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Abstract

Purpose: The slumped sitting (SS) posture has been noted through
clinical observation to contribute to hip abductor strength decline.
The purpose of the study was to examine the influence of three
postures on hip abductor strength when controlling for the testing
position: prone lying (PL), erect sitting (ES) and slumped sitting.

Study Design: A cohort study, with subjects serving as their own
controls.

Method: 80 subjects ages 18-26. Each subject assumed the PL
posture for 5 minutes after which dominant hip abductor strength was
immediately tested using a Hand-Held Muscle Testing Dynamometer
(HHMTD). Hip abductor muscle strength was tested in the side-lying
position. Hip abductor strength was then tested again immediately
after each of the following conditions, 5 minutes in the ES posture, 5
additional minutes in the PL position and 5 minutes in the SS posture.

Findings: The average decrease in hip abductor strength following
the SS posture was 5%. Twenty-nine percent of the subjects
demonstrated >10% decline in hip abductor strength following
the SS posture. The average strength decline of those with >10%
decrease was 15%. There were no significant differences between the
ES and PL strength values.

Conclusion: The SS posture can adversely influence hip abductor
strength. The potential influence of the SS posture should be
considered when evaluating hip pathology, particularly with
conditions involving decreased hip abductor strength.

Level of Evidence: Level III
Key Words: Slumped Sitting, Erect Sitting, Hand-Held Dynamometer
Introduction

Deficient hip abductor strength can be associated with pathologic
conditions not only at the hip, but at the knee and ankle as well [1-
16]. Accordingly, assessment of hip abductor strength using resisted
isometric strength testing (RIST) is a routine component of a lower
quarter musculoskeletal examination [17, 18]. The authors’ clinical
observations have noted the posture assumed by an individual
immediately prior to RIST can influence the force production of
the hip abductors. The phenomenon of posture influencing muscle
strength was documented in a previous study by the authors in which
a decline in upper extremity strength was reported [19]. In light of

the authors’ clinical observations, previous research findings, as well
as the desire to obtain reliable isometric hip abduction strength data
(for diagnostic and rehabilitation decisions); the authors developed
the current study to investigate if slumped sitting (SS) posture can
influence hip abductor strength testing. The authors’ hypothesis is
that the SS posture will result in a decline in hip abductor strength
when controlling for the test position.

Materials and Methods

The design was a cohort study, with participants serving as their
own controls. Participants included a convenience sample of 80
healthy volunteers (male 25/female 55) between 18 and 26 years of
age from a university setting (Table 1). Individuals were excluded
from participation for the following reasons: a prior history of spinal
surgery; a history of neck or back pain with radiating symptoms
into the arms or legs; current spinal pain; a history of dominant hip
surgery or a history of dominant hip injury within the last year.

Sex N Age (yrs.) Height (in.) | Weight (Ibs.)

Male 25 121.56+1.56 |70.96+2.41 |191.92+39.92

Female |55 |[21.76+2.07 | 64.64+235 | 144.8+26.17
Table 1: Participant Profile Participant Lower Extremity

Dominance (test limb): Right 76, Left 4

The hip abductor strength of the dominant hip of each subject was
tested following 5 minutes of sustained positioning under each of the
following conditions: 1.) first prone lying (PL1) posture, 2.) slumped
sitting (SS) posture, 3.) second prone lying (PL2) posture and 4.) erect
sitting (ES) posture. The SS posture and ES posture were alternated
for order with each successive subject to minimize learning and/
or fatigue effects. For example; the first subject was positioned in
the PL1 posture for 5 minutes and then immediately tested, the SS
posture for 5 minutes and immediately tested, the PL2 posture for 5
minutes and immediately tested and the ES posture for five minutes
and immediately tested. The order of postures and testing for the
second subject was PL1, ES, PL2 and SS. This alternating pattern of
assignment was maintained throughout the testing of the 80 subjects.
The dominant hip was determined by the leg each subject chose to
kick a ball.

