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Background

Portable dynamometers (PD) are widely used to assess hip muscle strength; however, few
studies have explored their validity and agreement when evaluating the rate of torque
development (RTD) of hip muscles, particularly with different fixation methods.

Hypothesis/Purpose

The purpose of this study was to determine the validity and agreement of isometric hip
strength and RTD using the PD with two fixation methods: placing the PD on the body
(PDpush) or a treatment table (PDpull), compared to an isokinetic dynamometer (IKD). It
was hypothesized that an PD would be a valid tool for assessing hip strength and RTD,
with PDpull demonstrating strong validity and PDpush showing moderate validity; and
its assessments would yield higher values than those obtained from IKD.

Study Design

Cross-sectional study.

Methods

Twenty healthy, physically active individuals (10 females and 10 males) were included in
this study. Hip abduction and extension strength (peak torque) and RTD (early phase:
RTDO0-100 ms and late phase: RTD100-200 ms) were assessed using PDpush, PDpull, and
an IKD.

Results

Moderate-to-strong correlations were found between PD (both PDpush and PDpull) and
IKD for all hip strength (r=0.46-0.73; p<0.05) and RTD (r=0.45-0.73, p=0.80; p<0.05)
measures. PDpull demonstrated strong correlations for hip abduction RTD0-100 ms and
hip extension strength and RTD100-200 ms (r=0.70-0.73; p<0.001), whereas PDpush
showed moderate correlations (r=0.45-0.58; p<0.05). Bland-Altman plots with mean
differences = 95% limits of agreement indicated that the PDpush method overestimated
all hip abduction and extension strength and RTD as compared to IKD. The PDpull
method overestimated hip abduction and extension strength but had mixed results for
RTD, either underestimating hip abduction RTD while overestimating hip extension RTD.
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Conclusion

The PD is valid tool for evaluating hip strength and RTD, with PDpull offering strong
validity for certain measures; however, PD measurements did not agree with the absolute

values obtained from IKD.

Level of Evidence
Level 3

INTRODUCTION

Hip muscles are essential for lower extremity stability and
postural control.1.2 Deficiencies in hip strength have been
linked to various musculoskeletal pathologies (e.g., ante-
rior cruciate ligament sprain,3* patellofemoral pain,>6
chronic ankle instability”-8); hence, objective assessments
of hip strength are widely performed in both clinical and
laboratory settings.>10 While an isokinetic dynamometer
(IKD) is regarded as the “gold standard” for assessing hip
strength,?11 it is often impractical for clinical use due to its
cost, lack of portability, and the need for substantial space.
As an alternative, portable dynamometers (PD) are used in
clinical practice as a reliable and valid testing option for
evaluating hip strength.%12

One important aspect of muscle capacity is the ability to
generate torque rapidly, known as the rate of torque devel-
opment (RTD).13 This concept has gained attention in the
literature415 because RTD, which accounts for the time-
dependent characteristics of muscle contraction, shows
stronger associations with daily and sport activities than
traditional peak isometric strength measures.!3 Recent evi-
dence supports the importance of RTD in pathological con-
ditions, demonstrating that lower hip RTD, but not
strength, has been associated with greater lower extremity
frontal plane projection angles during functional tasks in
individuals with patellofemoral pain.!® Given that RTD can
be calculated from a maximal voluntary isometric contrac-
tion,17-18 assessing RTD using a PD appears feasible in clin-
ical practice. Based on previous evidence,!31920 an in-
depth analysis of RTD, distinguishing between the early
(e.g., RTDO-IOOfms) and late (e.g., RTDlOO-ZOOﬁms) phases,
may provide insights into more specific neuromuscular im-
pairments, such as motor unit recruitment and muscle fiber
type. Clinicians may consider incorporating fast-velocity
concentric and eccentric resistance training to address defi-
ciencies in early-phase RTD,2122 while non-explosive high-
intensity resistance training for improvements in late-
phase RTD.20

