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Objective: To compare the outcome of muscle strength with INTRODUCTION

manual muscle strength testing grip and pinch strength

measurements and a dynamometer which allows for Peripheral nerve lesions constitute a major reason for severe
measurements of the intrinsic muscles of the hand in and longstanding impairment in hand function (1). Outcome
isolation (the Rotterdam Intrinsic Hand Myometer, RIHM). is often unpredictable and disappointing with poor recovery
Methods: Thirty-four patients more than 2 years after of sensibility, loss of motor function, cold intolerance and pain,
ulnar and/or median nerve injury. Muscle strength was leading to loss of function, limitations in activities and social
evaluated using manual muscle strength testing (MMST), participation (2), and can cause considerable psychological
grip, pinch and intrinsic muscle strength measurements. stress (3). The most frequently used method to evaluate the
Results: Manual muscle strength testing showed that most outcome of motor function is the manual muscle strength testing
muscles recover to grade 3 or 4. Average gnp strength (MMST) introduced by the British Medical Research Council
recovery, as percentage of the uninjured hand, was 83%. (MRC) 0-5 scale (4). In addition to MMST, grip and pinch
Pinch strength recovery was 75%, 58% and 39% in patients ~ strength measurements with dynamometers are increasingly
with ulnar, median and combined nerve injuries, respec- becoming a standard for evaluation of the outcome of peripheral
tively. The RIHM measurements revealed a poor recovery herve function (5-9). There are, however, reasons to question
of the ulnar nerve innervated muscles in particular  the appropriateness of the present methods in evaluating the
(26-37%). No significant correlation (Pearson) was found recovery of muscle strength after peripheral nerve injuries.
between the measurements of the RIHM and grip strength. ~ Firstly, measuring the recovery with the MMST using the
Pinch strength was significantly correlated with strength ordinal MRC scale provides too little differentiation in the 4-5
of the abduction of thumb and opposition of the thumb  segment of the scale (10). Secondly, grip and pinch strength
strength (r 0.55 and 0.72p = 0.026, 0.002) as measured with Mmeasurements provide information on the strength of the
the RIHM. combined action of all the muscles of the forearm and hand,
Conclusion: While manual muscle strength testing and and not exclusively of the median or ulnar nerve innervated
grip strength measurements show a reasonable to good intrinsic muscles. Thirdly, traumas of the forearm usually
recovery, measurements of the intrinsic muscles by means involve injuries of associated tissues, e.g. flexor tendons, which
of the RIHM showed poor recovery of intrinsic muscle  Will have a negative effect on the grip strength (11-13).

strength after peripheral nerve injury. No correlation was To avoid the aforementioned difficulties, quantitative
found between the recovery of intrinsic muscle strength and ~ measurements that can specifically measure the intrinsic muscle
grip strength measurements. strength are required. Such instruments have been developed,

Key words: outcome assessment, hand injuries, ulnar nerve® 9" to measure the abduction strength of the thumb (14-17)
median nerve, hand strength. ' ’ or the Mannerfelt intrins-o-meter to measure the abduction
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Rotterdam Intrinsic Hand Myometer (RIHM) (Fig. 1) is a new
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position was used (distance between the handles of 4.6 cm) and for the
pinch strength measurements the “tip-to-tip” pinch was done between
the tip of the index finger and thumb, with the other fingers flexed.
According to the recommendations of the American Society of Hand
therapists (ASHT) (24) participants were comfortably seated at a table
on which the dynamometers were positioned. The subjects were told
to keep their shoulders adducted and their elbow flexed without
resting their arm or the grip handle of the dynamometer on the table.
After an explanation of the tasks, the examiner told each subject,
“Squeeze the dynamometer as hard as you can” and “Go”. No feedback
regarding the performance was given during the measurement. Measure-
ments were obtained of the left and right hands alternately, and for
each measurement, the mean of 3 repetitions was recorded.

Finally, the RIHM was used to measure the strength of the intrinsic
muscles of the hand. As with MMST, the same 4 movements were
tested and were performed with a comparable procedure concerning,
for example, the hand position, position of applying pressure, and
instructions.