The 5-minute period of posture maintenance is consistent with the
authors’ clinical observations for strength changes to occur in the hip
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abductors. It also coincides with the time frame used in our previous
study that examined the influence of cervical posture on shoulder
external rotator strength [19].

The PL posture (PL1 and PL2) involved having each subject
lie face down on the table with the cervical spine in neutral while
the forehead rested on the hands (Figure 1). The SS posture was
defined as a position of relaxed, unsupported, slumped sitting. This
was characterized by a protruded cervical spine, protracted/abducted
scapulae and thoracolumbar flexion (Figure 2). Each subject was

cued to maintain the head and eyes level in the transverse plane by
focusing his or her gaze on a mark on the wall. The ES posture was
defined by the vertical alignment of the following: tragus of the ear,
bodies of the cervical vertebrae, acromion of the scapula, coronal
mid-line of the thorax with the maintenance of the lumbar lordosis
[20]. Due to the frontal plane posture alignment, the scapulae were
drawn into a retracted/adducted position (Figure 3). In both the SS
and ES postures, the subjects were seated unsupported on a table with

-

Figure 1: The PL posture (P1 and P2) involved having each subject lie face down on the table with the cervical spine

feet positioned on a stool for stability and comfort.

in neutral while the forehead rested on the hands.

-

Figure 2: The SS posture was defined as a position of relaxed, unsupported,
slumped sitting. This was characterized by a protruded cervical spine, protracted/
abducted scapulae and thoracolumbar flexion. Each subject was cued to maintain
the head and eyes level in the transverse plane by focusing his or her gaze on a

k mark on the wall. J

S

Note: SS is equivalent to Forward Head Round Shoulder Posture [19]

J Rehab Pract Res
Volume 6. 2025. 181

JRPR, an open access journal
ISSN 2581-3846



Page 3 of 7

Figure 3: The ES posture was defined by the vertical alignment of the following:
tragus of the ear, bodies of the cervical vertebrae, acromion of the scapula, coronal
K mid-line of the thorax with the maintenance of the lumbar lordosis. )

Note: ES is equivalent to Neutral Cervical Sitting Posture [19]

A sole investigator was charged with visually monitoring each
subjects’ lying and sitting posture under each condition to assure the
criterion of the condition was maintained throughout each 5-minute
period. Verbal and tactile cues were provided to each subject as
needed throughout the test period to maintain the designated posture.
All subjects were successful in maintaining each posture for the
required 5 minutes.

For consistency all strength testing of the dominant hip abductors
was performed by the same designated investigator using a Micro-
FET3 Hand-Held Muscle Testing Dynamometer (HHMTD). Wilder
et al. [21] determined the side-lying testing position to be more
reliable than either the supine or standing positions using a HHMTD
when compared by coefficient of variation (side-lying 3.7%, standing
4.2%, supine 6.1%).Wilder et al. also determined test-retest reliability
for the side-lying hip abductor strength testing protocol to be high to
moderate with an ICC of .902. Strength testing consisted of two 5
second “make” isometric tests for hip abduction. “Make” isometric
testing (participant exerting force against a stationary tester) was
used since it has been demonstrated to be more reliable than “break”
isometric testing (tester exerting force to overcome a stationary
participant) when used to test shoulder external rotator strength [22].
Arnold et al. demonstrated test-retest reliability (ICC of .93) using
a manually stabilized dynamometer testing hip abductor strength in
supine [23].

Fifteen active hip abduction movements in the standing position
served as a warm-up to testing for the dominant hip abductors. Two