Current literature recommends the belt-stabilized PD
method since the assessor’s sex or strength can influence
PD assessments.2324 The belt-stabilized PD can be per-
formed through two different methods: the push (PDpysh)
and pull (PDp,)) methods.2> The PD,,sn method entails
placing the PD directly on the individual’s body, whereas
the PDpull method positions the PD against the back of a
stationary object (e.g., treatment table) to measure force by
the individual exerting pressure against the rigid structure.
The PDpu“ method has previously exhibited greater valid-
ity and offered more comfortable performance (i.e., less
perceived patient discomfort) for assessing knee extension

strength than the PDpush method,?5 indicating that the
choice of fixation method could affect the assessment out-
comes. Some studies26-28 suggest that the PD can be a valid
tool for measuring hip strength and RTD; however, there
is no research on the validity between the two different
fixation methods (PDpyh V- PDpy) and how these mea-
surements compare to the absolute values obtained by IKD.
Evidence shows that PD often overestimates hip strength
values compared to those measured by the IKD.29,30

The primary purpose of this study was to determine the
validity and agreement of hip abduction and extension iso-
metric strength and RTD measurements using an PD with
two different fixation methods (PDpush or PDpull) in com-
parison with an IKD. The secondary purpose of this study
was to compare the level of discomfort among the three
different assessment methods (PDpyygh V. PDpyyy vs. IKD).
It was hypothesized that an PD would be a valid tool for
assessing hip strength and RTD, with the PDpun method
demonstrating strong validity and the PDush method
showing moderate validity while its assessments would
yield higher values than those obtained from IKD. It was
also hypothesized that the IKD would be more comfortable
than both the PD ¢, and PD,;;; methods, with the PD

method being more comfortable than the PD i, method.

MATERIALS AND METHODS

This was a cross-sectional study reported according to the
Standards for Reporting Diagnostic accuracy studies
(STARD) guidelines.3! The independent variables were the
device and fixation method (PDpush’ PDpull’ and IKD). The
dependent variables were hip (abduction and extension)
neuromuscular function (strength and RTD) and level of
discomfort.

PARTICIPANTS

A priori sample size calculation was performed using
G*Power software (version 3.1.9.6; Universitdt Diisseldorf,
Diisseldorf, Germany). The effect size was estimated based
on a previous study32 that investigated the validity of knee
extension RTD assessment using an PD. To achieve a power
analysis with an o=.05, B=.20 (80% power), and a one-tailed
test, a minimum of 20 participants were necessary for this
study.

Twenty healthy, physically active individuals were re-
cruited from a local university and surrounding community
via flyers and advertisements between March 2024 and May
2024. To be eligible for participation in this study, partic-
ipants had to (1) be between the ages of 18 and 35 years
and (2) self-report engaging in physical activity of moder-
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Figure 1. Isokinetic dynamometer assessment,
depicting the testing positions for (A) hip abduction
and (B) hip extension.

ate-to-vigorous intensity for at least 30 minutes per day on
a minimum of three days per week. Participants were ex-
cluded if they had (1) a history of low back or lower extrem-
ity surgery; (2) low back or lower extremity injury or pain
within the prior six months; or (3) were diagnosed neu-
rological or cognitive impairment. Participants were ver-
bally instructed to refrain from lower extremity resistance
training 24 hours before testing. The study was approved by
the University of Connecticut Institutional Review Board,
and written informed consent was obtained from all partic-
ipants.

PROCEDURES

Once the eligibility screening and informed consent were
completed, the participants’ age, height, and mass were ob-
tained. Current physical activity levels were then assessed
using the Tegner Activity Scale, a reliable and valid single-
item questionnaire that measures sport and work activity
levels.33 The Tegner Activity Scale ranges from 0 to 10, with
10 being the most active.33 Prior to testing, participants
were asked to wear comfortable clothing. The dominant
limb, defined as the limb used to kick a ball, was evaluated
for all testing. A single assessor (XX) with eight years of
experience conducting strength and RTD assessments with
IKD and PD completed all data collection.

All participants underwent maximal voluntary isometric
contractions of hip abduction and extension using an IKD
(Biodex System Pro 4; Biodex Medical Systems Inc., Shirley,
NY) (Figure 1), followed by assessments using an PD (mi-
croFET2; Hoggan Scientific LLC., Salt Lake City, UT) (Figure
2). All devices were calibrated at the beginning of the study
following the manufacturer’s operational guidelines to en-
sure accurate measurements throughout the study. Data
was collected between April 2024 to May 2024.