Fig. 1. Intrinsic measurement of the strength of the abduction of the The patient was seated with their elbow resting on the table. The

thumb with the Rotterdam Intrinsic Hand Myometer (RIHM). exgminer showgd_ how to hqlq the'finger or thumb and instructed the
patient to keep it in that position with maximum strength. A breaktest

was performed in which the examiner slowly increased the force on
The aim of this study was to compare the long-term outcomethe patient's finger or thumb, while encouraging the patient to hold
the finger or thumb in place. All the measurements were performed

f muscl rength in ients with ulnar and median nerve" > .
0 uscle strengt patients with ulnar and median ne eW|th|n half an hour on the same day by the same person, who was an

injuries assessed by means of MMST, grip and pinch strengthyperienced examiner (TARS).
measurements and by means of dynamometric measurementsFor the ulnar nerve innervated muscles, 2 measurements were carried

of the intrinsic muscles with the newly developed RIHM. out:

e Ulnar abduction of the little finger. The patient's hand was in
MATERIAL AND METHODS supination while the second, third and fourth fingers were held by
the examiner's hand. The patient's little finger was placed in
We requested patients who had suffered a unilateral traumatic median, maximum abducted position with the metacarpal phalangeal (MP)
ulnar, or combined median ulnar nerve injury, which were primarily joint in slight flexion. The patient was told to keep the finger in that
repaired by surgeons specialized in hand surgery, to participate in this position while the sling of the dynamometer was applied at the
study. Thirty-four patients (28 men and 6 women) with a mean age of proximal interphalangeal (PIP) joint of the little finger. The pull was
36 years (range 16-70 years; SD 12.7), who had suffered an injury always perpendicular to the little finger in a straight line with the
more than 2 years previously, were included. The average time between palm of the hand.
the assessment and the injury was 7.3 years (range 2.1-32.2 years; 30Radial abduction of the index finger (mainly the first dorsal interosseus
6.4). Of the 34 patients 27 patients (79%) sustained an injury to 1 or more muscle). The patient’s hand was in pronation and the third, fourth and
tendons and major blood vessels, 6 patients (18%) to 1 or more muscle fifth fingers were held by the examiner. The point at which the sling
bellies and 2 patients had a fracture. Only 4 out of the 34 patients had was applied was at the radial side of the PIP joint of the index finger.
an isolated nerve injury. In 42% the left hand, and in 58% the right The pull was always perpendicular to the finger; parallel to the palm
hand was injured, respectively. In 65% the dominant hand was injured of the hand.
including the 2 left-hand dominant patients.
Patients were divided into 3 groups; ulnar nerve injury (14 patients), For the median nerve innervated muscles, 2 measurements were
median nerve (12 patients) and combined ulnar and median nerve injurgarried out:
(8 patients). All injuries were in the forearm located between the elbow
and the wrist. e Palmar abduction of the thumb. The lower arm was in supination
Patients had attended the rehabilitation department and were treatedwith the elbow resting on the table with the wrist manually supported
according to a standard hand therapy protocol (20). The sutured nerve by the examiner in dorsiflexion. The sling was applied at the MP
was protected for 3-4 weeks with a splint to prevent tension on joint level of the thumb. The patient was asked to move the thumb
the nerve. The 4—6 weeks following this first phase patients visited the away from the palm of the hand. The strength was in one line with
rehabilitation department 1-2 times a week for exercises to regain the flexion-extension axis of the MP joint of the thumb (Fig. 1).
full mobility. Patients were taught exercises to prevent contracturess Opposition of the thumb. The lower arm was supinated and all fingers
and wounds to the insensate parts of their hand. Following this period of the hand were fixed flat on the table by the examiner. The pull was at
patients were usually attending the rehabilitation department once a the MP joint in a horizontal plane in line with the palm of the hand.
month when routine nerve assessments were done. The patient was instructed not to flex the interphalangeal joint of the
Four methods of measuring the muscle strength of the hand were thumb.
studied. Firstly, intrinsic muscle strength was assessed by use of MMST
according to Brandsma et al. (21). Four movements were measured; Measurement results were expressed as the “percentage recovery” of
the abduction of little and index fingers for the ulnar nerve, andthe uninjured hands. Evaluating motor function recovery as a quantita-
abduction and opposition of the thumb for the median nerve. In additiontive percentage of the uninjured side provides a useful method of
we examined whether patients were able to adduct the little finger anaghormalizing the results to compensate for the variability of patient
move the middle finger sideways. An inability to adduct the little finger strength (16). Of the measurements with the dynamometers the mean
is called the Wartenberg sign (22) and the inability to ab- and adductand SD were calculated. In 10 measurements of 6 patients muscle
the middle finger is the Egawa sign (23), both signs of ulnar nervestrength was less than grade 3 (Table I). In these cases RIHM
muscle weakness. dynamometry was not possible because no resistance could be given
Secondly, grip and pinch strength measurements were performednd in these cases a “0” score was recorded.
with the Lode “hand grip” and “pinch grip” dynamometers, (produced For abduction of the little and index finger, the relation between the
and distributed by Lode Medical Technology, Zernikepark 16, 9747 AN 4 different methods of muscle strength testing was assessed in patients
Groningen, The Netherlands) which are similar to the Jamar and Prestowith a single ulnar nerve injury and in those with combined ulnar
dynamometers. For the grip strength measurements the second handiad median nerve injuries € 24). In the same way, for both thumb
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Table I. Outcome of muscle strength in 34 patients with ulnar and/or median nerve injuries as assessed with the manual muscle strength
testing method according to the Medical Research Council (MRC) (grades 0-5)

