The Effect of Velocity on Load Range During Isokinetic Hip Abduction and

Adduction Exercise

ABSTRACT

The purpose of this study was to quantify the components of acceleration, load range
and deceleration through a velocity spectrum during concentric hip abduction and
adduction isokinetic exercise, and to investigate the effect of load range on peak
torque and work done. Sixteen male healthy subjects performed three maximal
concentric reciprocal hip abduction and adduction gravity corrected repetitions in a
fixed order at 60, 120, 180, 240, 300, 360 and 420° - s, with a 30 second rest
between velocities. Hip abduction and adduction results revealed that load range
significantly decreased while acceleration and deceleration ROM significantly
increased (p<0.05) with each increase in velocity. When the total peak torque data
was corrected for load range there was a significant decrease (p<0.05) in peak
torque at velocities of 300° - s* and above, for both hip abduction and adduction.
Load range correction also resulted in a significant decrease (p<0.05) in work done at
velocities of 120° - s and above, for both hip abduction and adduction. The results
demonstrate an inverse relationship between isokinetic velocity and load range
during concentric hip abduction and adduction, and suggest a need for the clinician
to carefully consider velocity selection when performing exercise on an isokinetic

device.
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INTRODUCTION

The isokinetic dynamometer has commonly been used for rehabilitation or training
purposes [4, 165, 176, 265, 276, 3130]. As the isokinetic dynamometer only offers
resistance once the pre-set velocity is attained, any strength gains achieved from
isokinetic exercise may be proportional to the total amount of range of motion (ROM)
actually sustained at the pre-set isokinetic velocity [8]. It is therefore of great interest

to investigate what percentage of the ROM of a concentric actionisekinetic

contraction-is actually spent at the pre-selected velocity, over a velocity spectrum.

A concentric action eentractionperformed on an isokinetic device involves three main

components: acceleration, sustained velocity, and deceleration [8, 298, 375]. The
acceleration component has been defined as the individual’s ability to “catch” the
dynamometer [10, 3029]. The “catch” phase is completed once the individual attains
the pre-set velocity, and the resistance is met, which then prevents any further
acceleration [10, 3029]. The sustained velocity component of the repetition has also
been termed load range [8, 132, 221]. To be more precise the concept of load range
has been described as external machine resistance encountered through a pre-set
sustained velocity within a defined range of motion (ROM) [7]. The final component,
mechanical deceleration, offers resistance while the isokinetic dynamometer
decreases speed at the end of the defined ROM. However, Brown et al. [8] has

argued that this phase is neither directly governed by the tester nor quantifiable as



torque produced under controlled isokinetic conditions, and therefore ceases to be

isokinetic [8].

Earlier research has shown that torque patterns are significantly affected when the
load range phase of the motion is taken into consideration [3, 8, 218]. In short, this
means that actual torque may differ by a large magnitude if evaluated outside of the
load range [132]. Kurdak et al. [221] found a significant decrease when comparing
load range peak torque to total peak torque at speeds above 270° - s™ for knee
extension and above 300° - s for knee flexion. The authors also found a significant
decrease when comparing load range work and total work at speeds above 90° - s*
for both knee extension and knee flexion. These results highlight the importance of

correcting the data for load range as it is apparent that large errors can occur if this

process is not undertaken.

Increased angular velocity results in a reduction in load range, thus data from the
measurements that were performed at higher angular velocities may not actually
reflect load range values [221]. This is in agreement with the classic force — velocity
curve, which explains the relationship between skeletal muscle contraction velocity

and torque production [397]: as velocity increases, torque decreasesferce-inereases;

veloeity-decreases [3]. Therefore extra caution is required to make correct

interpretation of isokinetic results [3].

Load range has been investigated previously, however, only during unilateral knee
flexion/extension [8, 3029, 375, 4139], bilateral knee flexion/extension [364] and

shoulder external/internal rotation [7]. Each study found an inverse relationship
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between load range and velocity, yet the primary focus of these studies was load
range, apart from Brown et al. [8] who also considered the impact of the acceleration
and deceleration components. Therefore, quantification of each component may lead
to a more complete understanding of load range magnitude and position within the
exercised ROM. This information may better equip the clinician in more accurate

velocity prescription during isokinetic exercise.

