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Abstract

Patellofemoral Pain Syndrome (PFPS) is the most common type of knee pain. It is estimated that PFPS
accounts for 25-30% of all knee pathologies. The condition can be very painful and the symptoms can take a
long time to settle. There is general consensus that effective treatment strategies should be based on a thorough
understanding of pathological changes of PFPS. This mini review briefly outlines biomechanical aspects of
pathophysiology of the structures involved and describes current treatment strategies available in the literature,
in particular it looks at muscle tightness and provides an insight into stretching techniques as an effective
physiotherapy choice for the condition.

Background

Patellofemoral pain syndrome (PFPS) is defined as “diffuse intermittent pain in the anterior region
of the knee. This increases with functional activities such as running, squatting, and stair climbing
and kneeling due to higher patellofemoral joint reaction forces and associated patellofemoral joint
stress [1].

Patients with PFPS account for 10-25% of physiotherapy attendances [2].It is the most common
type of knee pain accounting for 25-30% of all knee pathologies [3]. The condition is commonly
treated with conservative measures such as physiotherapy and this is thought to be helpful in two
third of patients [4]. Other studies suggest that patients continue to suffer pain or are unable to
regain full function long-term [5-7].

PEPS experienced for longer than 2 months has been suggested as a predictor for poor outcomes,
and early intervention may improve recovery[7]. It may be that a key issue is successfully identifying
the structure producing pain [8]. This could be the anterior synovium, infrapatellar fat pad,
subchondral bone (medial and lateral patella facets and trochlea groove of the femur) and the medial
and lateral retinaculae.

It is widely accepted that there are many potential causes for PFPS and therefore many choices
regarding treatment. Effective treatment strategies must be based on a thorough understanding of
any pathological changes in any relevant structure. Therefore the aim of this article is to 1) review of
the literature about the biomechanical aspects of PFPS, and current treatments particularly whether
muscle tightness is considered; 2) explore the contribution of tight gastrocnemius in PFPS and the
effect of stretching on this muscle.

Search Method

Searches were carried out using AMED, CINAHL and Medline electronic databases. Key
words for electronic database search include patella pain, anterior knee pain, patellofemoral pain
and/or physiotherapy, gastrocnemius, patellofemoral biomechanics, transverse friction massage,
physiotherapy. In addition, the reference list of included studies and other relevant papers were
screened to identify further relevant studies.

Literature Review

Anatomy and function

The role of the patella is to increase the force production of the quadriceps. It acts like a pulley to
improve the mechanical advantage of the quadriceps by allowing the knee to extend with a smaller
contractile force. This leads to a large compressive force on the patellofemoral joint, which is at
a maximum of 90° knee flexion and the foot is planted on the ground. The biomechanics of the
patellofemoral joint make it one of the most complex joints in the body. This is due to its numerous
capsuloligamentous structures and muscles that act dynamically on the patella.
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The anatomy of the patellofemoral joint involves the femur, tibia
and patella. The trochlea groove on the femur consists of medial and
lateral femoral condyles with an intervening shallow depression of
around 5-6mm. The articular surface of the patella is divided by means
of a ridge into medial and lateral facets. The medial facet is divided
into superior, middle, lateral and inferior portions, or sub facets. The
larger lateral facet has superior, middle and inferior portions (facets).
With the knee in full extension there is no joint surface contact and
the patella lies over an area of thin, smooth synovial tissue.

As the knee moves from extension to flexion the patella begins
laterally and moves medially as the patella enters the trochlea groove
and it continues to follow this groove until the knee has reached 90°.
At this point the patella moves laterally until it covers the condyle at
135°0f knee flexion.

The influence of femoral internal and external rotation play
an important role in defining patellofemoral joint alignment and
therefore contact pressure. Furthermore both tibial internal and
external rotation influences joint stress.

