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D Joubert, L. Caouette-Laberge, S Wood-Dauphinee, LA Jones. Comparison of functional recovery following median
and/or ulnar nerve repair in children and adults. Can J Plast Surg 1993;1(3):123-127. Functional recovery was investigated
in a group of 17 children and 17 adults with a median or ulnar nerve microsurgical repair performed at least one year before the
assessment. Motor and sensory function, tactile gnosis, manual dexterity, pain and perception of disability were assessed.
Statistically significant differences were found between the two groups with respect to two-point discrimination, tactile £nosis,
manual dexterity, pain and self-report of performance in daily activities, with the children demonstrating better functional recovery
than the adults. There was little difference between the two groups when motor recovery was studied. The widely accepted belief
that children recuperate better than adults after a nerve injury may not apply to all aspects of recovery.
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Comparaison de la récupération fonctionnelle a la suite d’une réparation du nerf médian et/ou cubital chez
I’enfant et ’adulte

RESUME : Nous avons étudié la récupération fonctionnelle chez un groupe de 17 enfants et 17 adultes qui ont subi une réparation
microchirurgicale du nerf médian et/ou cubital au moins un an avant I’évaluation. La récupération motrice et sensitive, la gnosie
tactile, la dextérité, la douleur et la perception de limitation fonctionnelle ont été documentées. Nous avons retrouvé des différences
significatives entre les 2 goupes au niveau de la discrimination a deux points, le gnosie tactile, la dextérité, la perception de la
douleur et de I'incapacité fonctionnelle : les enfants ont démontré une meilleure récupération fonctionnelle que les adultes. 11 y
a peu de différence entre les deux groupes au niveau de la récupération motrice. Bien qu’on admette généralement que les enfants
récupérent mieux que les adultes il semble que cette supériorité des enfants ne s applique pas i tous les aspects de la récupération.

linical observations have led to the belief that children

demonstrate a better level of functional recovery than
adults after nerve repair. Although support for these observa-
tions has been provided in previous reports (1-4), few studies
have used rigorous methods of evaluation and matching that
would allow valid comparisons to be made between children
and adults. Consequently, it was felt important to ensure
comparability of the two groups with respect to initial type
and level of nerve injury, include a more comprehensive
battery of tests and use statistical methods to analyze the
findings. The main objective of the study was to describe and
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compare functional recovery in children and adults who had
suffered a median or ulnar nerve injury in a single upper
extremity.

MATERIALS AND METHODS

The selection criteria were as follow: unilateral median
and/or ulnar nerve laceration at or above the wrist with a
primary nerve microanastomosis, in a child of 13 years of age
or less or an adult of 19 years of age or more, with a minimal
follow-up of a year after the nerve repair. The charts were
also reviewed to make sure that no other medical conditions
were present in these patients that may have influenced their
clinical recovery. Only adults that could fit the same strata as
the children in terms of location and type of injury were
selected to ensure comparability of the two groups.

Seventeen children and 17 adults were studied. Of 18
children eligible for the study, all of whom could be con-
tacted, 17 (94%) agreed to participate. Of 84 adults eligible
for the study, 19 (23%) could not be matched to any of the
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TABLE 1: Sociodemographic and clinical characteristics of the sample by group (n = 34)

Characteristics
Age at time of injury (years) 7.4+32
Age at time of injury (range) (3-11)

Male 14 (82%)

Right-handed 13 (76%)
Right arm injury 13 (76%)
Delay before nerve repair (days) 6.4+17.3
Time interval before evaluation (years) 49+17
Associated injuries

— tendon 94%

— artery 53%

— fracture 12%
Wound infection 6%
Hospital stay (days) 29+43
Postoperative immobilization (weeks) 3.4+0.6

~_ Children (n=17)

Statistical analysis

Adults(n=7) (two-sided)
316+93
(19 - 50)
13 (76%)
15 (88%)
5 (29%) P=0.01
36+11.8 P>0.05
41+24 P>0.05
76% P>0.05
33% P>0.05
6% P>0.05
6%
55+ 7T P>0.05
42+1.3 P=0.04

When applicable, the value that accompanies the mean represents the standard deviation

children in the sample and were, therefore, excluded. Forty-
two adults (50%) could not be contacted. Among the remain-
ing 23 subjects who were contacted, 17 adults (74%) agreed
to participate.

Lacerations were caused by glass in 82% of children and
47% of adults, by knives in 6% and 35%, and by power tools
in 12% and 18% of children and adults, respectively. Data
relating to the sociodemographic and clinical characteristics
of the sample are presented in Table 1. Injuries to the right
(dominant) upper extremity were found to be much more
frequent in children than adults, who tended to injure their
left (nondominant) hand (P =0.01).

