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Abstract

Purpose To investigate the effect on hip-flexion strength
of a 6-week hip-flexor training programme using elas-
tic bands as resistance. We hypothesized that the training
group, compared to a control group, would increase their
hip-flexion strength more.

Methods Thirty-three healthy subjects (45 % females),
24(5) years of age, were included in a randomized con-
trolled trial and allocated to heavy strength training of
the hip-flexor muscles or to control (no strength training).
Strength training of the hip-flexors (dominant leg) was
performed three times 10 min per week for 6 weeks. The
strength training group progressed from 15 repetition maxi-
mum (RM) (week 1) to 8 RM (week 6). Isometric hip-flex-
ion strength (primary outcome) was measured by a blinded
assessor using a reliable test procedure.

Results In the strength training group, the isometric
hip-flexion strength of the trained leg increased by 17 %,
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(p < 0.001). The between-group difference in hip-flexion
strength change in the trained leg (dominant leg, training
group) versus the non-trained leg (dominant leg, control
group) was significantly different from baseline to follow-
up, corresponding to a mean change of 0.34 (95 % CI
0.17-0.52) Nm/kg, in favour of the strength training group
(p <0.001).

Conclusion Simple hip-flexor strength training using
elastic bands as external loading, for only 6 weeks, sub-
stantially improves hip-flexor muscle strength. This simple
exercise programme seems promising for future prevention
and treatment of acute and longstanding hip-flexor injuries,
such as acute rectus femoris injuries and longstanding ili-
opsoas-related pain and impingement.

Level of evidence 1.

Keywords Iliopsoas - Rectus femoris - Randomized
controlled trial - Strengthening - Elastic bands

Introduction

Specific ways of strengthening the hip-flexors in injury pre-
vention or post-surgical rehabilitation have not previously
been well described in the sports medicine literature. This
is surprising, as both acute and overuse injuries of the hip-
flexors are very common [10, 14] during sports and recrea-
tional activity, and a frequent source of longstanding pain
in young-aged to middle-aged individuals [14].

Acute injuries to the rectus femoris are often experi-
enced in kicking sports, such as in the different football
codes, whereas longstanding iliopsoas-related pain is com-
mon in football players, runners and dancers [10, 14, 22,
27, 28, 38]. Furthermore, femoroacetabular impingement
(FAI) is increasingly recognized as an important differential
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diagnosis in athletes with hip and groin pain [38], that if not
settled by conservative treatment, may need surgical correc-
tion. In patients with FAI substantial hip-flexor weakness,
with decreased sagittal kinematics and range of motion
both prior to and following FAI surgery have been docu-
mented [9]. Furthermore, recent evidence suggests that the
iliopsoas tendon may cause impingement as it is placed in
close proximity to the anterior capsule and labrum, just dis-
tal to the iliopectineal eminence [7, 26]. This condition can
produce anterior hip pain that may mimic FAI symptoms
or even coexist with FAI, as the iliopsoas makes an obtuse
angle on the femoral head, resulting in possible compres-
sion and friction exerting on the femoral head and anterior
labrum, around the three o’ clock hip joint position, during
hip motion [7, 26]. Hence, simple ways of improving hip-
flexor strength and function are needed in injury prevention
and post-surgical rehabilitation.

Strength training including concentric, isometric and
eccentric contractions has also proved to be an effective
approach in prevention and treatment of acute and overuse
muscle tendon injuries [24, 32, 34]. By introducing a hip-
flexor strength training programme, where the only equip-
ment needed is a strong elastic exercise band, the implemen-
tation of a strength training programme for injury prevention
and/or post-operative rehabilitation in athletes with eve-
rything from acute hip-flexor injury, to more longstanding
iliopsoas symptoms from overuse, or in combination with

intra-articular hip joint-related problems, is expected to be
much easier than compared to referring to conventional
and much more impractical hip-flexor strength training
machines. The clinical advantage of the elastic band is that
it is portable and inexpensive, takes up very little space and
can be used everywhere, indoor as well as outdoor, wher-
ever solid attachment of the elastic band is possible.

