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P
atellofemoral pain syndrome is 
characterised by an anterior or retropatellar 
pain during ascending or descending 
stairs, squatting and running (Wilson, 
2007). Patellofemoral pain syndrome 

has a prevalence of 7–40% and is classified to be an 
overuse condition, which commonly affects highly 
active young people and females (Zhang et al, 2014). 
The risk for developing patellofemoral pain syndrome 
is gender-specific, with females being twice as likely 
to  develop the condition compared to males (Boling et 
al, 2010). It could progress into chronic diseases such 
as chondromalacia patella or patellofemoral arthritis 
if proper treatment is not provided (Crossley, 2014).

Unfortunately, the specific aetiology of 
patellofemoral pain syndrome is not clearly understood 

(Dutton et al, 2014), with multiple risk factors reported 
to be associated with the development of patellofemoral 
pain syndrome, such as weakness of the quadriceps 
muscle, mal-tracking of the patella, soft tissue stiffness, 
and increasing the Q-angle (the angle of the knee from 
a frontal view) (Bolgla and Boling, 2011). Patients 
with patellofemoral pain syndrome have lower 
electromyography activity of vastus medialis obliquus 
to vastus lateralis ratio in comparison with typically 
healthy individuals. This muscular imbalance makes 
the vastus medialis obliquus cannot antagonise the 
vastus lateralis muscle that results in excessive lateral 
patellar tracking which causes articular surface erosion 
and induces pain (Powers, 2000). Additionally, recent 
evidence shows that proximal factors in the form of 
abnormal hip kinematics and hip muscle dysfunction, 
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Abstract
Background/Aims: Little is known regarding the activation of knee and hip muscles during backward 
walking in patellofemoral pain syndrome. This study examineD the effects of backward walking and 
forward walking on the activation of knee extensors, hip abductors, and adductors in patients with 
patellofemoral pain syndrome.

Methods: A total of 20 females with patellofemoral pain syndrome and 20 age-matched typically 
healthy female controls participated in this study. Surface electromyography from vastus medialis 
obliquus, vastus lateralis, gluteus medius, and adductor longus muscles were collected during forward 
walking and backward walking.

Findings: The patellofemoral pain syndrome group had a significantly higher normalised root mean 
square of the vastus medialis obliquus, vastus lateralis and gluteus medius muscles (P=0.001), 
without significant difference in adductor longus muscle activity during backward walking versus 
forward walking (P=0.098). During forward walking, the patellofemoral pain syndrome group showed 
significantly higher activation of adductor longus muscle (P=0.001) and significantly lower activation of 
the gluteus medius muscle (P=0.002) compared to the healthy group. During backward walking there 
was a significant increase in the vastus medialis obliquus and adductor longus muscle activity of the 
patellofemoral pain syndrome group compared to the control group (P=0.003, 0.001) respectively.

Conclusions: Clinicians should consider backward walking training to increase the muscle strength 
of knee extensors and hip abductors when developing rehabilitation programmes for patients with 
patellofemoral pain syndrome.
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especially weakness of the hip abductors and external 
rotators, are linked to patellofemoral pain syndrome 
(Moradi et al, 2014; Davis and Powers, 2010).

Backward walking has been used recently not only 
for physical fitness, but also for many rehabilitation 
purposes in patients with knee complex affection 
(Hoogkamer et al, 2014). It helps to reduce stress to 
injured joints and increases knee extensor strength 
(Threlkeld et al, 1989). The neural control mechanisms 
of backward walking and forward walking patterns are 
likely to depend mostly on subcortical components 
(e.g. brain stem and spinal central pattern generators) 
(Meyns et al, 2014). The normal locomotor programme 
that is required to produce backward walking is 
different than forward walking (Thorstensson, 1986). 
Additionally, a simple reversal of motor patterning is 
not evident when switching from forward walking to 
backward walking (Winter et al, 1989). There was 
significant reduction in gait speed, stride length and 
cadence and longer double limb support duration 
during backward walking versus forward walking 
(Elboim-Gabyzon and Rotchild, 2017).

