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From the editor

When injury strikes muscles, tendons or
ligaments, the nervous system plays an
integral role in relaying and processing the
resulting pain signals. However, the nerves
themselves can also suffer mechanical
injuries, leading to symptoms that can
easily be misdiagnosed as musculoskeletal
innature.

Inourleadarticle, Chris Mallac discusses
justsuch a situation — namely axillary nerve
injury. As Chris explains, axillary nerve
injuries are some of the most common
peripheral nerve injuries in athletes who
participate in contact sports. With thatin
mind, he describes the functional anatomy
of the axillary nerve, mechanisms of injury,
diagnostictesting and the various treatment
options for injured athletes.

Following on, Pat Gilham investigates
the most effective diagnosis pathways for
calfinjuries. Calf muscle strain injuries
are very common in athletes whose sports
involve high-speed running or high
volumes of running. However, there are
numerous other pathologies that can be
responsible for calf pain. In his article
therefore, Pat explores how clinicians can

best differentiate their diagnoses in order
to correctly determine the cause(s) of pain
and begin appropriate treatment at the
earliest opportunity.

In our third article, Kay Robinson gets to
grip with concussion. Following a number
of recenthigh-profile cases and legal battles,
concussion in sport is making headlines
around the world. In the past five years,
there has been a dramatic increase in the
number of research articles on concussion
but few of these focus on treatment options
and long-term management. To help
clinicians navigate their way through this
tricky topic, Kay discusses the different sub
types of post-concussive disorders, how to
recognise and address them early, and
looks at the latest recommendations for
theirlong-term management.

Rounding up the issue, Chris Mallac’s
second article explores a condition known
asischio-femoral impingement (IFI). The
diagnosis of IFI is one that needs to be
considered as a rare case of posterior hip
painin the athlete. Itresults from abnormal
contact between the lesser trochanter and
the lateral border of the ischium, caused by
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extremes motions of hip extension,
adduction and external rotation in athletes
who may possess particular structural
anatomical faults. Accordingly, Chris
explains the pathoanatomy of IFI, the
typical signs and symptoms, and how it is
diagnosed and treated.

Enjoy this issue and we’ll see you again
in October!

Andrew Hamilton BSc Hons
MRSC ACSM (commissioning editor)

Axillary nerve injury

Axillary nerve injury: a pressing problem

Axillary nerve injuries are some of the most common peripheral nerve injuries in athletes who
participate in contact sports. Chris Mallac describes the functional anatomy of the axillary nerve,
mechanisms of injury, diagnostic testing and the various treatment options for injured athletes

The axillary nerve is a major motor and
sensory nerve of the brachial plexus. Its
primary motor nerve innervates the
deltoid, and its smaller secondary branch
innervates the teres minor. Axillary nerve
injuries are some of the most common
peripheral nerve injuries in athletes who
participate in contact sports. It is most
prevalent in skiing (due to falls), football/
rugby, baseball, ice hockey and
wrestling?. As a result, the deltoid
muscle may become non-functional and
pose a significant functional limitation to
theathlete.

The nerve may be injured following

shoulder dislocation or a direct blow to the
deltoid muscle. Compression neuropathy
has been also reported to occur in
quadrilateral space syndrome, as the
axillary nerve exits this anatomic
compartment. The axillary nerve is also
extremely vulnerable during any operative
procedure involving the inferior aspect of
the shoulder, and iatrogenic injury to the
axillary nerve remains a serious
complication of shoulder surgery.

Anatomy
The axillary nerve provides motor
innervation to the deltoid and teres minor

muscles (see figure 1). These are important
muscles for shoulder abduction and
external rotation. The axillary nerve also
provides sensory innervation over the
lateral shoulder. The deltoid is the largest
of the shoulder muscles, and is considered
essential for normal overhead strength
movements. The muscle is comprised of
three heads:

1. Anterior (clavicular) head — abduction,
internal rotation, flexion and adduction
ofthe shoulder.

2. Middle (acromial) head — abduction of
the shoulder, which is initially started
by the supraspinatus.
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Figure 1: Anatomy of the Axillary nerve
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3. Posterior (spinal) head — abduction,
extension, external rotation of the
shoulder. The infraspinatus and teres
minor also contribute to external
rotation.

The axillary nerve is derived from the Cs
and CG6 spinal nerve roots, and arises from
the lateral aspect of the posterior cord of the
brachial plexus®. It courses laterally and
inferiorly (lateral to the radial nerve) and
anterior to the subscapularis muscle. It
then passes dorsally through the
quadrilateral space just below the shoulder
joint, with the subscapularis muscle and
the capsule of the joint superiorly, the
surgical neck of the humerus laterally, the
long head of triceps medially and the teres
major muscle below.

It then winds around the posterolateral
surface of the humerus deep to the deltoid,
dividing into anterior (longer branch) and
posterior branches, both of which supply
the deltoid muscle. The posterior division
is shorter, and may arise from an earlier
branch to the teres minor muscle. This
division supplies the more posterior
deltoid muscle fibres, which arise from the
spine of the scapula”. The upper lateral
cutaneous nerve of the arm arises from the
posterior branch and supplies the skin over
the deltoid.

The posterior branch of the nerve that
innervates the posterior deltoid also gives a
branch to the teres minor & superior lateral
brachial cutaneous nerve®. The anterior

branch of the nerve is known to supply the
anterior and middle parts of deltoid muscle,
and also the shoulder joint capsule®. In
65% of shoulders, the axillary nerve splits
into the anterior and posterior branches
within the quadrangular space. In the other
35% of shoulders, the nerve splits within the
deltoid muscle®. The nerve is only free for
a short distance in the axilla then for the
remainder of its length, it becomes attached
to the deltoid muscle by numerous
branches. This appears to render it
susceptible to stretch injury as in dislocation
and local trauma (discussed below).
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Injury to the axillary nerve

The axillary nerve is one of the most

commonly injured peripheral nerves in

athletes who participate in contact sports.

However, the axillary nerve may be injured

in other ways outside of the sport setting.

The multiple mechanisms of injury

include:

1. Following fracture of the neck of the
humerus®.

2. Following anterior shoulder
dislocation.

3. Duringreduction of a shoulder
dislocation”.

4. Bluntshoulder trauma such as direct
contact®®.

5. Compression neuropathy such as
‘quadrilateral space syndrome’
(entrapment of axillary nerve) ®'?.

6. latrogenic injuries in surgery®:

a. Shoulder arthroscopy

b. Thermal shrinkage of the shoulder
capsule

c. Plate fixation of the proximal
humerus (the deltoid muscle is
retracted)

d. Intramuscular injections in deltoid,
intra-articular and intra-bursal steroid
injections due tolack of proper
anatomical knowledge of the nerve™.

