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Abstract. Background and objectivedsokinetic test results are often evaluated against a rmrmormal value. Previous
research on isokinetics is prolific however, different dafions present with different “normal” values. Thus, the &f the
present study was to establish isokinetic norms for theeaddee, shoulder, elbow and forearm joints in young, Soditit#dn
men.

Methods Four hundred and thirty eight (N- 438) young male participants (19.@6 1.86 yrs) were evaluated in terms of
isokinetic peak torque of the ankle, knee, shoulder andafane A Cybex 340 isokinetic dynamometer was used to evathate
concentric peak torque at a low velocity (30 or&); gravity was not corrected for. The data was tested fomabity and the
descriptive statistics were calculated. Percentile scaere subsequently constructed.

Results Normative values for peak torque, peak torque per body rmaadsagonist-antagonist ratios were constructed for the
ankle, knee, shoulder and forearm.

Conclusions Results from this study might provide useful norms for tliaical evaluation of low-velocity, concentric peak
torque in young males, when gravity correction is not penfed.

Keywords: Isokinetic, norms, peak torque, muscle strerajtkle, knee, shoulder, forearm

1. Introduction Several researchers have investigated the isokinet-
ic strength in specific joints in a number of different
Isokinetic testing is currently widely used in sports populations, but few have generated normative values
performance and orthopaedic rehabilitation. Accurate for several joints or movement patterns in the same
feedback by practitioners is dependent on adequate acafopulation.
demic and practical training as well as on the availabil- ~ Another complicating factor in establishing norms
ity of applicable norms. Isokinetic test results are often is the wide variety of movement velocities (0-30£)
evaluated against a norm or “normal” value [7,14,37]. available to clinicians [12] and the fact that most mod-
Earlier work done by Perrin and co-workers [38] has ern isokinetic dynamometers allow for both concen-
indicated that the assumption of bilateral equivalency tric and eccentric muscle testing and thus necessitate
as a goal of therapeutic exercise may be inappropri- specific norms for each of these muscle actions [11,
ate for some muscle groups and in some populations 29]. Age, gender, activity level and even nationality
and this opinion is supported by other researchers [20]. may play a significant role in interpreting an isokinetic
Practitioners continue to utilise the uninvolved side for evaluation, with older participants, women and seden-
comparison to the involved side when making clinical tary individuals demonstrating significantly lower val-
decisions, however, normative comparison may be use- ues compared to athletes [10,12,28]. In addition, isoki-
ful especially in the weight-bearingjoints or in bilateral  netic results are affected by the correction or not for
involvement, and for screening purposes in athletes or the effects of gravity. Currently, gravity correction is
manual workers [40,45]. being widely used in clinical practice however, espe-
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cially when bilateral comparisons are done it is advised
that gravity correction should not be done to rule out
methodological errors as well as avoiding errors due to
the inability of subjects to completely relax [5]. Lastly,
several studies have highlighted the significant effect
of the specific dynamometer used for analysis, since
different dynamometers will often give inconsistent re-
sults [20,31,43].

Norms or reference values refers the word “nor-
mal” [23,38], however, what is normal for one popula-
tion may not necessarily be normal for another. Sever-
al authors have in the past investigated normal values
for different joints [15,16,23,35,42]. In the context of
physical properties like isokinetic torque, a norm de-
notes the average or mean value of a large group of
individuals (usually> 200) tested under similar and
controlled circumstances [11,16,25]. Normative isoki-
netic data relating to the knee joint is by far the most
prolific, while some data on the other joints are also
available [7,12,16,38,39]. However, very few studies
have focussed on establishing isokinetic norms for sev-
eral joints in one specific group of people and thus, the
aim of the present study was to address this aspectin a
specific cohort.

