore the splint daily for 

at least one week. Patients were satisfied with the appearance of the splint, did not 
have difficulties  putting the splint on. The mean (SD)  for comfort was rated on a 
scale from 0-10 as 5.8  (2.5). Seventy percent of the patients indicated to experience 
advantages  of the splint during daily activities and rated these advantages on a 0-10 
scale as 5.2 (2.9). Activities requiring pinch grips, such as grasping small objects, 

using eating utensils, doing up buttons, zipping and picking up money were 
frequently mentioned as easier to perform (Figure 2). With the splint a better grip 
position and stability was perceived. Disadvantages that were mentioned were:  less 
useful during hygienic/wet activities such as self-care and cooking and 
uncomfortable to wear for prolonged periods during hot weather.

With the splint,  dexterity scores improved, although not significantly. COPM scores 
improved significantly, both for the self-perception of performance and satisfaction 
with performance. The MHQ showed a significant improvement in the domain 
‘Activities of daily living’.
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Manual dexterity improved less  than expected with the splint.  An explanation for this 
may be that the splint only improves the position of the thumb but not the strength 
in this position (pinch grip). Although the splint makes  it easier to grasp an object, 

patients may still lack the strength to manipulate that object. With a surgical 
procedure like an opponensplasty, this might be taken into account and improved 
pinch strength may be obtained as well33-35. Nevertheless, if surgery is  considered, a 
thumb opponens  splint may very well be useful to mimic some potential effects of a 
tendon transfer pre-operatively.

The results presented in this  thesis provide the evidence-based foundation for 
outcome assessment in future intervention studies such as splint therapy or surgical 
tendon transfer procedures, aimed at improving thumb opposition, tripod pinch 
strength and manual dexterity in CMT1A. In such studies  the timing of orthotic or 
surgical interventions in relation to disease progression has to be considered as well 

as  persistent compensatory movement patterns, which may have developed in long 
standing cases. For example, one of our CMT patients had used only her fingers to 
grasp objects for many years, and was  confused when her thumb was placed in a 
different position with a splint. Another consideration is that older patients may have 
more difficulties adapting to a different movement pattern. Future study is needed in 

this field.
In conclusion, this thesis  showed that in CMT1A fine motor functions of the hand, in 
particular tripod pinch strength, are severely impaired, strongly associated with 
axonal dysfunction,  and that they are the major determinants of impaired manual 
dexterity. Furthermore, the majority of patients perceived their upper limb functioning 

as limited. Based on these findings, it is clear that patients with CMT1A deserve a 
thorough clinical and functional upper limb evaluation. Future, well-designed 
research is needed to develop and evaluate intervention strategies aimed at 
improving hand function, manual dexterity and ultimately daily life functioning of 
patients with CMT1A.
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Charcot-Marie-Tooth disease (CMT),  also known as hereditary motor and sensory 
neuropathy (HMSN), refers to a heterogeneous group of slowly progressive motor 
and sensory neuropathies  that are among the most common heritable disorders. 

CMT type 1A,  caused by a 1.4 Mb duplication on the short arm of chromosome 17, 
is  with an estimated prevalence of 1:5.000 the most frequent genetic form of CMT. 
Although,  CMT1A is a demyelinating neuropathy, accumulating data suggest that 
clinical disease severity is particularly determined by (secondary) axonal dysfunction.
Clinical features typically include slowly progressive distal muscle wasting, 

weakness, and impaired sensation of both lower and upper limbs, legs more than 
arms. As  the disease progresses, upper limb symptoms usually become more 
apparent with the intrinsic muscles of the hand being primarily affected. 
Subsequently paresis and deformities of the hand develop. Because the hands are 
important for many daily activities, any loss of hand function may have a major 

negative effect on their functioning.
This  thesis  focuses entirely on the hand in CMT1A. It addresses upper limb 
involvement on all three levels of the International Classification of Functioning, 
Disability and Health (ICF); body functions  and structures,  activities and 
participation. The research project was initiated to obtain more insight into the 

impairments in hand function, the limitations in manual dexterity and upper limb 
activities, the restrictions in participation and to identify important determinants of 
manual dexterity of patients  with CMT1A (chapter 1). Such knowledge is  needed to 
design intervention strategies, to effectively preserve or even enhance daily life 

functioning of patients with CMT1A.

The studies described in chapter 2 and 3  were of an explorative kind involving a 
sample of 20 CMT type 1 and 2 patients.
In chapter 2 maximal isometric grip strength between CMT and healthy controls of 

the same age and sex were compared and it was found that mean grip strength in 
CMT (227 ±130N)  was 67% of the mean grip strength in the control group (339 
±109N). Also pinch measurements showed,  with z-scores  of –1.14 (two-point pinch) 
and –1.39  (lateral pinch), large differences  from normal performance. The rate of 
decline of handgrip strength during series  of contractions  (fatigue)  was studied 

additionally, but no significant differences were found between CMT and healthy 
subjects.
Test-retest reproducibility of the strength and fatigue measurements was evaluated 
in 15 healthy subjects and was found to be excellent for grip strength, with an 
intraclass correlation coefficient (ICC) of 0.98  and a 95% confidence interval (95% 

CI) of 0.95-0.99  and good limits  of agreement (95% limits, -39  to 28  N)  between 
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tests. Reproducibility for fatigue testing was poor (ICC 0.62, 95% CI 0.20-0.85). The 
95% limits of agreement of the Bland and Altman test showed poor agreement, 
limiting the interpretation of our findings on fatigue.

