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From the editor

If there’s theme in this issue, it's most
definitely the lower leg. Kicking off the
issue (no pun intended), Chris Mallac
explores acute chronic exertional
compartment syndrome (CECS). As Chris
explains, due to the variety of differential
diagnoses thatexists, deep posterior CECS
is difficult diagnose and to treat. With that
in mind, Chrislooks at the latest research
and outlines how clinicians can most
effectively manage this condition.

Following on, Pat Gilham discusses the
soleus muscle in runners with
patellofemoral pain (PFP). According to
Pat, soleus length can influence PFP, and
a greater duration of soleus activation
distinguishes PFP from asymptomatic
runners. The notion of improving soleus
capabilities for runners with PFP can
therefore be argued as logical, and Pat
shows exactly how this goal can be
achieved.

In our third article, we take alook at foam

rolling in rehab. The practice of foam
rolling has only really become popular in
the last decade or so, and there remain a
number of questions to be resolved — for
example how effective is foam rolling for
increasing joint range of movement
(ROM), which types of rollers are most
efficient and is foam rolling an effective
technique for myofascial tissue release?
Accordingly, therefore we carefully
examine the latest evidence and come up
with some best practice recommendations.

Rounding off the issue, Chris Mallac’s
second article explores sural nerve injury
in athletes. Although quite rare, a sural
nerve injury may present as long term
neuropathic pain in the outer shin/lateral
foot region, which may hinder athletic
performance. Chris therefore explains
how this injury can arise, the implications
for musculoskeletal dysfunction in the
athlete, and provides treatment options for
the clinician.
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Enjoy this issue and we’ll see you next
month!

Andrew Hamilton BSc Hons
MRSC ACSM (commissioning editor)

Deep state: getting to the heart of CECS

Chris Mallac explores acute CECS, focussing on the deep posterior compartment. What are the
signs and symptoms of CECS, and how can clinicians most effectively manage this condition in

athletes?

Acute chronic exertional compartment
syndrome (CECS) was first described by
Dr Edward Wilson when he suffered what
sounds like this condition in his own lower
limb during a race to the South Pole in
1912, Since those early days, a more
chronic version of CECS was described in
1956 by Marvar when heillustrated a case
study of a soccer player who underwent
bilateral leg surgery after suffering leg
pain from chronic exertion®.

This condition was further elucidated
in 1962 by French and Price, who first
measured intra-compartmental pressure
and then compared this with the patient’s
history and symptoms to develop the idea
that CECS was a distinct clinical entity®.
Finally, deep posterior CECS —the topic of

this piece — was originally identified by
Puranen in 1974, and confirmed by
pressure measurements in 1981.

CECSisregardedasanoveruseinjuryof —a.

the lower limb and is reasonably common
inrunning-based athletes®. Itis considered
to be more common in the early 20’s
athlete; the anterior, lateral and deep
posterior compartments are the most
affected, while the superficial compartment
is rarely affected®”. The deep posterior
variantis considered the more difficult type
of CECS todiagnose and to manage. This s
due to the variety of differential diagnosis
that exists for posteromedial exertional leg
pain in the shin and the difficulty in
accessing the deep compartment in both
testing and surgical treatment.

Anatomy
The four compartments of the lower limb
(seefigure 1) are as follows®:
Anterior — Consisting of the tibialis
anterior, extensor digitorum longus,
extensor hallucis longus, peroneus
tertius. This compartmentis
bordered by the tibia, interosseous
membrane, fibula, anterior
intermuscular septum, and
anteriorly the deep fascia. The
neurovascular bundle includes the
anterior tibial artery and vein, and the
deep branch of the common
peroneal nerve.
b. Lateral - Made up of the peroneus
longus and brevis muscles, the
common peroneal nerve, and with
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Figure 1: Four compartments of the lower leg
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the deep branch continuing into the
anterior compartment. This
compartment is bordered by the
anterior intermuscular spetum, the
fibula, posterior intermuscular
septum and the lateral deep fascia.

c.  Deep posterior — Comprised of the
flexor hallucis longus, the flexor
digitorum longus and the tibialis
posterior, along with the posterior
tibial artery and vein, and the tibial
nerve. The deep transverse fascia
separates this from the superficial
compartment posteriorly. The
anterior boundaries are the tibia,
interosseous membrane and fibula.

d. Superficial posterior — Comprising of
gastrocnemius, soleus, plantaris, the
sural nerve, and a branch of the tibial
artery/vein. The crural fascia
surrounds this posteriorly.

Occasionally a separate sheath surrounds
the tibialis posterior muscle forming an
extracompartment'?. This has sometimes
been referred to as the fifth compartment™.

Pathogenesis

CECS is a condition that primarily affects
the lower limb (estimated at 95% of CECS
cases)™. The anterior and deep posterior
compartment are commonly affected™®
(25% each), and may be simultaneously
involved in 8% of cases™. Overall, itis a
very common cause of exercise induced leg
pain (26-33% of cases)>'.

Ithas always been thought that the pain
associated with CECS was due to purely an
ischaemic phenomenon caused by an
increase in muscle compartment volume.
Muscle volume can increase up to 20% of
its resting size during exercise and
increased muscle volume causes an

increase in the internal pressure within the
fascial compartment®.

In the presence of a restricted fascial
envelope, a commonly suggested
mechanism was that the increase in
compartment pressure would ‘choke’ the
compartmental blood flow, reduce tissue
perfusion and tissue ischaemia (pain)
would result. The deoxygenation of the
muscle would increase cell permeability
and fluid would shift into the interstitial
space, and a swelling effect would occur.

The proposed mechanisms involved in
this ischemia argument include arterial
spasm‘™®, obstruction of microcirculation™
and arteriolar/venous collapse”. This
theory is further supported by muscle
biopsies, which show characteristic blood
vessel factors that may contribute to the
development of CECS or be associated with
CECS"™_ Findings such as the lower
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number of capillaries surrounding muscle
fibres and lower capillary density per
muscle fibre area may be associated factors
in CECS.

However, theidea that tissue ischaemia
is the source of pain has been
questioned®*?”. In a straightforward study
that looked at the ischemia/tissue
perfusion concept, Trease et al (2001)
showed (using SPECT scanning) that
there was in fact no significant difference
in the relative perfusion in patients
diagnosed with CECS and those in a
control group®?.

Therefore, alternative theories have
been sought. One theory is that as blood
volume increases during exercise and the
muscle starts to swell, the fascia cannot
distend to accommodate the increase in
intra-compartment volume. The pressure
in the compartment builds and this may
then stimulate sensory receptors in the
fascia or periosteum, or possibly
biochemical factors are released due to the
minimal blood flow?.

Another possible — and more recent —
train of thought is that CECS may be
caused by inflammation-induced fibrosis
of the surrounding fascia around a muscle,
and subsequent reduction in the elasticity
of this fascia caused by repetitive overuse.