Values for concentric knee flexion and extension

have been reported by various researchers on a variety

of populations. Using a testing velocity of 88, mean
relative peak torque values for knee flexion ranged
between 1.29 and 1.9 Nm/kg and between 2.28 and
3.38 Nm/kg for knee extension. The hamstrings-
quadriceps (H/Q) or knee flexion-extension ratio was
reported to range between 54% and 71% [16,33,48].
Freedson and co-workers [16] who conducted isokinet-
ic testing on more than 1 500 men (between 21 and 30
yrs), reported a non-gravity corrected (NGC) H/Q ratio
of 65% at 30/s. They also reported a mean weight-
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Athletic populations have also been investigated.
Schlinkman [41] utilised 342 male high school football
players, between the ages of 15 and 17, to construct
norms (GC) for knee flexion and extension at 60, 240
and 300/s. Hereported a knee flexion value of 128 Nm
(1.8 Nm/kg), a knee extension value of 235 Nm (3.38
Nm/kg), and an H/Q ratio of 54% at 8. Previously,
the present author reported a GC H/Q ratio of 63% in
46 South African (SA) provincial male rugby players,
at a velocity of 60/s [28]. The same study yielded val-
ues of 187 Nm (1.9 Nm/kg) and 298 Nm (3.04 Nm/kg)
for knee flexion and extension respectively. A GC H/Q
ratio of 54% (at 60/s) was also previously reported in
young SA males [26,29]. In terms of weight-adjusted
torque, the present author previously reported GC val-
ues of 1.64 Nm/kg for knee flexion and 3.03 Nm/kg for
knee extension [29], while Kruger and co-workers [25]
reported GC values of 1.83 and 3.38 Nm/kg for knee
flexion and extension, respectively. Thus, NGC isoki-
netic norms in SA men are still largely lacking.

Relatively little research have been conducted on
large numbers of participants for the different shoulder

joint movements, thus norms for the shoulder &t/60

is limited. Ivey and co-workers [23] reported a shoul-
der flexion/extension ratio of 78%, at 86, an abduc-
tion/adduction ratio of 63%, and an external/internal
shoulder rotation ratio of 65%, in 18 men (average age:
27 yrs) (NGC). Connelly Maddux and co-workers [9]
found an external/internal shoulder rotation ratio of
63% (using the 90abducted position) and a value
of 66% for shoulder abduction/adduction at°&Q in

the dominant arm of males aged on average 34 years
(NGC). Shoulder flexion and extension peak torque was
investigated by Freedson and co-workers [16] using a
velocity of 60°/s. They tested 1 647 men between the

adjusted value of 1.63 Nm/kg for knee flexion and 2.55 ages of 21 and 30 years and reported values of 62 Nm
Nm/kg for knee extension in the same sample. Wyatt (0-77 Nm/kg) and 99 Nm (1.22 Nm/kg) for flexion and
and Edwards [48] also investigated isokinetic strength €Xtension, respectively and a flexion/extension ratio of
in men (average age: 29 yrs) and reported a concentric 63% (NGC). In terms of athletes, several researchers
knee flexion value of 130 Nm (1.68 Nm/kg), a knee have investigated shoulder function. Brown and co-
extension value of 183 Nm (2.36 Nm/kg) and an H/Q Workers [4] tested 41 professional baseball players and
ratio of 71% (NGC). Some of the lowest values were When the dominant shoulder’s data for pitchers and po-
reported by Neder and co-workers [33] whose sample Sition players were grouped, the following results were
included a randomised group of 45 men between the found. Shoulder flexion and extension values were 77
ages of 20 and 80 years (49:818.1 yrs). They report- and 164 Nm, respectively, while horizontal abduction
ed gravity corrected (GC) mean values of 172.1 Nm was 54 Nm and horizontal adduction, 128 Nm. In-
(2.28 Nm/kg) for knee extension and 97.1 Nm (1.29 ternal and external shoulder rotation (af @ abduc-
Nm/kg) for flexion, with an H/Q ratio of 57.4%, using  tion) were 137 and 84 Nm, respectively, with an exter-
an angular velocity of 6Us. The lower values by Ned-  nal/internal ratio of 61% for the dominant arm and 74%
er and co-workers could be attributed to the fact that for the non-dominant arm. Their findings are large-
their sample was considerably older than the others. ly similar to those of Huang and co-workers [22] who
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reported an external/internal ratio of between 71 and obtained for Japanese people may not be valid for Ger-
77% in 80 baseball pitchers aged between 10 and 23 mans and vice versa. The limited amount of published
years. Thus, normative studies on the shoulder joint data on isokinetic norms for the South African popu-
have been conducted, but not in SA. lation, prompted the author to investigate the isokinet-
Reference values for forearm pronation and supina- ic peak torque values for five different joints in this
tionin men, is largely absent from literature, especially population. Thus, the aim of the present study was to

for the non-athletic population, at 68. Forthomme
and co-workers [15] tested 20 young men (23y; 75 kg)
and reported a forearm pronation/supination ratio of
133% in the non-dominant side, at an angular velocity
of 30°/s.

