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Abstract
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This article reviews the functional anatomy of the intrinsic muscles of the fingers (palmar interossei, dorsal interossei, hypothenar and lumbrical muscles) and discusses the pathokinesiology
of the hand with intrinsic muscle paralysis and its consequences
for Activities for Daily Living. The assessment of muscle strength:
manual and instrumental and principles for therapeutic intervention are also discussed.
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Introduction
Many valuable studies have been published about the anatomy
[1 ± 5], mechanics [6 ± 10], and architectural design [11], of the intrinsic muscles of the hand. Understanding the mechanics of human dexterity requires an appreciation of the kinetic chains that
comprise the hand, and the intricate interplay of muscles and ligaments that control its movements. In these chains, the intrinsic muscles of the hand are of paramount importance for efficient hand function [11].
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There is a considerable decrease in functional efficiency in hands
with loss of intrinsic muscle function, often referred to as the
claw hand or intrinsic minus hand (Figure 1) [12 ± 14].
A comprehensive analysis of hand function should include assessment of the strength and length of the intrinsic muscles.
This will provide important information and assist the assessor
in determining nerve function, deciding which muscle group(s)
may need to be strengthened, if and what splint maybe needed
and what surgery needs to be considered e. g. nerve graft, tendon
transfer, or of conservative management is still indicated.
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The hypothenar muscles will be discussed as a separate group
and the intrinsic muscles of the thumb will be discussed in a
companion paper.
For this paper the authors have selected studies mainly from rehabilitation, hand surgery, hand therapy and biomechanical
journals.

Intrinsic muscles of the fingers

xxx

Fig. 1 Long-standing paralyses of all intrinsic muscles can cause severe clawing of the fingers.

Although assessment of muscle strength and length are important elements of hand examination other functions, such as mobility, sensibility and central properties of the brain, are equally
or even more important for hand function. Co-ordination and
speed of hand movements are difficult to assess quantify but
nevertheless important features of muscles, which control hand
function.
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Hand function tests have been developed by e. g. Moberg [15],
Bendz [16], Sollerman et al [17], and Light et al [18]. Most of these
tests would record the time it takes to finish a set of activities.
Clinicians often observe that patients with impairments of the
hand quickly learn to compensate for lost functions. Therefore,
tests for hand function may only assess the ability of the patient
to compensate for lost function.
There is little consensus about classifications of prehensile patterns of hand function [19]. The general characteristics remain
largely consistent with the following categories: pinch grips
(tipp pinch, lateral or key pinch, and tripod or chuck pinch) and
three modes of gripping: (power grip, spherical or flexion grip,
and extension grip in intrinsic plus position) [18]. It is estimated
that for a full range of naturally common grips, a spherical grip is
required for 10 %, a tripod grip for 10 %, a power grip for 25 %, a
lateral grip for 20 %, a tipp grip for 20 %, and an extension grip
for 10 % of E activities of daily living. Without intrinsic muscles a
power grip is somewhat weaker but still possible. For all grips
the intrinsic muscles play an important role.
The aim of this paper is fourfold:
a) to review the functional anatomy of the intrinsic muscles of
the fingers.
b) to discuss the pathokinesiology of the hand with intrinsic
muscle paralysis, its consequences for Activities for Daily Living (ADL) and muscle shortening.
c) to present possibilities for the assessment of muscle strength:
manual and instrumental.
d) to discuss principles for therapeutic intervention: prevention
of complications and strengthening exercises.