Recently the investigation into the musculature around the hip has become of
interest, especially in regards to patients with a history of functional ankle instability
(FAI) [154]. It has been suggested that patients with a history of FAl may have a
weakness in muscles surrounding the hip, primarily the gluteus medius, which results
in a more adducted foot placement during the gait cycle [143, 287]. This adducted
foot position results in an increased chance of the individual contacting the floor with
the lateral aspect of the foot, which could potentially lead to an increased chance of
‘rolling over’ on the ankle and sustaining a lateral ankle sprain [143]. O’'Dwyer et al.
[287] stated that dysfunction of the gluteus medius is commonly implicated in lower
limb pathologies. It has been stated that the gluteus medius muscle should be
evaluated in healthy participants, to try and identify individuals with a possible pre-

disposition to ankle sprains [1].

The primary aim of this study was therefore to quantify the components of load
range, acceleration, and deceleration through a velocity spectrum during concentric
hip abduction and adduction isokinetic exercise. The secondary aim of this study was

to investigate the effect of load range on peak torque and work done.



METHOD

Subjects

Sixteen male healthy subjects (age = 21.2 + 2.2 years, height =182.7 + 4.8 cm, and
mass = 77.4 + 5.1 kg) volunteered to participate in the study. Institutional ethical
approval was granted for this study, and all subjects provided written informed
consent before participation. This study was conducted in accordance with
recognised ethical standards and national/international laws [187]. Inclusion criteria
included males, aged 18-25 years, who patrticipated in regular exercise (low to
moderate aerobic exercise two to three times per week), and who were right leg
dominant. The dominant leg was defined as the preferred kicking leg. Subjects were
excluded from the study if they had a cold or flu in the past two weeks, if they
suffered from any musculoskeletal injuries, ankle, knee or hip injuries, or fractures to
the lower limbs in the last year. Subjects were asked to refrain from any vigorous

exercise 48 hours prior to testing.

Experimental Design

Physiological Procedures

Subject’s age, mass and height was recorded. A warm-up was accomplished by a
five minute cycle on a Monark cycle ergometer (Monark, Varberg, Sweden) at 50rpm
with a resistance of 50 Watts. Testing was performed on the Biodex System 2
Isokinetic Dynamometer (Biodex Medical Systems, Shirley, New York). The system

reliability of the Biodex dynamometer has been shown to be high, with Intraclass
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Correlation Coefficient’s (ICC (2,1)) ranging from 0.92-0.98 for peak torque and 0.88-
0.97 for total work [5]. Taylor et al. [375] also demonstrated the mechanical validity of
the Biodex isokinetic dynamometer in relation to human torque, joint position and

limb velocity.

The Biodex was set up according to the Biodex System 2 Manual, and was calibrated
according to manufacturer’s specifications prior to testing. The cushion control was
set to zero, to allow the subject the greatest availability of velocity attainment prior to
deceleration [8, 375]. All subjects completed a practice session on the isokinetic

dynamometer a week prior to the main testing procedure.

Subjects were side lying, facing away from the dynamometer power head, with the
right hip superior. The right knee was extended, and the left knee was flexed to 90°.
The axis of the dynamometer was aligned superior and medial to the greater
trochanter of the right leg. The subject’s right leg was attached to the Biodex hip
attachment, superior to the lateral knee joint line. The subject’'s ROM was set to 0-
45° of abduction. The ROM was based on the average limitations of hip motion in
healthy individuals [11, 243, 343]. The pelvis was stabilised using the straps of the
dynamometer and the subject’s top hand grasped the border of the chair. The side
lying single chair hip abduction/adduction protocol was chosen, as opposed to a
standing hip abduction/adduction protocol, due to the chair and straps of the
isokinetic dynamometer being able to control for torso and pelvis movement. It may
be argued that standing hip abduction/adduction has more relevance to walking,
however, the design of the system 2 dynamometer does not allow for support of the

torso and pelvis during the standing protocol [154].
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Warm-up on the isokinetic device consisted of three submaximal reciprocal
concentric abduction and adduction repetitions with increasing intensity (i.e. first
repetition at 25% perceived effort, second repetition at 50% perceived effort, and
third repetition at 75% perceived effort) [8], at 60° - s through 420° - s™ [5, 386]. In
addition the subject completed two maximal intensity repetitions at each speed [8,

132].