The basis of this proposal is from a
study from Barbour et al (2004), which
looked at the histology of the fascial-
periosteal interface in subjects with deep
posterior compartment syndrome, and
who underwent surgery for this
condition®®. The tissue pathogenesis is
loosely confirmed by biopsies that show
that the fascia is abnormally thickened.
Interestingly, the fascia in these subjects
appears more organised than normal
subjects, possibly hinting ata remodelling
process in the fascia due to the histological
changes encountered. Biopsies of the
fascial-periosteal interface also show®:

e Fibrocytic activity

@ Chronicinflammatory cells

@ Vascular proliferation

@ Decreased collagen irregularity
(suggestive of an attempted healing and
remodelling process)

The flow chartfrom Barbour etal (see figure
2) shows the sequence of events that may
lead to CECS.

Biomechanical overload
syndrome

In another view on the pathogenesis of
CECS, Franklyn-Miller et al propose a
model known as the ‘biomechanical
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Figure 2: Possible sequence of events leading to CECS®®

Repetitive microtrauma

Individual histochemical response

Inflammatory
cell infiltration

Altered fascial
compliance

Pain fibre
stimulation

From Barbour et al (2004)

Fibrocyte
activity

Vascular
proliferation

overload syndrome’@®. This theory
postulates that intra-compartmental
pressure theories and tissue ischaemia
models are all irrelevant as the pain may
actually stem from muscle overload. They
argue that this is the reason why in their
series of surgical subjects, poor results are
often seen after surgical fasciotomy.

Instead of focusing the treatment
direction towards fascial compliance (via
massage or surgery), they managed
conditions of CECS with running
re-education to reduce the loads on the
tibialis anterior (anterior CECS) and tibialis
posterior (deep posterior CECS). The focus
was on mid-foot running styles and higher
cadence running (decreased stride length)
and other individual running
biomechanical variations.

Furthermore, patients underwent a
program of dynamic core and gluteal
strengthening, podiatricinputand hip, knee
ankle triple flexion alignmentimprovement
and education. The in-patient course was
followed by a 3-month individualised gait
rehabilitation programme based around
return to running and improved lower-limb
conditioning. They found at three months
follow ups, the subjects had retained the gait
changes they had been taught and 70%

experienced a resolution of their CECS
symptoms©?.

In summary, it is most likely that the
cause of CECS is multifactorial. The factors
that may be relevant are as follows“>:

1. Constraints of an inelastic, fixed,
osseofascial muscular compartment.

2. Normal and abnormal swelling of the
muscle with exercise.

3. Abnormally thickened fascia.

4. Normal muscle hypertrophy in
response to weight training.

5. Supplementuse (creatine and
steroids).

6. Dynamic or prolonged contractions
due to abnormal gait patterns.

A number of risk factors may be associated

with CECS. These include:

@ Anabolic steroid and creatine use. Both
increase muscle volume®.

@ Eccentric exercise — increases the risk
due to decreased fascial compliance and
this may be more relevantin younger
growing athletes®.

o Pathomechanics in a runner such as
overpronation can increase the risk of
compartment syndrome secondary to
pressure on individual muscle groups in
the lower leg®®.
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Diagnostic testing

Itis beyond the scope of this paper to discuss
all the possible lower limb investigations.
However, the clinician should keep in mind
that CECS does mimic other lower limb
overuse conditions and investigations may be
required torule these outas a possible source
of exertional lower limb pain. For example,
technetium-99 bone scans may be required
to observe increased uptake on the medial
tibia thatwould be suggestive of medial tibial
stress syndrome or a tibial stress fracture as
being the source of exertional lower leg
pain‘®. Also, degree of overlap can exist
between many of these conditions. The
confirmation of one does notnecessarily rule
outthe existence of the others.

The gold standard in diagnosis has fora
long time been the Strkyer catheter
pressure measurements for intra-
compartmental pressure. During normal
exertion, the compartment pressure
typically increases 3-4 times from resting
levels and then returns to normal a few
minutes after cessation of activity. In
patients with CECS however, the levels
remain elevated for much longer.

The Strkyer catheter (see figure 3) is a
hand-held needle device that includes a
pressure scale. The needle is placed into
one of the four compartments. Normal
salineis injected into the compartmentand
the pressure of the compartment is taken.
After entering the compartment the proper
placement of the needle can be verified by
externally compressing the compartment
being measured and observing a pressure
increase on the device'”.

Testing the lateral and anterior
compartments is reasonably simple as
these compartments are easy to access. The
deep posterior compartment is harder to
access anatomically. To test for
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Signs and symptoms of CECS

The usual signs and symptoms of deep posterior CECS include the following:

1. No pain at rest but builds with exertion.

2. Exertional pain, ache, burning, cramping or tightness in and around the
medial tibia. Possible tingling and numbness in the plantar aspect of the
foot. These recover quickly with rest.

3. The pain usually comes on at a fixed point during exercise eqg at the

3-mile mark of a run.

4. The compartment may feel hard and tense upon palpation and may be
tender. Deep posterior syndromes do not feel as tense or painful as
anterior and lateral compartment syndromes.

5. Weakness with toe off, plantar flexion and flexion of the big toe.

6. Possible to have the ‘second day’ phenomenon

@8 _ je pain and ache

beginning much earlier during the exercise session on the day after the

initial episode of CECS.

7. Fascial herniations (bulges) may appear along the medial shin or

anterior shin.

8. X-rays and bone scans are normal.

NB: A few other conditions may mimic a CECS. These include popliteal artery
syndrome. medial tibial stress syndrome, vascular claudication and tibial stress

fractures®”.

intra-compartmental pressure in the deep
posterior compartment, the needle is
inserted posterior to the tibia on the medial
side atthe junction of the lower and middle
thirds of the tibia, and through the two
layers of the fascia. The patient is then
taken through some exercises that will
increase the intra-compartmental pressure
such as calf raises and running. It is
important however that the actual activity
that causes the pain is used to increase
compartment pressure.

Pressure measurements are taken
before exercise, immediately after exercise
and then five minutes after. The most
commonly used criteria for diagnosis has
been as follows®®:

1. Basalintra-compartmental pressure
>15mmHg

2. Oneminute post exercise >3ommHg
3. Five minutes post exercise >2ommHg

However, a recent systematic review of
standard pressure measurements has
suggested that symptomatic patients
overlap normal subjects in compartment
pressure studies, which therefore may lead
clinicians to over emphasise the importance
of measuring compartmental pressure to
definitively diagnose compartment
syndrome®*4?),

As compartment testing is invasive and
painful, other testing methods have been
sought. Near-infrared spectroscopy is a test
that shows some promise. This test
measures oxygenated and deoxygenated
blood in the muscles pre and post-exercise.
Results that indicate that with CECS, there
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is a delayed return to the level of oxygen at
baseline when the muscle is measured post
exercise, and an increased ratio of
deoxygenated to oxygenated muscle post-
exercise®”. Infrared spectroscopy is very
sensitive and has been shown to be more
sensitive than MRI or intra-compartmental
measurements®?.

Other new methods are that are
non-invasive include diffusion tensor
magnetic resonance imaging (DTI) and
ultrasound. However, the studies on
ultrasound have been performed on the
anterior compartment and not deep
posterior compartment®°3", Post-
exertional MRT has also been used to test for
CECS. The basis for this is the evaluation of
changes in soft tissue composition that
MRI may detect. With CECS, abnormal
fluid shifts and compartmental oedema has
been implicated, and post-exertional MRI
may see this fluid change®”.