The incidence of axillary nerve palsy

following anterior dislocation of the

shoulder has variably been reported as
being between 5.8% and 48%""®. The
mechanism of axillary nerve injury in
shoulder dislocations consists of traction
and compression forces applied during
stretching of the nerve across the humerus,
as it dislocates anteriorly. This commonly

The unhappy triad

nerve®

Gonzalez and Lopez first reported the combination of peripheral nerve injury and
rotator cuff tear following anterior dislocation of the shoulder®?. This is termed
the ‘unhappy triad’ of the shoulder®”, and the ‘terrible triad’ of the shoulder®.
The incidence of the terrible triad was assumed to be 9-18% of all shoulder
dislocations. Then Takase et al reported a unique case of concurrent rotator cuff
tear and axillary nerve palsy associated with anterior dislocation of the shoulder
and a large glenoid rim fracture - a so-called ‘terrible tetrad'@.

Quadrilateral space syndrome is seen in overhead sports that require repetitive
throwing actions. This represents a chronic compression syndrome of the axillary
). This syndrome develops due to the close proximity of the teres minor to
the quadrilateral space. Teres minor forms the superior margin of the quadrilateral
space. If fibrous bands develop at the inferior edge of the teres minor, they can
compress both the axillary nerve and the posterior humeral circumflex artery.
Quadrilateral space syndrome can cause complete denervation of the deltoid and
teres minor muscles by compressing the axillary nerve. Compression could be
more severe in the abducted, externally rotated (throwing) position

(24)
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leads to an injury to the nerve before it
enters the quadrilateral space. This is
proximal to the branch point of the anterior
and posterior divisions. Therefore, the
anterior branch of the axillary nerve that
courses through the quadrilateral space
(around the surgical neck of the humerus
— deep to the deltoid) is affected. This
results in loss of motor strength to the
anterior and middle portions of the deltoid.

In addition, the posterior branch of the
axillary nerve, which divides at the inferior
aspect of the glenoid and then branches
into the superior lateral cutaneous nerve of
the arm and the nerve to the teres minor, is
also affected"". These nerve injuries
following shoulder dislocation may be
initially missed. This is because in many
patients, such injuries may pass
undetected (being mild in degree), or
because the joint or bony injuries dominate
the clinical picture.

Axillary nerve injury after blunt
shoulder trauma suggests that extreme
shoulder displacement and scapular
thoracic movement (with relative fixation
of the proximal portion of the axillary nerve,
posterior cord and brachial plexus) can also
be a mechanism of injury. The iatrogenic
injuries may be due to anatomical
variations of the axillary nerve beneath the
deltoid muscle. Surgeons need to
appreciate the exact anatomical location of
the nerve and its course to avoid the
possible damages and to protect the nerve
during surgery and injections (see later).

Injury signs and symptoms
Accurate diagnosis of an axillary nerve
injury is based on a careful history and
physical examination, as well as an
understanding of the anatomy of the
shoulder and the axillary nerve in
particular. Clinical features suggestive of
nerve injury are as follows:

1. Directtrauma to the shoulder either as
traction (dislocation) or compression
(directhit).

2. Widespread pain within the shoulder
(however a number of axillary nerve
injuries may be asymptomatic).

. Difficulty in abducting the shoulder.

. Loss of muscle bulk of the deltoid.

. Loss of sensation over the deltoid. This
last symptom may be difficult to assess
in the acute situation, as most athletes
with a shoulder dislocation reporta
dead or numb arm sensation.

vt N W

Diagnostic workup
Examinations and radiographs that may be
useful in this stage are as follows:
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Recovery following axillary nerve injury

Prognosis following anterior dislocation for neurological recovery is reportedly
excellent, as lesions associated with dislocations are typically either neuropraxic
or axonotmetic lesions*®. Perlmutter noted that in 11 contact athletes who
suffered isolated injuries to the axillary nerve (all from direct contact and
collisions), all had excellent functional recovery of the shoulder range of motion
and strength even with residual loss of deltoid strength and muscle bulk®.
Recovery often occurs spontaneously with closed injuries because the lesion is
typically in continuity and the nerve injury is a neurapraxia. The majority of nerve
injuries are temporary neuropraxias, which typically resolve within 6-12 months of
injury. However, permanent axillary nerve deficit can occur®.

An athlete with an axillary nerve injury can be deceptively functional on simple
examination; Alnot et al noted that normal shoulder range of motion is possible
following an axillary nerve injury if the suprascapular nerve and rotator cuff
muscles are intact®®. However, without the deltoid, the shoulder will fatigue easily
and possibly limit endurance-based activities®®.

Escamilla describes how the moment arms for the deltoid are more significant over
60 degrees of abduction, whereas the moment arm from 0-60 degrees favours the
rotator cuff muscles®”. This implies that the deltoid is a more effective abductor at
higher abduction angles than the rotator cuff muscles®®”. However, sole reliance on

the rotator cuff may be problematic in later years, especially given high rates of
partial or complete rotator cuff tears in the aging populatio

What can complicate the recovery following an axillary nerve injury is an associated
injury to the rotator cuff at the time of dislocation or proximal humerus fracture.
Therefore, early diagnosis and surgical repair of rotator cuff tears associated with
shoulder dislocation is crucial, as early repairs favour improved outcomes compared
with delayed repairs®®. Due to pain and swelling in the shoulder following
dislocation or fracture, it may be difficult to diagnose rotator cuff tears. Anterior
dislocations are associated with 14-63% chance of rotator cuff tear®”; therefore an
MRI should always be performed when the patient has persistent pain or muscle
weakness after reduction of the shoulder after dislocation.

n(28,29).

o Electrophysiological testing, nerve
conduction and needle electromyography,
and recording the compound muscle
action potential (CMAP) from stimulating
the axillary nerve at Erb’s point. NB —itis
worth noting thatin the acute situation,
nerve conduction and needle
electromyography may be normal, even
when the relevant nerve is ruptured.
Electrophysiological changes take about
7-10 days to develop after nerve injury
caused by nerve transection”. In such
cases, clinical suspicion of the injuryis
paramount.

o Xrays and MRI/MRA. These are useful
to exclude co-existing injuries such as
glenoid rim fractures, rotator cuff
injuries.

Treatment

The majority of axillary nerve injuries are
mild. These are usually due to closed
trauma, and this may result in temporary
neuropraxia or axonotmesis of the nerve.
These can resolve spontaneously with
complete and rapid recovery of deltoid

function. Therefore, the bulk of axillary
nerve injuries may be successfully
managed conservatively.

The initial management of isolated
axillary nerve injury includes symptomatic
management with rest, reassurance that
function will return in the majority of
patients, and physical therapy. The main
‘work-on’ points for the therapist are as
follows:

1. Maintaining shoulder range of motion
(initially passive followed later by active).
This can be done using PNF techniques
(discussed below).