Ulnar nerve lesionr(=14) Median nerve lesiom(= 12)
MRC grade Abduction little finger Abduction index finger Abduction thumb Opposition thumb
0 — — —
1 — — — —
2 1 - 1 -
3 10 13 1 2
4 3 1 7 5
5 - - 3 5

Combined ulnar and median nerve lesions @)
0 1 2 - -
1 - - - 1
2 - 1 2 1
3 4 4 3 4
4 3 1 2 2
5 - - 1 -

movements, 1 group was formed of patients with median nerve andhe abduction of the little finger and the thumb, as compared to

combined injuriesr{= 20). i -
The relation between the MMST and RIHM dynamometry muscle the RIHM measurements in Newton (N). The grade 5 measure

strength testing was assessed by calculating the Spearman correlati$ents refer to the uninvolved hands of the 34 patients, as well
coefficient. The Pearson correlation coefficient was calculated betweeas four measurements with MRC grade 5 of median nerve

the percentage recovery as r_nea_tsuyed with the 3 dynamometers for grmjured hands.
strength, pinch strength and intrinsic muscle strength (RIHM).
Table Il presents the outcome of the muscle strength,
expressed as “percentage recovery” of the uninjured hand, of
RESULTS grip and pinch strength measurements and the RIHM measure-
The outcome of muscle strength as measured with the MMSTMents of the four movements. The average outcome of grip
according to the MRC 0-5 scale is reported in Table I. Moststrength in the three groups of patients was comparable; i.e. 77
of the movements tested, i.e. 50 of 52 measurements (96%) it 88%. Loss of pinch strength is greatest in patients with the
the ulnar and median nerve injury group, recovered to grade $0mbined nerve injuries, and is greater in patients with a
or better. For the group of 8 patients with both ulnar and mediarimedian nerve injury than in patients with an ulnar nerve injury.
nerve injured, 24 of 32 measurements (75%) were grade Jhe abduction of the index finger strength as measured with
or better. The Wartenberg sign was present in 18 of the 22 ulnathe RIHM in 14 ulnar nerve injured hands is remarkably low;
nerve injured hands (82%). The Egawa sign was present in a®nly 26% of the uninjured side. The abduction of the thumb
patients with an ulnar nerve injury. strength in patients with single median nerve and combined
Figures 2 and 3 present the relation between the muscl@erve injuries was 59% and 27% of the uninjured hand,
strength grading of MRC grades 3, 4 and 5 of the strength ofespectively. Figure 4 presents the average percentage recovery
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Manual muscle strength (MRC 0-5) abduction thumb