sub-maximal and one maximal practice isometric strength testing
trials were performed to familiarize the subjects to the testing
protocol prior to the initial period of prone lying. All isometric
strength testing was performed with the subject in side-lying to
standardize the testing position. Hip abductor strength testing was
performed from the side-lying position with the dominant hip up. The
subjects’ dominant lower extremity (up) position for strength testing
was 10° of hip joint abduction, 0° of hip joint external rotation, and
0° of hip joint flexion. The dominant leg rested on a stool that was
positioned to maintain the hip in 10° of abduction. The non-dominant
lower extremity (down) position was 30° of hip flexion and 30° of
knee flexion (Figure 4). Subjects were permitted to support his/her
head with the non-dominant side (down) upper extremity. Subjects
were not permitted to stabilize his/her trunk by using the dominant
side (up) upper extremity to push onto the table. HHMTD was held
perpendicular to the dominant femur and positioned 5 cm proximal
to the lateral femoral epicondyle. Each subject was instructed to
provide a maximal effort for 5 seconds while the tester maintained
the stationary position of the HHMTD. A 15 second rest period
separated the two trials.

Study approval was granted by the University Institutional Review
Board. Informed consent was obtained and the rights of the subjects
protected.

Results

Hip abductor mean strength values are provided for each postural
condition. (Table 2)
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Figure 4: The subjects’ dominant lower extremity (up) position for strength testing was 10° of hip joint
abduction, 0° of hip joint external rotation, and 0° of hip joint flexion. The dominant leg rested on a stool
that was positioned to maintain the hip in 10° of abduction to aid preparation for “make” testing. The non-

Kdominant lower extremity (down) position was 30° of hip flexion and 30° of knee flexion. J
KNon-normalized Hip Mean | SD High Low \
Abductor Strength (Ibs.)
All Conditions 55.03 [ *13.51 96.7 29.65
Prone 1 55.55 [ *13.72 914 32.1
Erect 55.82 [ +13.23 91.2 34.25
Prone 2 55.85 | *13.69 96.7 30.8
Slumped 5291 | +13.38 94.1 29.65

K Table 2: Non-normalized Hip Abductor Strength (Ibs.) -

Mean hip abductor strength values for each postural condition were  abductor strength mean values were calculated by obtaining the mean
normalized for each subject (Table 3) (Figure 5). Strength values  of the 2 trials for each subject under each condition and dividing by
were normalized to the PL2 strength means due to the wide variation  the mean of each subject’s PL2 trials.
in hip abductor strength among subjects. The normalized hip

4 )

Figure 5: Normalized Means Strength values for each condition were normalized to the PL2
strength means J
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Normalized Hip Mean + SD
Abductor Strength

Prone 1 1.001 £ .106
Erect 1.007 £ .087
Prone 2 1.0£0
Slumped 95 +£.084

KTable 3: Normalized Hip Abductor Strength /

ANOVA with repeated measures indicated significance for hip
abductor strength differences among the three groups of normalized
hip abductor strength means F(2, 158) = 17.35, p < 0.001. (Table
4, Table 5, Table 6) Tukey post hoc comparisons indicated PL1 was
significantly greater than SS, t(79) = 4.64, p <0 .001 and ES was

significantly greater than SS, t(79) = 6.22, p <0.001. No significant
difference was determined between PL1 and ES t(79) = -0.55,
p=0.848. An average 5% decline in hip abductor strength was
demonstrated following SS. Twenty-nine percent of the subjects
(23/80) demonstrated a decline in hip abductor strength of >10%.
The average decline in this sub-population was 15%. The 10%
decline was subjectively determined by the researchers to attempt
to identify the presence of a sub-population of subjects experiencing
a larger magnitude of strength decline in line with the authors’
clinical observations and the authors’ previous study [19]. In
acknowledgement of the raw data, 8.75% (7/80) experienced a
decline in hip abductor strength of >10% following 5 minutes in
the ES posture. The Assumption of Normality was met using a Q-Q
scatterplot [24]. Mauchly’s Test of Sphericity was satisfied [25]. No
outliers were detected based on Mahalanobis distances [26].

Source df SS MS F P n?
Within-Subjects 2 0.16 0.08 17.35 | <.001 0.18
Within Factor
Residuals 158 0.71 0.00

Table 4: Repeated Measures ANOVA Results

~

Variable M SD

Prone 1 1.00 0.11

Erect 1.01 0.09

Slumped 0.95 0.08
n = 80.