Manual dexterity of CMT patients  was first explored, in chapter 3, with the Jebsen 
test of hand function. On four of the seven Jebsen sub-tests, turning over cards, 
stacking checkers and lifting up large light and heavy objects,  CMT patients needed 

considerably more time to complete the task, in comparison with the age and 
gender related norm values. In this study, the perceived limitations in activities 
related to upper limb function were explored with the Rehabilitation Activities Profile 
(RAP)  and the Disabilities  of Arm, Shoulder and Hand (DASH) questionnaire. The 
RAP indicated that about 25% of the CMT patients  perceived major limitations in 

upper extremity related activities such as making the bed, cleaning,  doing the 
laundry, dressing,  and especially with fastenings of buttons, zippers, shoelaces and 
jewellery. The median (P25;  P75)  sum-score on the DASH was  13.3  (2.7;  48.1)  on a 
scale of 0 (no impairments)  to 100. The significant correlations between the RAP, 
DASH and Jebsen test scores indicated that, in general, CMT patients who 

experience more limitations  in upper limb function perform worse on manual 
dexterity tests, and vice versa.

The results of a cross-sectional observational study among 49  patients with proven 
CMT1A (duplication on chromosome17p11.2-p12) are reported in chapters 4, 5 

and 6. Patients visited the department of Rehabilitation twice with a time interval of 
one week. On the second visit manual dexterity was re-assessed to determine 
reproducibility. 
The prevalence and significance of impaired manual dexterity in CMT1A was 
assessed with the Sollerman hand function test (SHT) and the Functional Dexterity 

Test (FDT), and the feasibility,  reliability and agreement of both tests were compared 
(chapter 4). Forty-six (94%) CMT1A patients had an abnormal dominant hand SHT 
sum-score (<80 points).  The most difficult SHT subtests  all required pinch grips like 
the pulp, tripod and lateral pinch. Dexterity scores were categorised with the FDT as 
‘moderately functional’. No differences were found between manual dexterity scores 

of the dominant and non-dominant hand. Manual dexterity was not related to age 
and gender but did show a negative relationship with disease duration.
Feasibility of the SHT and FDT was  good and homogeneity of the SHT subtests 
scores was high,  indicating good internal consistency. Test-retest reliability was 
excellent for the SHT with ICC’s between .98  and .99 (95% CI’s .97-.99), and good 

for Functional Dexterity Test scores with ICC’s  between .83  and .95 (95% CI .71-.

 133



97). The limits of agreement calculated according to Bland and Altman showed that 
for the SHT differences greater than 3  points can be interpreted as  a change in 
dexterity. The Functional dexterity test limits of agreement were wide.

It was concluded that impaired manual dexterity is common in CMT1A and that 
both dexterity tests are able to detect impaired manual performance in these 
patients. For monitoring of disease progression and the effects  of hand treatment 
programmes in CMT1A, the SHT is to be recommended.

To investigate 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, high-density surface EMG on the thenar 
muscles  was studied in 48  CMT1A patients (chapter 5). MUNE values (median, 

100; P25, 72;  P75, 164) were less than half in CMT1A patients in comparison with 
healthy controls (median, 286; P25, 232; P75, 380). Fine motor functions of the hand 
(pinch strengths, clawing of the fingers)  and manual dexterity correlated significantly 
to MUNE and CMAP of the thenar muscles, but sensory impairments did not.  From 
all strength measurements, tripod pinch strength showed the strongest correlations 

with MUNE and CMAP. Grip strength correlated significantly with CMAP amplitude 
but did not become significant with MUNE and CMAP area, witch is  of clinical 
relevance as grip strength is often chosen as an indicator of affected hand function 
and not pinch strength. These study findings showed that motor axon loss is likely 
to be the major cause of hand dysfunction and impaired manual dexterity in CMT1A. 

It is recommended to use pinch strength as clinical indicator of upper limb 
involvement.