It is the role of the soft tissues to stabilise the patella. The patella
ligament is a strong flat ligament which originates at the apex (distal
end) of the patella and it inserts onto the tuberosity of the tibia. The
superficial fibres are continuous with those of the quadriceps femoris.
The medial and lateral portions of the quadriceps tendon pass down
on either side of the patella to be inserted into the upper extremity of
the tibia on either side of the tuberosity. These portions merge with
the capsule forming the medial and lateral patella retinaculum.

Passive stabilisers of the knee include the medial patellofibula
ligament (MPFL), medial patellotibial ligament (MPTL) and
the retinaculum. It has been shown that the MPFL and MPTL
contribute, respectively, 60% and 22% of the force that opposes lateral
displacement of the patella. MPFL injury has been proven to reduce
by almost 50% the force needed to dislocate the patella laterally with
the knee extended [10].

Biomechanical aspect of PFPS

There is currently no consensus about the pathophysiology of
PFPS. Various studies have proposed different structures as the source
of pain. Pain-free tracking of the ridge of the patella in the trochlea
groove of the femur requires a balance of forces between different
anatomical structures. If any imbalance exists then the movement
of the patella will be altered which can place additional mechanical
stresses on the joint [11] and may result in pain.

Risk factors for developing PFPS can be single or multifactorial as
indicated in a recent systematic review by Lankhurst, et al. [5] which
identified 523 variables. Commonly cited are the patella position
and the factors affecting movement control, such as excessive
quadriceps angle, patella compression or tilting, and abnormal reflex
timing between vastus medialis oblique (VMO) and vastus lateralis
(VL). Other factors include tightness in gastrocnemius, hamstring,
quadriceps or iliotibial band. Generalised ligamentous laxity in the
medial collateral ligament or patella retinaculum, deficient strength
in hamstring, quadriceps, or muscles around the hip are all potential
issues.

There is some agreement that increased quadriceps angle

(Q-angle) is significant. This angle is relevant in the direction of the
quadriceps force and it has been suggested that a Q-angle greater than
16° is a risk factor for developing PFPS [11] and can increase contact
pressure by 45% [12].

An increase in hip adduction or internal rotation increases the
Q angle by increasing the relative valgus of the lower extremity. This
leads to an increase in contact pressure in the patellofemoral joint.

Previous consideration of the causative factors for PFPS have
been associated with patella maltracking. However Stephen, et al.
[13]. suggest that we should be focusing more-so on contact pressure.
They report that before maltracking occurs there is altered pressure
capable of creating pain, and these pressures can be 30% elevated in
PFPS.

Meira, et al. [14] carried out a systematic review of the influence of
the hip on patients with PFPS. There is conflicting opinion on whether
hip position influences PFPS and there have been numerous studies
to investigate this. One study suggested that females demonstrated
greater hip adduction during running, hopping and performing
single leg squats, whilst others reported no difference.

The correlation between hip strength and PFPS was reported
in 5 systematic reviews with agreement that external rotation and
abduction were weaker than controls. The most significant difference
was abductor strength which could be up to 27% [15].

It is unknown if this hip weakness is the cause of PFPS or the
result. Studies tend to focus on peak strength however hip weakness
has been shown to increase through fatigue [16] therefore further
studies are required to evaluate abductor endurance.

In a study investigating predictors of pain and function in
PEPS, Piva, et al. noted that the only physical impairment that
predicted functional outcome was reduced gastrocnemius length
[2]. A stretching programme was the only factor that improved fear-
avoidance behaviour, even when the increased gastrocnemius length
was not statistically significant.

The authors speculate that increased gastrocnemius length
may reduce passive resistance at the knee and ankle joints. The
clinical implication is that clinicians should consider stretching the
gastrocnemius to improve functional outcome.

Collado, et al. propose that a shortened gastrocnemius will
restrict talocrural dorsiflexion which then causes a compensatory
pronation of the subtalar joint and increased dynamic Q-angle [11].
The talocrural joint requires 10° of dorsiflexion for normal gait and
150-25¢ for running; less than this will cause compensatory pronation
and potential PFJ dysfunction.

