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A comparative study of the muscle strength and mass of the arm flexors
and extensors in paraplegic and in non paraplegic basketball players
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Objectives: to study the changes in the strength of the elbow flexors and
extensors in paraplegic subjects, and the agonist/antagonist mass and strength
ratio in paraplegic wheelchair users.

Method: 10 paraplegic wheelchair basketball players were compared with 10
healthy basketball players. The 20 subjects underwent a clinical and dynamo-
metric isokinetic assessment, and a CT scan measurement of the muscle cross-
sectional surface area of the flexor and extensor muscles of the elbows.

Results: there was an increase in muscle strength in paraplegic subjects. There
was no significant difference in the agonist/antagonist ratio between the domi-
nant and non dominant upper limb in paraplegics whereas such a difference was
found in healthy subjects. The muscle mass was increased in the paraplegics, but
a correlation between muscle mass and strength was only found in the healthy

subjects.
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Introduction

The rehabilitation and reintegration of the
paraplegic patient in his everyday activities
are responsible for a development of the
musculature of the upper limbs. Depending
on the nature and duration of the physical
activities (particularly sports), this develop-
ment can be more or less prominent. The
prime factor at the origin of this source of
muscle development is the tendency of the
upper limbs to become the propulsive ele-
ments for ambulation.

We have carried out a study in paraplegic
basketball players of similar sporting level
(same level in championship) in an attempt
to demonstrate if there is: (1) a difference in
muscle strength between the paraplegics
and the healthy subjects with a modification
in the ratio of the elbow flexor-extensor
torque. We have chosen this muscle torque
because of its importance in wheelchair
propulsion. Grimby has already reported
this change of strength in the deltoids but
without evaluation of the muscle mass.! We
therefore wanted to study the difference in
the muscle mass by evaluating the cross-

sectional area of elbow flexors and exten-
sors obtained by computed tomography
(CT). The significance of this measurement
has been demonstrated by many authors;>°
(2) a change in the agonist/antagonist and
dominant/non-dominant limb ratios in para-
plegics compared to healthy subjects, indi-
cating a symmetrization of the upper limbs
by analogy with a symmetry of the lower
limbs in the healthy subjects. As the upper
limbs become the limbs of ambulation they
may present changes in the agonist-antagon-
ist ratio similar to those noted after an
intensive specific activity’; (3) a correlation
between muscle strength and muscle mass as
evaluated by computed tomography. This
has already been demonstrated in different
populations by several studies.?-13

Methods

Subjects

The subjects consisted of 20 male basketball
players who where divided into 2 subgroups
of 10 healthy and 10 paraplegic subjects with
a similar level in championship. In the
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paraplegic group the mean age was 31.8 =
2.3 years, the duration of wheelchair basket-
ball practice was 9.4 + 2.5 years while that
of paraplegia was 12.5 + 2.4 years. In the
healthy group, the mean age was 28.2 = 2.4
years and the duration of basketball practice
was 17.7 £ 2.4 years.

Clinical evaluation

All the subjects underwent a clinical exami-
nation that consisted of testing muscles of
the upper limb according to Kendall’s tech-
nique!® with a score from 0 to 5. All the
subjects had a score of 5. There was no
evidence of any disease of the upper limbs.
For the paraplegics, the highest motor
lesional level was TS and the lowest was L4
(one T5,4T6,2T10,2 T12 and one L4). All
were permanent wheelchair users.

Dynamometric evaluation
For each subject, a dynamometric evalu-
ation was performed to estimate the iso-
kinetic muscle strength of elbow flexors and
extensors in both upper limbs, using a
CYBEX II (Lumex Inc, Ronkonkoma, NY,
USA) dynamometer with a pen recorder.
The subject was placed in the supine posi-
tion on the mobile table; for the side tested,
the shoulder was placed in abduction at 45°,
the elbow was supported by a lateral cush-
ion not limiting extension, the articular axis
of the elbow flexion-extension movement
was an extension of the dynamometer rota-
tory axis. The lower limbs rested on a metal
support with the hips and knees flexed. To
avoid slipping and muscle compensations,
the shoulder opposite to the side tested, the
trunk, pelvis and lower limbs were stabilised
on the examination table by self gripping
strips. On the same non tested side, the
subject had a stabilising lateral handle at his
disposal. The level arm of the dynamometer
(mobile during the flexion-extension move-
ment) presented a handle held by the
patient in the intermediate position of pro-
nation-supination of the wrist and adjust-
able according to the length of the forearm
to permit total flexion-extension of the
elbow.