The testing order for hip muscle groups (extension and
abduction) and fixation methods for PD (push and pull) was
randomized by a coin toss. A coin toss was conducted in
two stages: first to determine the muscle group, followed
by a second toss to select the fixation method. To familiar-
ize themselves with the muscle contractions, participants
performed a series of gradual warm-up sessions, involving
three-second isometric contractions at 50%, 75%, and 100%
of their self-perceived effort.!® Each level of exertion was
performed only once, with a one-minute rest between each

Figure 2. Portable dynamometer assessment, depicting
the testing positions for hip abduction with (A) push
and (B) pull methods and hip extension with (C) push
and (D) pull methods.

level. No additional warm-up activities were permitted to
minimize fatigue. After completing the warm-up, partici-
pants were given a rest period of up to three minutes be-
fore the testing began. Subsequently, participants were in-
structed to exert maximal force as hard and fast as possible
for actual data collection. Standardized verbal encourage-
ment was also provided during each trial to elicit their max-
imum effort. The assessments consisted of three trials with
five-second maximal contractions, with participants given
a one-minute rest period between trials and a five-minute
rest period between testing positions. We confirmed ver-
bally that participants were not experiencing perceived fa-
tigue immediately before each trial; and, additional rest
periods were provided if necessary to ensure they could per-
form the subsequent trial with maximum effort. Follow-
ing each trial, participants were asked to rate their level
of discomfort related to the placement of the PD or IKD
by drawing a vertical line on a 10 cm visual analog scale
(VAS: 0=no discomfort; 10=worst discomfort imaginable).
They were carefully instructed to exclude any discomfort
related to muscle soreness during maximal force exertion.

IKD ASSESSMENT

The prone position for hip extension and the side-lying po-
sition for hip abduction were used, which provide reliable
and consistent measurements of hip muscles.’

For the hip abduction measurement, participants were
placed in a side-lying position, with the testing limb placed
on top of the non-testing limb at 20° of hip abduction sup-
ported by the IKD (Figure 1A).3% To minimize accessory
motions, the non-testing limb and trunk were stabilized
with straps. The axis of rotation was aligned anteriorly to
the anterior superior iliac spine at the level of the greater
trochanter of the testing limb. The center of the lever arm
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was positioned at a point 5 cm above the lateral femoral
condyle. Participants were instructed to raise their testing
limb towards the ceiling with maximum force and speed.

For the hip extension measurement, participants were
placed in a prone position, with both the hip and knee of
the testing limb in 90° of flexion (Figure 1B).34 The non-
testing limb was comfortably supported on a stool with a
cushion. To minimize accessory motion, participants were
instructed to warp their arms around the chair of the dy-
namometer, and their trunk was stabilized with straps. The
axis of rotation was aligned with the greater trochanter on
the testing limb. The center of the lever arm was positioned
at 5 cm above the popliteal fossa. Participants were in-
structed to kick their testing limb back with maximum force
and speed.

For both measurements, participants were instructed to
start from a fully relaxed state. Colored stickers were ap-
plied to mark both the axis of rotation and the point of
resistance to ensure a consistent lever arm for PD assess-
ments. Considering potential sticker movement, anatom-
ical landmarks were confirmed prior to each trial to pre-
cisely detect the axis of rotation. The distance between
markers was measured using a standard tape measure to
determine the lever arm length (m).

PD ASSESSMENT

Participants conducted the PD assessments using a treat-
ment table, and all methods were consistent with those
employed during the IKD assessment. For the PD assess-
ments, stabilization straps (i.e., gait belts) were utilized to
secure the PD and stabilize participants’ non-testing limb
and trunk. The belt length was adjusted to achieve the same
joint angles as in the IKD assessment at the participant’s
hip during maximal abduction (Figures 2A and 2B) and ex-
tension (Figure 2C and 2D), as measured using a goniome-
ter.

During hip abduction measurements, the assessor sup-
ported the participant’s limb to counteract gravity, ensur-
ing participants remained fully relaxed without exerting
any effort to lift their limbs. During hip extension mea-
surements, with the hip flexed at 90°, the thigh’s orien-
tation was aligned parallel to gravity, omitting the need
for any support from the assessor. However, since the PD’s
force threshold was 10 N, participants were instructed to
apply a minimum pre-tension before starting the assess-
ment, while still being advised to maintain a relaxed state
as much as possible prior to trials.