The ankle joint is normally evaluated for plantar
and dorsiflexion in one of two ways: either with the
knee fully extended or with the knee flexed to approx-
imately 90. The fully extended position allows for

establish isokinetic norms for the ankle, knee, shoulder
and forearm joints in young, South African men.

2. Methods

An empirical, investigative and reductive research
design that utilised quantitative data was adopted. The
present study was carried out over a period of three

both the gastrocnemius and soleus muscle groups to years and the same researcher conducted all the tests.

contribute to plantar flexion, while the bent knee po-
sition, reduces the contribution of the gastrocnemius
muscle to plantar flexion [24]. Previous values for an-
kle dorsiflexion torque at 3@s, have varied between
30 and 35 Nm (0.34-0.47 Nm/kg) and between 70 and
184 Nm (1.02—-2.45 Nm/kg) for plantar flexion [18,
27]. Kruger and co-workers [27] evaluated the domi-
nant leg’s ankle plantar and dorsiflexion torque in 306
SA men (avg. age: 26 yrs) at 38, using the flexed
knee position. They reported values of 30 Nm (0.34
Nm/kg) and 70 Nm (1.02 Nm) for dorsiflexion and
plantar flexion, respectively and a dorsiflexion/plantar
flexion ratio of 43% was reported. Fugl-Meyer [18],
using the straight knee position and a testing velocity of

2.1. Participants

Four hundred and thirty eight (438) participants were
recruited from men between the ages of 16 and 29 years
(19.06+ 1.86 yrs), who applied to become pilots in the
South African National Defence Force. Three hundred
and ninety seven (90.6%) were of European descent,
while 41 participants (9.4%) were of African descent.

Participants were medically screened by a medical
doctor before participating in any tests and they all
provided the researcher with written informed consent.
The project was approved by the Ethics Review Com-
mittee of 1 Military Hospital (SA Medical Services)

30°/s, reported on 15 athletes and 15 sedentary controls and the SA Air Force’s Institute for Aviation Medicine.

and found dorsiflexion values of 35 Nm (0.47 Nm/kg)
and 33 Nm (0.44 Nm/kg), respectively for these two
groups. Their plantar flexion values varied between
184 Nm (2.45 Nm/kg) for the athletes and 126 Nm
(1.8 Nm/kg) for the sedentary participants, while the
respective dorsiflexion/plantar flexion ratios, were 19%
(athletes) and 26% (sedentary controls). Fugl-Meyer
and co-workers [17] also tested three groups of 15 par-
ticipants each (40-44, 50-54 and 60-64 yrs) at three
different movement velocities (30, 60 and 185). At
30°/s, plantar flexion strength varied between 171 Nm
for the younger group and 139 Nm for the oldest group.
Poulmedis [39] investigated isokinetic strength &t/30

in elite male Greek soccer players and found values of
32 Nm and 120 Nm for ankle dorsiflexion and plantar
flexion, respectively.

Previous research on isokinetics is prolific however,
different populations present with different “normal”
values. The dilemma with using norms is the transfer-
ability of data from one population to the other; data

Standard anthropometrical measures were obtained and
six skinfolds were measured using the Hapenden skin-
fold calliper. Percentage body fat was calculated from
the six skinfolds by utilising the MOGAP method [6].

2.2. Isokinetic testing protocol

Participants warmed up prior to the isokinetic testing
by jogging slowly for five minutes on a grass surface
and performing gentle stretchesX20 seconds) of the
major muscle groups (hamstrings, quadriceps, calves,
and shoulder muscles). Five familiarization contrac-
tions were also performed prior to each movement pat-
tern tested.

Isokinetic testing was performed using a Cybex 340
isokinetic dynamometer (Cybex, A division of Lumex,
Inc., 2100 Smithtown Avenue, Ronkonkoma, New
York). The reliability of isokinetic dynamometry has
previously been established by different authors [21,
30,35,44] Calibration was performed before each day
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Fig. 1. Peak torque (Nm/kg) values at°3§ for the forearm and ankle.