After teaching each subject how to use
the dynamometer, the value of the elbow

flexor-extensor torque was evaluated, start-
ing with the dominant side. The tests were
performed at different angular velocities:
30, 60, 120, 150°. For each test and from the
initial position of extension, the patient
made 3 complete amplitudes of flexion-
extension. A rest period of 60 seconds was
observed between each test.

For each subject, we also determined (1)
the maximal value of the concentric peak
torque for elbow flexor and extensor mus-
cles in N/m after 3 complete ranges of
motion and for each angular velocity; and
(2) the flexor and extensor impulsive
strength (IMP), the value of the torque at
two tenths of a second from the beginning of
one movement of flexion and one move-
ment of extension at an angular velocity of
60° with a damping setting of 2 to control
overshoot in the beginning of the range of
motion.

CT evaluation

On another day, the cross-sectional area of
the flexor and extensor elbow was obtained
on a sagittal section of the arm using an
ELSCINT ® EXEL 1800 computer tomo-
graphy scanner. The section was obtained at
10 cm from the olecranon with the patient in
the prone position, the shoulder completely
flexed and the elbow in extension for
simultaneous examination of the 2 arms.
The outlines of the muscle groups (flexors:
biceps brachii and brachialis; extensors:
triceps brachii) were manually determined
according to tissue density and the cross-
sectional area was measured by the com-
puter. All areas were calculated by the same
investigator.

Statistical analysis

The Student parametric t-test was used to
determine the statistical significance of the
differences between the means in each
group and we considered a difference to be
significant for a p value <0.05. Spearman’s
correlation coefficient was used to establish
the correlation between cross-sectional area
and torque and the correlation coefficients
were considered to be significant for p
values < 0.05.



Results

The paraplegics’ muscle strength was su-
perior to that of healthy subjects for flexors
and extensors, when the dominant and non
dominant limbs were compared. This differ-
ence was significant for angular velocities
greater than 60° (p <0.05) and for the
impulsive strength (IMP) (p <0.05) of el-
bow flexors (Fig 1a) and extensors (Fig 1b).

The elbow extensor-flexor torque ratio
was equal to or greater than 1 except for
angular velocity of 150° in the paraplegics’
dominant limb. In healthy subjects, the
difference between the ratio in the domi-
nant and the non dominant limb was signifi-
cant (p < 0.05) for angular velocities of 60°,
120° and 150° and for impulsive strength,
but was not significant in paraplegics (Ta-
ble I).

The cross-sectional area of elbow flexors
and extensors was significantly greater in
paraplegics compared to healthy subjects for
the dominant and the non dominant limb
(p < 0.05) (Table II).

The strength/cross-sectional area quotient
was used to establish an index of Nm/cm2
which was superior in healthy subjects to
that in paraplegics. However, this difference
was not significant.

There was a significant correlation
(p <0.05) between muscle cross-sectional
area (evaluated by CT sections) and the
maximal torque product by extensors and
flexors for the whole population (healthy
and paraplegic subjects) on the dominant
and non dominant sides. However, the
results were different in the 2 groups when
the correlation was established separately
for healthy (p <0.05) and for paraplegic
subjects (p > 0.05) for flexors and for ex-
tensors.

Discussion

Our results show that for impulsive strength
and at high but not low velocity of move-
ment, paraplegics have a significantly
greater muscle strength of the elbow flexors
and extensors than do healthy subjects, and
the muscle cross-sectional area of the upper
limbs is significantly greater in paraplegics
than in healthy subjects.
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The elbow extensor-flexor ratio of the
dominant and non dominant limbs was
comparable in the 2 populations, but the
difference between the 2 sides was signifi-
cant in the healthy subjects only and not in
the paraplegics. This may suggest an attenu-
ation of the asymmetry in dominant/non-
dominant limbs in paraplegics.

Although there was a significant correla-
tion between muscle strength and cross-
sectional area in healthy subjects, this corre-
lation did not exist in paraplegics, and the
muscle strength/cross-sectional area quoti-
ent was lower in paraplegics, but not signifi-
cantly so.