For the PDsh method (Figure 2A and 2C), the PD was
placed directly on the participant’s body and positioned
at the location where resistance pads were used during
the IKD assessments. During the PDp,ush method, force was
measured by pushing the PD against the gait belt as par-
ticipants abducted or extended their hips. For the PD
method (Figure 2B and 2D), the PD was situated against
the back of the treatment table, employing the same level
of positioning as in the PD,,, method. During the PD,,;;
method, force was measured by compressing the PD against
the table as participants abducted or extended their hips. A
flat attachment was used for both fixation methods.

DATA PROCESSING

The IKD was interfaced with a data acquisition system (No-
raxon USA Inc., Scottsdale, AZ) and recorded at a sampling
rate of 1500 Hz. The PD, with a fixed sampling frequency of
100 Hz, wirelessly transmitted force signal data to a laptop
computer via a manufacturer-supplied USB receiver using
ergoPAK software (version 2.2.1; Hoggan Scientific LLC.,
Salt Lake City, UT).

Since the PD measures force (N), torque (Nm) was cal-
culated by multiplying the force (N) by the lever arm (m).
For hip strength data, peak torque was obtained from max-
imal voluntary isometric contractions and then normalized
to body mass (Nm/kg). The RTD data were computed using
custom MATLAB code (MathWorks Inc., Natick, MA), which
calculated the slopes within two different time intervals:
(1) RTDq_1gg ms (early phase) and (2) RTDqg_500 ms (late
phase).35:3¢ Each slope value was then normalized to each
time interval and body mass (Nm/s/kg). Three trials of hip
abduction and extension strength and RTD were averaged
for each testing condition, and the average was used for
analysis.

The average level of discomfort (cm) recorded across the
three trials of hip abduction and extension RTD for each
testing condition was also calculated.

STATISTICAL ANALYSIS

Descriptive statistics (mean * standard deviation) were cal-
culated for all variables. Data were inspected for normality
using Shapiro-Wilk tests. Concurrent validity was assessed
using Pearson r or Spearman p correlation coefficients
where appropriate. The strength of the correlations was in-
terpreted as weak (<0.40), moderate (0.40-0.70), and strong
(>0.70).37 Agreement between methods was assessed using
Bland-Altman plots with mean differences * 95% limits
of agreement (LOA). Root mean square error (RMSE) and
mean difference were also calculated to assess the overall
magnitude of error and identify any systematic differences
between the measurements. Differences in hip strength,
RTD and level of discomfort among the three different test-
ing conditions (PDpysh Vs PDpyjp vs. IKD) were determined
using repeated measures analysis of variance (ANOVA) or
Friedman tests, based on normality. Relevant post-hoc tests
(paired t or Wilcoxon signed-rank tests) were performed
in the presence of significant findings, to determine dif-
ferences between testing conditions. All correlation analy-
ses, repeated measures ANOVA, Friedman tests, and post-
hoc tests were conducted in SPSS (version 29.0; SPSS Inc.,
Chicago, IL), with an a priori alpha of p < 0.05. Bland-
Altman plots with mean differences £ 95% LOA were cal-
culated using Microsoft Excel 2018 (Microsoft Corp., Red-
mond, WA).

RESULTS

Participant demographics are presented in Table 1. All
strength and RTD data were normally distributed (p>0.05),
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Table 1. Participant Demographics

All participants

Variable (n=20)
Gender (number; female/male) 10/10
Age (year) 28.1+2.6
Height (cm) 169.2+8.0
Mass (kg) 65.9+125
Dominant limb (number; right/ 19/1
left)

Tegner Activity Scale (range, 48+08

0-10)

Data are presented as mean * standard deviation, except for gender and dominant limb.
Abbreviations: cm, centimeter; kg, kilogram.

except for hip extension RTD_; g s (P=0.013). None of the
discomfort level data were normally distributed (p<0.05).

VALIDITY

Significant moderate-to-strong correlations were found be-
tween PD (both PDp,sh and PDpu methods) and IKD for
all hip strength (r=0.46-0.73; p<0.05) and RTD (r=0.45-0.73,
p=0.80; p<0.05) measures (Table 2). The PD i method
demonstrated strong correlations for hip abduction
RTDj_109 ms @nd hip extension strength and RTD_900 ms
(1=0.70-0.73; p<0.001), whereas the PD i, method showed
moderate correlations (r=0.45-0.58; p<0.05) (Table 2).