The study in chapter 6  aimed to gain insight into patients’  perception of functioning 
and evaluated perceived upper limb functioning and restrictions in participation in 

CMT1A patients  with the Michigan Hand Outcomes Questionnaire (MHQ)  and the 
Impact on Participation and Autonomy Questionnaire (IPA). MHQ results  showed 
that 98% of the CMT1A patients perceived moderate limitations in upper limb 
functioning, though ranging from severe to mild.  Patients  were least satisfied with 
their dominant hand. Most limitations were indicated in the domains of overall hand 

function, work,  and satisfaction with hand function. Patients were satisfied with the 
appearance of their hands and rarely experienced pain.
Restrictions on participation and autonomy were indicated particularly in the IPA 
domains of work, family role,  and autonomy outdoors.  Although most CMT1A 
patients found their participation to be sufficient in the domains addressed, a limited 

group (2-12%) indicated severe problems with the restrictions in participation. MHQ 
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sum scores correlated with all IPA subscales  (p  <0.01)  showing that perceived 
limitations in upper limb functioning are strongly related to restricted participation 
and autonomy in CMT1A.

The independent contribution of upper and lower limb functioning to participation 
restrictions in CMT1A was studied additionally using the Guy’s Neurological 
Disability Scale. Upper limb disability scores  contributed independently to the 
majority of the IPA subscales, whereas lower limb scores did not.
It was concluded that limitations in upper limb functioning were perceived by the 

majority of patients with CMT1A and strongly related to restricted participation.

In chapter 7, hand function (muscle strength, joint mobility and sensory aspect) of 
CMT1A patients was evaluated, and the major determinants of impaired manual 

dexterity were identified. The results were compared with a sample of 15 patients 
with multifocal motor neuropathy (MMN), which was chosen as  a reference group 
with only motor impairments.
Grip strength of CMT1A patients ranged between 10% and 112% of the normal 
reference value, with a mean (SD)  grip strength of 65% (± 25.4). Two-point,  tripod 

and lateral pinch strengths were reduced to approximately 50%. Limited active 
range of motion was found in 37%  of the CMT1A patients with a clawing position of 
the fingers  in 27%. The extent of clawing varied between involvement of all four 
fingers (14.3%) and solely the fifth finger (4.1%).  In 6% of the CMT1A patients a 
restricted passive mobility was found, indicating that contractures were rare. Limited 

active mobility was most apparent in the thumb. Loss of thumb opposition was 
found in more than half of the CMT1A patients, with 8  patients  (16.3%)  only able to 
perform a terminolateral pinch. The threshold for touch was impaired in 51%, static 
two-point discrimination in 27% and vibration sense in 20% of the CMT1A patients. 
The sensory abnormalities found were generally mild. Significant differences 

between the dominant and non-dominant hand were found for grip strength (p  = 
0.035), two-point discrimination (p = 0.007)  and for the threshold for touch (p  = .
049).
Hand function, especially hand strength and mobility of the fingers  and manual 
dexterity, appeared to be more severely impaired in patients with MMN compared 

with CMT1A. Impaired sensory function was found in one MMN patient. The SHT 
subtests  that were the most difficult to perform for MMN patients, were comparable 
with those of CMT1A patients but additionally included activities that require a 
strong grip such as pouring water from a jug,  lifting an iron and unscrewing a lid 
from a jar.
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It was expected that both motor and sensory impairments would contribute to the 
loss of manual dexterity in CMT1A.  Sensory impairments, however, were found to 
be less severe than motor impairments and appeared to have only limited 

consequences for manual dexterity. From all potential determinants  (age,  gender, 
grip and pinch strength, joint motion, the ability to oppose the thumb, threshold for 
touch, discrimination and vibration sense), tripod pinch strength, thumb opposition, 
and to a lesser degree vibration sense were independently associated with manual 
dexterity (69%  explained variance). In patients with MMN, tripod pinch strength 

showed the strongest association with manual dexterity.

Chapter 8  comprises  the general discussion.  In this chapter the main findings and 
their clinical implications, methodological limitations and future research 

perspectives are reflected upon.
In general, this thesis shows that hand function, in particular grip and pinch strength 
is  considerably reduced in CMT1A. Impaired manual dexterity appeared to be a 
common finding, especially with activities that require pinch grips or the 
manipulation of flat and of large objects. The majority of the CMT1A patients 

perceived mild limitations in upper limb functioning,  which were related to manual 
dexterity and perceived restrictions  in participation. Measurement of hand function, 
manual dexterity and perceived limitations should therefore be incorporated into the 
evaluation and treatment of CMT1A subjects. As  motor axon loss is most likely the 
major cause of hand dysfunction and impaired manual dexterity in CMT1A, the 

evaluation of the upper limbs  should be mainly directed towards the evaluation of 
the fine motor functions of the hand.
Finally,  tripod pinch strength and thumb opposition are the major determinants  of 
manual dexterity in CMT1A and should therefore be the focus of intervention 
strategies that aim to preserve or enhance manual dexterity in CMT1A.
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Nederlandse samenvatting

Charcot-Marie-Tooth disease (CMT), ook wel bekend als Hereditaire Motorische en 
Sensorische Neuropathie (HMSN), betreft een veel voorkomende, heterogene groep 
van erfelijke, langzaam progressieve, motorische en sensorische neuropathieen. 