Manual muscle strength (MRC 0-5) abduction little finger

Dynamometry (RIHM) abduction thumb (N)
Dynamometry (RIHM) of little finger abduction (N)

Fig. 3. Strength of the abduction of the thumb: assessed by means
Fig. 2. Strength of the abduction of the little finger: assessed byof MRC grade 3, 4 and 5 and measured with the RIHM
means of MRC grade 3, 4 and 5 and measured with the RIHMdynamometer (N). The box represents the interquartile range,
dynamometer (N). The box represents the interquartile rangewhich contains the 50% of values. The whiskers are lines that
which contains the 50% of values. The whiskers are lines thatextend from the box to the highest and lowest values. The line
extend from the box to the highest and lowest values and the linecross the box indicates the median. The MRC grade 5 values are
across the box indicates the median. The MRC grade 5 refers to thef the uninvolved hand as well as 4 measurements with MRC grade
uninvolved hands of the 34 patients. 5 of median nerve injured hands.
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Table 1l. Outcome of muscle strength as percentage (mean (SD)) of the uninjured hands measured with grip, pinch and intrinsic muscle
strength (RIHM) dynamometers

RIHM
Abduction Abduction Abduction Opposition
Grip Pinch little finger index finger thumb thumb
Ulnar nerve (i=14) 84 (15) 75 (14) 37 (22) 26(13)
Median nerverf=12) 88 (21) 58 (22) 59 (31) 82 (21)
Combined ulnar and median nerve=8) 77 (18) 34 (30) 45 (35) 25 (22) 27 (25) 36 (28)

RIHM = Rotterdam Intrinsic Hand Myometer.

of the intrinsic muscles compared with grip and pinch strengthit will be difficult to identify those factors that may have small
measurements for the 3 groups of patients. but additive beneficial effects and those that may have negative
There was a significant relation found between MMST andeffects on nerve regeneration.
the RIHM dynamometry measurements of all 4 movements MMST according to the MRC method (grades 0-5) is the
(Table IIl); Spearman correlation coefficients were 0.65, 0.63,most widely used clinical method to measure muscle strength.
0.85 and 0.56 for little finger, index and thumb abduction MMST is the only instrument which is useful in the MRC 0-2
and opposition of thumb, respectivelg-¢alues from 0.001 to grades i.e. in the early phases of nerve recovery. Grade 3 is an
0.014). No significant correlation was found between the fourimportant cut-off point; the muscles are just strong enough to
measurements of the RIHM and the grip strength measureprovide a full range of motion on all the joints that the muscle
ments. Pinch strength was significantly correlated only withcrosses. When the muscles have reached this level of recovery
strength of the abduction of thumb and opposition of theusually there is no risk of joint contractures. Grade 3 can be
thumb strength (Pearsan 0.55 and 0.72p=0.026, 0.002) as easily determined, in contrast to grade 4 which is defined as
measured with the RIHM. Pinch strength was not correlated with‘complete range of motion with some resistance”, while
grip strength measurements. grade 5 is defined as the ability to hold against “maximum
pressure”. Objective assessment of “some resistance” and
“maximum pressure” will depend on the experience and sub-
DISCUSSION jective.judgement of the e.xaminer.. o
Besides the problem with grading, there is disagreement as
The evaluation of muscle strength is, in combination withto what constitutes a functional level of muscle strength
the assessment of sensibility, an important clinical method taecovery after peripheral nerve injury using grades 0-5. In
determine ulnar and median nerve function. This informationliterature, useful or functional motor recovery has been defined
is valuable in decision-making concerning surgery (e.g. tendoranywhere from 2 level of recovery to a 4-5 level (22). Seddon
transfers), therapy (e.g. splints), advice in work-related issue¢25) defined a “good” motor outcome as grade 3 or better
(e.g. safety to work with machines) and research issues (e.gand reported that 47.6% of his patients with nerve injuries
nerve repair technique). Concerning this latter topic, Trumbleobtained this level. Frykman (26) reached a higher percentage of
et al. (16) noted that without extremely sensitive methodsgrade 3 or better; 81% and 64% after median and ulnar nerve
for monitoring the functional outcome of nerve regeneration,injuries, respectively. Strickland et al. (22) selected grade 4
for determining a good result, which was obtained in 9 of 17
patients with ulnar nerve injuries. In the patients in the present