Joshi et al (2015) reported that backward walking 
training is valuable in patients with patellofemoral 
pain syndrome. The peak patellofemoral joint reaction 
force was found to be lower during backward running 
compared to forward running at the same speed (Roos 
et al, 2012). Additionally, backward walking training 
reduced pain severity and improved functional levels 
when incorporated as a therapeutic regime in those 
patients (Saurabh, 2012). Khyatee et al (2013) reported 
an increased knee extensor strength after integration 
of backward walking into the rehabilitation protocol.

There are significant changes in the average 
electromyography activity of rectus femoris, hamstrings, 
and gastrocnemius muscles during backward walking 
vs forward walking (Chen et al, 2000). Backward 
walking involves special patterns of muscle activation 
that overcome the harmful compressive forces at 
joints such as the knee joint (Flynn and Soutas-Little, 
1993). At the early stance of forward walking, there is 
coactivation of both flexors and extensors at the hip, 
knee and ankle. However, during backward walking 
there is activation of knee extensors and ankle plantar-
flexors (Thorstensson, 1986; Grasso et al, 1998). The 
average electromyography activity over one gait cycle 
was higher in backward walking vs forward walking, 
which increases the energy expenditure (Grasso et al, 
1998). The eccentric activity and decelerating function 
of the quadriceps is exchanged by an isometric activity 
and stabilising function during single stance during 
backward walking (Flynn and Soutas-Little, 1993).

Although females with patellofemoral pain 
syndrome display a greater ipsilateral trunk lean, hip 
adduction (Noehren et al, 2012), excessive knee valgus 
(Herrington, 2014), and pronated foot (Barton et al, 
2010), which create abnormal stress distribution across 

the patellofemoral joint (Feller et al, 2007), previous 
studies examined the muscle activation patterns of 
the hip and knee muscles during backward walking 
in healthy populations. There is a gap in the literature 
regarding the activation pattern of these muscles in 
individuals with patellofemoral pain syndrome during 
backward walking vs forward walking. Therefore, this 
study aimed to investigate the myoelectric activities of 
the vastus medialis obliquus, vastus lateralis, gluteus 
medius and adductor longus muscles in patients with 
patellofemoral pain syndrome during backward walking 
and forward walking, and compared them with typically 
healthy participants. It was hypothesised that backward 
walking would increase the myoelectric activities of 
the vastus medialis obliquus, vastus lateralis, gluteus 
medius and adductor longus muscles compared to 
forward walking.

METHODS

Participants
A total of 20 females with unilateral patellofemoral pain 
syndrome and 20 typically healthy females participated 
in this cross-sectional study. The criteria used for the 
diagnosis of patellofemoral pain syndrome were:

■■ Aged between 18 and 35 years to reduce the 
possibility of osteoarthritis (Cowan et al, 2001)

■■ Diagnosed with patellofemoral pain by a 
medical doctor

■■ Had anterior or retropatellar knee pain
■■ Reported that at least two of the following activities 

exacerbated their symptoms: prolonged sitting, 
ascending or descending stairs, squatting, kneeling 

■■ Did not show clinical evidence of a current knee 
condition other than patellofemoral pain syndrome 
(Nijs et al, 2006; Song et al, 2015) 

■■ Pain score ranged from 2–5 on the 10-cm visual 
analogue scale (Herrington, 2013). 
The demographic characteristics of both groups are 

illustrated in Table 1.
Participants were excluded if they had clinical 

evidence of meniscal or ligamentous injury, patellar 
subluxation or dislocation, history of recent knee 
or any lower limb surgery, or spinal referred pain 
(Cowan et al, 2001). The control group included 
typically healthy females with no musculoskeletal or 
neurologic problems, no previous history of trauma or 
pain in the knee or surgery in the lower limb, and zero 
score in the 10-cm visual analogue scale regarding the 
patellofemoral joint. 