The purpose of the present study was therefore to inves-
tigate the feasibility and effect of a novel simple hip-flexor
strength training programme in healthy subjects, using elastic
bands as external loading. We hypothesized that hip-flexion
strength would increase more in the heavy strength training
group (HST group) compared with the control group (CON).

Materials and methods

The present randomized controlled superiority trial with
assessor blinding aimed to investigate the effect of a simple
hip-flexor strength training programme in healthy subjects,
using elastic bands as external loading. The participants were
stratified for gender, and then randomly assigned to two par-
allel groups: hip-flexor training or control (Fig. 1), after the
(baseline) pretesting, Table 1. The allocation process was
blinded, and randomization was performed, by drawing lots
in a one-to-one allocation ratio. The study followed CON-
solidated Standards of Reporting Trials (CONSORT).

(Two females and two males):

- Two dropped out due to knee-injuries
sustained during the intervention period

- One dropped out due to a painful skin
infection in the groin during the
intervention period

- One was excluded due to 6 days bed rest
during the intervention period

}

Analysed (n=12)

Fig. 1 Flow chart of study profile

Randomised
(n=33)
Allocated to intervention group Allocated to control group
(n=16) (n=17)
Drop-outs and excluded subjects Drop-outs

(One female and two males):

- One dropped out because of lumbar spine
pain during the intervention period

- One dropped out due to a groin injury
sustained during the intervention period

- Onedid not show up at the post-testing
session

Analysed (n=14)
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Table 1 Baseline characteristics

HST (n = 16) CON (n=17)
Men (%) 9 (56) 9 (53)
Women (%) 7 (44) 8 (47)
Age (years) (SD) 24.5 (4.7) 24.2 (5.5)
Height: cm (SD) 174.7 (11.0) 175.4 (9.7)
Weight: kg (SD) 72.3(9.3) 72.0 (12.0)

HF strength (D/ND): Nm/kg
(SD)

1.9(0.4)/1.9 (0.4) 1.8 (0.4)/1.7(0.4)

HST heavy strength training, CON control, SD standard deviation, kg
kilograms, c¢m centimetres, D dominant leg, ND non-dominant leg,
HF strength hip-flexion strength

Subjects

Thirty-three healthy, physically active women (n = 15) and
men (n = 18) gave their informed consent in accordance
with the Declaration of Helsinki and participated in the
study, which was conducted between October and Decem-
ber 2010. Included participants had to have been physically
active prior to the initiation of the study for at least 2.5 h a
week. They were excluded if they had performed systematic
strength training of the hip-flexors more than once a week
prior to the initiation of the study, if they had an injury and/
or pain in the lower back, the hips and/or lower extremities
within the last 6 months. Ethical approval was obtained from
The Danish Ethics Committee of the Capital Region, and the
Danish Data Protection Agency (ID: H-3-2010-062). The
trial was registered at ClinicalTrials.gov (NCT01319175).

Training programme

All training sessions in the training group were performed
at the Metropolitan University College, Copenhagen. A
physiotherapist, who ensured that the exercises were per-
formed correctly and according to the protocol, supervised
all training sessions. The training leg for the participants

Fig. 2 Hip-flexor exercise. Starting position, full active hip extension
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was their dominant leg, defined as the preferred leg when
kicking a ball. The hip-flexor exercise programme, consti-
tuting the training intervention, and its mechano-biological
descriptors are documented below as suggested by Toigo
and Boutellier [37]. Participants in the training group were
instructed not to perform additional strength training of the
hip-flexors during the study and to continue daily living
and sporting activity as usual.

The exercise programme consisted of a single hip-flexor
exercise performed in the standing position with an elastic
band tied above the knee, 5 cm proximal to the patella of
the training leg. The elastic band was tied to a fixed point,
and the participant held on to a chair with both hands to
increase body stability. During the training sessions, the
supervising physiotherapist instructed the participants to
reach full active range of motion in hip-flexion and exten-
sion (Fig. 2).