100 study, very few measurements of the intrinsic muscles (9/84)
:z ] reached grade 5. Of all the 84 MMST measurements 75%
§ 20 were grade 3 and 4.

§ 60 4 Wi Although it is imperative to come to an agreement as to
o 50 - Opinch what should be considered as a good motor outcome on the

% 40 4 Qintrinsic MRC scale, the more important question is whether this
g zz method is sensitive enough to sufficiently differentiate above

10 the grade 3 level. We consider MMST to be an important

o J : : and useful method in the 0-3 grades of the MRC scale, but
ulnar nerve median nerve  combined ulnar for strength measurements above grade 3 a more accurate

(n=14) (n=12) and median . . . . .
(n=8) evaluation method is required. Grip and pinch strength

. . . ... dynamometry is a more sensitive method to determine muscle
Fig. 4. Average percentage recovery of grip, pinch and intrinsic

muscle strength of 3 groups of patients; ulnar nerve, median nerv&€Ngth and to render outcome on a continuous scale, e.g.
and combined nerve injury. kilogram force or Newton. These quantitative outcomes, which
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Table lll. Correlation between different muscle strength testing methods

RIHM measurements

Abduction Abduction Abduction Opposition
little finger (h=21) index finger o =21) thumb =20) thumb =20)
Manual muscle strength testihg 0.65* 0.63* 0.85* 0.56*
Grip strength n.s. n.s. n.s. n.s.
Pinch strength n.s. n.s. 0.55* 0.72*

RIHM = Rotterdam Intrinsic Hand Myometer.
aSpearman correlation coefficiefitPearson correlation coefficient.
*p < 0.05, n.s. =not significant.