All subjects had a microsurgical nerve suture except for
one child who had a nerve graft. Subsequent endoneuro-
lysis was performed in one child and two adults. Sixty-five
percent of subjects in each group had a partial nerve injury
but, to be admissible in this study, 75% or more of the
nerve trunk had to be severed. The injuries were located at
or below the distal third of the forearm in 71% of children
and 76% of adults.

Data collection procedures: A cross-sectional study of chil-
dren and adults was conducted. The assessments were per-
formed by an experienced occupational therapist, who was
blind with respect to the aim and design of the study.

Motor function: Goniometric measurements of the affected
and unaffected sides were made to assess the range of motion
at the wrist, metacarpophalangeal (MCP), proximal interphal-
angeal (PIP) and distal interphalangeal (DIP) hand joints. To
analyze the results, the method described by Swanson and his
colleagues (5) was used to transpose the results into percent-
ages of impairment in limb function.

Manual muscle testing was performed on all muscles
innervated by the median and/or ulnar nerves, depending on
the subject’s injury. Grading was done according to a 0 to 5
scale, ranging from no palpable contraction to motion
through full range against gravity and maximum force.
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Grip and prehensile force measurements were taken for
each hand. A Jamar dynamometer was used to measure grip
strength, and a pinch gauge was used for tip, lateral and
palmar pinch. The measurements were normalized in order to
take into account the subject’s age, gender and hand domi-
nance (6,7).

Sensory function: Static and moving two-point discrimi-
nation thresholds were assessed with a two-point aesthe-
siometer. The analysis of the scores obtained on two-point
discrimination was based on the difference in threshold
between the affected and unaffected hands. A satisfactory
recovery in static two-point discrimination was assigned to
differences of 5 mm or less between the two hands. For
moving two-point discrimination, a satisfactory recovery
was attributed to differences of 3 mm or less.

A modified version of the Short-form of the McGill Pain
Questionnaire (8) was used to assess pain. A visual analogue
scale, quantifying the intensity of pain at the time of assess-
ment, known as Present Pain Intensity, was taken from the
standard form of the McGill Pain Questionnaire (9).

Functional abilities: In order to assess manual dexterity, the
Jebsen Test of Hand Function (10) was used. Although this
instrument does not include any bilateral activities, it evalu-
ates several aspects of hand function. The scores on the Jebsen
Test of Hand Function were adjusted to account for the
subject’s hand dominance, age and gender, based on publish-
ed norms for children and adults (10,11). The difference in
times for each hand was analyzed, by group.

Handedness was determined with the Hand Usage Ques-
tionnaire (12). For the purposes of the study, three questions
were added to the questionnaire to ascertain the daily use
made of the injured hand.

The Ayres’ Manual Form Perception Test (13) was se-
lected to assess tactile gnosis. This test has been developed
for children and takes into account the developmental pro-
gression in shape recognition.
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Recovery after nerve repair

TABLE 2: Proportion of subjects with satisfactory recovery* in static and moving two-point discrimination by group

_Fingertip Two-point discrimination Children Adults _ Fisher’s exact test
Thumb Static 1112 3/9 P=0.0009
Moving 8/12 2/9 P=0.06
Index finger Static 912 3/9 P=0.07
Moving 6/12 4/9 P=0.58
Middle finger Static 9/12 4/9 P=0.17
Moving 8/12 4/9 P=0.28
Ring finger Static 15/15 15/17 P=0.27
Moving 16/16 15/17 P=0.26
Little finger Static 6/6 5/9 P=0.09
Moving 6/6 4/9 P=0.04

“Defined as a difference in threshold between the affected and unaffected fingertips of 5 mm or less for static two-point discrimination and 3 mm or less for moving

two-point discrimination

Self-appraisal of dysfunction: A questionnaire was de-
signed to gather the following information: subject’s occupa-
tion, compensation benefits currently received, interference
of pain with daily activities, sensitivity to cold and perform-
ance in daily activities. A pain thermometer (14,15) was used
to assess the subjects’ perception of how much pain interfered
with their daily activities.

Data analysis: The statistical analyses were performed with
the PC version of the SAS computer statistical package (16)
and BMDP statistical package (17). Since the main hypothe-
sis to be tested was that children demonstrated better func-
tional recovery than adults, a one-sided level of probability
less than 0.05 was considered to be statistically significant.

RESULTS

Motor function: No statistically significant differences were
found between the two groups in terms of impairment in range
of motion. Nonetheless, the thumb was found to be the most
impaired digit in both groups.