AGREEMENT

Bland-Altman plots with mean differences * 95% LOA indi-
cated that the PD,,;, method overestimated all hip abduc-
tion and extension strength (0.35%0.27 to 0.48+0.41 Nm/kg;
Figure 3) and RTD (0.17#1.67 to 0.71%1.81 Nm/s/kg; Figures
4 and 5). The PD,;; method overestimated hip abduction
and extension strength (0.13+0.23 to 1.89+0.64 Nm/kg; Fig-
ure 3) but had mixed results for RTD, either underestimat-
ing hip abduction RTD (-1.30+0.94 to -0.83+1.37 Nm/s/kg;
Figure 4) or overestimating hip extension RTD (4.99%2.39 to
5.87%2.85 Nm/s/kg; Figure 5).

There were significant differences in hip strength and
RTD among the three testing methods (p<0.017; Table 2).
Both the PDp,sh and PDpun methods resulted in signifi-
cantly greater hip abduction and extension strength com-
pared to IKD (p<0.017; Table 2). The PDpui method resulted
in significantly lower hip abduction RTD (RTDj_199 ms:
p<0.001; RTD; 500 ms: P=0-014) and greater hip extension
RTD (RTDy.1gg ms: p<0.001; RTD1¢9-200 ms: P<0.001) com-
pared to IKD (Table 2); yet, there were no significant differ-
ences in any hip RTD measures between the PDpus}1 method
and IKD (p>0.05; Table 2). RMSE and mean difference be-
tween the measurements are provided in Supplementary
Material 1.

LEVEL OF DISCOMFORT

No significant differences in the level of discomfort were
observed for both hip abduction (p=0.18) and extension

(p=.027) measures among the three testing methods (Table
3).

DISCUSSION

The purpose of this study was two-fold: (1) to determine
the validity and agreement of hip abduction and extension
strength and RTD using an PD with two different fixation
methods (PDpygp OF PD ) in comparison with an IKD and
(2) to compare the level of discomfort among the three as-
sessment methods (PDy,p, vs. PDp,; vs. IKD). These find-
ings indicate that the PD provides valid measures of hip
strength and RTD, with the PD,;; method demonstrating
strong validity for specific measures. However, the absolute
values did not show concordance between the PD ., or
PDpull and the IKD. There were no significant differences in
the level of discomfort among the assessment methods.
Moderate-to-strong correlations were found between
the PD and IKD for hip abduction and extension strength
measures (r=0.46-0.73), consistent with earlier findings
(r=0.42-0.84).29:38,3% Similarly, the current study found
moderate-to-strong correlations between the PD and IKD
for all hip abduction and extension RTD measures
(r=0.45-0.73, p=0.80), regardless of the PD fixation meth-
ods. The validity of our PD i, method, showing moderate-
to-strong correlations, aligns with a recent study.26 An-
other study?” also reported moderate associations between
the PD and IKD for hip abduction and extension RTD; al-
though this study?’ compared PD methods with belt-sta-
bilization and tension. These data indicate strong correla-
tions with the PDpull method for specific measures, where
the PD was directly compressed against a stationary table
(i.e., without a lockout cable used in the previous study?7).
Nevertheless, direct comparisons with these prior stud-
ies26-28 gre challenging due to methodological differences,
such as variations in testing positions (e.g., supine or
standing for hip abduction, fully prone for hip extension).
One unique and notable finding of the current study was
that the PD,,;; method exhibited strong validity for cer-
tain hip strength and RTD measures (r=0.70-0.73), while
the PDpush method showed moderate validity (r=0.45-0.58),
despite no significant differences in discomfort levels on
the VAS between the fixation methods (PDpush: 1.7-1.8 cm
Vs. PDpull: 1.2-1.8 cm). In contrast, a prior report
ining RTD in knee extension found strong correlations be-
tween IKD and both the PDpush (r=0.87) and PDpu“ (r=0.93)
methods, even though the PDpush method reported signifi-
cantly higher discomfort levels on the VAS (PDpygp: 3.1 cm
vs. PDp: 1.1 cm). These findings suggest that discomfort
levels may not be a significant factor affecting hip strength
and RTD assessments. One potential reason for the rel-
atively lower validity (moderate) of our PD,q, method
might be the positioning location of the PD. The PD was
positioned at a point 5 cm above the lateral femoral condyle
or popliteal fossa, which engages regions more abundant
in soft tissue and muscle (iliotibial band/vastus lateralis for
hip abduction and hamstrings for hip extension), unlike its
placement on the more rigid bone (tibia) for knee extension
assessment.25 Such placements on bulkier areas during the

exam-
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Table 2. Hip Strength and Rate of Torque Development