Ethical approval
The study was conducted in accordance with 
the Declaration of Helsinki and approved by the  
Committee of Faculty of Physical Therapy, Cairo 
University (Approval No. P.T.REC/012/00808) and all 
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participants signed a consent form before beginning 
of the study.

Assessment tool
An eight channel portable myomonitor IV EMG 
System (Delsys Inc, Boston) was used to measure the 
myoelectric activities of the vastus medialis obliquus, 
vastus lateralis, gluteus medius and adductor longus 
during forward walking and backward walking. Each 
channel is connected to a 41 x 20 x 5 mm single 
differential electrode, with two silver contacts bars 
and 10 mm inter-electrode spacing for optimal signal 
detection and consistency. For the vastus medialis 
obliquus and vastus lateralis muscle electrode 
placement, a reference line connecting the anterior 
superior iliac spine to the centre of the patella was 
determined while the participant sat with  their legs 
fully extended, and the trunk and thighs at right angle  
with the tested knee slightly flexed. The vastus medialis 
obliquus electrode was placed approximately 4 cm 
proximal and medial to the superomedial border of 
the patella in a 50–55° angle to the reference line. The 
vastus lateralis electrode was placed at approximately 
10 cm proximal to the superolateral border of the 
patella oriented at 15–20° to the reference line (Miao 
et al, 2015). The adductor longus muscle electrode 
was placed on the anteromedial aspect of the thigh 
in the proximal one third of the distance between 
the symphysis pubis and the adductor tubercle of the 
femur with the participant lying supine (Aminaka et al, 
2011), while the gluteus medius muscle electrode was 
placed at proximal one third of the distance between 
the iliac crest and the greater trochanter (Song et al, 
2015) and the reference electrode was placed over the 
tibial tuberosity.

Procedure
All participants received a brief orientation about 
the nature and significance of the study, equipment 
and tasks to be performed. Since backward walking 
is an unaccustomed task for most people, a Biodex 
Gait trainer (Biodex Medical Systems, Inc, Shirley, 
NY) was used to familiarise the participants with 
backward walking before testing. The participant was 
instructed to hold the handrails then the speed of the 
gait trainer was increased slowly till reaching 3 km/hour 
with hands free. Before electromyography electrode 
placement, the skin was shaved when needed and 
cleaned with isopropyl alcohol 70% to remove excess 
oils and debris. Electrodes were fixed to the skin 
with the use of Delsys adhesive electrode interface, 
which promotes a high-quality electrical connection 
between the sensor bars and the skin, minimising 
motion artifacts.

The maximum voluntary isometric contraction 
measurement was recorded for each of the 
tested muscles. This was necessary to allow 

between‑participant comparisons through normalising 
the electromyography activity during the performed 
task to the maximum voluntary isometric contraction. 
Three trials were performed for each muscle; each was 
maintained for 6 seconds and there was a 30-second 
rest period between trials to avoid possible fatigue 
(Bolgla et al, 2011). Verbal encouragement and visual 
feedback were used to ensure that maximum effort 
was provided through the whole measuring process.

Regarding the vastus medialis obliquus and vastus 
lateralis muscles, the participant was seated at the 
edge of the plinth with both hips and knees flexed to 
900, with both upper limbs kept beside the trunk and 
used for stabilisation. While the researcher’s hand was 
placed 2.5 cm above the medial malleolus to provide 
resistance to knee extension, the participant was then 
instructed to extend her knee and push against the 
applied resistance as hard as possible for 6 seconds 
(Figure 1). To measure the maximum voluntary 
isometric contraction of the adductor longus muscle, 
the participant was instructed to squeeze a medium 
sized ball placed between both knees as hard as possible 
for 6 seconds while seated on a chair with both feet 
resting on the floor and holding onto the chair with 
both hands (Figure 2).