In general, each finger has six muscles controlling its movements: three extrinsic muscles (two long flexors and one long
extensor) and three intrinsic muscles (dorsal and palmar interosseous and lumbrical muscles). The little finger and the index
finger each have an additional extrinsic extensor.
1 Dorsal and palmar interosseous
1.1 Functional anatomy
Most textbooks state that there are four dorsal (DI) and three palmar (PI) interosseous muscles. Stack et al. [20] suggested that it
might be more useful to divide the interosseous into proximal
and distal, as it is their insertion rather than the origin, which
dictates their action. Most dorsal interosseous muscles have a
more proximal attachment while the palmar interosseous have
a more distal attachment similar to the lumbricals [17]. According to Zancolli [21] there are three types of insertions of the interosseous:
Type I most proximal, attached to:
a) tubercle of proximal phalanx,
b) transverse and oblique fibres of extensor apparatus
c) the volar plate.
Type II is like type 1 except that there is no attachment to the
bone (a) and part of the insertion is into:
d) the lateral band.
Type III has all four attachments a, b, c and d.
The first dorsal interosseous (1 DI) insertion is of type I. All other
DI are of type III. All PI have a type II insertion, but variations are
possible [22]. Because of its insertion, the strongest activity of
the 1 DI is in key pinch when the thumb is pressed against the
mid-phalanx of the index finger. The 1 DI is also active in tipp
pinch, when the tipp of the thumb is pressed against the tipp of
the index finger. In that case the main action is as a flexor at the
metacarpophalangeal (MCP) joint. The first palmar interosseous
(1 PI) muscle is more active in tipp pinch activities and produces
some supination of the index finger to get good approximation
with the pulp of the thumb. In this respect we might consider
the 1 PI as the ¹opponens indicesª muscle.
The insertion into the lateral band of the extensor apparatus (d)
is important for extension at the proximal interphalangeal (PIP)
joints.
Without interosseous the finger is unstable and will collapse into
the ¹clawª (i. e. intrinsic minus) position of (hyper) extension of
the MCP joint and flexion of the IP joints when loaded. Therefore
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only 0 ± 58. When the tension on the extensor tendon is increased
especially when the wrist is flexed, this angle will go beyond the
08 and thus the interosseous muscle becomes an extensor of the
MCP joint. This angle of approach to the extensor mechanism for
the palmar interosseous muscles is 20 ± 258 and for the lumbrical
muscles 358 [1].

the interosseous (or interossei) muscles are sometimes referred
to as the ¹anti-clawª muscles [13]. The primary function of the
interosseous (see above) is MCP flexion/stabilisation with extension of the interphalangeal (IP) joints. This is especially evident
during pinch in which the ¹collapseª of the index PIP joint is apparent in and results in ¹hyperª flexion, often > 908. This is a sign
of interosseous muscle weakness and is sometimes referred to as
the Mannerfelt sign [23] (Figure 2).
Recording the moments of the intrinsic muscles that were (are)
generated after electrical stimulation, Lauer et al. [9] found that
the dorsal interosseous muscles were strong abductors of the
fingers and that they also generated a significant moment in
MCP joint flexion and IP joint extension. Similarly, Ketchum et
al. [12] found that the interosseous muscle of the index finger
contributes 73 % to the overall moment for flexion of the MCP
joint. Li et al. [10] investigated the role of the interosseous muscles during finger flexion tasks. When an external-volar force is
applied proximally to the PIP joint, the extensor mechanism (intrinsic muscle group) contributes the largest (70 %) force (of all
flexors). Thus the interosseous muscles are important flexors of
the MCP joint together with the long flexors: flexor digitorum
profundus (FDP) and flexor digitorum superficiales (FDS). However, at the PIP joint the long flexors, primarily the FDS, and the
interosseous are antagonists.
When the PIP joint is flexed, some reduction of the extension
moment of the interosseous at the PIP joint level takes place,
due to the volar displacement of the lateral bands (of about
4 mm). At full flexion of both the PIP and distal interphalangeal
(DIP) joints, the lateral bands approach the flexion-extension
axis of the PIP joint, thereby further minimising the extensor moment [8].
The action of the interosseous muscles can be studied separately
from the extensor digitorum communis (EDC) muscles in patients with a radial nerve paralysis. If the patient is asked to extend the fingers, no extension of the MCP joint will occur, but the
finger IP joints will extend because of the action of the interosseous and lumbrical muscles (or the intrinsic extensors). However, in some patients the fingers, in particular the index may extend in the MCP joint to some degree. This is due to the fact that
the angle of attachment of the dorsal interosseous muscles is