Treatment

*Conservative

Initially, conservative management may be

attempted prior to surgical intervention, and

this may prove effective®?. Conservative

strategies involve the following:

@ Reducing exercise volume

@ Deep tissue massage

o Active release techniques

@ Dry needling techniques

@ Assessmentand correction of causative
factors such as biomechanical faults,
training faults and orthotic/shoe selection

The use of extensive soft tissue myofascial
massage (sometimes twice per day) with
reduced running/training loads for a 4 to
6-week period does fit with some of the
theories as to why CECS develops. If CECS
is due to a tight fascial envelope then
myofascial soft tissue massage may give the
compartment fascia some extra
compliance. Ifitis due to sensitisation of
nerve endings in the fascia, then deep tissue
massage may desensitise the fascial nerve
endings over time.

*Surgical

Surgery via fasciotomy (slits in the fascia)
or fasciectomy (removal of fascia) is based
on the idea that pressure needs to be
released from the compartment. There are
a few different forms of fasciotomy"”.
These include open fasciotomy,
subcutaneous fasciotomy and endoscopic
fasciotomy. These procedures inherently
all aim to do the same thing — to divide the
restricting envelope of the fascia and thus
effectively increase the size of the

compartment. The logic for surgery is that
ifit's true thata tight, non-compliant fascial
envelope is the root cause of CECS, then
long term rest and conservative measures
are likely to be ineffective. If the tight fascial
envelopeisirreversible, then surgery must

Dbe the only effective treatment.

Deep posterior fasciotomies have a
success rate of 50% compared with the
success rate of fasciotomies of the
superficial fascia and lateral fascia®®.
Ambramowitz and Schepsis found that all
16 patients who underwent anterior
compartment fasciotomy had good
results®”. However, only 13 out of 20 had
satisfactory results for the same procedure
to the deep posterior compartment.
Decreased success in the release of the deep
posterior compartment has been attributed
to its more complex anatomy, poor
visualisation of this compartment during
surgery, inaccessible small muscular
subdivisions and initial misdiagnosis such
as tibial stress fractures, vascular
insufficiency and popliteal entrapment.

Early mobilisation after surgery is
required to maximise the effect of the
fasciotomy. If the patient remains inactive in
bed for several days after surgery, then the
fascia may well heal back to its original size
and make the surgery ineffective. The
typical post-surgical factors to consider are:
1. Post-operative antibiotics to reduce

infection and cellulitis.

2. Fullankle plantarflexion and
dorsiflexion post-operative to
encourage early and optimal loading.

3. Non-weightbearing or limited
weightbearing in the first five days
then full weightbearing.

4. Strengthening work once scars have
healed.

5. Gradualreturn to running 4-6 weeks
post-surgery.

6. Fullreturn to sportat 6-8 weeks
(x compartment) and 8-12 weeks
(multiple compartments).

It is beyond the scope of this paper to
explain a thorough rehabilitation guideline
for CECS both conservative management
and post-surgical rehabilitation. For a
comprehensive guide, refer to Amy
Schubert’s piece in the International
Journal of Sports Physical Therapy®“”.

Summary

CECS of the deep posterior compartmentis
areasonably common lower overuse injury
affecting primarily those in running sports.
It usually presents as a deep ache and
stiffness in the postero-medial shin that
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typically comes on a specified time/distance
during exercise. It usually resolves soon
after cessation of activity. The exact
pathogenesis of this condition in open to
debate. The gold standard investigation for
CECS has for a long time been catheter
compartment pressure testing. However,
new methods of investigation show some
promise as non-invasive tests for CECS.
Treatment can be either conservative
through stretching, myofascial release and
biomechanical modifications. If these fail
then surgical release has been advocated.
The return to competition time is reasonably
fastfollowing surgical interventions.
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PFP and soleus function

Patellofemoral pain: soleus to the rescue?

Pat Gilham considers the issue of patellofemoral pain in runners. Can improving soleus capability
of play more of a role in treatment?

Itis well understood that patellofemoral
pain (PFP) has ahigh incidence rate among
runners". There are many intrinsic factors
which are believed to influence PFP in
runners, including abnormal anatomical
alignment and foot posture, as well as
faulty foot landing patterns®.

Multiple interventions have been
developed in an attempt to mitigate these
factors, including exercise programs to
improve strength, neuromuscular control,
and flexibility, with positive effects®®. In
particular, a multimodal intervention
program is recommended for the
management of runners with PFP -
specifically including gluteal and
quadricep strengthening, and running
retraining®®.

Interestingly however, there is limited
research investigating the role of soleus in
runners with PFP. We know that soleus
length can influence PFP”, and that
greater duration of soleus activation
distinguishes PFP from asymptomatic
runners‘®. Therefore, it is logical to
conclude that there must be some
justification for improving soleus
capabilities for runners with PFP. This
article will explore that notion.

The role of soleus in running

Soleus consists of 80-96% slow twitch
muscle fibres®, and is therefore thought of
as a more ‘endurance’ muscle, but one
whose role is largely eccentric in nature®.
During the running gait, the soleus muscle
produces up to 50% of total vertical support
force, which is made possible by the fact
thatitmakes up to 52% of the volume of the
posterior calf (see figures 1a and 1b)*".

During ground contact, soleus regulates
knee flexion by controlling tibial
movements in relation to the foot — and
therefore the floor. In later stance, soleus
decelerates the leg through its action at the
ankle, and propels the trunk forwards
through its plantarflexor function,
producing vertical forces approaching
eight times body weight®.

These forces are thought to be asa result
of the ‘bipennate’ structure of the soleus
muscle. The fascicle attachments of the
medial and lateral aponeurosis onto the
central tendon has a larger oblique or

Figure 1a: Soleus muscle basic anatomy

Plantaris
Heads of the
gastrocnemius
Soleus
Calcaneal
tendon

a) Showing soleus (gastrocnemius cut away for clarity).

Figure 1b: Cross section of lower leg showing muscle volumes

Soleus 52% e

Med Gas 32% -~
Lat Gas 16% /

Albracht et al 2008

b) CT scanning shows that soleus muscle volume can account for up to
52% of the volume of the posterior calf'o™,
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Figure 2: Pennation angle . .

is the strong recommendation for
increasing step rate or cadence to limit
Ideal Mechanical Advantage over-striding and reduce impactloading®®.
This is performed using a metronome,
musicor verbal cues, and working towards
reaching 180 steps per minute®. The
significance of this figure is supposedly
related to more efficient power absorption
of the hip, knee and ankle joints on impact,
which is proposed to be linked with injury
prevention (see figure 3 below)™.