2. Strengthen the rotator cuff.

3. Strengthen the periscapular stabilisers.

Anybony (glenoid rim fracture or proximal
humerus), ligamentous (Bankart lesion)
injury or rotator cuff rupture should be
treated as indicated. Maintaining shoulder
range of motion is important to avoid
shoulder joint contracture. Loss of
shoulder mobility may ultimately affect
functional outcome, despite a return of
axillary nerve function.
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EMG /nerve conduction velocity studies
should be obtained within the first 3-6
weeks to document the nerve injury, and to
obtain a baseline for later comparison®.
Because the axillary nerve is relatively
short, in the case of a second-degree injury
(axonotmesis), recovery should be seen
between 3-4 months after injury. Surgical
exploration and possible nerve grafting are
generally recommended if no return of
function has occurred by 4-6 months after
injury‘8'25'32).

PNF techniques

PNF is a therapeutic approach based on
human anatomy and neurophysiology. It
uses proprioceptive, cutaneous (touch) and
auditory input to produce functional
movement. These have traditionally been
used a means of increasing flexibility
through PNF stretching; however its use in
muscle strengthening is also quite powerful.
The use of PNF in the upper limb for
strengthening has been used extensively in
the rehabilitation setting for stroke victims,
paralysis, neuromuscular disorders, and
patients who have suffered peripheral nerve
injuries. However, its use in axillary nerve
injuries has merit whilst the patient is
awaiting neurological recovery.

The neuro-physiological basis of PNF
stems from Sherrington’s laws of
facilitation and inhibition. As a nerve
signal travels down the corticospinal tract
(spinal cord), it hits its target motor
neurones (that form the peripheral nerve)
and the nerve excitation can spill over to
adjacent ‘fringe’ motor neurones in the
same motor neurone pool. For example, if
you extend your knee (quadriceps
activation) with your foot dorsiflexed
(tibialis anterior), the result quadricep
contraction is stronger.

This is explained by the fact the nerve
root level for the quadriceps and tibialis
anterior is both at L4. This is a great way to
‘excite’ a weak muscle and improve its
contraction. Conversely, other muscles not
in the fringe area with the motor nerve pool
will be dampened down. This known as
inhibition. Thisis greatfor muscles thatare
high tone and need to be calmed down.

What influences the motor nerve the
mostare the stretch receptors found in the
tissues in and around the target muscle
that need to be excited or inhibited. PNF
therefore uses the proprioceptors to
modulate the alpha motor neurone. The
primary principle behind PNF therapy is
the activation of the stretch reflexes via:

1. Golgi tendon organs (GTOs). These
detect changes in tension.

Figure 2: D1 extension and flexion

D1 extension start position

-

(g

D1 flexion position

2. Muscle spindles. These are sensitive to
achangeinlength, as well as the rate of
change in length of the muscle fibre.

PNF for strengthening of the shoulder
involves two distinct patterns of
movement.

o The firstis known as diagonal 1:
Shoulder flexion, adduction, external
rotation (d1 flexion) and extension,
abduction, internal rotation (d1 extension);
elbow flexed/extended; wrist & fingers
extension to flexion (see figure 2).

o The second is diagonal 2:

Shoulder flexion, abduction, lateral
rotation (d2 flexion) and extension,
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adduction and medial rotation (d2
extension); elbow extended; wrist & fingers
flexion to extension (see figure 3).

Itis far beyond the scope of this paper to

describe all of the various methods used in

PNF strengthening. These have

traditionally all been guided by the

therapist. In short, the basic techniques

used in strengthening are:

1. Rhythmicinitiation (useful in the early
stage when deltoid contraction is absent).

2. Repeated contraction.

3. Slow reversal (useful as the deltoid
function returns).

4. Rhythmic stabilisation.
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Figure 3: D2 flexion and extension

D2 flexion start position

D2 extension position

Surgical management

The indications for surgical management

include:

1. A symptomatic patient with persistent
deltoid weakness and no improvement
in shoulder function;

2. Serial electrodiagnostic studies
showing no improvement by 4-6
monﬂ,ls(Z,18, 32)'

3. Rupture of components of the
infraclavicular brachial plexus without
associated fracture or dislocation. (This
is arare butrecognised event following
blunt trauma to the shoulder)®***

Acute nerve ruptures should be surgically
repaired, and the outcome is far superior
when the surgery is performed early® >3,
Delaying the repair of the nerve is
associated with increased technical
difficulty — principally because the nerve
ends are retracted and embedded in scar
tissue. In cases where there has been an
associated vascular injury, nerve stumps
may be encased in a false aneurysm,
further complicating the difficulty of the
repair. Delayed surgery may also be
unsuccessful if the denervated muscle has
become fibrosed. In such situations, even
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with successful nerve reinnervation, the

functional outcome may remain poor.

Nerve repair, nerve grafting, and nerve

transfer have all been described for isolated

axillary nerve injury with good results®® 2.

The typical types of surgical interventions,

their success rates and important points

about surgical interventions can be
summarised as follows:

o Studies suggest that the best outcomes
after nerve grafting and nerve transfer
are achieved when performed within
one year following the nerve injury®*¢.

@ There are comparable results between
nerve transfers (triceps branch of the
radial nerve transferred to the axillary
nerve) and nerve grafting for axillary
nerve injury®”.

o In a study of ten patients with isolated
axillary nerve injury after trauma®®:

0Two patients were treated
nonoperatively because of good
shoulder function with retained active
motor potentials on EMG. These had
moderate to good outcomes.

O Four were treated with sural nerve
grafting, three of which had good
outcomes.

O Three patients had a radial to axillary
nerve transfer all with good outcomes.

0 One patient had nerve exploration
with finding of a neuroma with a
good result.

® Management of persistent axillary
neuropathy has traditionally consisted
of axillary nerve grafting, with 73% to
88% of patients regaining useful deltoid
strength®¥.

o Triceps branch to axillary nerve transfer
was originally described for C5 and C6
brachial plexus injuries“?. This type of
surgical transfer has been effective for
restoring shoulder abduction, external
rotation and stability. It has the
advantages of a single neurorrhaphy in
close proximity to the target muscle, and
asingle operative site. It shows excellent
functional deltoid strength recovery“?.

Conclusion
Axillary nerve injury remains the most
common peripheral nerve injury to affect
the shoulder. Itis most often is seen after
shoulder joint dislocation, proximal
humerus fracture, or a direct blow to the
deltoid muscle. Compression neuropathy
has been reported to occur in the
quadrilateral space syndrome.

The axillary nerve is vulnerable during
any operative procedure involving the
inferior aspect of the shoulder, and
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iatrogenic injury remains a serious
complication of shoulder surgery. During
the acute phase of injury, the shoulder
should be rested, and when clinically
indicated, a patient should undergo an
extensive rehabilitation program
emphasising range of motion and
strengthening of the shoulder girdle
muscles.