1.2 Pathokinesiology
The deficiency due to loss of interosseous muscles is usually given in textbooks as loss of abduction and adduction of the fingers.
The loss of this action is important for those who play musical
instruments or operate keyboards, but in most patients this is
not recognised as a severe deficit. The loss of MCP flexion and
PIP extension, synchronised finger flexion, is a much more significant loss. In acute paralysis of interosseous muscles this will
sometimes only be visible as a mild hyperextension at the MCP
joints and slight flexed position of the PIP joints when the patient
is asked to extend the fingers. This deformity, however, usually
progresses depending on the joint laxity and use of the hands.
Long, thin and hyper-mobile fingers will develop a so-called
claw hand much quicker than thick, stiff fingers. In the mobile
hands the volar ligamentous structures stretch more easily, causing increased hyperextension and subsequently less PIP extension.
Extension of the PIP joints is only possible by contraction of the
EDC when the MCPs are ¹blockedª, either actively (internally)
through muscle contraction or passively (externally) through
the examiners hand or a splint, preventing hyperextension of
the MCP joints. This is called assisted extension, and is used to
assess the integrity of the extensor apparatus. This manoeuvre
has also been called the Bouvier test, while Bourrel prefers to
call this test the ¹the metacarpophalangeal stabilization testª
[26].
Other factors that may contribute to the development of a claw
hand are: hand dominance, continued use of the hand (or lack
of it), compliance of the patient to perform routine exercises to
prevent joint stiffness, and use of (night) splints.
Without interosseous muscles the hand can still make a full fist,
except that the MCP flexion lags behind, or is ¹delayedª. In patients with a ¹highª ulnar lesion, the FDP muscles of the 4th and
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Fig. 2 Mannerfelt and Froment sign on left hand of patient with ulnar
nerve paralysis.

In a high median nerve paralysis, the index finger is deprived of
all long flexors and the lumbrical muscle. The only active muscles are the long extensors and the two interosseous. In an attempt to flex the fingers the index finger will remain extended
in the IP joints. This is accurately described as the ¹pointing fingerª where the IP joints are fully extended and the MCP joint is
flexed. The long finger is also deprived of the long flexors, but
will usually flex in grip. This is due to the attachments between
the FDP tendons of the long finger and the ring finger and is
called the Quadriga phenomena [24, 25]. This term suggests a
symmetrical organisation of the four tendons. However, the connections between the FDP of the index and middle finger are
usually absent. A strong connection between the flexor pollicis
longus (FPL) and the FDP of the index finger can also exist. In
such instances we may observe index flexion when flexing the
thumb IP joint.

3
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Chronic hyperextension of the MCP joints may cause some
bowstringing of the EDC tendons, stretching the sagittal bands.
The laxity of the sagittal bands will result in an inability to maintain the EDC tendon at a central position on the MCP joint. The
migration of the luxating tendon into the groove between the
MCPs is especially observable when flexing the MCP joint. This
is sometimes called ¹gutteringª because the tendon drops into
the ¹gutterª between the MCP joints.

xxx

Fig. 3 Thomas sign: compensation movement when interosseous
muscles are weak; flexion of the wrist in an attempt to gain a better
opening of the hand, i. e. by means of increasing the pull on the EDC.

5th fingers are paralysed. The clawing posture is often less compared to the ¹lowª ulnar nerve lesion, because the flexion moment at the PIP joints is decreased. We may conclude from this
observation that the degree of clawing may also be the result of
visco-elastic tension of FDP. When the ulnar nerve recovers, the
4th and 5th finger will often show increased clawing. Long-standing flexed position of the IP joints may result in a physiological
shortening of the long flexors. This may further increase the PIP
flexion position, which in turn may contribute to further deterioration of PIP flexion contractures. This is an additional reason
to maintain the length of the extrinsic flexors in patients with intrinsic muscle paralyses.