Assessing soleus length and
strength

Measuring length — There are two reliable
ways of assessing a runner’s ankle
dorsiflexion range of movement, and
therefore soleus length (see figures 4 and 5).
As the pennation angle () increases, more mechanical advantage is created, Both have a good reliability and low
which allows for greater force production measurement error®, and can be easily

applied in a clinical setting.

pennation angle, which allows for a greater
net force production, much like a pulley gL TR A CIGER 8BS TR EERGT BT T E T T LA T L [ RS
system (see figure 2 above) " '¥. The degree
of pennation angle of soleus is greater than
that of any other of the tricep surae

structures, and is found to be on average 15 s 160 [T Hip
degrees larger in men compared to ¢ 140 [ Knee —
women®. .g 20 B Ankle
£y
(=N
PFP and running L 100
PFP is described as retropatellar pain or -
pain along the lateral and medial borders of g 80
the patella, and is the most common 2 60 -
running injury with 17% of diagnoses®®. It <
has been suggested that runners with PFP = o0
show higher vertical loading rates of E 20
ground reaction forces during early stance, L

which have been linked with increased 0
patellofemoral joint forces®. Additionally,
there is a link between PFP and runners
with greater hip adduction, hip internal 160

-10% -5% Preferred +5% +10%

rotation, and tibial internal rotation, as well 3
asareduced contralateral trunklean, and a £ 120
reduced ankle dorsiflexion angle'. e
Similarly, an increased peak knee flexion ‘\:‘ 100
angle on landing, as well as over-striding; =
heavy landing patterns, and an upright f’g
running posture have all been suggested as g 60 L
risk factors for PFP in runners®. S
As well as improving gluteal and Q 40
quadricep strengthening, the benefits e
of practically applying running retraining ::: 20
to counter the above risk factors has been 0
highlighted as a treatment for PFP. More -10% -5%  Preferred  +5% +10%

specifically, addressing the presence of
exc.essive hip adduction using visual | pesearch shows that at higher stride rates, less energy is generated (bottom) on impact
(mirror) and verbal feedback, as well as | and less energy therefore needs to be absorbed (top), particularly at the knee joint
increasing forward lean have been | (shown in grey).

supported.
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The half-kneel, knee-to-wall test is
measured in centimetres from the toe to
the wall. Itis measured at the point that the
knee touches the wall, but the recipient
must be able to keep their heel on the floor.
The benefit of kneeling is to avoid any
trunk/hip/ pelvic rotation compensation of
the athlete, which produces a more
accurate reading.

The tibial inclination angle is measured
using an inclinometer or tilt meter. This is
achieved by the athlete bending their knees
over their toes without their heel elevating
offthefloor. By performing this bilaterally at
the same time, again you will preventany
rotational compensation from the trunk or
hips, which results in a more accurate
measurement. Most commonly, an
inclinometer application can be
downloaded on smart phones, which makes
iteven easier to use in a clinical setting.

Measuring strength — Single leg soleus
capacity testing can be assessed on the flat,
oroffa stepin order to indicate the runners
concentric and eccentric ability™. This can
be completed in standing, but must be
performed with a knee flexion angle of
30-60° to maximise soleus activation®.
This position can be aggravating for PFP
however, so a seated weighted single heel
raise (see rehabilitation section) might be
more beneficial, and a comparison
between each limb achieved.

Figure 4: Half-kneel knee-to-wall
test

Figure 5: Tibial inclination angle
using inclinometer

Rehabilitating soleus for
runners

Considering the power output and
endurance characteristics of soleus as well
asthe significance of step-rate retraining in
runners with PEP, the inclusion of soleus
rehabilitation for treatment is rationalised.
The main aims of rehabilitation should be
to improve the slow-twitch muscle fibre
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properties®, and eccentric capabilities of

soleus®. This can be achieved in ways that
are supported by evidence, but that can be
applied in a clinical setting and avoid
aggravating PFP levels.

Use cycling to promote soleus activity — The
greatest activation of soleus is achieved in
the downstroke phase (ie 0-180 degrees) of
cycling; from 45-135 degrees (see figure 6).
Likewise, achieving a pedal rate of 9o+
repetitions per minute (rpm) will also
generate improved EMG activity for
soleus"”. More specifically however,
research shows that around 329 of soleus’
maximum voluntary contraction (MVC)
will be achieved when resisting a workload
of 120W whilst cycling™??.

Having the pedal positioned in the
middle of the foot is also important for
increasing soleus activity®”, as well as
avoiding using toe-clip pedals which
appears toreduce soleus activation”. These
variables can all be applied practically within
a clinical setting to promote the activity of
soleus in a runner who needs to maintain
aerobic capacity, but may be restricted in
their running capabilities due to PFP.

Figure 6: Bicycle crank position and soleus activity

MUSCLES USED DURING
A PEDAL STROKE
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Figure 7: Balance training to promote soleus activity

Use balance training to promote soleus
activity - We know that unstable surfaces
can produce increased soleus EMG activity
by 30-40%, particularly while squatting®
23 There can be many ways to apply
balance training in a clinical setting. A
good example is shown below (figure 7),
which additionally works on retraining of
knee-hip-ankle alignment control as

previously mentioned .

It’s important that centre of gravity is
placed over the standing foot and a knee
flexion angle of 30-60° is maintained during
the activity in order to gain maximum soleus
activation"®. Anterior pelvic tilt should be
promoted however, to avoid overload of the
patellofemoral joint, which may aggravated
PFP. Weight can also be added using

Figure 8: Weight training to promote soleus slow-twitch muscle fibre

and eccentric development
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dumbbells or kettle bells. Holding this
position until fatigue is ideal.

Use weight training (to promote slow-
twitch muscle fibre and eccentric
development) — A position of 80-90
degrees of knee flexion is recommended to
isolate soleus activation®, which is best to
replicate when seated. As previously stated,
this seated position will avoid aggravation
of PFP because patellofemoral jointload is
limited.

The bestway to do thisis by using the leg
extension machine (see figure 8); ideally
using a resistance equivalent to body
weight and more, if manageable. A step
can be added to promote eccentric
contraction, and high repetition countof 30
reps should be targeted over four sets.

Increasing soleus length — According to
some research, runners with PFP present
with reduced soleus length, which results in
a decreased ankle dorsiflexion angle'”. A
theoryis thatif athletes with PFP donothave
sufficient dorsiflexion range of motion, they
may use compensatory mechanisms such
as excessive subtalar joint pronation.
Consequently, they may experience
increased lower extremity internal rotation,
or perhaps external rotation of the lower leg,
to gain additional motion during the
terminal stance phase of gait'”. It has been
suggested that tight plantar flexors and
increased subtalar joint pronation will
change how the lower extremity distributes
joint reaction forces during gait, and might
be a source of various running injuries™.

Increasing soleus length can be achieved
using amedicine ball for direct trigger point
release to the muscle belly, or by stretching
soleus through ankle dorsiflexion with knee
flexion; holding for a prolonged period of
30-60 seconds (see figure 9).

Summary

PFP isavery common problem in runners.
There has been much research debating
the mostappropriate management for this
musculoskeletal injury. Surprisingly
however, a very limited quantity has
investigated the role of soleus.