For the gluteus medius muscle, the participant 
assumed a side lying position on the untested limb, 
which was flexed at the hip and knee joints for stability 
and comfort. A belt was used to fix the pelvis to the 
testing table to minimise possible compensations. The 
upper (tested) limb rested on a pillow with the knee 
joint in full extension and hip in a neutral position. The 
examiner’s hand provided manual resistance above the 
participant’s knee, then the participant was instructed 
to push the limb upward in abduction for 6 seconds 
(Figure 3).

Electromyography recording for the forward 
walking trials was conducted by asking the participant 
to walk on the Biodex Gait trainer. The speed was 
increased gradually until reaching the predetermined 
testing speed (3km/hour), then electromyography 
acquisition was triggered from the host laptop. Three 
forward walking trials were performed each for 30 

Table 1. Demographic characteristics of participants

Patellofemoral pain 
syndrome group

Mean, standard deviation

Control group
Mean, standard 

deviation

P value

Age (years) 21.4, 2.32 20.30, 1.33 0.106

Weight (kg) 65.10, 10.60 63.70, 6.91 0.660

Height (m) 1.62, 0.07 1.63, 0.06 0.624

Body mass 
index     
(kg/m2)

24.92, 3.83 24.04, 2.44 0.438

P>0.05 means non-significant difference
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seconds. The participant was given a rest period of 
60 seconds, then the belt direction was reversed. 
The same protocol of forward walking was followed 
during backward walking (Figure 4). The participant 
was instructed to report any dizziness, increased pain 
or discomfort. The order of forward walking and 
backward walking trials was random to avoid the 
learning effect. Data was sampled at 1000 Hz, filtered 
with 20–450 Hz band pass filter. The root mean square 
value was calculated for the three trials of maximum 
voluntary isometric contraction, forward walking and 
backward walking for the four tested muscles. The 
average root mean square values of the three trials of 
maximum voluntary isometric contraction, forward 
walking and backward walking were then calculated 
and normalised according to the following equation: 
Normalised root mean square = [(Average root mean 
square during activity/Average root mean square of 
maximum voluntary isometric contraction) x100].

Data analysis
Data were analysed using Statistical Package for the 
Social Sciences version 20.0. The sample size was 
determined using power analysis statistical test. The 
data were screened for normality assumption and 
homogeneity of variance. This exploration was done 
as a prerequisite for parametric calculations of the 
analysis of difference. The Shapiro-Wilk test showed 
that the data were normally distributed.

Multivariate analysis of variance was used to 
compare the normalised root mean square values  (%) 
of the vastus medialis obliquus, vastus lateralis, 
gluteus medius and adductor longus in both walking 
directions within each group and between groups. 
Multiple pairwise comparison tests with subsequent 
Bonferroni adjustment were conducted to detect the 
source of significance for each of the dependent 
variables. The family-wise alpha level was set at 0.05. 
The independent t-test was conducted to detect any 
significant difference in the baseline characteristics 
(age, weight, height, and body mass index) 
between both groups. The data were represented as 
mean ± standard deviation.

RESULTS

There was no significant difference between both 
groups in terms of age, weight, height, and body mass 
index (P=0.106, 0.660, 0.624, 0.438), respectively, 
as shown in Table 1. Regarding the effect of walking 
direction, the patellofemoral pain syndrome group 
showed a significant increase in electromyography 
activity of the vastus medialis obliquus, vastus 
lateralis and gluteus medius muscles (P=0.001), 
without significant increase in the adductor longus 
muscle (P=0.098) during backward walking versus 

Figure 1. Recording the maximum 
voluntary isometric contraction of the 
vastus medialis obliquus and vastus 
lateralis muscles

Figure 2. Recording the maximum 
voluntary isometric contraction of the 
adductor longus muscle
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forward walking. The percentage of increase of the 
vastus medialis obliquus muscle normalised root mean 
square mean value was 100.36% during backward 
walking versus forward walking. Additionally, 
the percentage of increase of the normalised 
electromyography activity of the vastus lateralis 
muscle during backward walking was 50.27%. The 
normalised root mean square mean value of gluteus 
medius muscle increased during backward walking by 
27.89% versus forward walking, as shown in Table 2.