4

Another sign of interosseous muscle weakness is known as the
Thomas sign [27] (Figure 3). This is the tendency of a patient
with weak interosseous muscles to flex the wrist in an attempt
to gain a better opening of the hand, i. e. MCP extension, by
means of increasing the pull on the EDC.
In long-standing interosseous muscle weakness this movement
will increase the hyperextension of the MCP joints and adds to
the progress of the development of the claw hand. This ¹trickª
movement is adopted very quickly and, even when the interosseous have regained their strength, will often take a long time
to ¹un-learnª.
In long-standing paralyses of the interosseous muscles, the PIP
joints are continuously in a flexed position. This may cause a
gradual stretching of the dorsal expansion (sometimes called
the tri-angular ligament) over the PIP joint, which secures the
lateral bands of the extensor tendon in their dorsal position. In
the normal finger, the lateral bands shift dorsally when the PIP
joint is extended. In flexing the PIP joint the lateral bands need
to move volarly towards the flexion-extension axis of movement.
When the dorsal expansion is elongated, the lateral bands are
displaced volarly, resulting in a loss of PIP joint extension moment. In chronic flexion position of the PIP joint, the oblique retinacular ligament (ORL), or Landsmeers ligament, is slack most
of the time and will adjust to this new situation by shortening.
This may result in hyperextension of the DIP joint. A similar progression of changes, as in an extensor tendon central slip injury,
may result in a Boutonnire deformity [28].

Shortening of the interosseous muscles is called intrinsic tightness (IT), and is often caused by trauma of the hand. The interossei are situated in rather tight compartments. Therefore swelling
will cause an increase in pressure in these compartments, resulting in anoxia and muscle fibre death, with subsequent fibrosis of
the muscle and shortening. This process is identical to the cause
of Volkmann's ischemic contracture in the forearm [29].
The IT test consists of two parts. First, the range of passive PIP
flexion is tested with the MCP joint extended. Next, passive PIP
flexion is tested with the MCP joint flexed. Intrinsic tightness is
present if there is a large difference in PIP flexion between the
two MCP positions. The long-term complications of IT can result
in decreased MCP extension and a swan neck finger, i. e. hyperextension of the PIP joint with secondary DIP joint flexion. A longstanding swan neck deformity might result in a painful snapping
of the lateral bands at the PIP level when the finger moves into
flexion. This test is sometimes called the Bunnell intrinsic-tightness test [30]. Intrinsic muscle tightness may also play an important role in the pathogeneses of MCP joint subluxation in rheumatoid arthritis [31, 32].
Another interesting observation is what may be called ¹interosseous plusª. By this we mean paradoxal extension of the PIP joint
when the patient wants to flex the finger. The harder the patient
tries to bend the finger, the more the finger will extend in the PIP
joint. This phenomenon is sometimes seen in patients in whom
the interossei have been the only flexor of the finger for some
time e. g. in high median nerve palsy, or in the case of adhered
flexor tendons. Although the flexors are active and can bend the
finger, when a stronger grip is required the finger will extend.
In a strong grip, the stronger the flexors are pulling, the more the
intrinsic muscles become active to stabilise the PIP joints and
prevent luxation. If the long flexor is weak or poorly activated,
the interosseous will overpower the long flexor causing PIP extension. This paradoxal extension appears to be similar to the
lumbrical plus phenomena (see lumbricals) and might be called
¹interosseous plusª. The patient has to be taught to, gently, contract the long flexors without the action of the interosseous muscles.
1.3 Assessment possibilities (manual and instrumental)
Although the interosseous muscles have short a fibre length,
some are strong and have physiological cross-sectional areas
comparable to the FDS muscles [28].
In standard textbooks on muscle testing, the tests suggested are
usually: abduction for dorsal and adduction for palmar interosseous muscles [33, 34]. These tests are useful for isolated (specific) testing of the interosseous. For example, patients with an ul-
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Fig. 4 Testing the
strength of the intrinsic muscles in
the fingers.
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nar nerve paralysis can not move their middle finger sideways,
which has been called the Egawa sign [27]. Functionally, it is
much more meaningful to test the interosseous muscles in the
intrinsic plus position, by giving resistance to flexion of the MCP
joints at the proximal phalanx with extension of the PIP joint
[35, 36] (Figure 4).
The contribution of the interossei to grip strength, some suggest,
can be measured indirectly through measuring the grip strength
of the hand with e. g. a Jamar dynamometer. Janda et al. advocated to use the smallest distance between handle positions of the
Jamar because the intrinsic muscles were most active in that position [37]. Research has shown that when using the 5 different
handle positions, normally a ¹bell shapedª curve will show. In
weakness or paralysis of the interosseous this bell shape will
flatten.
Kozin et al. [14] tested 21 healthy persons who underwent median and ulnar nerve blocks at the wrist. The average decrease in
grip strength was 38 % after ulnar nerve block. Pinch data in the
study by Kozin et al. revealed a significant decrease in key pinch
of 77 % after ulnar block and 60 % after median block [14]. Therefore, for evaluation and monitoring the motor function of the ulnar nerve, pinch strength measurements would seem to be more
useful than grip strength measurements.
Isolated strength measurements of the first dorsal interosseous
muscle can be done with dynamometers such as the RIHM,
[38, 39] the Intrins-o-meter of Mannerfelt [40], or the Preston
pinch gauge device in a modified use of it [41].
1.4 Therapy principles (prevention complications,
strengthening, ADL)
In the hand with paralysis of the intrinsic muscles the PIP joints
are the joints that are at risk.
The patients needs to be taught how to exercise to prevent PIP
flexion contracture with assisted extension exercises; blocking
the MCP joints with their hands and routinely massaging to ex-