Given the significant force that soleus
generates in the stance phase when
running, and the recorded impact on PFP
when its length is reduced, inclusion
during rehabilitation must be taken into
consideration. This rationale is further
strengthened by the fact that increasing
step rate or cadence in runners is now a
recommended form of rehabilitation for
PFP.
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Figure 9: Soleus trigger point release
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Foam rolling in rehab

Roll away the blues

Foam rollers are commonly recommended by clinicians as part of a rehab programme for their
clients. With thatin mind, Andrew Hamilton considers the recent research on the efficacy of foam
rolling, and the most effective techniques for its implementation

The use of foam rollers to provide tissue
massage has become very popular in
recent years. Advocates for foam rolling
cite a number of potential benefits for its
use. These include improved joint mobility
and flexibility, enhanced recovery
following intensive exercise where delayed
onset muscle soreness (DOMS), a
reduction in fascial tissue stiffness and a
reduction in injury-related pain. There’s
even some suggestion that regular foam
rolling could enhance muscle force
generation and by doing so, improve
athletic performance. In this article, we
will look at the most recent evidence to
support (or otherwise) these claims, and
the most effective implementation
protocols for foam rolling.

Foam rollers come in several sizes and
densities. Commercial foam rollers are
typically available in two lengths: 36 inches
and 18 inches”.

The structure of foam rollers vary from
amild density foam to a more rigid and

Figure 1: A 'GRID' foam roller

solid plastic cylinder with a dense foam
outer covering.

Although researchers have
demonstrated that higher density foam
rollers can produce more pressure on the
target tissues than softer density foam
rollers”, the downside is that some

patients may find hard foam rollers too
uncomfortable to use so a compromise
may be needed. The foam rolling surface
may also vary from smooth to textured,
through to ‘knobbly’. To date, there’s little
evidence in the literature as to which
surface type may be most effective;
however, the ‘GRID’ foam roller (see figure
1) has been used in previous studies in this
area with positive results®.

Questions

The practice of foam rolling has only really

become popular in the last decade or so.

And while studies have reported various

beneficial results from a foam-rolling

programme, there remain a number of

questions to be resolved. Examples of these

questions include:

® How effective is foam rolling for
increasing joint range of movement
(ROM)?

® Can foam rolling techniques be
effectively self taught?
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Figure 2: Improvements in range of movement following foam rolling®

3
2
=
o
o
=
w
=
[
)

ul

Quadriceps 48h Quadriceps 72h

® Which types of rollers are most efficient?
o [s foam rolling an effective technique for
myofascial tissue release?

Unfortunately, the relatively limited
amountofevidence available to date means
thatit’s not possible to fully answer all of
these questions; however alook at some of
the more recent studies can give clinicians
some useful insight into what are likely to
be effective approaches.

Foam rolling and ROM

Many studies have investigated how
stretching affects range of motion and
performance. In general, these results
showed increased ROM following a
stretching programme but with (in the
shortterm) an impairment in subsequent
performance —an undesirable outcome for
an athlete who is seeking to improve joint
flexibility in readiness for competition or
training®®.

Hamstrings 72h

More recently, the use of foam rolling
has been advocated as an alternative to
stretching. In a study that have examined
how a foam roller affects flexibility,
researchers reported 12.7% and 10.3%
increases in knee-joint ROM at two
minutes and ten minutes respectively,
following two 1-minute bouts of foam
rolling'”. In another study, researchers
found that compared with no foamrolling,
quadriceps ROM was 11% and 9% greater
at48 hoursand 2 hours, respectively after
treating exercise-induced muscle damage
(EIMD) with afoam roller (see figure 2)®. In
the same study, hamstring flexibility at 72
hours post foam rolling was 3% greater.

In a study in which roller massagers
(hand-held rollers applied to the muscles
with force applied by the user rather than
using bodyweight — see figure 3), researchers
demonstrated a 4.3% increase in ‘sit-and-
reach’ ROM with 5 and 10 seconds of roller-
massager application®. Although not

Figure 3: Roller massager
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significant, they found a trend for 10
seconds of roller massaging to increase
ROM more than 5 seconds. Importantly —
and contrary to most static-stretching
studies involving prolonged durations —all
three of these studies reported either no
subsequentreduction in voluntary force or
activation, or a much lesser degree of
impairment.

Another study looked at the effects of
roller massaging on knee ROM and
neuromuscular efficiency during the lunge
exercise'?. Ten recreationally active
participants performed three randomised
experimental trials on three separate
occasions:

1. Five repetitions of 20 seconds of roller
massaging to the quadriceps.

2. Five repetitions of 6o seconds.

3. A control condition in which
participants sat quietly.

To ensure consistency, the rolling was
applied by a machine set at 25% of each
participant’s body mass. The two key
findings were as follows:

® Knee-joint ROM was 10% and 16%
greater than the control condition in the
20-second and 60-second roller-
massager conditions, respectively.

o A roller massager applied to the
quadriceps ataload equal to 25% of body
mass was moderately painful and
induced minor contractions as
measured by (EMG).

More evidence

Further studies also provide credibility to

the notion that both foam rolling and roller

massaging can aid in improving range of

motion. For example, in a study on 40

subjects with less than 9o degrees of

passive hip-flexion ROM, researchers

compared the effects of foam rolling and

static stretching on range of motion.

During each of trial sessions, subjects'

passive hip-flexion ROM was measured

before and immediately after the following:

o Static stretching only

o Static stretching combined with foam
rolling

o Foam rolling only

® Nothing (control)

To minimise accessory movement of the
hip and contralateral leg, the subjects
adopted a supine position, with a strap
placed across their hip, and another strap
located over the uninvolved leg just
superior to the patella. A bubble
inclinometer was then aligned on the thigh
of the involved leg, with which subjects
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Box 1: Foam rolling for myofascial release

Self-myofascial release (SMR) is an intensive self-
treatment with rigid foam rollers and other small handheld
tools based on the exertion of compressive force to the
soft tissue. Often these tools are used as part of a
comprehensive program and are often recommended to
the client to purchase and use at home Aiming to tackle
dysfunctions of the skeletal muscle and connective tissue,
it claims to mimic the effects of manual therapy
techniques. As we've seen, recent studies indicate that
SMR, among other things, improves range of motion
without concurrent decrease in neuromuscular
performance.

In addition to neuronal mechanisms, such as increased
stretch tolerance™'?, these flexibility increases might be
attributed to acute two key morphological adaptations:

1. The fasciae surrounding the muscles of the lower
extremity are composed of multiple fibrous layers.
Loose connective tissue enriched with hyaluronic acid
allows these layers to slide against each other during
motion - for example contraction or elongation of the
underlying muscle - see figure 4)". Several researchers
have postulated a positive effect of SMR using foam
rolling on fascial sliding properties. This effect may
come about by breaking up adhesions or loosening
cross-links between these layers™®.

2. Another hypothesised morphological consequence of
SMR is the alteration of passive tissue stiffness, such as
that which occurs after static stretching. A number of
studies have demonstrated the existence of
myofibroblasts (and their ability to impact stiffness) in
fascia®. According to in vitro experiments, fascial
hydration has been shown to alter biomechanical tissue
properties®. Therefore, compression of the muscle and
the surrounding fascial tissue by use of a foam roller
might stimulate contractile cell activity, and beneficially
affect tissue hydration and the microarchitecture of cell
cytoskeleton or muscle filament mechanical properties -
and thereby reducing fascial tissue stiffness@®2".