Testing began from a dead stop [8] with the subject’s leg at 0° of abduction and
consisted of three maximal concentric reciprocal hip abduction and adduction gravity
corrected repetitions in a fixed order at 60, 120, 180, 240, 300, 360 and 420° - s™,
with a 30 second rest between velocities [386]. Each subject was encouraged to
contact the mechanical end stops during both abduction and adduction movements.
The same verbal encouragement was given to each subject throughout the test to
motivate them to develop maximal torque during each repetition [254] but no visual

feedback of torque generation was provided.

Mechanical Procedures

To determine the mechanical deceleration effect of the dynamometer, a test similar
to that presented by Brown et al. [8] was performed. The Biodex calibration-weighted
lever arm was dropped through the same range of motion (ROM) as performed by
the human subjects (0-45°). Nine repetitions were recorded at velocities of 60, 120,
180, and 240° - s™. These values were used for comparison with the deceleration
values recorded by human subjects (ie, physiological deceleration) [8]. Mechanical

procedures could not be performed at the last three test velocities due to the inability
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of gravity to accelerate the weighted lever to speeds of 300, 360 and 420° - s™ within

the specified ROM.
Data Analysis

Data was collected via the Biodex Advantage Software (version 4.5, Biodex Medical
Systems, Shirley, New York), which allowed the separation of each contraction into
its component parts for individual analysis. The same definitions as stated by Brown
et al. [8] were used; the range of motion prior to velocity attainment was termed
acceleration, while ROM after load range was termed deceleration (Figures 1 and 2).
Load range was determined for hip abduction and adduction by subtracting the sum
of acceleration ROM and deceleration ROM from the total test ROM using the
available cursors on the screen [2, 4, 6, 210, 4038]. Taylor et al [375] stated that
velocity overshoot was measured at 3.5% on the Biodex dynamometer, this is not
reflected in the velocity tracings but was included in the load range component.
Brown et al. [8] recommended using 100% of the pre-selected velocity because there
is no machine-offered resistance below full velocity attainment [7, 298, 3029, 321,

364, 375, 4038].

Following the determination of load range ROM, the total peak torque, load range

‘ peak torque,jeintangle-atload-range-peak-torgue; total work and load range work
were calculated for both hip abduction and hip adduction across all velocities. Total
peak torque was determined by locating the highest point of the curve. The load

range peak torque was determined by locating the highest point of the curve within

‘ the load range ROM.-Fhejeint-angle-at-which-this-load range peak-torgue-oceurred
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‘ was-thenrecorded: Total work done was determined by calculating the area under
the curve. The load range work done was determined by calculating the area under
the curve within the load range ROM. All torque data was normalised with respect to

‘ the subject’s body weight [224].
Statistical Analysis

Using SPSS (version 19) a 7 x 2 (speed [60, 120, 180, 240, 300, 360 and 420° - s] x

muscle action [hip abduction and hip adduction]) mixed factorial repeated measures

analysis of variance (ANOVA) was performed for the acceleration, load range and

deceleration data to identify if a significant difference was present across velocities

(p<0.05).The results were studied for two way interactions and then main effects.

A7 x2x2 (speed [60, 120, 180, 240, 300, 360 and 420° - s x condition [total

values and load range values] x muscle action [hip abduction and hip adduction])

mixed factorial repeated measures ANOVA was performed for peak torque and work

data (p<0.05).The results were studied for three way interactions, then two way

interactions and then main effects.

To determine the difference between mechanical and physiological deceleration

across velocities a 4 x 2 (speed [60, 120, 180, and 240° - s™*1 x condition [mechanical

or physiological deceleration]) mixed factorial repeated measures ANOVA was

performed (p<0.05). Results were studied for two way interactions and then main

effects.