Fig. 5 Prevention of IP flexion contractures by massaging the fingers.

tend the IP joints (Figure 5). When they choose not to exercise,
wearing a splint becomes more necessary.
A (night) splint with the MCP joints in flexion and IPs in extension is sometimes advisable. Increased hyperextension of the
MCP joints, due to stretching of the volar plate, is also prevented
in this position.
During the day the so-called ¹knuckle-benderª can assist the patient in some ADL functions. This splint will also help to move
the PIP joint into full extension during the day and will maintain
the integrity of the extensor mechanism.
Preferably exercises to strengthen the interosseous muscles are
aimed at movements, which flex the MCP and extend the IP
joints. Therefore, exercises for the interosseous muscles are all
activities in intrinsic plus position: e. g. grasping a book, plate or
a cylindrical object like a large bottle. The first dorsal and -palmar interosseous can be trained in activities that require tipand key pinch pinch.
To correct the long flexor tightness, the patient is taught to
¹stretchª the flexors by holding the hand flat on a table and by
moving the forearm towards an angle perpendicular to the table.
In a similar fashion, the patient could sit on the dorsum of the
hand and then pulls the forearm towards the body, thereby extending the wrist. A splint with the fingers and wrist in extension
may be necessary in severe cases.
2 Lumbricals
2.1 Functional anatomy
The lumbrical muscles are unique muscles in several aspects.
They connect two extrinsic antagonistic muscles. Proximally the
lumbricals are attached to the FDP and distally they are inserted
into the lateral band of the extensor tendon. The third and fourth
lumbricals also connect, by their bi-penal origin, two adjacent
FDP tendons.