Table 1
Participants’ anthropometric characteristics
Mean Min Max  STD N

Age (yrs) 19.1 17 24 186 438
Body mass (kg) 71.5 46 95 8.72 438

concentric contractions performed for each movement
pattern. The non-dominant side was used and each test
was followed by at least a 5-minute rest period before
the next movement pattern was tested. No correction

Height (m) 1786 16 192 555 438 was made for the effects of gravity (NGC) to exclude
Body fat (%) 9.90 56 223 304 438 any calculation errors (some participants may find it
Fatmass ko) ~ 7.23 30 198 291 438 difficult to relax completely during the weighing of

Lean mass (kg) 64.3 429 858 6.86 438

their limbs). Participants were verbally encouraged

during each test to perform at their best and participants
were also allowed visual feedback during the testing [7,

12].

Peak torque in Newton-metres (Nm) was recorded as
the highest of the five repetitions. The peak torque rel-
ative to body mass (Nm/kg) and the agonist-antagonist
ratio (%) were calculated for each movement pattern.

of testing. The following movement patterns were
performed: prone ankle plantar and dorsiflexion (hip
and knee extended), seated knee flexion and extension,
supine shoulder flexion and extension, supine shoul-
der horizontal abduction and adduction {98ronated
grip), supine shoulder medial and lateral rotation (in
90° of shoulder abduction) and seated forearm prona-
tion and supination (at an elbow flexion angle of R0
The movement velocity was set at®® for the knee ~ 2.3. Data analysis
and shoulder, but at 30 for the ankle and forearm.
Participants were positioned according to the standard- ~ Statistics were performed on the data by a qual-
ized procedure described by Perrin [37]. Lowisokinet- ified statistician using Statistical Package for Social
ic velocities were selected as higher velocities may in- Sciences (SPSS) software. Firstly, the data was test-
troduce the problem of very short isokinetic sectors [3, ed for normality, kurtosis and skewness, but a discus-
12]. sion of these aspects will not form part of the present
Five familiarization repetitions (reps) at increasing study. Secondly, the descriptive statistics were calcu-
effort levels (2 reps at 50% of effort, 2 reps at 75% lated (e.g. mean, minimum, maximum and standard
and one maximal repetition) preceded the five maximal deviation). Percentile scores were subsequently con-
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Table 2
Peak torques and ratios for the ankle and forearrfi/&3and NGC)
Movement pattern Mean  Min Max STD Percentiles N
P25 P50 P75
Ankle dorsiflexion (Nm) 36.2 17.0 55.0 6.39 32.0 36.0 40.0 214
Ankle dorsiflexion (Nm/kg) 052 022 075 0.085 0.46 0.50 8.5 214
Ankle plantar flexion (Nm) 130.0 57.0 197.0 26.32 111.0 129.048.0 214
Ankle plantar flexion (Nm/kg) 1.85 0.61 280 0.34 1.63 1.87 032. 214
Ankle dorsiflexion/plantar flexion (%) 28.9 148 80.7 8.23 .23 28.2 325 214
Forearm supination (Nm) 13.0 8 23 2.6 12.0 13.0 14.0 199
Forearm supination (Nm/kg) 0.18 0.11 0.26 0.03 0.16 0.18 00.2199
Forearm pronation (Nm) 18.0 9 31 3.7 16.0 17.0 20.0 199
Forearm pronation (Nm/kg) 025 011 047 0.05 0.21 0.25 0.2899
Forearm supination/pronation (%) 73.8 476 1214 224 62.571.4 83.3 199
Table 3
Peak torques and ratios for the knee and shouldeév/¢&hd NGC)
Movement pattern Mean  Min Max  STD Percentiles N
P25 P50 P75
Knee flexion (Nm) 158.5 91 256 26.1 140.0 157.0 175.0 438
Knee flexion (Nm/kg) 223 144 321 029 202 2.22 242 438
Knee extension (Nm) 2359 137 358 344 2138 234.0 256.0 438
Knee extension (Nm/kg) 331 227 4.28 0.36 3.07 3.30 3.56 438
Knee flexion/extension (%) 67.6 446 103.7 8.80 61.2 67.2 672.438
Shoulder horizontal abduction (Nm) 93.4 50 210 271 77.0 088.108.0 103
Shoulder horizontal abduction (Nm/kg) 132 0.72 2.66 0.35.091 1.26 1.48 103
Shoulder horizontal adduction (Nm) 91.8 40 184 235 74.0 088.107.0 103