But while both of these morphological mechanisms seem
highly plausible, there is insufficient scientific evidence to
date to confirm that this is the case. That's because most
studies have focussed purely on functional and subjective
parameters such as flexibility, range of movement, recovery
and pain. However, there is currently a trial underway to try
and explore the underlying mechanisms involved in self-
fascial release using a foam roller or roller massager®?. In
this study, researchers are evaluating the acute effects of
SMR on the passive tissue stiffness of the anterior thigh
muscles, and the sliding properties of the associated
fasciae. Results are expected in the near future.

Figure 4: Fasical architecture
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then performed hip flexion. The results
showed that that both static stretching and
foam rolling produced gains in passive
hip-flexion ROM. Interestingly, a
combination of the two produced slighter
greater ROM gains, which led the
researchers to conclude: ‘Our results
support the use of a foam roller in
combination with a static-stretching
protocol. If time allows and maximal gains
in hip-flexion ROM are desired, foam
rolling the hamstrings muscle group
before static stretching would be
appropriate’.

Another study compared the effects of
static stretches and self-administered roller
massaging of the calf muscles on ankle
ROM, maximal voluntary contraction
(MVC), force F1oo (force produced in the
firsttooms of the MVC), electromyography
(EMG of soleus and tibialis anterior) the
characteristics of the plantar flexors, and a
single limb balance testin 14 recreationally
trained subjects"®.

After awarmup, subjects were assessed
for passive dorsiflexion ROM, MVC, and a
single-limb balance test with eyes closed.
Following the pre-test, participants
randomly performed either static stretches
or roller massaging (three 3 sets of 30
seconds, with ten seconds of rest between
each set). Both roller massage and static
stretching increased ROM immediately
and 10 min after the interventions.
However, when maximum voluntary
contraction was also assessed after 10
minutes, the self-massage with a roller
massager led to significant improvements
in MVC force compared to stretching.

Which foam roller?
Readers will have noticed that both foam
rollers and roller massagers have been
shown to produce beneficial effects in
studies. This begs the question as to which
type might be more effective. A study
published earlier this year compared the
effects on flexibility of foam rolling vs.
roller massaging of the hamstrings®®. In
particular, the researchers sought to
establish whether foam rollers and roller
massagers were equally effective for
increasing hamstrings flexibility in
asymptomatic physically active adults.
Looking at data from previous studies on
foam rolling and roller massaging, four
studies were analysed — two using roller
massagers and two using foam rollers.
Both of the roller-massager studies
reported significant increases in
hamstrings flexibility after treatment.
Meanwhile, the data from the foam-roller

Box 2: Methods of instruction®
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@ For the video-quided intervention, subjects followed an instructional video that
demonstrated the use of the foam roll on the left quadriceps muscle group.
Subjects had their own foam roll and followed the investigator. The instructor in
the video provided a brief introduction and then discussed the foam rolling

technique.

@ For the live-instruction intervention, subjects followed the examiner's
instructions, which were the same as the video-guided intervention. The video
was transcribed into a text-based script that the examiner followed while
teaching the foam rolling technique. The examiner began by demonstrating the
foam-rolling sequence then had the subject perform the two-minute sequence

of rolling and knee bends.

@ For the self-guided or control intervention, the primary investigator
demonstrated the plank position and placement of the roller under the left
guadriceps group. Subjects performed their own preferred method of foam
rolling on the left leg for two minutes. The investigator monitored the
intervention time and did not provide any feedback.

studies did not seem to demonstrate a
statistically significant increase in
hamstring flexibility, although one of the
two studies did demonstrate a strong effect
that nearly reached significance. The
authors concluded that moderate-quality
studies supportthe use of roller massagers
but provide limited evidence on the
effectiveness of foam rolling to increase
hamstring flexibility. They suggested that
the superior result observe in the roller
massaging studies was likely due to a
longer alonger duration of treatment and
administration by a trained therapist rather
than any mechanical effect of the rollers
themselves.

The results from the study above seem
to hint that for the best outcome, the
application of aroller (foam or massager) is
best carried out by a trained therapist.
However, a study also published earlier
this year suggests that this is not necessarily
the case. In this study, researchers set out
to compare the effects of video-guided, live
instructed, and self-guided foam rolling
interventions on knee flexion ROM and
pressure pain thresholds in 45 adults®.
Subjects were recruited and randomly
allocated to one of three intervention
groups (see box:

1. Video-guided
2. Live-instructed
3. Self-guided

Each foam rolling intervention lasted a
total of two minutes and the variables
measured included knee flexion ROM and
pressure pain threshold of the left
quadriceps.

The results showed that all three of the
intervention groups showed significant

gains in knee flexion ROM and pressure
pain thresholds (an approximate 5-degree
increase of knee flexion and a 150kPa
increase in pressure pain threshold).
Moreover, all the tuition methods showed
the same magnitude of gains, and the
researchers concluded that clinicians can
confidently use video or self guided
techniques to help their clients perform
foam rolling interventions independently
outside of formal care.

Vibrating rollers

Finally, it'’s worth mentioning a new type of
foam roller, which has recently appeared
on the market. Recently, manufacturers
have combined technology of vibration
therapy with foam rolling — and come up
with the development of vibrating foam
rollers. But are they more effective? Until
justa couple of months ago, there were no
peer-reviewed investigations on this
technology. However, a study recently
published looked at the effects of a
vibrating roller and non-vibrating roller
intervention on prone knee flexion passive
range of motion (ROM) and pressure pain
thresholds (PPT) of the quadriceps
musculature®”.

Forty-five recreationally active adults
were randomly allocated to one of three
groups:

@ Vibrating roller
® Non-vibrating roller
o Control

Each rolling intervention lasted a total of
two minutes while the control group did not
roll. Measured outcomes included prone
knee flexion ROM and PPT. The vibrating
roller demonstrated the greatestincrease in
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PPT (180kPa), followed by the
non-vibrating roller (112kPa), and control
(61kPa). For knee ROM, the vibrating roller
demonstrated the greatestincreasein ROM
(7 degrees), followed by the non-vibrating
roller (5degrees), and control (2 degrees). In
terms of significance, the gains in ROM
vibrating and non-vibrating rollers were of
similar magnitude (although there was a
trend towards great ROM with the vibrating
roller). However, the results clearly showed
that a vibrating roller may increase an
individual's tolerance to pain greater than a
non-vibrating roller. With such a paucity of
research, it’s too early to be 100% confident
thata vibrating roller could be superior toa
non-vibrating roller, but the initial results
are certainly encouraging.