During backward walking, there was a significant 
increase in the electromyography activity of the 
vastus medialis obliquus and adductor longus 
muscle of the patellofemoral pain syndrome group 
compared to the control group (P=0.003, 0.001) 
respectively, there was no significant difference in 
the electromyography activity of the vastus lateralis, 
and gluteus medius muscle between both groups 
(P=0.900, 0.169) respectively. During forward 
walking, there was no significant difference in the 
electromyography activity of both the vastus medialis 
obliquus and vastus lateralis muscle between both 
groups (P=0.449, 0.768) respectively. The gluteus 
medius normalised root mean square mean value 
was significantly lower in the patellofemoral pain 
syndrome group compared to the control group 
(P=0.002). However, the adductor longus muscle 
showed a significant increase in electromyography 
activity in the patellofemoral pain syndrome group 
compared to the control group (P=0.001).

DISCUSSION

The findings of this study revealed a significant 
increase in the electromyography activities of the vastus 
medialis obliquus, vastus lateralis and gluteus medius 
muscles, without significant difference in adductor 
longus muscle activity during backward walking versus 
forward walking of the patellofemoral pain syndrome 
group. The increased electromyography activity of 
knee extensors, hip abductors, and adductors may 
be linked to the increased cortical activation during 
backward walking, as there is increasing oxygenated 
hemoglobin concentration in the supplementary motor 
area, precentral gyrus, and the superior parietal lobule 
during backward walking versus forward walking 
(Kurz et al, 2012). This could be explained by the 
findings of Shibuya et al (2014), who found a direct 
relation between cortical activation indicated by the 
levels of oxygenated haemoglobin and the amplitude 
of the electromyography activity.

The increased knee extensor electromyography 
activity may be attributed to changing the type of 
activation during backward walking. Backward 
walking is considered as a time-reversed copy of 
forward walking, where the forward walking stance 

Figure 3. Recording the maximum 
voluntary isometric contraction of the 
gluteus medius muscle muscles

Figure 4. Walking trial
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phase starts with heel strike and ends with toes contact 
while the backward walking stance starts with toes 
contact and ends with heel off. This means that the 
knee joint angular displacement curve is reversed 
during the backward walking stance phase. During 
forward walking, the knee has undergone flexion just 
after heel strike during loading response. In contrast, 
during backward walking the knee joint is initially 
flexed at the toes contact then it continues to extend 
during the most of the stance phase (Lee et al, 2013).

This reversal of knee joint kinematics leads to 
changing the type of quadriceps muscle activation. 
The early knee flexion during forward walking is 
controlled by the eccentric activation of the knee 
extensors to provide shock absorption in response to 
ground impact (Neumann, 2010). However, during 
backward walking the knee extension during the early 
stance is achieved by a concentric contraction of the 
quadriceps muscle to prevent the descent of the body’s 
centre of gravity and propel the body backward (Lee 
et al, 2013). The conversion of eccentric quadriceps 
activation during forward walking to concentric 
activation during backward walking may explain 
the increased vastus medialis obliquus, and vastus 
lateralis muscles electromyography activities found 
during backward walking.

Another possible explanation for the increased 
vastus medialis obliquus and vastus lateralis muscle 
activity is the leg stiffening mechanism adopted 
in response to knee instability during backward 
walking. According to Katsavelis et al (2010), the 
knee’s reduced range of motion during backward 
walking may be a natural response to the greater 
instability encountered during this walking pattern. 
They also added that forward walking and backward 
walking may not differ in terms of a simple reversal. 
Moreover, the increased muscular activities during 
backward walking might have led to an increase in 
the magnitude of variability that was observed at 
the knee joints.