Muscle strength was manually tested and a score of 4 on
the 0 to 5 scale was most frequently assigned. Weaknesses of
grade 0 were found in three adults, but in none of the children
(P=0.04). When considering the total number of weak mus-
cles, no significant differences were found between the two
groups. A description of the involved muscles revealed the
following pattern of results. A weakness in the abductor digiti
minimi, first palmar interosseous and third and fourth lumbri-
cals was found in all six children with ulnar nerve injuries.
Eight of nine adults with ulnar nerve injuries showed a
muscle weakness in the abductor digiti minimi and first
palmar and dorsal interossei. For subjects with median nerve
injuries (12 children and nine adults), the main muscle weak-
ness was found in the opponens pollicis. It remained weak in
eight children and seven adults.

With respect to prehensile strength, a statistically signifi-
cant difference between the two hands was found in the
children only with respect to lateral pinch strength (P =0.03).
In the case of adults, such a difference was found with respect
to grip strength (P =0.001) and palmar pinch (P=0.03). Com-
parisons were made between the two groups for each type of
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grasp. The children displayed better recovery in palmar pinch
and lateral pinch strength when compared with the adults.

Sensory function: The results on static and moving two-point
discrimination are detailed in Table 2. Although the propor-
tion of children who achieved satisfactory recovery in static
and moving two-point discrimination was always greater than
for adults, the results reached statistical significance in two
instances only. In subjects with median nerve injuries, satis-
factory recovery in static two-point discrimination in the
thumb was present in 92% of children, as compared with 33%
of adults (P=0.0009). For those with ulnar nerve injuries,
satisfactory recovery on moving two-point discrimination
was noted in the little finger in all children, as opposed to 44%
of adults (P=0.04).

Pain descriptors on the adapted short-form of the McGill
Pain Questionnaire were reported by a similar proportion of
children and adults, except for tenderness, which was re-
ported by 65% of adults, as compared to 29% of children
(P=0.04). In both groups, the pain descriptor most frequently
reported and with the greatest intensity was tingling (71% of
children and 94% of adults). On the visual analogue scale
quantifying pain, the children reported experiencing less pain
at the time of assessment than the adults (P=0.001). Neuro-
mas, defined as an area where pain is experienced upon the
application of pressure, were reported by 88% of children and
adults. The majority of subjects perceived their pain as being
in deeper structures (53% of children and 82% of adults), as
opposed to the surface of the skin (P=0.03). The two groups
showed no statistically significant difference in their percep-
tion of how much pain interfered with their daily activities,
as assessed by the pain thermometer.

Functional activities: On the Jebsen Test of Hand Function,
significant differences were found between the hands of the
adults on four out of seven subtests (writing, card turning,
manipulating small objects and handling light large objects)
and on one subtest in the children (handling checkers). When
overall scores based on six subtests were examined, only the
adults showed an impairment in performance between the
hands (P=0.04).

Ninety-four percent of children and 82% of adults did not
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change hand dominance following the injury (P>0.05).
Forty-one percent of children and 65% of adults reported the
compensatory use of their unaffected hand to accomplish
most of their activities (P>0.05). Eighty-two percent of chil-
dren and 59% of adults perceived that they were using their
affected hand as frequently now as before their injury
(P>0.05).

On the Ayres” Manual Form Perception Test, both groups
took a longer time to recognize a form with the affected hand,
as compared with the unaffected hand. The average differ-
ence in recognition time was 4.3 s in the adults (P=0.001) and
1.3 s in the children (P=0.03). The children were faster than
the adults in recognizing forms with their affected hand (4.7 s
in the children versus 8.1 s in the adults) (P=0.02). Both
groups were, however, similar when using their unaffected
hand (3.5 s in the children and 3.8 s in the adults) (P>0.05).
The accuracy in response was found to be similar in the two
groups, with the children averaging 1.2 errors compared with
1.7 errors in the adults (P>0.05).

Self-appraisal of disability: At the time of assessment, all
adults had resumed work and all children were in school. Ten
adults reported having resumed their former position or hold-
ing a job requiring similar work skills. The remaining subjects
could not do so because of the sequelae from the injury.
Ninety-four percent of children and 82% of adults were not
currently receiving any compensation or insurance benefits.

The ability to feel differences in temperature with the
affected hand was reported by 53% of children, as compared
with 65% of adults (P>0.05). A reduced tolerance to cold was
reported by 59% of children and 88% of adults (P>0.05).
Fifty-nine percent of children and 82% of adults reported
diminished hand function in comparison to before their injury
(P>0.05).