CMT type 1A staat bekend als een demyeliniserende neuropathie en is met een 
geschatte prevalentie van 1:5000, de meest voorkomende genetische vorm. Recent 
onderzoek geeft in toenemende mate aan dat het klinisch beeld vooral bepaald 
wordt door de (secundaire) axonale dysfunctie. Dit klinische beeld van CMT1A uit 
zich in langzaam progressieve distale atrofie, spierzwakte en verlies van sensoriek in 

beide benen en armen. De voeten zijn het meest aangedaan. De handen raken 
meestal pas meer betrokken naarmate de ziekte verergert.
Een goede handfunctie is van groot belang voor het zelfstandig kunnen uitvoeren 
van dagelijkse activiteiten. Ieder verlies  van functie kan dan ook van grote invloed 
zijn op het dagelijks functioneren.  Dit is  het eerste proefschrift dat geheel gericht is 

op de hand in CMT1A. Alle drie de niveaus van de ‘International Classification of 
Functioning, Disability and Health’ (ICF) zijn hierin betrokken: lichaam functies en 
anatomische eigenschappen, activiteiten en participatie niveau. Het onderzoek is 
opgezet om inzicht te verkrijgen in de stoornissen in handfunctie,  de beperkingen in 
handvaardigheid en gerelateerde activiteiten, de restricties in participatie en om de 

determinanten van handvaardigheid in CMT1A te identificeren (hoofdstuk 1). Met 
dit inzicht kunnen effectieve behandelstrategieën opgesteld worden, gericht op het 
behouden of verbeteren van het dagelijks functioneren van patiënten met CMT1A.

Hoofdstuk 2 beschrijft een explorerende studie naar de maximale isometrische 
knijpkracht van 20 CMT (type 1 en 2)  patiënten vergeleken met die van gezonde 
personen van dezelfde leeftijd en geslacht. De gemiddelde knijpkracht in CMT was 
67% ten opzichte van de controle groep. Ook de kracht van de pincet- en 
lateraalgreep lieten grote verschillen zien ten opzichte van normaalwaardes.

De vermoeibaarheid is bestudeerd met het meten van de afname van knijpkracht 
gedurende reeksen van maximale contracties. Hierbij werden geen significante 
verschillen gevonden tussen CMT patiënten en gezonde proefpersonen.
De test-hertest reproduceerbaarheid van de kracht- en vermoeibaarheidsmetingen 
is  geëvalueerd in 15 gezonde proefpersonen. Deze bleek uitstekend te zijn voor de 

knijpkracht en matig voor de vermoeibaarheids-metingen, wat de interpretatie van 
de data over vermoeibaarheid beperkt. 
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De explorerende studie in hoofdstuk 3, met dezelfde populatie CMT (type 1 en 2) 
patiënten, beschrijft de handvaardigheid met behulp van de ‘Jebsen test of hand 

function’. CMT patiënten bleken, in vergelijking met gezonde personen van dezelfde 
leeftijd en geslacht, veel meer tijd nodig te hebben bij het uitvoeren van 4 van de 7 
Jebsen subtests:  kaarten omdraaien,  damstenen stapelen, optillen van grote lichte 
en zware voorwerpen.
In dezelfde steekproef zijn de ervaren beperkingen geëvalueerd bij arm gerelateerde 

activiteiten. Hiervoor zijn het Revalidatie Activiteiten Profiel (RAP)  en de Nederlandse 
versie van de ‘Disabilities of Arm, Shoulder and Hand’ (DASH)  vragenlijst gebruikt. 
De RAP liet zien dat ongeveer 25% van de patiënten grote beperkingen ervaren bij 
arm gerelateerde activiteiten zoals: het opmaken van een bed, schoonmaken, de 
was doen, aan- en uitkleden en met name bij het openen en sluiten van knopen, 

ritsen, veters en sieraden.  Ook met de DASH vragenlijst worden beperkingen 
aangegeven uitend in een mediane somscore van 13.3  op een schaal van 0 tot 100 
(0= geen beperkingen). De significante correlaties  tussen de RAP, DASH en de 
Jebsen test scores gaven aan dat CMT patiënten die beperkingen ervaren in arm 
gerelateerde activiteiten slechter presteren met handvaardigheid, en vice versa.

De resultaten van een cross-sectionele, beschrijvende studie van 49  patiënten met 
aangetoonde CMT1A (duplicatie op chromosoom 17p11.2-p12), zijn verwerkt in de 
hoofdstukken 4, 5 en 6.  De prevalentie en mate van beperkingen in 
handvaardigheid zijn onderzocht met de 'Sollerman Hand function Test' (SHT) en de 

‘Functional Dexterity Test’ (FDT). Tevens  is de uitvoerbaarheid, betrouwbaarheid en 
mate van overeenkomst tussen beide tests vergeleken (hoofdstuk 4).  Alle patiënten 
werden tweemaal gemeten met een interval van 1 week. 
Zesenveertig CMT1A patiënten (94%) hadden een abnormale SHT somscore (<80 
punten) voor de dominante hand.  De moeilijkste SHT subtests  om uit te voeren 

betroffen allen grepen zoals de pincetgreep, de driepuntsgreep en de lateraalgreep. 
De FDT scores wezen op een ‘matig functionele’ handvaardigheid. Er werd geen 
verschil gevonden tussen de scores van de dominante en de niet-dominante hand. 
Handvaardigheid bleek niet gerelateerd aan leeftijd en geslacht maar wel (negatief) 
gerelateerd aan ziekteduur.