Regarding the patellofemoral pain syndrome 
group, the increased electromyography activity of 
the vastus medialis obliquus and vastus lateralis 

muscle may be attributed to pain reduction during 
backward walking. Patients with anterior knee pain 
demonstrated greater quadriceps muscle inhibition 
with higher pain levels (Surer et al, 1998). Pain levels 
significantly reduced in patients with patellofemoral 
pain syndrome after 4 weeks of a backward walking 
training programme (Saurabh, 2012); therefore, it 
can be assumed that increased quadriceps activation 
during backward walking may be because of the 
reduction of quadriceps inhibition from pain (Saurabh, 
2012). The increased vastus medialis obliquus and 
vastus lateralis muscle activities in the control group 
are consistent with the findings of Grasso et al (1998), 
who found that the electromyography activity of 
vastus lateralis muscle was higher in healthy subjects 
during backward walking compared to that recorded 
during forward walking. Moreover, Han (2005) 
reported increased electromyography activity levels 
of the vastus medialis obliquus and vastus lateralis 
muscles in backward walking versus forward walking 
at all tested treadmill inclines.

The greater activation of the gluteus medius 
muscle during backward walking may be an attempt 
to provide more control during this unstable gait 
pattern. The supporting function of a muscle during 
walking is defined by its contribution to the vertical 
acceleration of the centre of gravity against gravity. 
During forward walking, the gluteus medius muscle 
is considered as one of the main supporting muscles 
during single limb support (Anderson and Pandy, 
2003). Moreover, during backward walking there is 
increased gluteus medius muscle contribution to the 
vertical acceleration of the centre of gravity during 
the single limb support interval compared to forward 
walking (Jansen et al, 2012). This may imply that the 
supporting function of gluteus medius during single 
limb support is greater during backward walking, 
which requires a higher level of muscular activity.

In relation to the pelvic motion during backward 
walking, there is a reduction in pelvis stability 
during backward walking vs forward walking 
(Wu et al, 2015). Thus, based on Katsavelis et al 
(2010) suggestion, greater muscular activation is 

Table 2. The normalised root mean square values for muscles during forward walking and backward walking

Patellofemoral pain syndrome group
Mean, standard deviation

Control group
Mean, standard deviation

Muscles Forward walking Backward walking P value Forward walking Backward walking P value

Vastus medialis obliquus 25.36, 6.75 50.88, 9.42 0.001* 27.45, 7.15 42.54, 10.79 0.001*

Vastus lateralis 26.49, 8.39 39.80, 11.46 0.001* 25.49, 8.16 39.38, 13.70 0.001*

Gluteus medius 30.58, 5.49 40.26, 7.06 0.001* 39.28, 11.08 44.10, 10.11 0.085

Adductor longus 65.30, 8.17 71.17, 9.53 0.098 43.16, 10.83 52.31, 14.72 0.011*

*means significant difference (P<0.05)



International Journal of Therapy and Rehabilitation, 2019, https://doi.org/10.12968.ijtr.2017.0160� 7

©
 2

01
8 

M
A

 H
ea

lth
ca

re
 L

td
RESEARCH

required to minimise joint displacement during 
the unstable backward walking pattern; this slight 
decrease in pelvic motion may be the product of the 
increased activity of gluteus medius muscle. This 
finding could explain the non-significant increase in 
gluteus medius muscle activity in the control group. 
The non-significant increase in the gluteus medius 
muscle electromyography activity in the control 
group agrees with the findings of Masumoto et al 
(2007), who found a non-significant increase in the 
gluteus medius muscle electromyography activity 
during backward walking vs forward walking on 
an underwater treadmill, although the measuring 
environment is different.

The increased electromyography activity of the 
adductor longus muscle that was found in the control 
group during backward walking may be used to 
provide additional stability (Katsavelis et al, 2010). 
The inability to see the walking direction during 
backward walking makes the subject more cautious 
and calls for additional stabilising mechanisms. The 
lack of visual information asks the nervous system to 
reload the available sensory feedback that is normally 
used to correct the stepping pattern, which needs 
additional neural computational resources to assess 
the available sensory feedback to control the stepping 
pattern of backward walking (Kurz et al, 2012). In 
animal models, during the backward walking there is a 
strict demand for coordination in the lower extremity 
motor synergies for proper foot placement that occurs 
as a result of the absence of peripheral visual feedback 
that is normally used to increase the accuracy of foot 
placement (Reynolds and Day, 2005).