The above information indicates that deficits were found
to persist in the injured hand in both groups. The children and
adults were found to diverge, however, in their perception of
how these deficits affected their performance of daily activi-
ties. Difficulties in the areas of work, leisure and self-care
were a major complaint in more than half of the adults, while
this was much less common in the children. Moreover, the
results obtained on the visual analogue scale were found to
substantiate the above finding: children felt that their injury
resulted in a lesser impairment than the adults (P=0.0006).

Multivariate analyses: In spite of the small sample size, it
was decided to carry out logistic regression analyses to deter-
mine the factors that best differentiated the two groups with
respect to functional recovery. The summary scores from
seven tests were examined. The tests were: range of motion
as defined by the percentage of upper extremity impairment,
prehensile strength (the mean palmar pinch strength of the
affected hand), static two-point discrimination (difference
threshold on the thumb or little finger, depending on the
subject’s injury), manual dexterity (normalized time score on
the Jebsen Test of Hand Function for the affected hand),
tactile gnosis (difference between the hands in recognition
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time on the Ayres’ Manual Form Perception Test), self-ap-
praisal of disability on the visual analogue scale, pain score
on the Present Pain Intensity scale, and activities of daily
living (number of categories in which difficulties were re-
ported). The involvement of the dominant versus nondomi-
nant hand was also investigated.

The number of categories of daily activities in which
difficulties were experienced was found to be the strongest
factor in quantifying the differential extent of functional
recovery in children and adults. The estimated odds ratio for
activities of daily living was 0.1, with a 95% confidence
interval of [0.03, 0.5]. In clinical terms, this means that a child
was extremely less likely than an adult to report experiencing
difficulties in performing daily tasks. Two-point discrimina-
tion, especially when examined in conjunction with tactile
gnosis, was found to be the second most important factor in
differentiating the extent of functional recovery in children
and adults. The third most important factor was found to be
the subject’s self-appraisal of disability.

As previously stated, injuries to the dominant (right) hand
were found to be much more frequent in children than adults.
Although injuring one’s dominant hand may appear to in-
crease the likelihood of using it following an injury, evidence
for this was not obtained in the regression analyses.

DISCUSSION

There appears to be a difference between the recovery of
the sensory function and that of motor function when children
are compared with adults.

In this study, the children were not remarkedly superior to
the adults when detailed muscle strength was considered. We
have not found similar studies comparing the motor function
in these two age groups. Lindsay et al (1) reported weak
adduction of the little finger as the most common motor
dysfunction in nine of 11 children with ulnar nerve injuries.
Vahvanen (3) reported a similar impairment in five of eight
children with ulnar nerve injury. Stevenson (2) reported rein-
nervation of the intrinsic muscles responsible for thumb ad-
duction and opposition to be present in five of eight children
with proximal nerve injury, and mentioned that it is not
usually the case in adults. Unfortunately, no adult control
groups were included in these studies.

It is surprising to find that children are not recovering
better motor function. Experimental data has shown a faster
motor nerve recovery in younger animals (18). The distance
between the nerve lesion and the target is shorter in children,
therefore, the muscles should be denervated for a shorter
period. These two factors do not seem to affect significantly
the ultimate motor function recovery.

In this study, sensory recovery (two point discrimination
and tactile gnosis) was found to be better in children than in
adults, as previously mentioned in other reports (19,20).
Better sensation in the thumb was also pointed out by other
authors (3,19). Laboratory investigations have yet to explain
why the sensory recovery is better since the sensory nerve
conduction velocity is not different after a nerve repair in the
young or in the older primate.
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The possibility of a better adaptability of the central nerv-
ous system in the young subject is believed to be responsible
for the better recovery (21-23).

Manual dexterity was found to be better in children than
in adults. This could be related to the fact that the children
displayed better sensory recuperation than the adults.
Also, the children injured their dominant hand more fre-
quently. Although not statistically significant, this may
have favoured more use of the injured hand during the
rehabilitation period.

A reduced tolerance to cold was reported by a large pro-
portion of children and adults, which is contrary to the find-
ings of Stevenson and Zuker (2). In a follow-up study of five
children who had sustained multiple proximal nerve injuries,
they reported that none of the children had complaints relat-
ing to the presence of pain or cold intolerance. There is no
description of the method used to assess this aspect. It may be
that the differences between the studies reflect the assessment
method used and the limited sample size.

A high proportion (88%) of subjects in our study were
found to have an area of local tenderness when pressure was
applied over the repair site. This was defined as a neuroma.
Many authors use a more restrictive definition of neuromas
and include only painful neuromas. Painful neuromas often
require further intervention to correct the pain. None of our
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