Schreuders TAR et al. The Intrinsic Muscles ¼ Phys Med Rehab Kuror 2006; 16: 1 ± 9

5

Phys med "532", 19.6.06/maisch/email/may gel.

xxx

The function of the lumbrical muscles is much debated. Brand
suggested that the lumbrical muscles are not important for MCP
flexion. He explained this with an illustration of a father carrying
a child; it does not matter what the child (i. e. lumbrical) is carrying, the father (i. e. FDP) has to carry it anyway [28]. Therefore,
the lumbrical muscles have a unique ability to contract without
adding flexion torque at the MCP joint. This contrasts with the
interosseous muscles which, when extending the IPs, need a
stronger contraction of the EDC to counteract the flexion moment at the MCP joint. The lumbricals are more efficient for IP
extension than the interosseous. Any contraction of the lumbrical muscle for IP extension reduces the visco-elastic force of the
FDP tending to flex the IP joints. Accordingly, the lumbricals can
be regarded as a ¹deflexorª of the PIP joint. Its direct contribution
to MCP flexion is small and in the flexed finger may be non-existent, but its indirect contribution to IP joint extension by decreasing the flexion torque is substantial [42].
With the smallest physiological cross-sectional area of all intrinsic hand muscles, it is certainly not a strong muscle. The lumbricals, however, have a very long fibre length (40 ± 48 mm), which
indicates that they are designed for large excursions. If the lumbrical fibre length would be short, FDP excursion could stretch
the lumbrical sarcomeres to a point that they were unable to
generate active force [11].

6

terosseous muscles. Strength testing is most likely less relevant
than evaluating the co-ordination and dexterity of a finger as in
tapping. However, no studies have been found in which this may
have been done.
In patients with an ulnar nerve paralyses the strength can be
measured in isolation of the interosseous muscles, where the index and long fingers have only the lumbrical to maintain the intrinsic plus position. One study measured a mean MCP joint flexion strength in the index and long finger of 0.8 kg (range 0.3 ± 1.5)
compared with 6.4 kg (range 4.6 ± 7.9) in the non-involved hand.
Thus, the affected fingers have only about 12 % of the strength of
those of the non-involved hand [51]. This strength is often not
enough to prevent clawing in long-standing loss of the interosseous muscles of the fingers.
2.4 Therapy principles (prevention complications,
strengthening, ADL)
There is no specific exercise program for strengthening of the
lumbrical muscles. Strength training is similar to interosseous
muscle training, with perhaps more focus on speed and co-ordination.

The lumbrical muscles are richly endowed with muscle spindles.
Their passive elongation by contraction of the FDP may inhibit
finger extensors and facilitate wrist extensors [42 ± 45]. For this
reason the lumbrical muscles have been called ¹tensiometersª
between the flexors and extensors [46]. Leijnse and Kalker [25]
concluded that the lumbricals are in an optimal position for proprioceptic feedback regarding PIP-DIP joint movements. The
unique properties of the lumbricals indicate that they are probably important in fast, alternating movements, e. g. in typing
and playing musical instruments [47].

3 Hypothenar muscles
The muscles of the hypothenar are from ulnar to radial: abductor
digiti minimi (ADM), flexor digiti minimi (brevis) (FDM), and opponens digiti minimi (ODM). The palmaris brevis (PB) is the most
superficial muscle overlying these muscles transversely and
originates from the aponeurosis palmaris. All the hypothenar
muscles are ulnar innervated. Isolated paralysis is rare, however.
In Cyclist palsy pressure of the ulnar nerve can cause particular
patterns of muscle weakness depending on the level of the entrapment [52, 53]. Because there are functionally only minor differences between these muscles, they are discussed here as a
group. The abductor digit minimi in its function could be compared to a dorsal interosseous.

2.2 Pathokinesiology
In low median nerve injuries the lumbrical muscles of the index
and middle finger are paralysed. In these hands it is difficult to
discover any problems in the motion of these fingers [48]. A
mildly diminished extension of the DIP joint has been noticed in
a few patients, which might be explained by the decreased extension force on the extensor apparatus. Electromyography studies in functional activities on lumbrical minus fingers could reveal further insights in the role and function of these fingers.