If no axillary nerve recovery is observed
by 4-6 months after injury, surgical
exploration may be indicated, especially if
the mechanism of injury is consistent with
nerve rupture. Patients who sustain injury
to the axillary nerve have a variable
prognosis for nerve recovery although
return of function of the involved shoulder
typicallyis good to excellent, depending on
associated ligamentous or bony injury.
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Calf pain diagnosis

Calf pain in athletes: know the difference

Calf pain in athletes is common, but can be tricky to diagnose. Pat Gilham looks at the various
conditions responsible, and what the literature says about an effective diagnosis

Calf muscle strain injuries are common
across sports involving high-speed
running or high volumes of running load,
acceleration and deceleration — and also
during fatiguing conditions of play or
performance”. Match-play incidences in
football record 0.84 calfinjuries per 100
hours, whereas rugby union risk ratios
ranging from 0.98 to 5.85 per 100 hours
across different playing positions”.

Muscle strains occur commonly in the
medial head of gastrocnemius, or near the
musculotendinous junction (see figure 1).
However, the medial third of the fibres of
soleus (as well as its aponeurosis) are
equally prone to injury, which is thought
to be due to excessive subtalar pronation®.
The greatestrisk factors for injury include
an athlete’s age (rising with age), and also
any history of previous injuries in this
area®”. There are also associated risks with
corresponding lower-limb soft tissue or
joint injuries, as well as the preseason
period, or the player having an increased
BMI®.

Figure 1: Anatomy of major calf muscles
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Table 1: Grading system for calf injury

® Pain during or after activity
® ROM normal at 24hr
® Normal power and initiation
® Pain on contraction

2
® Pain during activity and restricts
participation
® Limitation with ROM
® Pain on contraction
® Reduced power on testing

3
© Extensive tear
©® Sudden onset of pain
® Significantly reduced ROM
® Pain on walking
® Obvious weakness on testing

4
® Complete tear of muscle or tendon
® Sudden onset of pain
® Significant limitation to activity
® Palpable gap on palpitation
® May be less pain than Gr3

Acute injury is associated with sudden
localised pain, with an occasional ‘tearing’
sensation. As arule of thumb, the degree of
disability is a guide to the severity of pain
experienced. Investigations are generally
notrequired in this type of injury, although
ultrasound and MRI can be useful in
differentiating muscle strain versus
contusion, if this is not clinically evident®.
In this instance, a comprehensive grading
system based on imaging has been devised
to provide diagnostic clarity in sport (see
table 1)¥. It is worth highlighting thata
history of persistent calf symptoms with no
specific onset should alert the clinician to
other possible causes.

Potential causes of calf pain
Biomechanical overload syndrome
(BOS - formerly chronic exertional
compartment syndrome)
Chronic exertional compartment
syndrome was first described in 1956, and
was thought to be due to elevated
sub-fascial or intramuscular pressure
during exercise, causing hypoxia and
subsequent ischaemic pain due to
decreased blood flow*.

However, a new concept refutes this
claim, stating many flaws in the evidence,

Myofascial
Myofascial injury in the peripheral aspect
of the muscle

b
Musculo-tendinous
Injury within the muscle belly most
commonly at musculotendon junction
(MTJ)

(o
Intratendinous
An injury which extends into the tendon

as well as the unreliability of the technique
used for gaining intracompartmental
pressure measurement®. Instead, the
phrase ‘biomechanical overload
syndrome’ is preferred, and proposes the
combination of muscle fatigue with poor
running biomechanics as a cause of rapid
tissue overload, and therefore pain. This is
similar to that of upper limb occupational
overuse syndrome found in musicians and
office workers®®.

Onset of pain is usually insidious with
running, and usually resolves when the
running is stopped. MRI and ultrasound
scanning will be unremarkable. Risk
factorsinclude changes in training load, or
a switch of running technique to forefoot
running. Lack of rest periods in training
programs, as well as poor gastrocnemius
and soleus capacity testing will also give
strong indications for pathology. Capacity
testing for soleus is best performed seated
with knee angle at go degrees, and
comparing right to left. Gastrocnemius
specific testing should be performed offa
step to give maximum eccentric and
concentric contraction.

Cramps
The cause of muscle cramping in the calf
continues to be rather obscure, although
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ittends to occur in less well acclimatised
and conditioned athletes®. Cramping is
thought to result from alterations in
spinal neural reflex activity activated by
fatigue®®; contrary to popular belief
however, it appears to have no relation to
hydration®. Cramps can also occur in
pathologies including hypothyroidism,
cirrhosis, radiculopathies, and peripheral
neuropathies. It also has a strong
association with inhaled long-acting
f2-agonist medication and some
diuretics, and a weaker association with
statins®.

Bone stress

Bone stress to the fibula and the posterior
cortex of the tibia can present as calf
pain®. Stress fractures should be
suspected in persons with a drastic recent
increase in physical activity, or repeated,
excessive activity, with limited restand no
known trauma‘”. On assessment,
patients usually demonstrate focal
tenderness. However, this can be difficult
where there is a stress fracture to the
posterior cortex of the tibia, due to the
surrounding muscle bulk.

A positive hop test for pain provocation
can be useful as a diagnostic tool in
conjunction with the subjective history,
although it’s accuracy has not had recent
validation”. Similarly, applying a tuning
fork to the focal pain site had 75%
sensitivity, and 67% specificity in a small
study'®, but is also difficult to use if
suspecting a posterior cortex tibial stress
fracture. MRI scanning remains the gold
standard for diagnosing bone stress
pathology owing to its high sensitivity and
specificity’®. Be aware of the risk factors in

box 1 when treating your patients®.

Box 1: Risk factors for bone

stress pathologies

® Female gender
® Smoking

® Consuming more than 10 alcoholic
drinks per week

® Excessive physical activity with
limited rest periods

@ Female athlete triad (eating
disorders, amenorrhea,
osteoporosis)

@ Low levels of 25-hydroxyvitamin D

® Recreational running (more than
25miles per week)

® Sudden increase in physical activity
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Accessory muscles

Figures 2a and 2b: Accessory muscle The presence of accessory muscles should
be considered in the differential diagnosis
of persistent calf pain once other more
common aetiologies have been ruled
out'®. More specifically, the accessory
soleus can arise from the fibula or the deep
surface of the soleus muscle, inserting onto
the Achilles tendon or calcaneus. It can
encroach on the posterior tibial nerve and
neurovascular bundle, leading to swelling
with compression and pain in the postero-
medial ankle. It has a prevalence of
0.7-5.5%, and is usually unilateral in males
more frequently than females"?.

As shown in figures 2a and 2b, an
accessory muscle can present as a soft
tissue mass or swelling, and can be
visualised on MRI.