Changes to normal gait biomechanics have an effect on PFPS.
Pronation of the foot causes the tibia to internally rotate during
mid-stance phase of gait. This prevents the knee from achieving full
locking via the screw- home mechanism normally achieved via tibia
external rotation. To compensate, the femur internally rotates to
allow the knee to fully lock, which creates increased contact pressure
between the patella and lateral trochlea groove, which can give rise to
painful symptoms.

Despite extensive literature searching, no studies were found
about the relevance of trigger points (TrP) in the gastrocnemius
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muscle in patients with PFPS. One study looked at TrP and stretching
in plantar heel pain [17] and found benefits with the addition of TrP
massage to a specific stretching programme. This study may be
considered relevant when considering effective treatment modalities
including stretching and TrP massage specifically for PFPS.

Treatment strategies

There has been a vast amount of research into the optimal
treatment strategy for PFPS. The biomechanical complexity of
the condition allows for relevant consideration of a wide variety
of treatment approaches. A systematic review of physiotherapy
interventions for PFPS by Jonbergen, et al. suggests that a
multifactorial treatment package may be indicated which could
include patella taping, functional exercises, quadriceps strengthening,
postural advice, muscle stretching, weight loss, activity modification,
and education [18]. Clear guidelines for each of these components
were not given here. The wide choice suggested makes it difficult
to draw conclusions on the effects of any individual treatment
constituents. This multifactorial approach may however reflect the
current physiotherapy approach for this complex condition.

Quilty, et al. carried out a randomised controlled trial of
physiotherapy techniques involving taping and quadriceps strength
training with particular focus on the vastus medialis oblique (VMO)
[19]. Results demonstrated a significant increase in quadriceps
strength in the treatment group, but only a 16% reduction in reported
pain. At 12 months follow-up there was no significant difference
between the two groups.

Crossley, et al. carried out a randomised, double-blinded
placebo-controlled trial of physiotherapy for PFPS [9]. Treatment
was again multifactorial and involved a regimen of gluteal muscle
strengthening, patella taping, VMO strengthening, and stretching of
soft tissues. Transverse friction massage was included in this trial,
which was applied to “lateral soft tissue”. After 6 weeks the treatment
group demonstrated significant improvement in 3 out of 4 primary
outcomes. The authors noted that conclusions could not be drawn on
the relative benefits of the various components and that future studies
should focus on the effects of individual treatment constituents.

There are numerous studies which utilise strengthening exercises
in the treatment of PFPS. Yet, there are few which assess the effects
of stretching.

Muscle tightness in PFPS

Witvrouw, et al. [20] carried out a 2-year prospective study using
physical education students to analyse which presumed risk-factors
might play a significant role in PFPS. At the start of the course none
of these students had a history of patellofemoral joint pain. However,
at 2-year follow-up, 24 (9%) of students had developed pain. They
found a significant reduction in the flexibility of the quadriceps
and gastrocnemius muscles in the group with patellofemoral pain
compared to control subjects. The authors comment that there is little
information in the medical literature about the effect of stretching
on PFPS. They suggest that future research should be undertaken to
identify the effect of resolving tightness in both the quadriceps and
gastrocnemius muscle groups. It could be considered that an effective
stretching programme may have a beneficial effect on existing PFPS,
and may be also relevant in prevention.

Two studies identified by Waryasz, et al. found that gastrocnemius
tightness was significant when comparing PFPS patients with
controls [4]. Studies have also shown that hamstring muscles are also
considerably shorter in patients with PFPS [21]. However, a gap in
the literature exists, which is the assessment of the effects of stretching
these tight muscles in patients with PEPS.

Whilst many articles report the use of stretching as standard
physiotherapy they often do not mention the frequency, duration or
intensity of stretching programmes (leaving the reader to draw their
own conclusions.