3.1 Functional anatomy
The most ulnar-situated muscles (especially ADM) have the
strongest ulnar abduction action of the little finger. The ODM, attached to the 5th metacarpal bone, has an important role in opposition of 4th and 5th rays. All the hypothenar muscles are active in
the intrinsic plus position of the fingers, except for the ODM and
the PB. In this position, similarly to the interosseous of the fingers, they flex the MCP joint of the little finger and extend the IP
joints.

The ¹lumbrical plusª sign is a situation in which there is a FDP
tendon rupture distal of the lumbrical origin, or is also present
in the situation where a graft has been used that was too long.
The FDP now pulls through the lumbrical muscle rather than
through its tendon, causing PIP extension [49].

3.2 Pathokinesiology
The 4th and 5th metacarpals are much more mobile in the CMC
joints as compared to the 2nd and 3rd. This makes it possible to
adjust the hand around an object, but also e. g. the handle of a
hammer. Flattening of the palmar arch of the hand (MCP joints)
is another sign of weakness of the interosseous and hypothenar
muscles. Flexion of the 4th and 5th metacarpal bones at the CMC
joints is diminished. This results in a flattening of the arch of the
hand and also in a weaker and less secure grip (Figure 6). The loss
of cupping function of the hand can go unnoticed in many patients, but for people accustomed to eating with their hands,
can cause some trouble [28].

Colditz has recently investigated the effect of shortening of the
lumbrical muscles [50] which might also disturb the muscle balance of the fingers.
2.3 Assessment possibilities (manual and instrumental)
Manual muscle strength testing (MMST) of the lumbricals is
practically impossible because of the synergistic action of the in-
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the function of the intrinsic muscles controlling the fingers is
still in the controversial stageª. It is still open to discussion how
at the same time the role of the intrinsic muscles can be important and controversial, and to what extent the strength of the
grip is dependent on the intrinsic muscles.

In patients in whom the ulnar nerve is paralysed a Wartenberg
sign can be seen. This is usually described as a sign of activity of
the long extensor tendons of the little finger running radially of
the MCP joint. The extensors produce an abduction force on the
little finger which is not opposed by the paralysed intrinsic muscles [54]. In hands in which the ulnar nerve innervated muscles
are recovering, the abducted position of the little finger often increases. In this situation we think that this may also be a sign of
poor recovery of the third palmar interosseous muscle, resulting
in a disbalance between the intrinsic abductors and adductors.
3.3 Assessment possibilities (manual and instrumental)
Due to their superficial location, the hypothenar muscles can be
well observed and palpated during MMST [36]. This is very useful to assess the recovery of the ulnar nerve function. When testing the abduction of the little finger the ADM and FDM are tested.
In the intrinsic plus position, pressing against the volar side of
the PIP of the 5th finger, the same muscles can be tested as a
group. The ODM is tested in the cupping of the hand, when flexion of the CMC of the 5th ray is asked for. Abduction strength of
the 5th finger is possible with dynamometers such as the RIHM
and Mannerfelt's Intrins-o-meter.
3.4 Therapy principles (prevention complications,
strengthening)
Similar training activities as described for the interosseous can
be recommended. Grasping round objects emphasizing the cupping of the hand is specifically trained, and attention is given to
the shaping of the arch of the hand in grasping large objects and
handles.

Discussion
Sterling Bunnell considered the father of hand surgery, wrote in
hic classic book about hand surgery [30], in a chapter which was
dedicated to the intrinsic muscles of the hand, ¹the intrinsic
muscles of the hand, though tiny, are important because, with
the long extensors and long flexors, they complete the muscle
balance in the hand. Normal position, normal motion, and even
strength of the grip of the hand are dependent on this nice balance of these three sets of musclesª. He also stated, ¹regarding