Baker's cyst pathologies

Baker’s cysts or popliteal cysts that disturb
the synovial fluid dynamics, and are a
relatively common finding in athletes
presenting with intra-articular knee
pathology™. They usually develop in the
postero-medial popliteal fossa due to the
lack of anatomic support in this area of the
synovial capsule (see figure 3). If it dissects
laterally however, this can cause
compression of the popliteal neurovascular
bundle.

As aresult, athletes with tibial nerve
entrapment (the most medial structure in
the neurovascular bundle) will
demonstrate gastrocnemius muscular
atrophy, paraesthesia, and pain. Those
with popliteal vein compression experience
swelling, pain, and rarely, venous thrombo-
embolism™. In rare instances where the
popliteal artery is compressed, the athlete
will report lower limb claudication due to
intermittentischemia to the limb.

A Baker’s cyst can occasionally rupture,
leading to calf and lower leg swelling
simulating venous thrombosis. This will
usually display an ecchymotic or bruised
area around the malleoli®. MRI and
Doppler ultrasound imaging are most
frequently used to diagnose Baker’s cyst

pathology™.

T

Soleus

Accessory
soleus

Neural pathology

Calf pain can be driven by neuropathic
origin, particularly when the causeis a
compressive neuropathy or peripheral
nerve sensitisation'”. Compressional
neuropathy is associated with axonal
damage and demyelination, thought to be
aresult of long-standing compromise to
nerve microcirculation at the nerve root.
This can be caused by bony or soft tissue

Achilles
tendon
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Figure 3: Baker's cyst pathology

B Popliteal artery
B Popliteal vein

Tibial nerve

Popliteal cyst

Gastrocnemius
(cut)

encroachment onto the nerve root in the
foramen, or more commonly in the lateral
recess in the spinal canal. Dermatomal
pain is common; however, diagnosis is
conclusive when the athlete presents with
reduction of at least two out of four
different domains: reflexes, muscle power,
pin prick and light touch®.

Peripheral nerve sensitisation, on the
other hand, is associated with axonal
neuritis rather than damage. Inflammation
can be caused by acute injury to the disc
tissue for example, or sometimes even
direct trauma to the peripheral nerve
interface itself. As a result, axonal
mechanical sensitivity occurs to C and Ad
fibres when exposed to pressure —ie during
neurodynamic testing®. If an athlete
presents with calf pain associated with tibial
nerve sensitisation, they will present with
positive slump or passive straight-leg raise
testing, as well as positive pain provocation
when palpating the nerve trunks of the
sciaticand tibial nerves (see figure 4).

Figure 4: Nerve trunk palpation

a) Sciatic notch palpation

b) Tibial nerve palpation at popliteal fossa

No 168

Peripheral Artery Disease (PAD)
Atherosclerosis of arteries supplying the
legs occurs in 3to 10% of adults, even in fit
young athletes (although less common)®.
Calf pain or claudication can be an
indication of femoral or popliteal artery
occlusion or stenosis, and will usually
consist of muscle fatigue, aching,
cramping, numbness or heaviness on
physical exertion, which is relieved by rest
within 1ominutes.

Dorsalis pedis and posterior tibial
pulses should be palpated. Absence of both
pulses strongly suggests PAD, whereas the
presence of either pulse makes PAD less
likely (which can be normal in healthy
adults anyway)?. A positive Buerger’s test
inanischaemicleg will cause pallor at15-30
degrees of elevation when in supine, and
held for 30-6oseconds. Then when
returning to normal sitting position from
supine, the leg colour will return much
more slowly in PAD than in a normal
vascularity®®.

Another useful method of diagnosis,
which can be easily used in clinic is the
ankle-brachial index (seefigure 5). Systolic
pressures are taken using a pressure cuffat
both arms and legs individually, and then
divided to give a figure, where a normal
score is 1.0-1.4. A measurement of lower
than 0.9 indicates PAD®. Doppler, and
also CT angiograms are recommended
investigations if PAD is suspected®.

Popliteal artery entrapment (PAE)
PAEisan uncommon overuse injury and is
frequently caused by compression of the
popliteal artery by surrounding
musculotendinous structures as it exits the
popliteal fossa’. The most common
occurrence involves an accessory medial
head of gastrocnemius passing posteriorly
tothe popliteal artery. Compression can also
occur, however, as a result of fibrous bands
of the gastrocnemius or popliteus muscle™.

Symptoms will be similar with that of
BOS, such as calf tightness or cramping,
which settles with rest. Distinguishing
between the two is difficult however as
aggravating factors may differ. PAE will be
aggravated by non-impactactivities such as
cycling, swimming or walking, whereas,
BOS is typically only aggravated by
running®. For an in-depth discussion of
PAE, please see Alicia Filley’s article in
issue160.

Deep Vein Thrombosis (DVT)

DVT is another potential vascular cause of
calf pain, which must not be missed.
Symptoms in the calf will be red, hot, firm,
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Figure 5: Calculating the ankle-brachial index

Systolic pressure

Posterior Posterior
tibial (PT) D @ Emm Hg tibial (PT)
Dorsalis Dorsalis
pedis (DP) D El mm Hg pedis (DP)

Right ABI equals ratio of:
Higher of the right ankle pressure (PT or DP)
Higher arm pressure (right or left arm)

@@@mm Hg

Left ABI equals ratio of:
Higher of the left ankle pressure (PT or DP
Higher arm pressure (right or left arm)

Z=B"

pressure @ @l mm Hg

Right arm: Left arm:
Systoli Systoli
p?esssdfe El El mm Hg Tessun
Right ankle: Left ankle:

Systolic pressure

[@[B] nn g
@@mm Hg

D@mm Hg =Ia“

@@Elmm Hg =@@E|‘

*“The lower of these numbers is the patient's overall ankle-brachial index, Overall ankle-brachial index =Qﬂ

The figures in boxes are given as examples. Calculate using both the PT and DP
pressure and use the lowest figure obtained as the overall brachial index.

Table 2: Risk stratification for DVT using Wells score

Clinical Feature

Active Cancer (treatment ongoing, within 6 months or pallative)
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swollen and tender to touch®. It usually
occurs after surgery or following a period of
immobilisation, but can also present in
association with calfinjuries. This is owing
to the post-injury combination of lack of
movement, disuse of the muscle pump,
and the compressive effect of swelling —all
of which may lead to venous dilatation,
pooling and a decrease in the velocity of
blood flow. Athletes who sustain calf
injuries should therefore be discouraged to
take long airplane flights in the days after
injury®. Diagnosis should combine
emergency ultrasonography, as well as the
use of the Wells score as a risk-stratification
tool (see table 2).

Medication-related pathology

[t is worth mentioning that statins can
cause myalgia or muscle pain, particularly
of the calves in 5-10% of users'?. This is
interesting when taking into account
recent findings, which show that
professional endurance athletes,
particularly females, are not immune to
development of atherosclerosis!'®.
Symptoms start on average 1 month after
statin initiation, but can be delayed for 6 to
12 months®.