Shoulder horizontal adduction (Nm/kg) 130 0.73 261 0.28 .111

1.26 1.46 103
Shoulder horizontal ab-/adduction (%) 101.3 534 186.0 921.88.5

100.0 111.0 1083

Shoulder flexion (Nm) 80.5 44 137 19.0 65.0 77.5 92.8 116
Shoulder flexion (Nm/kg) 1.14 0.79 1.91 0.22 0.97 1.13 1.26 6 11
Shoulder extension (Nm) 87.2 40 138 19.8 72.3 85.0 100.0 116
Shoulder extension (Nm/kg) 1.23 053 182 0.21 1.09 1.20 61.3116
Shoulder flexion/extension (%) 93.9 59.0 230.0 20.0 80.6 193.101.4 116
Shoulder lateral rotation (Nm) 39.3 20 80 9.3 33.0 39.0 44.039 2
Shoulder lateral rotation (Nm/kg) 056 0.34 0.85 0.11 0.49 550 0.62 239
Shoulder medial rotation (Nm) 50.6 27 88 12.7 40.0 50.0 59.039 2
Shoulder medial rotation (Nm/kg) 0.72 040 114 0.15 0.61 720. 0.82 239
Shoulder lateral/medial rotation (%) 79.6 489 1879 18.1846 77.1 87.0 239

structed for peak torque values (Nm and Nm/kg). For ly display body fat percentages that range between 7
the present study, the 25th, 50th and 75th percentiles and 10% [34].

will be presented for each movement pattern. Since the present study was carried out over a pe-

riod of three years, not all participants completed all
movement patterns that formed part of the study. Thus,
the number of subjects that completed each movement
pattern is given in Tables 2 and 3.

The means, minimums, maximums and standard de- ~ Table 2 contains the peak torque values (Nm and
viations for the participants’ age, body mass, height, Nm/kg) for the ankle and forearm at a movement ve-
percentage body fat, fat mass and lean mass, are pre-ocity of 30°/s, while the peak torque values for the
sented in Table 1. From their anthropometric values knee and shoulder (at 6@) are presented in Table 3.
the present study’s participants could be classified as In addition, both Tables 2 and 3 contain the agonist-
young, physically active and lean (i.e. they had a per- antagonist ratio (%) and the 25th, 50th and 75th per-
centage body fat of 9.9%). The mean percentage body centile scores (in Nm/kg) for each movement pattern.
fat for the general population varies between 12.5 and  Atavelocity of 30/s, forearm supination yielded the
16% [1,31,42], while swimmers and triathletes typical- lowest relative peak torque value (0.18 Nm/kg), while

3. Results
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Fig. 2. Peak torque (Nm/kg) values at°@® for the knee and shoulder.

the highest value (1.87 Nm/kg) was observed for ankle
plantar flexion (Fig. 1). The lowest relative peak torque
value at 60/s was reported for shoulder lateral rotation

(0.56 Nm/kg) and the highest value obtained was for
knee extension (3.31 Nm/kg) (Fig. 2).

The 30/s velocity yielded an agonist-antagonist ra-
tio of 28.9% for ankle dorsi-plantar flexion and 73.8%
for forearm supination-pronation. Agonist-antagonist
ratios at 60/s ranged between 67.6% for knee flexion-
extension and 101.3% for shoulder horizontal abduc-
tion/adduction (Fig. 3).

4, Discussion

In discussing the results of the present study, a con-

patterns, not including females (gender) and all race
groups (representation) in the study and not being able
to spread the tests over more than one day (possibility
of fatigue). Delimitations included not testing more
joints or movement patterns, not including multiple an-
gular velocities in the study and not performing eccen-
tric testing. As a result of not performing eccentric
testing, the author was unable to consider the dynamic
control ratio (DCR) [10] or functional ratio (eccentric
knee flexion vs. concentric knee extension) that has
gained significant popularity in injury prevention and
rehabilitation targets 12].