RESULTS

Analysis-of-varianee-The 7 x 2 (speed x muscle action) mixed factorial repeated

measures ANOVA results revealed that load range significantly decreased while

acceleration and deceleration ROM significantly increased with each increase in

velocity, for both hip abduction and hip adduction (Table 1). There was no significant

difference found between abduction and adduction results. The amount of ROM

spent in load range significantly decreased from 41.8° to 21.7° for abduction, and
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from 42.2° to 22.2° for adduction, at 60 through 360° - s™. The amount of ROM spent
in acceleration significantly increased from 1.1° to 11.1° for abduction, and from 0.9°
to 10.7° for adduction, at 60 through 360° - s*. The amount of ROM spent in
deceleration significantly increased from 2.1° to 12.2° for abduction, and from 1.9° to
12.1° for adduction, at 60 through 360° - s™*. Observing the results as a percentage of
the total test ROM the abduction load range (Figure 3) significantly decreased from
92.9% to 48.2%, and adduction load range (Figure 4) significantly decreased from
93.8% to 49.3%, at 60 through 360° - s™ respectively. No subjects were able to

achieve hip abduction or adduction at 420° - s™.

The 7 x 2 X 2 (speed x condition X muscle action) mixed factorial repeated measures

ANOVA results revealed that normalised total peak torque (Figures 56 and 6%)

values significantly decreased with each increase in velocity for both hip abduction

and hip adduction. There was no significant difference found between hip abduction

and adduction results. The normalised total peak torque values significantly

decreased from 1.2 Nm-Kg™ to 0.4 Nm-Kg™ for abduction, and from 1.0 Nm-Kg™ to

0.37 Nm-Kg™ for adduction, at 60 through 360° - s,
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Normalised load range peak torque (Figures 56 and 67) values significantly
decreased with each increase in velocity for both hip abduction and hip adduction.

There was no significant difference found between hip abduction and adduction

results. The normalised load range peak torque values significantly decreased from

1.2 Nm-Kg*to 0.2 Nm-Kg ™ for abduction, and from 1.0 Nm-Kg™to 0.1 Nm-Kg™ for

adduction, at 60 through 360° - s™. The-twe-way-analysis-of varianee 7 x 2 x 2 mixed

factorial repeated measures ANOVA results also showed a significant difference

between normalised total peak torque and load range peak torque from speeds of

300° - s™* and above for both hip abduction and hip adduction.

The 7 x 2 X 2 (speed x condition X muscle action) mixed factorial repeated measures

ANOVA results revealed that normalised total work (Figures 78 and 89) values
significantly decreased with each increase in velocity for both hip abduction and hip

adduction. There was no significant difference found between hip abduction and

adduction results. The normalised total work values significantly decreased from 0.85

Nm-Kg™to 0.5 Nm-Kg™ for abduction, and from 0.84 Nm-Kg™ to 0.49 Nm-Kg™ for

adduction, at 60 through 360° - s™.

Normalised load range work (Figures 78 and 89) values significantly decreased with

each increase in velocity for both hip abduction and hip adduction. There was no

significant difference found between hip abduction and adduction results. The

normalised load range work values significantly decreased from 0.82 Nm-Kg™to 0.11
Nm-Kg for abduction, and from 0.79 Nm-Kg™ to 0.09 Nm-Kg™ for adduction, at 60

through 360° - s™. The-two-way-analysis-of varianee 7 x 2 x 2 mixed factorial

repeated measures ANOVA results also showed a significant difference between
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normalised total work and load range work from speeds of 120° - s and above for

both hip abduction and hip adduction.

The-two-way-analysis-of variance 4 x 2 (speed x condition) mixed factorial repeated

measures ANOVA results revealed that mechanical deceleration ROM significantly

increased with each increase in velocity (Table 2), but was not significantly different
from the physiological ROM. The mechanical deceleration ROM significantly
increased from 1.8° to 7.9°, at 60 through 240° - s™*. As previously stated the
mechanical deceleration procedure could not be performed at the last three test
velocities due to the inability of gravity to accelerate the weighted lever to speeds of

300, 360 and 420° - s™* within the specified ROM.

It is important to reiterate the point that no subject managed to attain the speed of

420° - s, As load range only occurs once the subject reaches the pre-selected

velocity and the resistance is encountered, no load range data could be produced for

this speed. However, it is important to mention that even though load range was not

achieved, the Biodex still reported data. This non-corrected data has not been

presented in any of the Tables or Figures in this paper, but we thought it was

important to mention the data, as it highlights the importance of load range

correction.