Fluoroquinolone antibiotics such as
pefloxacin and ciprofloxacin, have links
with predisposing those in sports
participation to tendinopathy, and in
extreme cases tendon rupture. This is most
likely in people over Go years of age.
However fluoroquinolones are frequently
prescribed for more serious respiratory
tract infections, so this factor should be
considered if an athlete has been
prescribed such medication®.

Paralysis, paresis or recent plaster immobilisation of the lower
extremity

Recently bedridden for 3 days or more or major surgery within 12
weeks requiring general/regional anaesthesia

Localised tenderness along the distribution of the deep venous
system

Entire leg swollen

Calf swelling at least 3cm larger than asymtomatic side

Pitting oedema confined to the symptomatic leg

Collateral superficial veins (non-varicose)

Previously documented DVT

An alternative diagnosis is at least as likely as DVT

DVT likely

2 points or more

DVT unlikely

<2 points

References

1. Br J Sports Med 2017; 51: 1189-1194

2. Brukner, P.in: Khan K. 2007 (3rd ed). Clinical
Sports Medicine. Sydney. PA: McGraw-Hill
Companies.

3.Med ClinN Am 2014; 98: 429-444

4.Br J Sports Med 2012; 46: 11217

5. Scand J Med Sci Sports 2004;14:215-20
6.Br J Sports Med 2012; 0:1-3

7. Am Fam Phys 2011; 83(1):39-46

8. Mil Med 1997;162(12): 802-803

9. Arthrosc Orthop Sports Med 2015; 2(2):
95-102

10. The Foot 2013; 23:154-161

11. J Vasc Surg 2011; 54:1821-1829

12. Eur Spine J 2011; 20: 482-490

13. Pain 2005; 117 (3): 462-472

14. Sports Health 2012; 4(2):121-127

15. Plos one 2016; 11(11): 1-10

16. BMJ Case Rep 2009;1-4



11 SPORTS INJURY BULLETIN

No 168

Post concussive disorder management

Post concussive disorder:
early intervention and long-term management

Concussion is currently a very topical issue for athletes, coaches and sports medicine
professionals around the world. With that in mind, Kay Robinson discusses the different sub types
of post-concussive disorders, how to recognise and address them early, and recommendations for

their long-term management

Following many high profile cases, legal
battles and the publication of the Berlin
Consensus Guidelines 2016", concussion
is making headlines and is at the forefront
of the minds of athletes, coaches and sports
medicine professionals around the world.
In the past five years, there has been a
dramatic increase in the number of
research articles on concussion. However,
few of these focus on treatment options
and long-term management — possibly
because the majority of concussions
resolve within 7-14 days, allowing athletes
to return to sport as normal after a short
period of symptom resolution and
graduated return.

The focus on concussion recognition
and assessment is paramount in early
management of athletes and is aided by the
wide range of tools available. But more
information is needed on how we treat
those 10-20% of people who experience
post concussive disorders (PCD). This
article will discuss sub-types of PCD and
recommendations for long-term
management. There are many specialists
in this area who commonly see patients in
the public system often following months
of prolonged symptoms®. As practitioners
in sport we are at the forefront of
recognizing prolonged concussion
symptoms and need to address them early.

Historically PCD wasn’t diagnosed until
a patient had symptoms for greater than
three months. However recent guidelines
report this can now be classified with
symptoms greater than two weeks in adults

and four weeks in paediatrics".

What is concussion?

Sports related concussion is defined as “a
traumatic brain injury induced by
biomechanical forces””. This is proposed
to alter the connectivity of networks in the
brain, causing inefficiency, which can
result in difficulty filtering sensory
stimulus, difficulty maintaining spatial
awareness and balance and difficulty multi-
tasking using multiple systems — often
leading to fatigue. The general rule of

Box 1: PCD diagnosis

injury®. These are:

@ Headache

@ Dizziness

@ Intolerance of stress
® Poor concentration

@ Taking longer to think
@ Blurred vision

@ Personality changes

Diagnosis of PCD should be made based on a variety of symptoms; however
difficulties arise due to the strong similarities between PCD and vestibular

dysfunctions, depression and fatigue. To aid differentiation, a combination of
seven symptoms was found to be specific to concussion/mild traumatic brain

Those with prior concussion, history of anxiety/depression, poor memory and
light sensitivity on initial Rivermead Concussion screening were found to be at
greater risk of suffering persistent symptoms*. The consequences for athletes, a
population that is known for high achievers and pushing the boundaries suffering
persistent concussion symptoms can be particularly disabling.

management of PCD should be as follows:

1. Settle symptoms

2. Gradually expose to stimuli to build
tolerance

3. Avoid prolonged rest

Settling symptoms
If symptoms are not managed adequately,
itis difficult to progress to rehab. In turn,
this can cause further symptoms due to
increased anxiety regarding slow or no
progression. As with any musculoskeletal
injury, itis important to focus on what the
athletes CAN do and not focus on activities
they can’t, which may aggravate symptoms
further. Decreasing stimulation is a useful
early strategy to implement to reduce
symptoms, as well as planning and pacing
and identifying non-aggravating activities
that may be restful. Approximately 50% of
patients suffer from sleep disturbances
following concussion® The identification
and treatment of this is paramount because
it can exacerbate symptoms further.

The use of sunglasses, or binasal
occlusion (which aids to dampen the
peripheral input) causes a change in

central visual space and has been shown to
decrease sensitivity to visual
disturbances®. The limited use of
monitors/screens should also be discussed
(if thisis a stimulant), along with the use of
screen modifications and light settings.
Symptoms stimulated by auditory inputs
could be addressed using earplugs, limited
exposure to noisy environments or the use
of comfortable low-level sounds such as
nature noises or the use of mindfulness
which can be accessed anywhere through a
range of apps.