As far as ankle plantar and dorsiflexion is concerned,
the results of the present study show slightly higher
dorsiflexion values (0.52 Nm/kg) compared to previous
studies (0.34-0.47 Nm/kg) [17,19,27,39]. The mean

scious effort has been made to compare the data to thatplantar flexion torque however, is similar to that report-
of other research studies that also aimed to establish ed by Fugl-Meyer in 1981 (1.87 vs. 1.8 Nm/kg) for
norms for certain movement patters in healthy, non- sedentary participants [17], higher than the 1.02 Nm/kg
athletic males. However, only a few studies thatinclud- reported by Kruger and co-workers [27], but lower than
ed a sufficient number of participants were found and the 2.45 Nm/kg reported for athletes [18]. Both plantar
thus the results of the present study were compared to and dorsiflexion values in the present study were slight-
those derived from smaller studies in a variety of popu- ly higher than those reported by Poulmedis for Greek
lations. For the present discussion, only torque values soccer players [39]. The dorsiflexion-plantar flexion
at low angular velocities,{ 90°/s), were considered  ratio of the present study (29%) is lower than the 43%
and compared to that of the present study, since higher reported by Kruger and co-workers [27], similar to the
velocities may result in very short isokinetic sectors [3, sedentary participants (26%) and higher than the ath-
12]. letes (19%) tested by Fugl-Meyer [18]. It also com-
Limitations of the present study included not ran- pares well with the value of 27% reported for Greek
domising the population sample (representation), not soccer players [39]. Thus, the present study’s values
being able to test every participant for all the movement are similar to previous findings, but the ankle dorsi-
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Fig. 3. Agonist-antagonist ratios (%) for the ankle and done (30°/s) and the knee and shoulder {6€).

flexion values were higher compared to previous data duction peak torque (93.4 Nm) is higher compared
obtained from non-athletes. to the value reported for professional baseball players
The present study’s mean torque values for knee (54 Nm) by Brown and co-workers [4]. Compared
flexion and extension are also high compared to pre- to the same population, the present study’s horizon-
vious research data. Mean knee flexion (158.5 Nm; tal adduction torque value is lower (91.8 vs. 128 Nm).
2.23 Nm/kg) is higher compared to previous studies, The horizontal abduction-adduction ratio reported for
for both sedentary and athletic participants (1.63—-1.9 the present study (101.3%) is higher compared to the
Nm/kg), probably due to the fact that the present study 42.2% reported for the baseball players. The differ-
did not correct for the effects of gravity. Notwithstand- ences between the two studies could be attributed to the
ing this, the mean knee extension value (235.9 Nm; unique adaptations specific to professional baseball, i.e.
3.31 Nm/kg) is similar to the upper range of values stronger horizontal adductors as a result of repetitive
(2.36—-3.38 Nm/kg) reported previously for both ath- throwing, characteristic of this sport.
letes and non-athletes [16,25,26,28,29,33,41,48]. Al-  Shoulder flexion values in the present study (80.5
though there is general acceptance in the literature that Nm and 1.14 Nm/kg) are similar to the values reported
60% represents an average hamstrings quadriceps pealor baseball players (77 Nm) [4], but higher than those
torque ratio (GC), there is also large individual vari- reported by Freedson and co-workers [16] for non-
ability [26,29,40]. The present study’s H/Q ratio of athletes (62 Nm and 0.77 Nm/kg). The present study’s
67.6% is higher than most previous research reports values for shoulder extension of 87.2 Nm (1.23 Nm/kg)
(54-63%) [26,29,33], with the exception of Wyatt and is lower compared to the 99 Nm (1.22 Nm/kg) and
Edwards [48], who reported a ratio of 71%. Although 164 Nm, reported previously, but the shoulder flexion-
the high H/Q ratio reported in the present study can also extension ratio is higher (93.9% vs. 63-78%) [4,16].
be attributed to not correcting for the effect of gravity This indicates that SA men exhibit stronger shoul-
on knee flexion torque, this finding supports the general der flexors compared to previous research, but weaker
trend of higher relative values for knee flexion and ex- shoulder extensors.
tension torques found in the present study, comparedto  The rotator cuff muscles of the shoulder play an im-
previous research. Thus, it seems that young SA men portant role in stabilizing the head of the humerus in
have higher peak torque values for both knee flexion the glenoid fossa and are thus important for normal,
and extension, than their international counterparts.  pain-free shoulder actions, especially when performed
In terms of peak torque values for the shoulder joint, above shoulder level and at high velocities. In the
the present study’s values for shoulder horizontal ab- present study a value of 39.3 Nm (0.56 Nm/kg) was