The normalised total peak torque values produced by the Biodex for the speed of

420° - st were 0.31 Nm-Kg™ for abduction, and 0.28 Nm-Kg™* for adduction. These

non-load range corrected values are higher than the load range corrected values for

the slower speed of 360° - s*, for both hip abduction and adduction. This indicates
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that without load range correction, there are large errors in the values produced. This

error is even more present when observing the normalised total work data produced

by the Biodex at 420° - s*. Normalised total work for abduction was 0.45 Nm-Kg2,

and for adduction was 0.43 Nm-Kg>. These non-load range corrected values are

much higher than the load range corrected values for the slower speeds of 240, 300

and 360° - s, for both hip abduction and adduction. This again indicates that without

load range correction, there are large errors present in the data.

With further observation of the traces, a large aspect of the non-corrected peak

torque and work values were due to impact artifact. Impact artifact occurs when the

dynamometer begins to slow the lever arm in preparation for stopping, and ultimately

results in a large isometric spike at the end of the repetition due to the lever arm

impacting the mechanical end stop [3]. In several traces, many of the total peak

torque values were obtained solely from impact artifact, and a large proportion of the

total work values were again due to impact artifact. These results further emphasise

the importance of load range correction, as otherwise peak torgue and work data is

fairly meaningless or largely impact artifact. In addition to this, as no subject could

reach the speed of 420° - s, it highlights the importance for future investigators to

trial their selected isokinetic velocities during practice sessions to confirm that

subjects can attain them.

DISCUSSION

This study aimed to quantify the components of load range, acceleration, and

deceleration through a velocity spectrum during concentric hip abduction and
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adduction isokinetic exercise. The secondary aim of the study was to investigate the
effect of load range on peak torque and work done. It is apparent from the results
that load range significantly decreased while acceleration and deceleration ROM
significantly increased with each increase in velocity, for both hip abduction and hip
adduction. When the total peak torque data was corrected for load range there was a
significant decrease in peak torque at velocities of 300° - s and above for both hip
abduction and hip adduction. Load range correction also resulted in a significant
decrease in work done at velocities of 120° - s™* and above for both hip abduction and
hip adduction. No subject in the present study was able to attain the velocity of 420° -

s for either hip abduction or hip adduction, however, the Biodex did still produce

non-load range corrected data. This non-corrected data further highlighted the

necessity for load range correction of all isokinetic data in the future. It also

emphasised the importance for future investigators to trial the faster isokinetic

velocities in subject practice sessions, to determine whether they can achieve the

required speeds, as otherwise no load range data can be attained and peak torque

and work data is fairly meaningless or largely impact artifact.

Load Range, Acceleration and Deceleration

The findings of the present study reflected past investigations in which isokinetic
constant velocity movement was measured under concentric conditions. Osternig
[3029] reported that knee extension load range decreased from 92% to 16% at
speeds of 50 through 400° - s™*. Wilk et al. [4139] also described a torque range
decrease of 87% to 19% from speeds of 180 through 450° - s™* during knee extension

and flexion. Also investigating the knee, Kurdak et al. [221] found a reduction in load
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range from 94% to 4% for knee extension at speeds 30 through 390° - s, and from
94.5% to 6.5% for knee flexion at speeds 30 through 450° - s™. Scibelli et al. [364]
demonstrated that bilateral knee extension/flexion load range decreased from 87.8%
to 31.8% at speeds from 60 through 360° - s™*. In addition to this, Brown et al. [8]
found that load range decreased from 95.3% to 0% and from 96.3% to 21.8% during
shoulder external and internal rotation, respectively, at speeds from 60 through 450° -

s™. The current study found that load range decreased from 92.9% to 48.2% for hip

abduction, and from 93.8% to 49.3% for hip adduction, at speeds of 60 through 360°




It is apparent that the results of the present study mirror the findings of the above

authors [8, 22, 30, 36, 41], as they all found an inverse relationship between load

range and isokinetic velocity. Brown and Whitehurst [3] highlighted the importance of

separating the data into the three phases of acceleration, load range and

deceleration. Surprisingly, some authors still fail to do this, and only consider the load

range component [22]. However, Brown et al. [8] did consider the impact of

acceleration and deceleration and found that both components significantly increased

with each increase in velocity. These results mirror the findings of the present study.