De uitvoerbaarheid van de SHT en FDT was goed en de homogeniteit van de SHT 
scores was hoog, duidend op een goede interne consistentie. De test-hertest 
betrouwbaarheid was uitstekend voor de SHT en goed voor de FDT. De resultaten 
van de Bland & Altman test gaven aan dat een verschil van 3  punten op de SHT 
geïnterpreteerd kan worden als een verschil in handvaardigheid. Daarentegen had 

de FDT een wijd betrouwbaarheidsinterval gemeten met de Bland & Altman test.
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Concluderend laat hoofdstuk 4 zien dat beperkte handvaardigheid frequent 
voorkomt in CMT1A. Beide handvaardigheidtests zijn in staat om een beperking in 

handvaardigheid bij patiënten met CMT1A te detecteren. De SHT lijkt echter het 
meest geschikt voor het evalueren van de progressie van de aandoening en van de 
effecten van therapie in CMT1A. 

Een volgende studie onderzoekt de vraag of er een relatie bestaat tussen de 

handfunctie en handvaardigheid enerzijds en het verlies van motorische axonen 
anderszijds in 48  CMT1A patiënten (hoofdstuk 5). Met behulp van meerkanaals 
oppervlakte EMG van de duimmuis musculatuur is het verlies van motorische 
axonen geschat aan de hand van 'motor unit number estimation'  (MUNE) en 
'compound muscle action potential' (CMAP).

MUNE bleek in CMT1A minder dan de helft te zijn ten opzichte van gezonde 
controles.  Fijn motorische functies van de hand en handvaardigheid waren 
significant gecorreleerd aan MUNE en CMAP. Van alle krachtmetingen, liet de 
driepuntsgreep de sterkste correlaties zien. Knijpkracht correleerde significant met 
CMAP amplitude maar niet met MUNE en CMAP (oppervlakte). Dit is  van klinische 

waarde aangezien veelal de knijpkracht,  en niet de driepuntskracht gekozen wordt 
als indicator voor verlies van handfunctie. Uit de resultaten van dit onderzoek kon 
geconcludeerd worden dat naar alle waarschijnlijkheid het verlies  van motorische 
axonen de belangrijkste oorzaak is  van de stoornissen in handfunctie en 
beperkingen handvaardigheid bij CMT1A patiënten.

De studie in hoofdstuk 6  is opgezet om inzicht te krijgen in de ervaring van CMT1A 
patiënten over hun eigen functioneren. Hiervoor zijn de ervaren beperkingen in arm 
gerelateerde activiteiten met de ‘Michigan Hand Outcomes Questionnaire’ (MHQ), 
en de restricties in participatie met de ‘Impact on Participation and Autonomy’ (IPA) 

vragenlijst onderzocht. 
CMT1A patiënten gaven aan matige beperkingen in arm functionaliteit te ervaren. 
Patiënten waren tevreden over het uiterlijk van hun handen en gaven zelden pijn 
aan. De meeste beperkingen werden aangegeven in de MHQ domeinen: ‘algemene 
handfunctie’,  ‘werk’ en ‘tevredenheid met handfunctie’. Patiënten waren het minst 

tevreden over het functioneren van de dominante hand. Restricties in participatie 
werden vooral aangegeven in de IPA domeinen ‘werk’, ‘familie rol’ en ‘autonomie 
buitenshuis’. Alhoewel de meeste CMT1A patiënten tevreden waren over hun 
participatie in de betreffende domeinen,  gaf een beperkte groep (2-12%) aan 
ernstige problemen te ervaren met de restricties in participatie.
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MHQ somscores waren significant gecorreleerd met alle IPA subschalen (p <0.01). 
Dit geeft aan dat beperkte arm en handfunctionaliteit sterk samenhangt met 
restricties in participatie en autonomie van patiënten met CMT1A.

Met behulp van ‘Guy’s Neurological Disability Scale’ (GNDS) zijn de onafhankelijke 
bijdrages van beperkte arm en beenfunctie op de restricties in participatie 
onderzocht. Belemmeringen in arm en hand functie (GNDS arm score) bleken 
individueel bij  te dragen aan de variatie in IPA scores terwijl dit niet het geval was 
voor de GNDS been scores. 