The significant increase in the electromyography 
activity of adductor longus of patellofemoral pain 
syndrome group compared to healthy group may 
be attributed to alteration in lower limb mechanics 
between both groups (Moradi et al, 2014; Davis 
and Powers, 2010). However, this postulation 
could not be supported or refuted because of  the 
lack of associated kinetic and kinematic analysis. 
Additionally, no previous studies have addressed 
either the frontal plane lower limb kinetics and 
kinematics or the adductor longus muscle activity 
during backward walking in healthy or affected 
populations. Unfortunately, reviewing the literature 
revealed scarcity in studies that explored the adductor 
longus muscle activity in patients with patellofemoral 
pain syndrome. However, Aminaka et al (2011) 
reported that during stair climbing, patients with 
patellofemoral pain syndrome showed prolonged 
activation of the adductor longus muscle compared 
to the typically healthy group.

Recently, Mahaki et al (2017) reported that the 
pattern of muscle activity of backward walking has a 
poor relationship to those of forward walking. These 
data do not support a simple reversal of spinal central 

pattern generators. They reported that a phase shift 
in the muscle activation pattern of approximately 
60% occurred. This shift may represent a different 
control between two walking modes. Indeed, there is 
a different spinal mechanism that controls the forward 
walking and backward walking. Their findings could 
explain the differences between forward walking and 
backward walking of healthy and patellofemoral pain 
syndrome groups.

Limitations
The results of this study should be considered in the 
light of its limitations. Surface electromyography 
has its limitations regarding the dynamic nature of 
walking. The lower limb angular displacement results 
in possible displacement of the electrode, which may 
have affected the recorded signal (Farina et al, 2001). 
In addition, crosstalk from nearby adductors might 
have influenced the electromyography activity of the 
adductor longus muscle. This could not be avoided 
using surface electrodes owing to the close anatomical 
proximity of hip adductors. Although performing 
kinetic and kinematic analysis was out of the scope 
of this study, the lack of such information interfered 
with the ability to justify some of the present findings. 
Finally, this study was conducted on young females, so 
the generalisation of the results on the male population 
should be studied. Future research is required to 
evaluate the effect of backward walking training on 
lower limb kinetics, and kinematics during functional 
tasks in patients with patellofemoral pain syndrome. 
Additional research should also include the effect 
of backward walking training on patellar alignment 
in patellofemoral pain syndrome patients with and 
without patellar subluxation. Further research is 
required to evaluate the effect of backward walking 
training on hip abductors/adductors strength ratios in 
patients with patellofemoral pain syndrome.

CONCLUSIONS

Backward walking was found to improve the 
activation of the commonly weakened knee extensors 
and hip abductors, particularly the vastus medialis 
obliquus and adductor longus muscle in patients 
with patellofemoral pain syndrome. Accordingly, 
physiotherapists should consider backward walking 
training to increase hip abductor and knee extensor 
muscle strength when developing rehabilitation 
programmes for patients with patellofemoral 
pain syndrome. IJTR
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Table 2. The normalised root mean square values for muscles during forward walking and backward walking

Patellofemoral pain syndrome group
Mean, standard deviation

Control group
Mean, standard deviation

Muscles Forward walking Backward walking P value Forward walking Backward walking P value

Vastus medialis obliquus 25.36, 6.75 50.88, 9.42 0.001* 27.45, 7.15 42.54, 10.79 0.001*

Vastus lateralis 26.49, 8.39 39.80, 11.46 0.001* 25.49, 8.16 39.38, 13.70 0.001*

Gluteus medius 30.58, 5.49 40.26, 7.06 0.001* 39.28, 11.08 44.10, 10.11 0.085

Adductor longus 65.30, 8.17 71.17, 9.53 0.098 43.16, 10.83 52.31, 14.72 0.011*

*means significant difference (P<0.05)
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