It should be noted that the torques
produced by elbow flexors and extensors in
healthy subjects for angular velocities of 30°
(values ranging from 30 to S0N/m) and our
values for muscle cross-sectional area ob-
tained by CT evaluation on the dominant
side were similar to those obtained by
Schantz. 3

The paraplegics were stronger than the
healthy subjects in our tests but this differ-
ence was only significant for impulsive
strength and for strength at high velocity.
These high velocities are close to those used
for wheelchair propulsion. A similar deve-
lopment to that seen in the strength of
basketball players has already been demon-
strated by Grimby! who showed that the
strength of the upper limb muscles was
considerably greater in the wheelchair play-
ers; according to this author, the strength of
the deltoid muscle can be at least 50%
greater in an active paraplegic than in a
moderately trained healthy subject.

However, our results differed by the fact
that in his study! of the deltoid muscles the
strength in paraplegics was superior to that
in controls especially at low angular velo-
city. The differences lessened at high angu-
lar velocity, in contrast to the results of our
study. According to Grimby, the high pro-
portion of slow fibres found in paraplegics
explains the difference in the strength of the
deltoid muscle. However, if we refer to the
study by Thorstenson!® in which the move-
ments were more rapid, the rapid type II
and even Ila muscle fibres may be involved,
suggesting that paraplegics’ elbow flexors
and extensors would be richer in type II
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Figure 1a Mean peak torque for elbow flexors.
Dominant O and non dominant ® limb healthy
subjects.

Dominant © and non dominant ® limb paraple-
gic subjects.

The paraplegics’ muscle peak torque is superior
to that of healthy subjects for the dominant and
non dominant limbs. This difference is signifi-
cant (p <0.05) for angular velocities 120°, 150°
and impulsive movement in the case of domi-
nant limbs, and for 60°, 150° and impulsive
movement for the non dominant limbs.

Figure 1b Mean peak torque for elbow exten-
sors.

Dominant O and non dominant ® limb healthy
subjects.

Dominant © and non dominant ® limb paraple-
gic subjects.

Paraplegic’s muscle peak torque is superior to
that of healthy subjects for the dominant and
non dominant limbs. This difference is signifi-
cant (p <0.05) for angular velocities 30°, 120°,
150° and impulsive movement in the case of
dominant limbs, and for 150° and impulsive
movement for the non dominant limbs.
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Table I Mean values of the extensors/flexors ratio of the elbow

EF Dominant limb Non dominant Dominant limb Non dominant limb

healthy subjects limb healthy  paraplegic subjects paraplegic subjects
subjects

30° 1.1 +£0.2 NS 1.2 £0.8 1.1 £0.2 NS 1.2 £0.5

60° 1.0 £ 0.1 S 1.2 £ 0.8 1.0 £ 0.1 NS 1.1 £0.5

120° 1.0 = 0.1 S 1.1+0.4 1.0 £ 0.1 NS 1.1 £ 0.3
150° 1.0 £ 0.1 S 1.2 £0.5 0.9 £ 0.1 NS 1.1 £0.1
Impulsive 1.3+0 S 1.1 £0.1 1.1x0 NS 1.3+ 0.1
strength

Table II Comparison between the mean cross-sectional area in mm? of muscle in healthy and

paraplegic subjects

Mean Healthy Paraplegic T-tests D
Flexors dominant limb 2382.0 3166.9 3.35 <0.05
+124.86 +142.13
Extensors dominant limb 1679.7 2484.0 4.07 <0.05
+114.39 +144.7
Flexors non dominant limb 2415.7 3164.0 3.11 <0.01
+11.84 +167.8
Extensors non dominant limb 1618.1 2572.5 4.19 <0.05
+96.06 +188.06

fibres. Moreover, it is known that training
favours the development of type II fi-
bres.!®18  Although in our sample each
subject did not follow a specific and similar
training but simply undertook intensive
sporting and physical activity, differential
fibre development may have occurred.
However, the specificity of type II fibres to
develop greater tension/mass at high velo-
city training is much disputed in various
studies*!?1315 and it would be advisable to
perform muscle biopsies to confirm it.

On the other hand, the differences in
relation to the results of the other study!
more particularly concerned specific muscle
activity; in paraplegics, the deltoid muscles
(used for transfer) have a more static
activity, while the elbow flexors and exten-
sors (with a role in wheelchair propulsion)
have a more dynamic activity. A biome-
chanical analysis of wheelchair propulsion
might provide a better assessment of the
activity of these muscles and the movement

velocities, but it appears that variations in
the mode of wheelchair propulsion accord-
ing to the lesional level and trunk muscu-
lature may exist. '

Paraplegic subjects present an extensor-
flexor ratio for the dominant and non
dominant limbs similar to that of healthy
subjects, but, in paraplegic subjects only,
there is no statistically significant difference
between the 2 sides. This difference may be
due to the specific activity of the sports
training as we have previously shown in a
study of tennis players.” We found a differ-
ence in the extensors/flexors ratio of the
wrist for healthy and untrained subjects
between the dominant and non dominant
sides. This difference was only significant
for high velocity (120°) but not for low
velocity (30°) and isometric torque.