In hoofdstuk 7 wordt een uitgebreide studie beschreven naar alle verschillende 
aspecten van de handfunctie bij CMT1A patiënten (kracht, mobiliteit en sensoriek). 
Dit om de belangrijkste klinische determinanten van beperkte handvaardigheid te 

kunnen bepalen. De resultaten zijn vergeleken met die van 15 patiënten met 
multifocale motorische neuropathie (MMN), gekozen als  referentie groep met enkel 
motorische stoornissen.
De knijpkracht van CMT1A patiënten varieerde tussen de 10%  en 112% van 
gezonde referentiewaarden. De kracht van de pincet-, driepunts- en lateraalgreep 

was afgenomen tot ongeveer 50%. Een beperkte actieve mobiliteit werd gevonden 
in 37%  van de CMT1A patiënten, waarbij een klauwstand van de vingers aanwezig 
was in 27%. De mate van klauwstand varieerde tussen betrokkenheid van alle vier 
de vingers (14.3%)  tot enkel de vijfde vinger (4.1%). In 6% van de CMT1A patiënten 
werd een beperkte passieve mobiliteit gevonden, wat impliceert dat contracturen 

zelden ontstaan. De beperkingen in actieve mobiliteit waren het meest zichtbaar in 
de duim; in meer dan de helft van de patiënten werd een verlies van duim oppositie 
gevonden. De tastzin was aangedaan in 51%, de discriminatiezin in 27% en de 
vibratiezin in 20% van de CMT1A patiënten. De sensorische stoornissen waren over 
het algemeen mild. 

Significante verschillen tussen de dominante en niet-dominante hand werden enkel 
gevonden voor knijpkracht, discriminatiezin en voor tastzin. 
De handfunctie,  en vooral de kracht, mobiliteit,  en handvaardigheid bleek in MMN 
patiënten meer aangedaan te zijn dan in CMT1A patiënten. De SHT subtests die 
moeilijk voor MMN patiënten uit te voeren waren,  kwamen overeen met die van 

CMT1A maar omvatte tevens activiteiten waarbij een goede knijpkracht nodig was 
zoals: het schenken van water uit een kan, het optillen van een strijkijzer en het 
losschroeven van een potdeksel.
We hadden verwacht dat bij CMT1A patiënten zowel motorische als sensorische 
aspecten een bijdrage zouden leveren aan de verminderde handvaardigheid. De 

sensoriek bleek echter in mindere mate verstoord te zijn dan de motoriek en van 
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weinig invloed op de handvaardigheid. Uit de resultaten van de multivariate regressie 
analyse bleek dat van alle onderzochte determinanten (leeftijd, geslacht, knijp-, 
pincet-, driepunts- en lateraal kracht, actieve en passieve mobiliteit, duimoppositie, 

tastzin, discriminatiezin en vibratiezin) enkel verlies van driepuntskracht, duim-
oppositie en vibratiezin onafhankelijk geassocieerd waren met handvaardigheid 
(69% verklaarde variantie). In MMN patiënten bleek de driepuntskracht het sterkst 
geassocieerd te zijn met de handvaardigheid.

In hoofdstuk 8  worden de belangrijkste bevindingen en beperkingen van al deze 
studies gezamenlijk ter discussie gesteld met een beschouwing van de klinische 
implicaties en perspectieven voor de toekomst. 
De resultaten in dit proefschrift benadrukken dat de evaluatie van de handfunctie, de 

handvaardigheid en van de ervaren beperkingen een essentieel onderdeel dienen te 
zijn van de klinische evaluatie en behandeling van CMT1A patiënten.  De evaluatie 
van de bovenste extremiteiten zou zich vooral moeten richten op de fijn motorische 
aspecten van de hand. Tot slot, verlies  van oppositie en driepuntskracht blijken het 
meest bepalend voor de handvaardigheid, en behoren dus de focus te zijn van 

interventie strategieën die gericht zijn op behoud of verbetering van de 
handvaardigheid van patiënten met CMT1A.
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starten, door te zetten en af te maken:

Tijd
Tijd is een belangrijke voorwaarde voor het doen van een dergelijk onderzoek. Prof. Nollet, 

Frans, voor mij ben je iemand met veel plannen, een snelle denker en een heldere blik. Je gaat 

letterlijk en figuurlijk als een wervelwind door de afdeling. Ik wil jou enorm bedanken voor de 

steun en tijd die ik van de afdeling revalidatie heb gekregen om dit onderzoek te doen en af te 

ronden.

Vertrouwen
Anita, je bent een geweldige begeleidster en eerste copromotor! Je toonde je vertrouwen in 

mij, zelfs als ik dat weer eens niet had. Je liet mij vrij en zelfstandig werken maar als ik vragen 

of hulp nodig had was je er gewoon. Zonder poespas en zeer zorgvuldig. 

Prof. De Visser, Marianne, ik weet nog goed hoe ik in 2004 met knikkende knieën op je 

kamer zat om je mijn plannen en ideeën te vertellen, en jij ze enthousiast en met vertrouwen 

aanhoorde. Je hebt een gave om scherp te zien en meteen de vinger op de zwakke plek te 

leggen. De organisatie met twee promotoren en copromotoren bracht wel eens wat verwarring 

en irritaties met zich mee wat echter snel oploste als we weer met elkaar om de tafel zaten. 