The elastic bands (Thera-band©) used in the study were
in various colours—gold, silver, black and blue—ranging
from strongest type to weakest. Participants performed
three training sessions of three sets per week for 6 weeks.
The relative load was 15 repetition maximum (RM) during
week 1, 10 RM during week 2—4 and 8 RM during week 5
and 6. The supervising physiotherapist monitored the inten-
sity (relative load) during the exercise session. The number
of repetitions had to be within £2 repetitions of the pre-
scribed relative load (intensity) and was adjusted one level
up or down until the prescribed relative load was achieved.
The physiotherapist, ensuring a 3-s concentric contraction,
a 2-s isometric contraction, a 3-s eccentric contraction, a
2-s rest before the next repetition and a 2-min rest before
the next set, supervised time under tension. Each training
session lasted 10 min, including rest between sets.

Control group

Participants in the control group were instructed not to per-
form systematic strength training of the hip-flexors during
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the study, but otherwise to continue daily living and sport-
ing activity as usual.

Outcome measures

The primary outcome was the change in maximal isomeric
hip-flexion strength in the dominant leg from baseline to
follow-up. The secondary outcome was the change in max-
imal isometric hip-flexion strength in the non-dominant
leg. Isometric hip-flexion strength in 90° of hip-flexion in
the sitting position was chosen as the only strength meas-
urement, as this is a highly reliable hip-flexion strength
test (ICC = 0.91, SEM % <5 %), with no systematic test—
retest variation [35]. The measurements were taken 1 week
pre- and 3-5 days post-intervention by an assessor blinded
to group allocation and leg dominance, using a hand-held
dynamometer (Powertrack II Commander, JTECH Medi-
cal, Salt Lake City, UT, USA). The participants were care-
fully instructed not to reveal to the assessor which group
they were allocated to. The testing order of legs (dominant
versus non-dominant) was randomized before testing by
a third person. For the isometric hip-flexion strength test,
four maximal trials separated by 30-s pauses were per-
formed [35]. The highest value of the four trials was used
for the statistical analysis. If the last trial elicited the high-
est value, an additional measurement was taken until no
further increase was observed. Between testing of each
leg, a 2-min break was introduced to avoid fatigue caused
by the testing. Hip-flexion strength is expressed as maxi-
mal hip-flexion torque per kilo body weight (Nm/kg) using
the external lever arm (from the anterior iliac spine to 5 cm
proximal to patella, measured in the supine position) and
the body weight of each participant, measured at pre- and
post-intervention.

During all training sessions, delayed onset muscle sore-
ness (DOMS) since the last training session was quantified
using a numerical rating scale (NRS) measuring pain from
0 to 10, and perceived loading was quantified using the
BorgCR10 scale [1].

Statistical analyses

A 15 % hip-flexion strength difference between groups was
chosen as the minimal real difference (MIREDIF). It was
considered a realistic strength increase after 6 weeks of
strength training of a muscle group, which is rarely system-
atically strength trained. Based on pilot data, it was esti-
mated that to achieve 80 % power with a significance level
of 5 %, 12 participants were required for each group to be
able to show a MIREDIF of 15 %.

If nothing else is stated, variability around mean values
is presented as =1 SD. The dependent variables showed a
normal distribution (Shapiro—Wilk W test), and parametric

statistics were applied. Paired and unpaired Student’s
t tests were used to determine statistically significant
(p < 0.05) within- or between-group differences, respec-
tively. Intention-to-treat analysis was not performed, as
we were interested in the potential efficacy of the strength
training programme. Therefore, only participants who
complied with the specific strength training programme
and test setup exactly as planned and predefined were
included in the analyses [13]. Specifically, only data from
participants in the HST group with a compliance of at least
70 % were analysed. Furthermore, participants in both the
HST group and the control group were excluded from the
analysis, if they sustained an injury to their back, hip or
groin, or any other situation causing periods of immobi-
lisation during the study period, as previous research has
shown that hip and groin pain/injury, and injury-related
inactivity affects hip muscle strength [11, 36]. A person
blinded to name and group allocation excluded partici-
pants from the analyses following the criteria mentioned
above (Fig. 1).