Sporting environments are often
tailored to be stimulating; exposure to this
kind of environment should therefore be
graduated. Examples may include the
injured athlete meeting with teammates or
staffin a quiet location or early training
being carried out in smaller groups.
Complete avoidance of these environments
is not recommended however due to the
importance of peer support and
maintaining routine. If the athlete is in the
stimulating environment, quiet areas
should be used during the progression to
full exposure.
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Table 1: Concussive subgroups and their characteristics

Cognitive

Vestibular

Ocular

Post-Traumatic

Migraine

Cervical

Anxiety/Mood

Physiological

® Decreased concentration

@ Increased distractibility

e Difficulty learning/retaining new information
® Decreased multitasking abilities

@ Increased fatigue

® Balance impairments

e Difficulty interpreting motion

@ Difficulty co-ordinating head/eye movements

® Poor stabilization of vision on head movements

o Difficulties brining eyes together/using eyes in tandem
o Difficulty tracking motion

® Headaches
® Nausea
o Light sensitivity

® Headaches
® Neck pain/dysfunction
® Dizziness

@ Excessive worry
o Difficulty turning thoughts off
@ Personality changes

e Symptoms exacerbated by exercise/increased
cognitive function (headache, dizziness, nausea,
fatigue, difficulty concentrating)

Adapted from:http://rethinkconcussions.upmc.com/2016/10/concussion-clinical-trajectories/)

Table 2: Vestibular-ocular treatment (within symptom tolerance)

Balance
training

Sensory and
peripheral
awareness

Vision
training

Vestibular/
visual
Integration

Static[  |Dynamic|[ | Multi-System [ | Sport Specific[ |

@ Tactile Sensory Stimulation

@ Limb mapping

e Start with maximal base of support and progress
® Proprioceptive input (eg. Compression)

® Postural control exercises

@ Change of direction

@ Incorporate head/eye shift

@ Bi-nasal Occlusion
@ Progress from spatial to focal progressions
@ Eye tracking/saccade training

http://backinactionphysiotherapy.com/concussion/
concussion-exercises/
http://eyecanlearn.com/perception/discrimination/

® Colour/letter finding tasks moving head between different
locations

® Movement while maintaining visual target

@ Vestibular Oculur Reflex exercises (VOR) using opposite eye and
head movement.
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Pacing and planning strategies enable
athletes to participate in as many activities
as possible while having minimal
symptoms — and avoid ‘boom and bust’
behaviour. Planning strategies when
working with athletes should include all
aspects of their life. Typically, athletes are
familiar with following training plans.
However they need to recognise the
importance of planning daily tasks and
social activities also. A points system (as is
frequently used in athlete-specific
recovery) is one way of planning, and
pacing can be implemented by assigning
points per activity (depending on the level
of difficulty) and then establishing a daily
points total that the athlete needs to stay
within. This can then be progressed with
the athlete’s recovery, focussing on what
the athlete can do.

Gradual exposure

[t is important to consider the specific
domains/systems that have been affected
following an athlete’s concussion. One of
the great challenges in concussion is there
is no ‘normal’ presentation or pathway.
However, by identifying concussive
subgroups (see table 1) we can guide
treatment more effectively and improve
outcomes.

There can be overlap between
concussive subsets, but thorough
assessment using the wide variety of tools
available can assist us in recognising
driving factors, and allows us to plan
treatment effectively. Cognitive changes
commonly remain following the resolution
of physiological symptoms, and can be
affected by external noises and distractions.
This indicates the importance of testing in
environments in addition to the quietroom
thatis often chosen as the optimal location.

Cognitive retraining should be focused
on graded brain stimulation and is
commonly integrated with visual
processing activities. The use of planning/
reminder applications are useful in day to
day cognitive training, along with the
introduction of ‘brain training’, which is
available using apps. Sport specificity can
be introduced at all levels of cognitive
retraining, incorporating recognising
patterns, reaction-time training and tactical
planning.

Balance and vestibular deficits can be
recognised by carrying out battery of tests.
However, it is important to remember
these can cause increased symptoms due to
physiological and cognitive demands.
Therefore the timing and use of these need
to be specific to your athlete and work
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Table 3: Physiological Treatment (Within symptom tolerance)

No 168

Sport/work/school
amendments

Sub-symptom threshold
aerobic exercises program

@ Buffalo Concussion Treadmill test to identify symptom limited heart rat
@ 20min per day of aerobic exercise at 80% HR threshold

® Increase HR by 5-10 bpm if tolerating
® Repeat process until 85-90% predicted age HR (or athlete baseline)

® Graduated Return to Performance with repeat treadmill test if symptoms reoccur.

® Yoga frequent non-symptomatic exercise (might need balance/vestibular adaptations)

within their plan.

The ‘Community Balance and Mobility
Scale’ assesses dynamic balance, which is
likely to be most appropriate for athletes,
although it is proposed there should be a
higher cut off scores in this population”.
Ocular and vestibular testing and
rehabilitation is mostly done in parallel due
to the high crossover between the two
systems, with approximately 80% of all
sensory processing thought to be directly
affected by information coming from the
eyes.

A simple eye test may highlight
difficulties in visual acuity; however, visual
processing assessment is paramount in
patients with PCD to determine how they
interpret what is seen using their spatial
vision, focusing on spatial awareness,
movementand image segregation followed
by focal vision which is more detailed. The
Vestibular Ocular Motor Screen (VOMS)
was developed as a specific screening tool
to recognise vestibular and ocular
symptoms post concussion, and can be
used to monitor improvement'®.
Assessment results (see table 2) should be
used to guide specific treatment strategies,
with short and long term sport specific
goals being set to aid athlete motivation.

Physical findings

Physical findings thatindicate cervicogenic
involvement in PCD is identified by
carrying out a thorough cervical
assessment. Athletes commonly report
subjective neck symptoms and possible
neck injury at the time of concussion. The
Smooth Pursuit Neck Torsion Test is
useful to differentiate cervicogenic and
visual involvement®. When an athlete is
complaining of headaches, these can be
classified as cervicogenic when:

e Pain s related to head movement

o Thereisrestricted ROM

o There isipsilateral neck, shoulder or
arm pain

@ Pain is moderate to severe and non
throbbing

o Symptoms fluctuate and are episodic
and usually startin the neck

Treatment should consist of appropriate
manual therapy, head /neck proprioceptive
training, balance stabilisation exercises
and sub-symptom threshold
strengthening.

Physiological PCD is often identified
firstin sport, when an athlete’s concussion
symptoms return or worsen with physical
activity. There are often no neural findings
in these athletes; however they commonly
have elevated resting heart rate. Exercise
has historically been thought to be
detrimental in concussion and in the acute
stage this can be true. This is due to the
increased sympathetic and lower
parasympathetic activity, thought to be
caused by temporary alteration of the
body’s regulatory system acting to protect
the brain.

Following sufficient autoregulation,
numerous studies have found
sub-symptom threshold exercise to be
beneficial in short and long-term recovery
from concussion". The benefits of
sub-symptom exercise is specifically
important to reduce depression, maintain
purpose and social interaction. Also,
exercise post concussion is also thought to
increase brain-derived neurotrophic factor,
which enhances neuronal survival, growth
and plasticity. Some recommendations are
madein table 3.

As with any musculoskeletal
rehabilitation, load (physical and cognitive)
should be monitored during return from
concussion. Treatment should begin early,
with education for the athlete and their
support network. Itis a good idea to write

@ Maintaining sub symptom cognitive and physical activities through pacing and planning.

e(14>

down plans, as cognitive limitations may
impede the retention of information.
Transition to new activities should be
gradual, with recognition of different
environments and impact of collective
rehabilitation over the day/week. Frequent
evaluation should be carried out to facilitate
any need for treatment adjustment, and
minimise increase of symptoms.