30

reported for shoulder lateral rotation, compared to 84
Nm in professional baseball players [4]. The present
study’s shoulder medial rotation value of 50.6 Nm (0.72
Nm/kg) is lower than the 134 Nm reported by Brown
and co-workers [4] for baseball players. The shoulder
medial-lateral rotation value of 79.6% for the present
study is higher than the 61% reported for baseball play-
ers’ dominant arms, but similar compared to their non-
dominant arm’s strength ratio (74%) [4]. The above
findings indicate that playing baseball will lead to a se-
lective strengthening in the dominant or throwing arm
of the shoulder lateral rotators as well as the medial
rotators, compared to non-athletes. Whether this is an
adaptation to protect the shoulder joint, or to achieve the
high velocities required in throwing a baseball, or both,
is unclear. According to previous research, the ratio
between the medial and lateral rotators (&t/6pvaried
between 61 and 77% [4,9,16,22,23], thus the present
study’s ratio of 79.6% found in young SA males, is
higher than previously reported. A possible explana-
tion for this finding is the 99 shoulder abducted posi-
tion that was used for the present study, since this posi-
tion may have a favourable length-tension relationship
for the external rotators of the shoulder, compared to
that of a more adducted and/or flexed position of the
shoulder [21].

The present study’s values for forearm pronation
(18 Nm; 0.25 Nm/kg) and supination (13 Nm; 0.18
Nm/kg), are higher than those reported earlier by
Forthomme and co-workers [15] in young men for the
non-dominant side (at 3@s), for forearm pronation
(11.8Nm; 0.16 Nm/kg) and supination (8.0 Nm; 0.12
Nm/kg). The present study’s forearm supination val-
ue is lower than the isometric peak torque value (16.2
Nm) reported by O’Sullivan and Gallwey [35], but the
pronation value of the present study is higher compared
to their pronation value (13.5 Nm). The supination-
pronation ratio of the present study (78.3%) is low-
er compared to the non-dominant arm’s ratio reported
for tennis players (98%) and baseball pitchers (98%),
evaluated at 9Us [13]. However, some researchers
prefer to calculate the pronation-supination ratio. A
value of 133.3% was reported by Forthomme and co-
workers [15] for the non-dominant arm, which is com-
parable to the 138.5% found in the present study.

If norms are to be used the question arises “Whenis a
value abnormal or not ideal?” The present author sug-
gests using one of the following approaches in trying to
answer the above question. Firstly, one may argue that
avalue that deviates more than 10% above or below the
agonist-antagonist norm could be deemed as “not ide-
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al.” Thus, the range for normal knee flexion-extension
ratio would be between 61% and 74%.

Secondly, one could argue that a “normal” value
should lie within one standard deviation from the mean
(i.e. Mean+ 1STD or 67.64 8.8% ) thus, between
59% and 76%. The third approach would be to con-
sider a value as “normal” if it falls between the 25th
and 75th percentile of the group. This approach would
then consider the middle 50% of participants as “nor-
mal.” Using the knee flexion-extension again, this
would translate into a value between 61% and 73%.
Thus, whichever method one chooses to use, it is im-
portant not to be too rigid in interpreting an isokinetic
evaluation and to allow for individual variability.

5. Conclusions

Seven of the twelve torque values investigated, were
higher and one value was similar compared to the val-
ues reported earlier. Of the three values that were low-
er, two stemmed from comparisons with athletic popu-
lations. Thus, young SA men seem to have higher peak
torque values compared to other populations and this
should be taken into consideration when their results are
compared to international norms. This study highlights
the fact that norms are population-specific and that cau-
tion should be observed when using normative data in
interpreting an isokinetic test. However, because most
of the present study’s participants were of European de-
scent, there is a need for future research into the torque
values of our country’s people from African descent.
There is also a need for the establishment of isokinetic
norms in female populations.

Results from this study provide useful “norms” or
reference values for clinical isokinetic evaluation when
gravity correction is not performed. The present study
is unique, because it established normative data for four
different joints and six different movement patternsin a
single group of participants. The present study provides
clinicians with a comprehensive reference framework
against which to evaluate concentric peak torque values
for the ankle, knee, shoulder and forearm, in young
men. Finally, the present author cautions clinicians not
to be too rigid when interpreting “normality.”
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