Results

The total compliance for participants in the HST group
was 17 (1) sessions (94 % compliance). DOMS (Fig. 3a),
and average perceived training load (Fig. 3b) during the
strength training, was reported throughout the interven-
tion period. No complications or adverse effects related to
the strength training programme were reported during the
intervention period.

Effects of the hip-flexor strength training are visualized
in Fig. 4. Six weeks of hip-flexor strength training using
elastic bands as external loading increased isometric hip-
flexion strength of the trained leg (dominant leg, training
group), corresponding to a mean within-group change of
0.32 (95 % CI 0.19-0.45) Nm/kg (p < 0.001). There was
no significant within-group change in isometric hip-flex-
ion strength in the non-trained leg (dominant leg, control
group), corresponding to a mean change of —0.02 (95 %
CI-0.15 to 0.10) Nm/kg (n.s.)

The between-group difference (primary outcome) of hip-
flexion strength change in the trained leg (dominant leg, train-
ing group) versus the non-trained leg (dominant leg, control
group) was significantly different from baseline to follow-up,
corresponding to a mean change of 0.34 (95 % CI 0.17-0.52)
Nm/kg, in favour of the HST group (p < 0.001).

No within-group changes in hip muscle strength
occurred in the standing leg (non-dominant leg, training
group), corresponding to a mean difference of 0.11 (CI
95 % —0.08 to 0.29) Nm/kg (n.s.), and in the non-trained
leg (non-dominant leg, control group), corresponding to a
mean difference of 0.03 (CI 95 % —0.09 to 0.16) (n.s.).
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Fig. 3 a Delayed onset muscle soreness (DOMS) registered for the
HST group. b Perceived loading registered for the HST group. RM
repetition maximum

No between-group changes in hip muscle strength
occurred in the standing leg (non-dominant leg, training
group) versus the non-trained leg (non-dominant leg, con-
trol group), corresponding to a mean difference of 0.07 (CI
95 % —0.14 to 0.21) Nm/kg (n.s.).

Discussion

The most important finding of the present study was that
the hip-flexor strength training programme using elastic
bands as external loading effectively improved hip-flexor
muscle strength by 17 % on average. The isometric hip-
flexion strength increase was substantial and reached the

@ Springer
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Hip-flexion strength (Nm/kg body weight)
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Dominant Non-dominant

Fig. 4 Primary outcome. Within- and between-group differences for
maximal isometric hip-flexion strength in the HST group (dominant
leg, HST) and the control group (dominant leg, CON). * Statistically
significant (p < 0.001) within-group difference. ** Statistically sig-
nificant (p < 0.001) between-group difference

hypothesized magnitude of at least 15 %, in only 6 weeks
with three training sessions per week.

The hip-flexor strength training programme in the pre-
sent study potentially involves all hip-flexors including sar-
torius, rectus femoris, tensor fascia lata and the iliopsoas
muscle [5, 6, 15, 16, 39]. As the iliopsoas muscle has been
shown to be most active during isometric contraction in 90°
of hip-flexion, as opposed to lesser degrees of hip-flexion
[21], it seems reasonable to assume that the strength capac-
ity of the iliopsoas was certainly improved. This simple hip
strengthening programme using an elastic band for resist-
ance and by only including one exercise therefore seems
ideal for prevention and rehabilitation of acute injuries to
the rectus femoris are often experienced in kicking sports,
such as in the different football codes, as well as longstand-
ing iliopsoas-related pain which is commonly experienced
in football players, runners and dancers [10, 14, 22, 27, 28,
38]. Athletes and patients with the increasingly recognized
condition of iliopsoas impingement which is now consid-
ered an important differential diagnosis in athletes with hip
and longstanding groin pain [9, 26] may also benefit from
simple hip-flexor strengthening [30]. This approach can be
performed addressing the substantial hip-flexor weakness
and decreased sagital kinematics and range of movement
that have been documented both prior and after FAI surgery
[9]. In patients with a suspected antero-medially located
labral injury and/or iliopsoas impingement, it is suggested
not to perform the elastic band exercise in full range of
motion when commencing the exercise programme, as this
may cause increased compression of the labrum and iliop-
soas tendon [7, 26]. However, exercise from 0° of hip-flex-
ion/extension, instead of 10°-20° of hip extension, should
still provide sufficient range and time under tension so that
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muscle strength gains similar to training in full range of
motion can be achieved [37].