Correlation

Repeated measures ANOVA or

Variable PDpush PDpu" IKD coefficient Friedman tests Post-hoc tests
Hip abduction
PDopush vs. IKD: PDpush vs. IKD:
Peak torque 102+ 0.80+ 0.67 % r=0.46;p=044 p=017 p<.001
(Nm/kg) 0.25 0.23 0.26 PDyy V. IKD: ' PD, vs. IKD:
r=0.58; p=.007 p=.017
PDd)ush vs. IKD: PDpush vs. IKD:
RTDg.100 ms 498+ 352+ 482+ r=0.45; p=.045 0<.001 p=.663
(Nm/s/kg) 1.76 0.97 1.37 PD,, vs. IKD: : PDy V. IKD:
r=0.73; p<.001 p<.001
PDd)ush vs. IKD: PDpush vs. IKD:
RTD100-200ms 451+ 324+ 407+ r=0.45;p=.045 0=014 p=.320
(Nm/s/kg) 2,06 107 151 PDyy vs. IKD: ' PDp vs. IKD:
r=0.48; p=.032 p=.014
Hip extension
PDd)ush vs. IKD: PDpush vs. IKD:
Peak torque 158+ 299+ 110+ r=0.56;p=.010 0<.001 p<.001
(Nm/ke) 0.35 0.90 0.49 PDyy V. IKD: ' PD, vs. IKD:
r=0.73; p<.001 p<.001
PDpush vs. IKD: prush vs. IKD:
RTDo.100 ms 654+ 11.70+ 583+ p=0.80; p<.001 o001 p=.131
(Nm/s/kg) 2.18 4.55 3.15 PD,, vs. IKD: ’ PD V. IKD:
p=0.80; p<.001 p<.001
PDd)ush vs. IKD: PDpush vs. IKD:
RTD400-200 ms 547 + 9.78 = 479+ r=0.58; p=.007 <001 p=.146
(Nm/s/kg) 1.54 3.35 246 PDyy V. IKD: ’ PDjy V. IKD:
r=0.70; p<.001 p<.001

Data are presented as mean * standard deviation.
Abbreviations: ANOVA, analysis of variance; PDpull’

ms, millisecond; Nm, newton-meter; RTD, rate of torque development; s, second.

Bland-Altman plots for hip abduction peak torque
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Figure 3. Bland-Altman plots for hip abduction and
extension strength.

The solid line indicates the mean differences and the dotted lines indicate the upper and
lower limits of agreement. Abbreviations: PD

PDpush’
dard deviation.

pull> portable dynamometer: pull method;

portable dynamometer: push method; IKD, isokinetic dynamometer; SD, stan-

PD,,;snh method potentially absorb some of the force and/or
cause the device to become unstable when generating force
momentarily. This speculation may be supported by the
strong validity of the PDpull method, as it provides a more
stable environment by exerting pressure against a more

portable dynamometer: pull method; PD,

pushs portable dynamometer: push method; IKD, isokinetic dynamometer; kg, kilogram;

Bland-Altman plots for hip abduction RTD
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Figure 4. Bland-Altman plots for hip abduction rate of
torque development.

The solid line indicates the mean differences and the dotted lines indicate the upper and
lower limits of agreement. Abbreviations: PD portable dynamometer: pull method;

PDpush’
of torque development; SD, standard deviation.

pull>
portable dynamometer: push method; IKD, isokinetic dynamometer; RTD, rate

rigid object. Still, this is all conjecture, and future research
is required to investigate whether different PD positioning
locations influence force absorption and/or measurement
stability and validity across various muscle groups and body
regions.

International Journal of Sports Physical Therapy


https://ijspt.scholasticahq.com/article/133495-validity-and-agreement-of-a-portable-dynamometer-in-evaluating-hip-strength-and-rate-of-torque-development-influence-of-fixation-methods/attachment/273518.jpeg
https://ijspt.scholasticahq.com/article/133495-validity-and-agreement-of-a-portable-dynamometer-in-evaluating-hip-strength-and-rate-of-torque-development-influence-of-fixation-methods/attachment/273519.jpeg

Validity and Agreement of a Portable Dynamometer in Evaluating Hip Strength and Rate of Torque Develop...