Summary
Recent studies seem to confirm that foam
rolling and roller massaging are capable of

improving joint ROM across a number of
joints. The effects are equivalent or superior
to static stretching but without the acute
performance drawbacks of the latter. Foam
rolling may also be effective for self-
myofascial release, although the
mechanisms by which these benefits are
realised remain to be elucidated. Foam
rolling can be successfully used by clients
outside of the clinic setting providing
instruction is given — either verbal, video or
self-guided. Vibrating rollers may give
additional benefits in terms of pain
tolerance but more research is needed to
confirm this.
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Sural nerve neuropathy

Unusual injuries: sural nerve neuropathy

In this issue’s edition of unusual injuries in sport, Chris Mallac looks at the sural nerve, explaining
how it can be injured, the implications for musculoskeletal dysfunction in the athlete, and treatment

options for the clinician

The sural nerve is a sensory nerve that
courses down the postural-lateral aspect of
the calf. Its primary role is to innervate the
skin over the distal one third of the lateral
shinand outside of the foot towards the fifth
toe. This nerve can be injured in athletes in
anumber of different ways, and although
not debilitating, a sural nerve injury may
present as long term neuropathic pain,
which may hinder athletic performance.
Although it performs primarily a sensory
function, the nerve is of particular interest
as itis widely used in electrophysiological
studies and is a frequent donor nerve used
for peripheral nerve grafting”.
Anatomy and function

The sural nerve has a reasonably complex
anatomical arrangement and in the
literature many variations of the nerve
exist. In simple terms, there are two sural
nerves —the medial sural cutaneous nerve
and lateral sural cutaneous nerve —and
these eventually join via the peroneal
communicating nerve to make the sural
nerve (see figure 1)“®. However, some
other authors describe that the sural nerve
is formed by the union of medial sural
cutaneous nerve directly with the lateral

sural cutaneous nerve (not the peroneal
communicating nerve)'*'?. Due to this
confusion, the term ‘sural nerve complex’
was used to accommodate these
anatomical differences controversies®.
Irrespective of which nerve joins the
medial sural nerve, the terminal length of
the nerve then continues to form the sural
nerve that runs distally and laterally
alongside the Achilles tendon. It then
curves inferior to the lateral malleolus and
passes along the lateral border of the foot,
splitting into medial and lateral branches
near the base of the fifth metatarsal ™. The
sural nerve is a sensory nerve of the lower
limb that supplies the lower posterolateral
partofthelegand lateral partof the dorsum
of the foot. It is generally described as a
sensory nerve but may contain motor fibres
(discussed later in this article) ™.

Medial vs. lateral

*Medial — The medial sural cutaneous
nerve originates from the tibial nerve in
the popliteal fossa, 3-5cm distal to the knee
joint, and descends between the two heads
of gastrocnemius muscle. This is deep to
the fascia covering the muscle. It pierces
the deep crural fascia of the leg to become

superficial in the bottom third of the leg, at
the junction of middle and distal thirds of
the leg®™.

Asmentioned earlier, the medial sural
cutaneous nerve joins the lateral sural
cutaneous nerve via the peroneal
communicating nerve to form the distal
sural nerve. The peroneal communicating
nerve originates in the popliteal fossa
either from the lateral sural cutaneous
nerve or directly from the common
peroneal nerve?,

The most common convergence of the
sural nerve is when both the medial and
lateral sural nervesjoin (40.2%to0 83.7%) ™.
Less commonly, the distal sural nerve may
have contribution from only the medial
sural nerve (13.3% 10 53.8%), and from only
the lateral sural nerve in rare cases (o to
16%)"®. Kim et al (2006) studied the
relative contributions of medial sural
cutaneous nerve and peroneal
communicating nerve to sural nerve by
conduction study and showed that the
main contributor to sural nerve was found
to be the medial sural cutaneous nerve. It
would appear therefore that the more
important component of the eventual sural
nerve is the medial sural cutaneous nerve,
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Figure 1: Sural nerve anatomy and cutaneous distribution
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which courses through the two heads of the
gastrocnemius. When there is no
communication between the medial sural
cutaneous nerve and peroneal
communicating nerve, the medial sural
cutaneous nerve itself continues as the
sural nerve and supplies the lateral surface
ofthe leg — giving off lateral branch to the
heel, continuing as the lateral dorsal
cutaneous nerve®”. Other interesting
points about the medial sural cutaneous
nerve are shown in box 1.

*Lateral — The lateral sural cutaneous
nerve originates from common peroneal
nerve in the popliteal fossa. It descends
downwards between deep the fascia and
lateral head of gastrocnemius muscle. At
the middle of the calf it pierces the deep
fascia to become subcutaneous. Itjoins the
medial sural cutaneous nerve via the
peroneal communicating nerve (discussed

above). It is rare for the lateral sural
cutaneous nerve to continue as the sural
nerve in isolation™.

Distal sural nerve

Due to the intimate relationship the sural
nerve has with the Achilles tendon and the
ankle joint, the distal sural nerve may be
injured in lateral ankle sprains and
damaged during surgical procedures of the
Achilles tendon/lateral ankle. For this
reason, its anatomy has been extensively
studied (see figure 2)*°".

The sural nerve crosses across the
Achilles tendon from proximal-medial to
distal-lateral. There exists a ‘hot zone’
around the lateral border of the Achilles
tendon approximately 9-12 cm proximal to
the tuber calcanei, where the nerve crosses
over the posterolateral Achilles tendon and
the two are closely related. For the surgeon,
this is where care needs to be taken during

Achilles tendon surgery®”. Within this
area, no sutures should be applied without
direct visualisation of the sural nerve to
prevent sural nerve entrapment”.

Interestingly, the relationship between
the Achilles tendon and the sural nerve is
notas intimate in taller individuals, where
the distance between the Achilles tendon
and the sural nerve increases with
height®?. Furthermore, the sural nerve
passes significantly closer to the Achilles
tendon in older individuals®?.

As the nerve proceeds distal and lateral
to the Achilles tendon, it passes posterior to
the lateral malleolus with the peroneal
tendons, and along the dorsolateral aspect
of the foot (figure 2). The anatomical course
of the sural nerve corresponds to its
cutaneous innervation, which includes the
lateral lower third of the lower extremity,

the lateral heel, and the dorsolateral aspect
of the foot up to the base of the fifth toe™”.
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Box 1: The medial sural cutaneous nerve - some lesser known facts

@ Rather than coursing between the two heads of the gastrocnemius, it may
become deeply embedded on the dorsal surface of the medial or lateral
gastrocnemius muscle. If the nerve passes through the muscle, it may send
branches to the gastrocnemius muscle. This abnormal course of the nerve
may account for calf pain on contraction of gastrocnemius muscle if nerve
entrapment is involved®>™.

® Hwang et al (2003) found in a dissection study that the medial sural
cutaneous nerve came off the nerve into the medial gastrocnemius muscle
(30%) and diverged 5.5 mm from the tibial nerve tibial nerve. This was found
in 30% of subjects®®.

@ Sekiya et al (2006) looked at the communication between the sural nerve and
tibial nerve and found that the sural nerve may contain some motor fibres®.
This was supported by extensive work on sural nerve using electrodes, where
motor fibres in the sural nerve were found™.

@ Cases of anomalous innervation of abductor digiti quinti muscle of the foot via
sural nerve have been documented’. These have showed compound muscle
action on the stimulation of sural nerve and medial sural cutaneous nerve, but
not on stimulation of peroneal nerve - again suggesting that the sural nerve
may have a slight motor function.

@ The length of the nerves in the ‘sural nerve complex’ have also been variably
reported. In one study, the length of the medial sural cutaneous nerve was
21-33cms, peroneal communicating nerve 20-38cms, lateral sural cutaneous
nerve 5-13cms, and sural nerve 11-20cms®. In another, the medial sural
cutaneous nerve length was 17-31cms and lateral sural cutaneous nerve
15-32cms™. In the most variable study, medial sural cutaneous nerve lengths
ranged from 6 to 43cms, peroneal communicating nerves from 2.5 to 39cms,
lateral sural cutaneous nerves from 8.5 to 40cms, and sural nerves from 3.5
to 39.5cms"™.