K Table 5: Means Table for Within-Subject Variables )

Contrast Difference | SE df t D
Prone 1 - Erect -0.01 0.01 79 | -0.55 | 0.848
Prone 1 - Slumped 0.05 0.01 79 | 4.64 |<0.001
Erect - Slumped 0.06 0.01 79 6.22 |<0.001

Table 6: The Marginal Means Contrasts for each Combination of
Within-Subject Variables for the Repeated Measures ANOVA

Note: Tukey Comparisons were used to test the differences in estimated

marginal means

Discussion

The results of the current study indicate a decline in hip abductor
strength following five minutes in a SS posture. There was a 5%
decline in hip abductor strength in the SS condition compared to the
ES and PL conditions. Twenty-nine percent (23/80) of the subjects
experienced a hip abductor strength decline of equal to or greater than
10%. The average strength decline in this sub-population of subjects
was 15%. The decline in hip abductor strength appears transient in
nature since the hip abductor strength returned to baseline PL values
once removed from the SS posture and the PL posture was assumed.

These findings from the current study are similar to the those
reported in the authors’ previous study in which shoulder external
rotator strength changes occurred in response to various sitting
postures [19]. That study reported an 8% decline in shoulder
external rotator strength in response to five minutes in a SS posture.
Additionally, that study identified a sub-population of 32% who
experienced a decline in shoulder external rotator strength of > 10%
with an average strength decline of 19% [19]. The authors’ previous
study also noted that shoulder external rotator strength decline was
transient in nature as shoulder external rotator strength values returned
to baseline once subjects returned to the neutral cervical posture.

The intent of the current study was solely to identify whether hip

abductor strength was influenced by various postures (PL, SS or ES).
The data indicates a strength decline phenomenon does occur in the
lower extremity similar to that reported for the upper extremity when
subjected to SS spinal stresses [19]. The author’s surmise the spinal
mechanism associated with motor nerve root compression resulting
in transient strength decline is different in the two studies with the
previous study likely stenosis and the current study likely disc related.

The authors chose to sample the strength of the hip abductors
for several reasons. First, the authors clinically observed the hip
abductors as a lower extremity muscle group that experiences
a strength decline in response to the SS posture. Second, the hip
abductors are of functional significance for stabilizing the hip and
pelvis in the frontal plane during single limb stance activities [1-10].
Third, the gluteus medius and minimus are single joint hip abductors
whose force production is less likely to be influenced by the postures
of interest (PL, SS, ES) minimizing length tension considerations as
factor. Lastly, the hip abductors were chosen due to their predominant
L5 nerve root innervation and the high incidence of L5 nerve root
involvement in individuals with lumbar intervertebral disc pathology
which the authors surmise may be a potential contributing cause for
the observed phenomenon [27, 28].

Although the authors’ intent was not to determine the cause of the
hip abductor strength decline, one may consider possible explanations
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for the observed findings. The authors surmise a transient L5 nerve
root compression may be responsible for the hip abductor strength
decline observed in response to the SS posture [29, 30]. The offset
load to the lumbar intervertebral discs that accompanies the SS
posture, particularly in this age group, may result in deformation
of the discs’ posterior annulus to the extent to encroach upon the
motor aspect of the LS nerve root [31-33]. While the aforementioned
mechanism may explain the strength decline observed in the current
study, it does not account for the absence of pain and/or paresthesia
common to nerve root compression and associated radiculopathy
[34]. Other potential explanations for the cause of L5 nerve root
compression resulting in associated gluteus medius weakness include
lumbar stenosis, and spondylolisthesis. These explanations are less
likely due to the age of participants in the authors’ current study [35].