The present study supports recent studies showing that
strength training using elastic bands may induce sufficient
levels of muscle activity to induce a substantial strength
gain and seems to be comparable to more traditional types
of strength training, such as free weights or strength train-
ing machines [1, 18, 19, 31]. Moreover, the 17 % isomet-
ric strength improvement, which is almost similar to what
has previously been shown from 12 weeks of progressive
strength training (~20 % increase) of this load magnitude
but with a bigger total exercise volume by Hubal et al. [17],
was obtained in only 6 weeks of training. This is consistent
with results of more recent studies on strengthening pro-
grammes, where only 4-6 weeks of strength training can
improve muscle strength, including hip muscle strength,
in the magnitude of 10-15 % [4, 20, 29, 33]. Future RCT
studies are, however, needed to investigate the effect of this
strength training programme in relation to prevention and
treatment of hip/groin pathology, such as acute rectus fem-
oris injuries and longstanding iliopsoas-related pain and
impingement [10, 14, 22, 27, 28, 38], using elastic bands as
external loading.

Hand-held dynamometry (HHD) has been shown to pro-
vide highly reliable hip strength measurements [35], whereas
isokinetic hip strength testing seems more difficult to con-
duct in a reliable manner [8]. In the present study, hip-flexion
strength gains were obtained in the training leg only. On the
basis of the sample size (powered to be able to show a 15 %
strength difference), a minor effect cannot be excluded to
exist in the other leg (the standing leg). Theoretically, achiev-
ing an effect in the standing leg would be possible by dif-
ferent physiological pathways [23]. Firstly, a neural crosso-
ver effect can occur when training the contralateral side.
However, this effect may be of such small magnitude that it
is not possible to detect with the present sample size [23].
Secondly, it has been documented that some EMG activity
on the contralateral side exists during active hip-flexion in
the supine position, i.e. the standing leg is not completely
passive [15, 16]. The iliopsoas muscle on the contralateral
side is primarily working isometrically during the standing
hip-flexor exercise, providing muscular stabilization of the
hip, pelvic and lumbar region [2, 3, 5, 6], while hip-flexion
occurs on the opposite side. These contralateral contractions
may, however, not be of sufficient intensity to induce a sub-
stantial effect, such as a 15 % strength increase [15, 16, 21].

Evaluation of specific exercises and their likely effect
on strength capacity is most often indicated by analyses
of surface electromyograms (EMG), recorded during the
execution of these specific exercises [1, 15, 16, 21, 25, 31].
However, actual strength gains over time will also depend
on other training variables than the level of muscle activ-
ity, such as the total training volume and intensity [37].

Therefore, it is of great importance to conduct studies that
investigate the effect of single exercises in a prospective
design, such as the present study, before new strength train-
ing programmes are introduced as prevention or treatment
in a clinical practice.

The hip-flexors are stressed in many different sporting
activities requiring high-velocity hip-flexion such as sprint
running, football and dancing [10, 22, 27, 28, 38], where
great forces are transmitted via the trunk to the upper and/
or lower extremities [3, 12]. At present, this novel hip-
flexor strength training programme is therefore suggested
as a simple approach for improving hip muscle strength
and function in athletes, which may be particularly relevant
in prevention or post-injury/surgical treatment of hip-flexor
injuries such as acute injuries to the rectus femoris muscle
and longstanding iliopsoas-related pain and/or impinge-
ment [10, 14, 22, 27, 28, 38].

Conclusion

Simple hip-flexor strength training using elastic bands as
external loading, for only 6 weeks, improves hip-flexor
muscle strength by an average of 17 %. This substantial
strength gain is comparable to what is commonly achiev-
able using strength training machines. Thus, this simple
hip-flexor exercise seems a promising prevention and treat-
ment approach for acute and longstanding hip-flexor inju-
ries, such as acute rectus femoris injuries and longstanding
iliopsoas-related pain and impingement.
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