However, direct comparisons of the results must be made with caution due to the fact

that Brown et al. [8] studied the flexors and extensors of the knee, with a ROM of 80°,

whereas the present study investigated the abductors and adductors of the hip with a

ROM of only 45°.

If the results by Brown et al. [8] are converted to a percentage it can be seen that
acceleration increased from 1.3% to 18.1% for knee extension, and from 1.3% to
19.1% for knee flexion, at 60 through 360° - s™. Deceleration also increased from
2.5%% to 27.8% for knee extension, and from 2.1% to 28.0% for knee flexion, at 60
through 360° - s™. In comparison, the results of the present study found that
acceleration significantly increased from 2.4% to 24.7% for hip abduction, and from
2.0% to 23.8% for hip adduction, at 60 through 360° - s™. Deceleration also

significantly increased from 4.7% to 27.1% for hip abduction, and from 4.2% to
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26.9% for hip adduction, at 60 through 360° - s™. It is clear to see there is an
increase in the acceleration and deceleration components with an increase in

isokinetic velocity in both studies.

In comparison to the results of Brown et al. [8] the present study showed a higher
percentage of the ROM being spent in acceleration, but found a similar percentage of
the ROM being spent in deceleration. Possible reasons for the differences in
acceleration may be due to the different joint and musculature being tested between
studies. The deceleration component was shown to be similar between studies, this
may be due to using the same cushioning level as the Brown et al. [8] study, and the
isokinetic dynamometer, rather than the subject themselves, was in control of this
factor. However, once again direct comparisons should be made with caution due to

the previously identified differences between the studies.

By quantifying ROM for the load range, acceleration and deceleration components a
more complete understanding of a the-isekinetie-concentric action eentraction-on the

isokinetic dynamometer can be achieved. The results emphasise the need for the

clinician to fully understand the inverse relationship between isokinetic velocity and
load range, and select the appropriate velocity accordingly. Any strength gains from
training on the isokinetic dynamometer may be relative to the total amount of ROM

actually sustained at the pre-selected velocity (ie, load range).

The results from the current study also emphasise the variation that exists between

different joints. Even though the same general trend was indentified (load range

significantly decreased while acceleration and deceleration ROM significantly
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increased with each increase in velocity), it can be seen that different joints have

different levels of acceleration, load range, deceleration and maximum speed. These

results further elucidate the findings that it is very important to load range correct

data prior to analysis and that one cannot utilise factors from dissimilar joints.

Therefore, the results from the present study should only be employed by future

researchers if they are investigating the abductors and adductors of the hip.

Load Range Correction for Peak Torque and Work Done

In the present study there was a significant difference between normalised total peak
torque and load range peak torque from speeds of 300° - s™* and above for both hip
abduction and hip adduction. There was also a significant difference between
normalised total work and load range work from speeds of 120° - s™* and above for
both hip abduction and hip adduction. In agreement with these findings Kurdak et al.
[221] found that the consideration of load range for peak torque and work
calculations resulted in a significant decrease in the data when compared to the data
presented by the isokinetic dynamometer. The authors found a significant difference
between total peak torque and load range peak torque at speeds above 270° - s for
knee extension, and above 300° - s for knee flexion. They also found a significant
difference between total work and load range work at speeds above 90° - s™ for both
knee extension and knee flexion [221]. These results highlight the importance of
correcting the data for load range as it is apparent that large errors can occur if this