If, as proposed by various studies for the
lower limbs?-2*, we accept that agonist/
antagonist ratio is a functional and indi-
vidual index of the balance between the 2
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opposite muscle groups at different speeds
of movement, our results seem to demons-
trate a tendency towards functional sym-
metry in paraplegic upper limbs. The exten-
sor/flexor ratio of the elbow was not statist-
ically different on the opposite side, as in
the lower limbs, and particularly at high
velocity, which is necessary for wheelchair
propulsion. However, for the measurement
of the muscle strength only, it seems that a
dominant side always persists. Further stu-
dies concerning the difference in the agon-
ist/antagonist ratio in healthy and untrained
subjects are required.

Finally, in paraplegic subjects the cross-
sectional area evaluated by CT studies was
greater than that in healthy subjects. In view
of the exercise they perform, this reflects
muscle hypertrophy of elbow flexors and
extensors.”* However, whereas many stu-
dies found a significant correlation between
muscle strength and cross-sectional area
evaluated by CT, regardless of age,” sex,°
and activity,”!! we obtained discordant re-
sults: in our study, this correlation was only
significant when the whole population
(paraplegic + healthy) or the healthy group
was considered. In paraplegics, we did not
find this correlation because muscle strength
was less than that predicted from the cross-
sectional area. Indeed, the strength/cross-
sectional area quotient was less than that in
healthy subjects.

This difference may be due to different
factors: histological, neurological or statis-
tical. In our study, strength was greater for
paraplegic than for healthy players for high
angular velocity. Many studies admit that,
at high angular velocities, type II muscle
fibres present an ability to develop a muscle
strength superior to that of type I fibres,%-2
but we cannot be sure that the difference
was only due to the changes in histological
structure. Although the study of Grimby!
showed hypertrophy of the 2 types of fibres
(I and II) in the deltoid muscles of paraple-
gic subjects, we cannot compare the results
because the activity of the elbow flexors and
extensors is different for wheelchair propul-
sion.

Several studies of electromyographic
activity and muscle strength show a relation
between the increase in electromyographic

activity and strength. This relationship fol-
lows a double exponential ,*’=?° one of which
would correspond to fibre contractile capa-
cities, the other to motor unit recruitment,
but changes related to modifications in
excitability, learning, and motor recruit-
ment according to the muscles and move-
ment velocity® cannot be ruled out.

In the case of our sample, the variation in
the strength/cross-sectional area relation-
ship can be due to neurological effects.
Firstly, there is a difference of training for
each group and each subject, because the
paraplegics had different durations from the
injury and different programmes of rehabili-
tation. Each group had different functional
training for playing basketball. Several stu-
dies indicate the interaction of different
factors in the hypertrophy and neural fac-
tors in the development of strength,3-3* and
some authors think that this difference is
due to the fact that morphological and
neurological factors do not follow a similar
time course during training. Secondly, as
each limb was tested independently, the
principle of ‘defect in bilateral strength’
reported by Enoka® can partially explain
the decrease in the strength of paraplegics
relative to cross-sectional area, as their daily
training induced a maximal and concurrent
activation of the contralateral limb and the 2
homologous muscles for ambulation. This
effect would be secondary to a decrease in
slow fibre activity on electromyography. To
test this theory it will be necessary to
compare this effect by electromyography in
paraplegic and healthy subjects.

Statistically, the difference in the correla-
tion between peak torque and cross-
sectional area between paraplegic and heal-
thy basketball players may be due to the
small and inhomogeneous sample. This
could explain the absence of a significant
difference in the strength/cross-sectional
area quotient between paraplegic and heal-
thy subjects.

Conclusion

Our study describes the development of
muscle strength and mass in paraplegic
basketball players and the difference in the
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muscle peak torque and cross-sectional area  electromyographic activity of the upper
in relation to healthy basketball players. It limbs in paraplegic subjects during their
suggests the importance of a neuromuscular rehabilitation programme in order to pro-
factor. It would appear necessary to study pose an adapted training programme for
the course of the histological structure and sports as well as for everyday life activities.
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