Stretching as a potential treatment

A randomised controlled trial by Porter, et al. is often cited which
compares the length and frequency of Achilles tendon stretching
between two groups with heel pain [22]. One group performed a
more prolonged stretch held for three minutes, three times a day. A
second group performed intermittent stretches for 20 second intervals
repeated 5 times a day. The protocol was followed for 4 months
with subjects providing a stretching diary. Results demonstrated
no significant difference in range of ankle dorsiflexion between the
two stretching protocols, and both groups had improved symptoms.
This suggests that stretching for 3 minutes is no more effective
than stretching for 20 seconds. The study compares frequency and
duration, however the intensity of the stretch has not been controlled
which makes it difficult to draw conclusions.

There are some relevant studies which demonstrate how to make
stretching can be effective for muscle lengthening. Reid, et al. carried
out a randomised controlled trial to determine the frequency of
hamstring stretches to maintain knee extension ROM [23]. A six-week
static stretching programme of 15-60 seconds one to three repetitions
per day were sufficient to increase hamstring length. However, these
initial improvements were lost four weeks after stopping. The study
indicates that there is a need to continue stretching once initial
improvements have been made.

A systematic review by Radford, et al. investigated the effect of
stretching on ankle dorsiflexion [24]. They reported that calf muscle
stretches provide a small but statistically significant increase in ankle
dorsiflexion, particularly after 5-30 minutes of stretching.

It is the variation or lack of information regarding duration,
frequency and particularly intensity of stretching in the literature
that make it make it difficult to draw accurate conclusions. The
instructions given to participants is rarely provided. Some studies
have referred to a stretch taken to the “pain threshold”. Young, et
al. looked at the effect of volume and intensity of static stretching in
a warm up on explosive force production of the plantar flexors [25].
They noted that stretches performed at 100% intensity reduced muscle
function however when performed at 90% intensity muscle function
was not affected. They suggest that stretching at 90% intensity may
have injury prevention benefits.

A randomised controlled trial by Renan-Ordine and colleagues
compared myofascial trigger-point (TrP) massage with self-stretches
for plantar heel pain [17]. They suggest that trigger points in the
gastrocnemius muscle may be involved in the development of
plantar heel pain. They define trigger points as “hyper-irritable areas
associated within a taut band of skeletal muscle that is painful on
compression, contraction or stretching of the muscle”. Their results
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suggest that the addition of TrP massage to a stretching programme
resulted in superior short-term outcome, compared to stretching
alone.

Outcome assessment

The eccentric step test has been frequently cited in the literature
as a valid and reliable test to assess PFPS. To ascertain the validity
and reliability of the test, Selfe, et al. [26] carried out a randomly-
controlled repeated measures design study. They found that study
participants with PFPS stepped down with reduced knee flexion
and with increased velocity on the painful knees, which is thought
to increase the joint reaction forces at the patellofemoral joint. The
authors also suggest that the use of VAS could be used to record pain
severity during performance of the test. This testing procedure has
been utilised in more recent studies [27,28].

Summary

The diverse literature about PFPS suggests that the causes of
the condition are likely to be multifactorial, and that the structures
producing pathology and pain are numerous. Causes include both
soft-tissue and joint problems, both tightness and weakness in
muscles, and also biomechanical issues of tracking of the patella,
knee, ankle and foot. There is some evidence to suggest that tightness
in the gastrocnemius is found alongside PFPS, plus localised TrPs
in the lateral gastrocnemius muscle. This soft-tissue tightness and
tenderness may be a causative factor for pain in the patella area. There
do not appear to be any studies which evaluate the effect of stretching
or TrP massage for this condition. However, there is some relevant
evidence regarding this approach in other areas of the lower limbs,
which suggests that massage techniques used alongside a stretching
protocol are significantly more beneficial than stretches alone. Whilst
many articles report the use of stretching as standard physiotherapy
in other realm, they often do not mention the frequency and duration
leaving the reader to draw their own conclusions.

In conclusion, there is a gap in the literature regarding the effect
of localising treatment to gastrocnemius tightness for PFPS. There is
also debate regarding the optimum duration, frequency and perhaps
more importantly the intensity for which stretches should carried out.
Future research to determine the effect of stretches and transverse
friction massage to the gastrocnemius in patients with patellofemoral
pain syndrome is warranted.
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