Figure 2: Sural nerve around the ankle
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Mechanism of injury

Injury to the sural nerve is uncommon, and

itisnotoften reported as a cause of exercise-

related leg pain. A few possible aetiologies
of sural nerve injuries exist***”. These
include:

1. Compression of the nerve
a. Crural fascia
b. Mass lesions such as a Bakers Cyst or

myositis ossificans at the level of
gastrocnemius aponeurosis
c. Scar tissue
i. Beneath the deep fascia of the
gastrocnemius
ii. Peroneal nerve sheath
degeneration
iii. Achilles paratendinitis
d. Ganglions and lipomas
e. Extrinsic causes such as ski boots,
heel straps, casts and tightly laced
boots

2. Direct trauma due to fibular fracture,
fracture of the fifth metatarsal,
gastrocnemius muscle injury, achilles
tendon rupture or surgically induced
damage.

3. Inversion ankle sprains that stretch the
nerve.

4. Adverse neurodynamics duetoa
tethering of the nerve in the crural
fascia (fixation point). This would be
more common in running and track

and field.

Ithas been proposed that the nerve may be
entrapped by the deep fascia of the calf, and
this idea has the most relevance for the
athlete’®™. During knee extension, the
fascia could exert a compressive force on
the medial sural nerve.

The muscular course of the sural nerve
could account for the calf pains experienced
during contraction of the gastrocnemius.
At the emergence point of the nerve
through the crural fascia, a fibrous arch is
formed at the fascial opening through
which the sural nerve passes. This is a
potential entrapment site.

The superficial sural aponeurosis may
be thickened and doubled, forming a
fibrous tunnel that may compress the
nerve®*¥ The tension is worsened during
passive forcible plantarflexion, and
inversion of the foot increases tension in
the sural nerve as the nerve is tightly
adherent to the surrounding fascia. This
action may flatten the nerve within the
fibrous tunnel and pose a potential
entrapment site of the sural nerve®®.

The other mechanism of injury that is
highly relevant for the athlete is the
potential for sural nerve damage following
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lateral ankle sprains, particularly those
that involve severe adduction of the
calcaneus and/or inversion of the ankle.
As the nerve passes around the postural-
lateral corner of the ankle, it may be
injured during this mechanism. This may
potentially lead to long term secondary
neuropathic pain following ankle
sprains®.

Clinical diagnosis

As with most sports related

musculoskeletal conditions, the diagnosis

of sural neuropathy is largely based on
clinical examination. It needs to be
differentiated from other possible
conditions such as sacral (S1) sciatica,
exertional compartment syndrome of the
lower limb, piriformis syndrome, popliteal
artery entrapment and Achilles
tendinopathy, all of which can present
similar symptoms®>*".

The typical signs and symptoms
include:

1. Painand sensory alterations over the
distribution area of the nerve®. This
would include the postero-lateral side of
the distal third of the leg, as well as the
lateral aspect of the foot and fifth toe.

2. Typical subjective sensory reports
such as burning pain, hypaesthesia,
dysaesthesia or paraesthesia over the
foot or upper calf®?.

3. Tenderness may be observed over the
nerve course, while pressure over the
point of maximum tenderness can
reproduce the symptoms“”.

4. Apositive Hoffman-Tinel’s sign may
affirm the diagnosis, although
neurological examination could be
normal.

5. Possibly, thereis a positive nerve
mobility testindicating adverse
neurodynamics of the sural nerve (see
below)®?.

It is questionable whether imaging
techniques can assist in establishing the
diagnosis®®. Doppler studies,
ultrasonography, computed tomography
or magnetic resonance imaging scanning
may assist in visualisation of the
entrapment site. Using electrodiagnostic
testing, an increase in distal latency and
decreasein amplitude of the sensory action
potential of the sural nerve could indicate
long-term sural nerve entrapment
neuropathy®*“?. Furthermore, local
anaesthetic injections into the area of
tenderness can lead to temporary
resolution of the symptoms, representing
an additional diagnostic tool®>.

Sural nerve neurodynamic test
This test (see figure 3) is described in detail
by Michael Shacklock®. Itis performed if
the patient describes symptoms in the
lateral calf and foot, which may stem from
mechanical dysfunction and
mechanosensitivity of the sural nerve. This
may arise from a sprained ankle, St nerve
root irritation, cuboid syndrome and
peroneal tendinitis.

To perform this test, the patient’s leg is
grasped by the therapist’s hands so thatthe
leg is supported and the foot is held in
dorsiflexion and inversion. The leg is then
passively raised into hip flexion. This is
usually feltin the posterolateral calfand/or
posterolateral ankle. This test would be
positive if it satisfies three criteria:

1. [t must reproduce the pain or sensation
they are complaining about in the same
area.

2. Itneeds to feel different to the
uninvolved side.

3. It will be made worse by adding a
‘sensitiser’ movement such as hip
adduction, hip internal rotation or
cervical flexion.

Management

Treatment of sural nerve neuropathy can
be conservative or surgical depending on
the exact cause.

*“Non-operative treatment — A
non-operative approach may be more
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relevant in conditions where the nerve
irritation is the result of tethering of the
nerve by interfaces, or if the nerve has been
subjectto traction such as postankle sprain.
To successfully treat the mechanical nerve
dysfunctions and adverse neurodynamics,
the sural nerve test described above may be
used to ‘move’ the nerve through its
interfaces. Typical ‘slider’ techniques would
be to use the same test and then to use
repeat ankle plantarflexion/dorsiflexion to
move the nerve, or knee flexion/extension

tomove the nerve. This is described in detail
by Michael Shacklock®?.

*Surgical —This is required when the
removal of space-occupying masses is
necessary, while in fascia-related cases of
compression, neurolysis is the most
effective technique®®. As the nerve is
reasonably superficial and easy to access,
sural nerve decompression can be
accomplished under local anaesthesia, by a
longitudinal section of the fascial tunnel,
which releases the nerve from the
surrounding fibrous tissue. In the area
around the heads of the gastrocnemius,
this may involve along proximal dissection
between the two muscle bellies.

Conclusion

Sural nerve neuropathy is a reasonably
uncommon complaintin the athlete. Itmay
manifest following ankle sprain or due toa

Figure 3: Sural nerve neurodynamic test




18 SPORTS INJURY BULLETIN

tethering of the nerve through the crural
fascia and gastrocnemius muscle, and this
may be noticed upon forced plantarflexion
movements. In other sports that use tight
fitting boots and bindings such as skiing
and snowboarding, the nerve may be
compressed. Furthermore, space
occupying lesions such as ganglions,
lipomas, scar tissue and myositis ossificans
may potentially compress the nerve.

The clinical description is usually
straightforward with the athlete
complaining of pain and/or neurological
symptoms along the lateral calf and/or
lateral foot to the little toe. It can easily be
managed with nerve ‘sliders’ to improve
the neurodynamics or it can be surgically
released in the event of a space occupying
compression.
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