will also facilitate statistical analyses, have been proposed asespectively, while the average grip strength recovery was 88%.
a standardized method to evaluate motor recovery in patienttn our study no correlation was found between the recovery of
with peripheral nerve injuries (5, 7, 8). Reliable application of the intrinsic muscle strength and the grip strength measure-
these measurements requires little training and is not influencethents. This seems to affirm our assumption that recovery of grip
by the experience of the examiner (27). Another benefit is thastrength does not reflect the recovery of the intrinsic muscles of
evaluating motor function recovery as a percentage of thehe hand after peripheral nerve injury. Thus, outcome of the
uninjured side is possible using the uninvolved hands as théntrinsic muscle strength with the RIHM dynamometer is a
normal level of strength for that patient. Therefore the data carvaluable addition to grip and pinch strength measurements in
be normalized and allows to compensate for the large variabilitypatients with peripheral nerve injuries. The RIHM measure-
in patient strength. ments might have further use in evaluation of the intrinsic hand
In our study the mean recovery of grip strength, comparedmuscle strength in, for example, leprosy, neuropathies such as
with the uninjured hand, was 84% in the 14 patients with anhereditary motor and sensory neuropathy and Guillain-Barre
ulnar nerve injury. Roge (7) and Strickland et al. (22) found syndrome.
comparable grip strength recoveries of 88% and 89.9%, respect- Examining the pinch strength outcome, the loss of pinch
ively. Commenting on these grip strength results, Stricklandstrength was noticeably greater in the median nerve injury
et al. (22) made a noteworthy remark that grip and pinchgroup of patients than in the ulnar nerve injury group. Pinch
strength may only be used as an indirect measurement ddtrength measurements were not significantly correlated with
ulnar nerve outcome. Although grip strength measurements dthe strength measurements of the abduction of the little and
fulfil the requirements for quantitative outcome of the strengthindex finger, but were correlated with the intrinsic muscle
of the hand, they cannot differentiate between the intrinsicstrength measurements of the thumb. It appears from these
and extrinsic muscles. Strong grip strength does not necessarilesults that positioning of the thumb by the abductor pollicis
coincide with strong intrinsic muscles. The results of the brevis and opponens pollicis muscles is an important require-
present study give more specific insight in the recovery ofment for a strong pinch.
the intrinsic muscle strength. Another notable finding in this study was the good recovery
It remains debatable what the precise contribution of theof the thumb intrinsic muscle strength in patients with median
intrinsic muscles are in grip and pinch strength measurementserve injury, which is in contrast with the poor recovery of
(28, 29). It has been suggested that the most narrow handihe abduction of little and index finger strength in patients with
position (position 1) of the Jamar dynamometer could be used talnar nerve injury. An explanation might be that the test for
test the strength of the intrinsic muscles, whereas the widethe thumb muscle strength is affected more by synergistic
handle (position 4 and 5) could be used to test the extrinsic fingemuscle activity, e.g. of the ulnar nerve innervated part of the
flexors (30). In another study EMG recordings of hand muscledlexor pollicis brevis muscle or due to crossover of ulnar
in sustained grasp in the different handle positions seems tmnervation (32). Frykman et al. (26) estimated that 50% of the
confirm this, but again it was concluded that the strength ofevaluated patients would have satisfactory thumb opposition
the intrinsic muscles could not be isolated from that of theeven if no median nerve re-innervation occurred. Brand (33)
extrinsic muscles (31). mentioned another synergistic movement of the thumb palmar
In our study results there was a remarkable discrepancybduction while testing the abductor pollicis brevis due to
between the poor outcomes of the intrinsic muscles strengthbowstringing of the radial nerve innervated abductor pollicis
as measured with the RIHM and the high levels of outcomelongus muscle with the wrist in flexion. For this reason
of grip strength in patients with ulnar nerve injuries. Rose examiners should test the abductor pollicis brevis of the thumb
(7) obtained similar values using the Mannerfelt intrins-o-meterwith the wrist in extension. This position is not always possible
and found a recovery percentage for the ulnar nerve innervatedith the dynamometer measurements shown in other studies
muscles of 31% and 36% for abduction of index and little finger,but can be accomplished with the RIHM dynamometer.
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A limitation in our study is that there were only 8 patients in 9.
the third group, i.e. those with both ulnar and median nerve
injury. Two patients in this group had a remarkably good
recovery (i.e. grip strength recovery of 98% and 91%). In 111.
patient, with an ulnar and median nerve injury at the wrist
level, the abduction strength of the little finger recovered toqo.
93%. Because the results of this patient had a strong impact
on the average strength of the group, we probably overestimated
the average abduction strength of the little finger and the grip
strength for patients with combined ulnar and median nerve
injuries. 14.

CONCLUSION 15.

In conclusion, the measurement methods used to determine thleG'
recovery of the motor function of ulnar and median nerve
injured hands need further consideration. In patients whol?.
sustained an ulnar nerve injury the mean recovery of the
abduction force of the index finger was only 26% of the 1g
uninjured side. The abduction of the thumb strength in patients
with single median nerve and combined nerve injuries was 59%
and 27% of the uninjured hand, respectively. We regard these
average percentages recovery as poor, especially in contrast with
the grip strength percentages of 77-88% recovery.

A dynamometer such as the RIHM provides a more accuratgg
clinical assessment of the outcome for 2 reasons. Firstly, with
the RIHM intrinsic muscle strength is measured in isolation, in
contrast to grip and pinch strength measurements, in which
many uninvolved muscles are tested besides the intrinsic
muscles. Secondly, because of its quantitative results the
RIHM measurements provide a more accurate clinical assess-
ment as compared with the MMST, especially in MRC grades 4
and 5. 23.

24.
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