process is not undertaken [3].
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The normalised load range peak torque values and the normalised load range work
values in the present study were lower than the results reported by Kurdak et al.
[221]. However, this was expected as Kurdak et al. [221] studied the flexors and
extensors of the knee joint and not the abductors and adductors of the hip joint.
Unfortunately the majority of studies investigating peak torque and work of the hip
abductors and hip adductors do not normalise their data to the subject’s body weight
[9, 198, 232, 332]. They also do not indicate whether load range correction was
completed [9, 198, 2019, 232, 332] which unfortunately makes comparisons of the
data difficult. Only one study by Johnson et al. [2019] reported the data in terms of
normalised peak torque values. The authors found normalised peak torque values of
0.93 Nm-Kg™ for the hip abductors and 1.01 Nm-Kg™for the hip adductors, at an
isokinetic velocity of 60° - s™* [20249]. These results are similar to the results reported
in the present study which found values of 1.2 Nm-Kg™ and 1.0 Nm-Kg™ for the hip
abductors and hip adductors, respectively at 60° - s™*. However, no faster speeds
were tested by Johnson et al. [2029] so only the comparison at 60° - s™ can be made.
Johnson et al. [2049] also did not indicate if the data was reduced for load range,
therefore comparisons should be made with caution as inconsistencies may be

present.

Researchers should always be cautious when comparing their findings to the results
of other studies as subject characteristics such as gender, age group, body weight
and training history must be taken into consideration [224]. As well as subject
characteristics, other issues such as make of isokinetic dynamometer, number of
testers, experience of testers and environmental conditions should also be

considered.
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The results from the present study indicate that load range corrected results are

significantly different from the ‘total’ results produced by the isokinetic dynamometer

at speeds of 300° - s and above for peak torque data, and 120° - s and above for

work data, for both hip abduction and hip adduction. This trend is different to what

has been found at other joints, and emphasises the fact that it is vital to load range

correct data prior to analysis and that one cannot employ factors from dissimilar

joints. For that reason, the results from the present study should only be utilised by

future researchers if they are investigating the abductors and adductors of the hip.

Mechanical vs. Physiological Deceleration

To determine the mechanical deceleration effect of the dynamometer, a test similar
to that of Brown et al. [8] was performed, to determine if a steady rate of increase in
deceleration existed for each condition (mechanical vs. physiological). No significant
differences were found between mechanical and physiological deceleration,
however, the mechanical procedures could not be performed at the last three test
velocities due to the inability of gravity to accelerate the weighted lever to speeds of
300, 360 and 420° - s within the specified ROM. Each condition resulted in an
approximate 2° (4.4%) increase in deceleration ROM with each 60° - s™ increase in
velocity. Similar results were found by Brown et al. [8] who found an approximate 4°
(5.0%) increase in deceleration ROM with each 60° - s increase in velocity. Taylor et
al. [375] found that mechanical deceleration ROM increased with a softer cushion

setting, resulting in a concomitant decrease in load range. In the present study the
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cushion setting was set to zero (hard), to allow the subject the greatest availability of

velocity attainment prior to deceleration [8].

In terms of velocity prescription for the hip joint, there seems to be a lack of

consensus in the literature on the most appropriate speed. The hip has very rarely

been studied, and the sparse literature that is available have tested the hip in the

isometric mode [33], or have tested at speeds of 60 and 90° - s* [35]. Ferber et al.

[12] found that during running at 3.65 m/s (13.2 km/hr), the peak angular velocity for

the hip was 103.5° - s, Even though this speed may be far from ‘explosive sporting

movement’ velocities, it may replicate speeds from more endurance based activities,

The present study investigated a velocity spectrum from 60 to 420° - s, but the

results from Ferber et al. [12] possibly indicate that speeds close to 103.5° - st are

most relevant and should be chosen when investigating athletes from more

endurance based sports.
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CONCLUSION

In summary, the results indicate that an inverse relationship exists between load
range and velocity during concentric hip abduction and hip adduction isokinetic
exercise. If the velocity is not reached, the result is in absence of machine offered
resistance. In addition, the results emphasise the importance of also considering the
acceleration and deceleration components, as these both significantly increased with

each increase in velocity, for hip abduction and hip adduction.

The results also highlight the importance of correcting the data for load range, as it is
apparent that large errors can occur if this process is not undertaken. Both peak
torque and work decreased following load range correction. As the isokinetic
dynamometer is often used for training or rehabilitation, the results identify a need for
the clinician to carefully consider velocity selection during hip abduction and hip
adduction exercise. Any strength gains from isokinetic training may be proportional to

the amount of time actually spent at the pre-selected velocity (ie, load range).
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