Bland-Altman plots for hip extension RTD

. (A) RTDg, 100 ms? PDpysh US. IKD (B) RTDy.100 ms? PDpu VS- IKD

16

5 41.965D=4.25 12 +1.965D=11.46 .

-
* e 8 -

- ¢ b
} Mean=071, LS Mean = 5.87 & .o .
Ca \ad
* . 4 . 3
410 2 4 ¢ 6 8 10 ¢*12 *e3
. . . .
5 .
1.96SD=-2.84 g 98 SDI=028, 8 12 16
K] 4
. 14 .

7 (C) RTD100.200 mst PDpush VS- IKD (D) RTD100.200 ms* PDpun VS- IKD

12 .
5 +196SD=4.60 10 +L96SD=0.67

-
¢ -
3 . 8
-
.
1 Mean=068 ¢ (i 6 Mean=499 o _ *yee
+ .
- . 4 PP

10 3 [ 9 3 -

2

* .
o

3
-1.96SD=-3.24 1965D=032

Figure 5. Bland-Altman plots for hip extension rate of
torque development.

The solid line indicates the mean differences and the dotted lines indicate the upper and
lower limits of agreement. Abbreviations: PDi1s portable dynamometer: pull method;
PDpush’ portable dynamometer: push method; IKD, isokinetic dynamometer; RTD, rate

of torque development; SD, standard deviation.

Table 3. Discomfort Level

Variable Discomfort
level
Hip abduction measures
Portable dynamometer: push method
(VAS: cm) 18+2.1
Portable dynamometer: pull method
(VAS: cm) 1.2+1.3
Isokinetic dynamometer (VAS; cm) 1.1+1.2
Hip extension measures
Portable dynamometer: push method
(VAS: cm) 1.7+15
Portable dynamometer: pull method
(VAS: cm) 1.8+24
Isokinetic dynamometer (VAS; cm) 1.1+1.0

Data are presented as mean * standard deviation.
Abbreviations: cm, centimeter; VAS, visual analog scale.

Although moderate-to-high validity was found across
all measures, the Bland-Altman plots revealed a tendency
towards systematic bias in hip abduction and extension
strength and RTD measurements between PD and IKD.
These results were expected, as the disagreement between
the PD and IKD has often been reported in previous stud-
ies.25,29,30,40 Both our PD,,,s, and PD,,;; methods consis-
tently overestimated hip strength, which aligns with prior
data.29:30 Both fixation methods also tended to overesti-
mate most hip RTD measures, except for hip abduction,
where the PD, ;; method underestimated RTD (-0.79 * 1.32
to -1.30 = 0.94 Nm/s/kg). Assessing hip RTD using two dis-
tinct fixation methods is relatively novel, with limited liter-
ature available for direct comparisons.

One possible contributing factor to the underestimation
of hip abduction RTD might be the testing position. Unlike
the prone position used for hip extension (Figure 2C and
2D), hip abduction was evaluated at 20° in a side-lying po-

sition (Figure 2A and 2B), which requires support against
gravity. While the IKD offers full support for limb weight
during 20° of hip abduction, PD assessments require the
assessor to stabilize the limb with pre-tension on the gait
belt. The manual stabilization by the assessor may not be as
robust as the fixed IKD apparatus. Despite efforts to ensure
limb relaxation before trials, the lack of complete support
may have led participants to preemptively tense their mus-
cles, especially compromising their ability to generate rapid
torque at the beginning of muscle contraction. Since RTD
measurements necessitate starting from a relaxed state,
testing positions against gravity may not be ideal when us-
ing the PD. Future studies may consider the force at the
starting point for RTD in their analysis or could utilize elec-
tromyography to verify that trials start from a relaxed con-
dition.

Another potential explanation for the underestimation
of hip abduction RTD in the PD i method could be the dif-
ference in interface alignment. In the PDush method for
hip abduction (Figure 2A), the PD interface remains parallel
to the body, allowing for direct force application, whereas
the PDpun method (Figure 2B) introduces a slope between
the gait belt and treatment table, altering the angle of di-
rect force application. Future investigations should exam-
ine the influences of various testing positions and identify
optimal positions for accurate assessment. Nevertheless,
the PD can still be deemed a valid tool, given that it evalu-
ates what it purports to measure and demonstrates moder-
ate-to-strong correlations with the criterion standard.