Zoals je zelf zegt “wint het persoonlijk contact het hierbij van de mail”. Dank voor de goede en 

concrete begeleiding.

Steun
Ivo, mijn tweede copromotor. Voor mij was je een toegankelijke begeleider met een hele 

prettige manier van samenwerken. Niemand die zo snel de gecorrigeerde stukken retour 

stuurde als jij, met opmerkingen en aanvullingen waar je echt verder mee kan. Daarnaast was 

je voor mij een brug naar de Neurologie. Een vakgebied waar ik mij toch vaak onzeker voelde. 

Ik dank je voor al je steun.

Steun kreeg ik ook van mijn kamergenoten en mede onderzoekers van de afdeling 

Revalidatie. Ook al wisselde de samenstelling van de groep en de locatie, de sfeer tussen de 
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onderzoekers is supergoed! Een sfeer van steun en waardering voor elkaar. Dank voor mijn 

plekje bij jullie en succes met jullie eigen projecten!

Ruimte
Collega’s fysiotherapie, jullie zijn altijd ondersteunend en enthousiast voor mij geweest. 

Ondanks dat ik niet vervangen werd in het handenteam, hebben jullie mij toch alle ruimte 

gegeven om dit onderzoek mogelijk te maken. Het sterke team-gevoel van vroeger maakt nog 

altijd dat ik me op de afdeling thuis voel.

Chantal van der Horst, en medewerkers van de afdeling PRHC, Dank voor jullie 

bereidheid om mij de ruimte te geven en te vervangen zodat ik dit onderzoek kon voortzetten 

toen ik subsidie kreeg. Typerend van de afdeling PRHC is de sfeer waarin de medicus en de 

paramedicus naast elkaar staan. Een sfeer van wederzijdse waardering en gelijkwaardigheid. 

Een hele prettige omgeving om te werken. Samen met het biertje aan het einde van de dag, de 

gezelligheid en de geweldige après-ski sessies was mijn tijd bij jullie afdeling er een om niet 

meer te vergeten!

Nettie, jij hebt de afgelopen jaren veel voor mij gedaan. Allereerst dank voor de ruimte die jij 

gegeven hebt door mij te vervangen. Je hebt je altijd met hart en ziel ingezet voor de 

handpatiënten en het handenteam. Het is heel fijn om een collega te hebben die de passie 

voor handen met mij deelt. De patiënten en ik vinden je dan ook een geweldige therapeut! Je 

gaat voor diepgang. Samen zijn we een goed team. In het AMC en sinds kort met Marjolein 

als maten van onze eigen praktijk 4hands! 

Motivatie
Veel dank aan alle deelnemende CMT1A en MMN patiënten. Jullie gaven mij niet alleen heel 

wat van jullie tijd maar ik ben ook zeer dankbaar voor het inzicht dat jullie mij gaven in de 

betrokkenheid van de handen bij CMT1A en MMN. De oprechte verhalen over hoe jullie met 

deze ziekte omgaan, jullie ‘tips en trucks’ en wat het voor jullie en je omgeving betekent om 

deze chronische aandoening te hebben, troffen mij vaak met respect. Jullie waren voor mij de 

grootste motivatie om dit onderzoek te doen en af te ronden.

Kennis
Kennis heb ik bij velen opgedaan. Frans, Marianne, Anita, Ivo, en Hans kan ik hier zeker 

allemaal noemen. Anita, met bewondering en verbazing heb ik vaak naar je gekeken terwijl jij 

zat te glunderen en genieten bij de statistische analyses. Het werkte aanstekelijk en ik kreeg er 

dan zelf ook plezier in. Veel dank voor het delen van jouw kennis. Het is heel prettig om met jou 

samen te werken.

Samenwerking
Camiel, dank voor je bereidheid tot het uitwisselen van gegevens en het beschikbaar stellen 

van je CMT1A bestand voor het aanschrijven van patiënten. Ik wens je veel succes bij het 

afronden van jouw eigen promotie onderzoek.
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Eric, dank ook voor jouw inzet bij de MUNE metingen en je flexibiliteit bij de planning van de 

patiënten.

Elianne, jij hebt je ook vaak ingezet voor dit onderzoek. Met aandacht voor de praktische en 

patiëntgerichte kant gaf je goede aanvullingen. Met veel geduld maakte je ook de duim 

oppositiespalken. Steeds maar zoekend naar de perfecte pasvorm en comfort. Je liet mij 

merken dat je het fijn vond om met de studentenprojecten mee te doen maar heb ik jou wel 

genoeg laten weten hoe fijn dat voor mij was!?

Leonard van den Berg, dank voor de bereidheid en samenwerking tussen het AMC en het 

UMC bij de benadering van MMN patiënten.