The phenomenon of a myotomal strength deficit without pain
or other sensory symptoms has been described in the literature as
“painless weakness” or “painless motor radiculopathy” [36-38].
Lipetz et al [36], in a case series, described patients presenting with
radiculopathy due to documented lumbar intervertebral disc pathology
whose clinical presentation was profound motor weakness in the
absence of pain. Siller et al [38], in a retrospective study, reported
that 3.9% of patients undergoing cervical decompression surgery had
a pre-operative diagnosis of painless motor radiculopathy. In a study
of 100 college-age participants, the authors’ previous study [19] also
suggested a painless motor radiculopathy to explain a posture induced
transient shoulder external rotator muscle weakness. Although the
SS posture can potentially cause intervertebral disc deformation and
is surmised to have contributed to the decline in hip abductor strength
in the current study, the precise mechanism resulting in the observed
strength decline remains speculative.

Clinical relevance

The clinical relevance of the study lies with the recognition that a
SS posture assumed prior to hip abductor strength testing will likely
result in a 5% decline in hip abductor force production. A failure
to recognize this SS posture induced strength decline would impact
not only the reliability of the hip abductor strength measurement but
would also bias any resultant diagnostic or rehabilitative decisions.

The more significant finding of the study is the identification of the
sub-population of individuals 29% (23/80) who are more susceptible
to the SS posture induced hip abductor strength decline. These
individuals are likely to experience a decline in hip abductor strength
of 15 %, if tested following a period in the SS posture. It would
follow that these individuals would be more likely to experience the
consequences of a more profound decline in hip abductor strength for
example: gait deviations, hip muscle strain, hip joint pathology and
associated knee and ankle dysfunction requiring formal intervention.

Therefore, individuals who present with conditions associated
with a hip abductor strength impairment, should be evaluated
for a SS posture induced cause of the strength impairments by re-
examining the hip abductor strength after a period of erect sitting.
This will confirm the role the SS posture played in the hip abductor
strength decline so intervention can be directed more effectively.
Accordingly, if hip abductor strength improves in response to the
ES posture, posture correction into lumbar extension should be a
critical element in the intervention as this will address the underlying
cause of the strength decline. On the other hand, if the SS posture is
overlooked as a contributing factor to the strength decline, this deficit
and any associated limitations will likely persist since the underlying
cause of the decline (SS posture) would continue to go unaddressed.

The authors note the following study limitations: 1. Participants in
the current study were young, healthy, and asymptomatic individuals
which limits generalization of findings to other populations. 2.
A limitation was the five-minute time frame spent in the postures
of interest. Shorter or longer time in the stated postures may have
produced different findings. 3. Future research could include the

application of electrodiagnostic and/or diagnostic imaging to provide
additional evidence confirming L5 nerve compression and it’s source
as the explanation for hip abductor weakness found in the current
study.

The current study indicates a SS posture should be considered as a
contributing factor to hip abductor weakness. Previous studies indicate
that hip abductor weakness can factor in hip pathological conditions
such as trochanteric bursitis [11], acetabular labral involvement [12],
gluteus medius strains [13], and hip degenerative joint disease [14-
16]. Hip abductor weakness also factors in knee pathologies such as
patellar femoral syndrome and various knee and ankle ligamentous
injuries [3-10]. Specifically, hip abductor weakness is a common
factor associated with anterior cruciate ligament injury [6, 7]. A
practical implication to ponder is the following scenario: a female
field hockey player sitting on the bench in a SS posture enters the
game. If this flexed lumbar position, as noted in the current study,
is maintained during play resulting in a decrease of hip abductor
strength, she may be more vulnerable to the above injuries.

Conclusion

The current study identified time spent in the SS posture, prior
to strength testing, can result in hip abductor strength decline that
returns to normal after time spent in PL or ES postures. PL or ES
postures prior to hip abductor strength testing do not result in the same
strength decline. Certain individuals are more susceptible to the SS
induced hip abductor strength decline than others. Therefore, when
assessing and treating LE pathologies that present with hip abductor
weakness, it is imperative for clinicians to recognize the influence SS
posture could have on hip abductor strength. Overlooking individuals
with habitual SS posture as a factor in hip abductor strength decline
could lead to inaccurate conclusions regarding strength, continued
hip abductor weakness, further decline, potential LE pathologies and
possible permanent weakness.
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