CLINICAL IMPLICATIONS

In clinical settings, the PD is preferred for its practicality,
especially given its ease of use and cost-effectiveness.
Given the growing evidence linking RTD deficits to various
orthopedic pathologies, such as patellofemoral painl® and
total knee arthroplasty,*! monitoring hip RTD alongside
strength in routine clinical practice could be crucial for pre-
ventative measures in healthy individuals. The data sup-
ports that the PD provides valid measures for both hip
strength and RTD from the same time-torque graph during
maximal voluntary isometric contraction.2842 The simul-
taneous assessment of strength and RTD streamlines the
process, eliminating the need for additional resources or
time dedicated to evaluating each measure separately,
thereby enhancing clinical efficiency. However, it should be
acknowledged that coding for RTD calculation may not be
common practice in clinical settings. It is recommended to
obtain RTD from a torque-time curve graph by manually
identifying specific torque and time points (e.g., 0-100 ms).

Based on our findings, it is also recommended that clin-
icians prioritize using the PD i method to obtain more
valid measures compared to the PDpush method. These
findings have practical implications due to the potential re-
producibility of evaluation settings, such as acquiring gait
belts and treatment tables that would allow for PD testing.
The PD,,;; method may also reduce the need for clinicians
to stabilize the device during measurements, which could
simplify the assessment process and minimize potential
clinician-induced variability. However, it is important to

International Journal of Sports Physical Therapy


https://ijspt.scholasticahq.com/article/133495-validity-and-agreement-of-a-portable-dynamometer-in-evaluating-hip-strength-and-rate-of-torque-development-influence-of-fixation-methods/attachment/273520.jpeg

Validity and Agreement of a Portable Dynamometer in Evaluating Hip Strength and Rate of Torque Develop...

note that the absolute values derived from PD should not be
interpreted as equivalent to those obtained from IKD, and
vice versa. Clinicians should refrain from interchangeably
using the PD and IKD when monitoring assessments across
different time points, individuals, or limbs.

LIMITATIONS

The sample in this study comprised healthy, physically ac-
tive individuals aged between 18 and 35 years limiting the
applicability to those outside this age range or those with
pathological conditions or sedentary lifestyles. The data is
limited to findings for hip abduction with a side-lying posi-
tion with a 20° abduction and hip extension with a stand-
ing position with both hip and knee angles at 90°. Fu-
ture research should explore hip neuromuscular function
across various testing positions and joint angles and exam-
ine other muscle groups (e.g., hip external and internal ro-
tation) using similar PD configurations. Another limitation
is the potential measurement issue caused by not aligning
the PD perpendicularly to the body during the pull method
for hip abduction (Figure 2B) and by tissue deformation
during the push method for hip extension (Figure 2C), both
of which may have led to an underestimation of the actual
torque. While a standard testing procedure was attempted
across all three methods, clinicians should note this poten-
tial discrepancy, especially if using a similar setup in clin-
ical practice. Clinicians should recognize that placing the
PD on the hamstrings during hip extension testing could
dampen the RTD due to tissue deformation before the force
is transmitted to the dynamometer. Due to the PD’s 10
N force threshold, participants were instructed to apply a
minimum pre-tension before the assessment while main-
taining a relaxed state as much as possible. This lack of
standardization across participants highlights the need for

further studies to explore how the torque level before the
trial influences the strength and RTD values. Also, factors
including different co-contraction and counteract move-
ment patterns across participants may have influenced the
peak torque or RTD generated,*3 despite participants re-
ceiving the same instructions and undergoing practice tri-
als prior to the measurements. For example, despite the
use of stabilization straps, some participants attempted to
erect their trunks during hip extension testing, which may
be a movement pattern to perform hip extension contrac-
tions effectively. Lastly, performing multiple muscle con-
tractions within a single day may have caused fatigue, po-
tentially influencing the results despite the randomization
of the testing order.

CONCLUSION

The findings of this study suggest that the PD assessments
were valid for evaluating hip abduction and extension
strength and RTD in healthy, physically active individuals.
The PDpu method demonstrated strong validity for specific
measures, including hip abduction RTD_; 4 1, and hip ex-
tension strength and RTDyg_500 ms» whereas the PDp,ush
method showed moderate validity. However, caution is war-
ranted when interpreting the PD measurements, as they
may be less suited for absolute strength and RTD assess-
ments due to potential systematic bias compared to IKD.
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