Renske van den Berg-Vos, heerlijk om te merken dat de inclusie van MMN patiënten meteen 

begon te lopen toen jij ermee aan de slag ging! Dank voor al je inzet en samenwerking.

Ton en Ruud bedankt voor het mogen lenen van de RIHM. De gegevens van dit deel van het 

onderzoek liggen nog op de plank maar ben ik niet vergeten hoor! Ook jullie stonden de 

afgelopen jaren open voor overleg en samenwerking. Dank hiervoor.

Hans, jou wil ik enorm bedanken voor de analyses van de MUNE data, een hele klus! Samen 

hebben we het MUNE artikel geschreven waarbij mijn ietwat chaotische brein het heel prettig 

vond om met jou (rustig, analytisch en gedegen) samen te werken.

Begrip
Mijn vrienden en familie hebben geweten dat ik met een promotie onderzoek bezig was. 

Opmerkingen, sms’jes of mailtjes zoals, ‘waar ben je op deze planeet?, ‘fijn dat je er ff voor me 

was’, ‘borreltje doen?’ en ‘zullen we weer eens in alle rust wat bijpraten?’, deden mij beseffen 

dat ik er dus vaak niet echt voor jullie kon zijn. Dank voor al jullie begrip en steun de afgelopen 

jaren!

Relativering
Mark, met jou heb ik heel wat relativerende en ontspannende gesprekken tijdens een ‘bakkie 

koffie’ op het plein gehad. Je hebt een heldere kritische en nuchtere kijk op het doen van 

onderzoek. Later vonden de ‘bakkies’ vaak plaats bij jou en Bregje thuis. Dank aan jullie beide 

voor deze momenten van vriendschap en relativering.

Groei
Mijn enthousiasme, nieuwsgierigheid en doorzettingsvermogen zijn gevoed door bovenal mijn 

ouders, Mieke en Harry. Zij gaven mij de vrijheid om keuzes te maken. Hadden evenveel 

vertrouwen in mij op het toneel als in de studieboeken. Met drie intelligente maar ook 

eigenwijze zus en broers boven mij leerde ik al jong om snel te denken, kritisch te kijken en 

goed te argumenteren.

Paps, ik weet hoe trots je zou zijn geweest. Voor mij ben je erbij!
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Inspiratie
Prof. Bos (beste Kurt) en prof. Eisma, jullie liefde voor de handen en overredingskracht heeft 

mij, misschien zonder dat jullie dat beseffen, geïnspireerd tot verdere specialisatie in de 

handtherapie en wetenschappelijke scholing.

Gwendolyn van Strien, Ton Schreuders, Wim Brandsma. Pioniers in de handtherapie in 

Nederland. Ik heb grote bewondering voor jullie kennis en kunde. Jullie zijn een inspirerend 

voorbeeld. 

Vriendschap
Lieve Roebyem en paranimf. Samen hardlopend van Bondi beach richting Coogee…. Je bent 

voor mij een inspirerende vriendin met een snelle geest. Je laat mij zien dat je duidelijke keuzes 

moet maken en daar naar moet handelen. En wel meteen! In Sydney had ik nog veel twijfels 

over de voortgang van het onderzoek en ik heb daar veel met je over gesproken. Tijdens onze 

koffie in Gusto’s besloten om dit promotie traject echt af te ronden.

Tanja, lieve, dierbare vriendin en paranimf. Al helemaal in het begin van mijn onderzoek schreef 

jij mij een briefje zoals alleen jij kunt schrijven. Gedurende de afgelopen jaren stond je altijd 

klaar om naar mij te luisteren en heb ik vaak op je geleund. Heel wat ideeën maar ook 

frustraties rondom mijn onderzoek kon ik aan je kwijt. Vaak tijdens lange wandelingen door het 

bos. Ik ken niemand die zo goed kan luisteren en spiegelen. Het was ook heel goed om een 

mening vanuit een andere, niet medische hoek, een ander perspectief te horen. Dank voor je 

heldere blik en warme vriendschap.

Liefde
Tijd, vertrouwen, steun, ruimte, motivatie, kennis, samenwerking, begrip, relativering, groei, 

inspiratie, vriendschap en zoveel meer geef jij mij met jouw liefde Mick.

En dan jullie, Marijne, Rosa en Bram. Het was soms zoeken naar de balans tussen thuis en 

werk maar jullie enthousiasme, begrip en liefde laten mij zo duidelijk zien wat echt belangrijk is. 

Dank lieve, mooie, fantastische kids!

Children are the hands by which we take hold of heaven 

(Henry Ward Beecher)
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The Hand
This  beautiful organ of discrimination and 
power brings  to our knowledge the texture of 
our environment; it is  also the means  by which 
we impose our will on  the tools  that subdue 

and transform the world for our pleasure.

Paul W. Brand, november 1958
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en sindsdien heeft zij zich volledig gespecialiseerd en 
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