The relation between loss of the intrinsic muscle strength and
activities of daily life (ADL) and participation still needs further
study. It has been shown that loss of nerve function has an important effect on e. g. hand function and the patients' abilities to
perform certain tasks. In a group of 81 ulnar and/or median nerve
injured patients the mean time off work was more than 31
weeks. Within one year after combined nerve injuries only 24 %
versus 80 % after isolated median, and 59 % after ulnar nerve injuries, returned to their work [58]. In a similar group of patients,
Rosen found that patients with peripheral nerve injuries had difficulty in picking up coins, putting nuts on bolts and doing up
four buttons [59]. Handling these small objects was especially
difficult for patients with median nerve loss possibly because of
the loss of sensibility of the index and thumb, or due to impaired
muscle strength of the thumb [60].
An Indian study of 62 patients with loss of nerve function due to
leprosy investigated the relation between grip and pinch
strength and (using an Indian designed questionnaire) the basic
activities of daily living (BADL) [61]. The study showed a significant relationship between grip and pinch strengths (in particular
the tripod pinch) and the BADL questionnaire.
In a long-term study of patients with peripheral nerve injuries,
the relation between the DASH questionnaire and grip strength
and sensibility measurements (Semmes Weinstein filaments)
was analysed. A strong association was shown between the outcome as measured with the DASH questionnaire for both the
sensory and motor recovery [62, 63]. Evidently, both functions
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Fig. 6 Loss of the metacarpal arch in a patient three months after ulnar nerve injury in right hand.

The function of a muscle can be divided into three aspects: force
or strength (N), endurance (sec) and velocity (m/sec). In most
muscle testing methods, the first aspect, maximum strength is
tested, which is sometimes referred to as the maximum voluntary contraction (MVC). In grip and pinch strength measurements this MVC is generally used by asking the patient to
squeeze or push ¹as hard as you canª and has been shown to provide reliable data. In ADL, however, these maximum muscle contractions are rarely used, except for some specific actions, e. g.
when lifting a heavy suitcase or opening a tight jar. Usually, a
much lower level of strength is needed to perform most of our
ADL, especially in white-collar workers. The second aspect, endurance or muscle fatigue, is probably particularly relevant in
patients with impaired muscle function due to e. g. multiple
scleroses, amyotrophic lateral sclerosis and hereditary motor
and sensory neuropathy (HMNS). Videler et al. [55] studied muscle fatigue of grip in patients with HMSN. Many patients with
HMSN indicate that during daily activities they experience most
difficulty when an activity has to be maintained for a longer period of time [56, 57]. Videler and colleagues studied the reproducibility of a fatigue test with measurements of three sets of
15 grip and pinch contractions with a handgrip dynamometer
on two separate occasions with a 1-week interval, but found
that reproducibility was poor.
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of the nerve, i. e. sensation and muscle strength, can have an important influence on ADL.
In a study comparing the strength of the hand muscles in 46 patients with HMSN, the correlations between the different
strength measurements of intrinsic and extrinsic muscles and
hand function measured with the modified Sollerman and the
DASH [64] was studied [65]. It was found that the intrinsic muscle strength measures were more strongly correlated with the
Sollerman test, which specifically measures fine motor tasks. In
contrast, the extrinsic strength measurements were more
strongly correlated with the DASH, which is a more global measure of upper extremity function.

xxx

Interpreting the outcome of tests, which assess the patient's ability to perform a certain task by measuring the time (Sollerman)
taken or by asking if the patient experiences problems in hand
function (DASH) has some important drawbacks. Firstly, the loss
of sensation will have an important influence, secondly, such
tests might only assess the patient's ability to adapt or the patient's creativity in finding coping strategies, e. g. in using the
non-injured hand or certain trick movements.
Finally, an important component of muscle i. e. function; the
velocity also needs further study. The ability to rapidly move
the hand is another important attribute, which determines the
co-ordination of the hand. The importance of the lumbrical muscles in fast movements (rather than in maximum strength circumstances), as suggested by Leijnse et al [47] is interesting and
warrants further clinical study.
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Outcome studies involving hand function should be presented in
the three different domains of function, activities and participation as was suggested by the 2001 World Health Organization report as the International classification of functioning, disability,
and health (ICF) [66].
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