Summary

Although infrequent, post-concussion
disorder can be disabling and extremely
isolating for athletes. Although thereisa
long way to go in finding the optimal
management for these patients, and notall
of them will return to their pre injury level,
it is important to recognise symptoms
early, identify subsets involved in the PCD,
and begin a graduated rehabilitation plan.
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Ischio-femoral impingement

IFI - a rare pain in the posterior

While hip pain is a common complaint in the athlete, the diagnosis of ischio-femoral impingement’
(IFI) in cases of posterior pain is rare. Chris Mallac explains the pathoanatomy of IFI, the typical
signs and symptoms, and how it is diagnosed and treated...

Hip pain is a common complaint in the
athlete, and posterior hip pain that radiates
down the posterior thigh is one of these
complaints. There are many causes of
posterior hip pain and these have been
attributed to a host of musculoskeletal
causes in the athlete. These include
lumbosacral radiculopathy, sciatica,
snapping iliopsoas tendon, piriformis
syndrome, hamstring tendinopathy, hip

joint labral injury, ischial bursitis, spinal
stenosis — and the topic of this month’s
article in the unusual injuries series, ischio-
femoral impingement’ (IFI) syndrome".

The diagnosis of an IFI is a diagnosis
thatneeds to be considered as a rare case of
posterior hip pain in the athlete. Itis caused
by abnormal contact between the lesser
trochanter and the lateral border of the
ischium, caused by extremes motions of

Figure 1: Posterior hip showing the ischiofemoral distance

hip extension, adduction and external
rotation in athletes who may possess
particular structural anatomical faults.

Patho-anatomy

One ofthe firstto reference IFI was Johnson
in1977, when he noticed that some patients
(non-athletes) had persistent pain in the
medial thigh and groin following total hip
arthroplasty'”. These patients noticed
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Box 1: Acquired, positional and congenital factors in IFI

Acquired causes include™:

Positional faults include:

Congenital faults include:

@ Valgus femoral neck®.

® Posteromedial femoral position®.

Particular acquired movement (positional) and congenital faults can narrow the
‘ischiofemoral’ space and predispose the femur to impinge against the ischium.

@ Intertrochanteric fractures with involvement of the lesser trochanter.
® Valgus producing intertrochanteric osteotomy.

® Reduced horizontal offset in hip arthroplasty.

@ Osteoarthritis, leading to superior and medial migration of the femur.

® Movements that increase the extension, adduction and external rotation
movements at the hip - for example ballet and fast walking may do this.
® Poor hip/pelvis control due to gluteal weakness

@ Femoral neck anteversion. This is significantly hig
symptomatic IFI compared to asymptomatic hips

® Increased femoral diameter at the lesser trochanter™.

@ Female morphology of a broad shallow pelvis®.

8r)1er in patients with

(6)

temporary relief following an injection of
anaesthetic near the lesser trochanter. This
prompted theidea thatthe lesser trochanter
and ischium may in fact impinge during
particular surgical procedures such as total
hip replacement. Long-term relief was
achieved by excision of the lesser trochanter.
However, IFI was not well described in the
non-surgical patient until 2008°%.

Ithas been suggested thatimpingement
between these structures is uncommon as
the distance between the lesser trochanter
and ischium (the ischiofemoral distance —
see figure 1) is usually approximately 20omm
in hip extension, adduction and external
rotation’®. This is why the femur can
rotate without any influence of the ischial
tuberosity or proximal hamstring tendon
being impinged®.

However, if this space is narrowed then
the lesser trochanter may impinge against
theischium and squash the intervening soft
tissues such as the quadrutus femoris. This
may lead to oedema or tearing of the
quadratus femoris muscle and other hip
muscle, such as the hamstring muscle
origin.

Torriani et al determined narrowing of
the IFS and quadrutus femoris space (QFS)
in IFI syndrome patients with an abnormal
quadratus femoris muscle®. The mean
IFS and QFS distances for control subjects
in their investigation were 23+8 mm and
1244 mm, respectively, while the mean IFS
and QFS for IFI syndrome patients were
13+5 mm and 7+3 mm respectively. This
clearly indicates that structural
abnormalities have a major role to play in
the development of this syndrome.

The quadratus femoris muscle is an
external rotator and adductor of the hip,
with an origin at the inferolateral margin of
the ischium along the anterior portion of
the ischial tuberosity, just anterior to the
origin of the hamstrings, and its insertion
at the quadrate tubercle of the posterior
intertrochanteric ridge of the posterior
medial femur. This muscle is the most
vulnerable to being impinged against the
ischium by the lesser trochanter due to its
anatomical position.
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The diagnosis of IFI needs to be
considered in patients complaining of the
hip pain with a snapping hip. Delayed
diagnosis of IFI canlead to a chronic process
ofhip muscles and other structures around
the hip joint becoming pathological ©. This
can entail a bursa-like formation
surrounding the lesser trochanter or fatty
infiltration in the quadratus femoris®.

IFlincidence

Generally, [FIrarely occurs, butitmaybea
potential cause of hip pain after hip surgery
ortrauma'*”. It was originally described as
acondition thataffected patients after a hip
replacement because the patientis usually
positioned in a lateral decubitus position.
In a recent study, only one case of
ischiofemoral impingement syndrome
with no history of the lower extremity
trauma or surgery was reported®.

Patients are usually middle age to
elderly females and typically present with
chronic pain in the buttock, often mistaken
for proximal hamstring tendinopathy,
femoroacetabular impingement (FAI),
gluteal tendinopathy, piriformis
syndrome, sacroiliac dysfunction, or
lumbar radiculopathy.

Athletic populations most likely to be
prone to this would be running athletes
with long stride lengths, race walkers,
ballet dancers and rowers (who force
themselves into hip extension at the end of
their stroke phase).

Box 2: Diagnostic tests

Ischio-femoral space tenderness

important in the diagnosis of IFI.

The IFI test
First described by Hatem et al who noted

Long-stride walking test

with short strides alleviated their pain®.

Diagnostic block

This is elicited by putting the patient in the prone or seated position and
palpating the area just lateral to the ischial tuberosity. Patients with IFI will have
marked tenderness with pressure applied lateral to the ischium over the
ischiofemoral space, and the location of their pain lateral to the ischium is

reproduced by a combination of extension, adduction and external rotation of the
hip?. This test can be performed with patients in the lateral decubitus position,
and the contralateral hip down on the table. The affected hip is then extended
and adducted. The test is considered positive if the patients symptoms are
reproduced when the hip is put in an extended and adducted position.

Ask the patient to walk taking long, exaggerated strides. The test is considered
positive if their long strides reproduced their posterior buttock pain, and walking

Diagnosis of IFl is often delayed because the patient's history (anterior and
posterior hip pain, deep snapping sensation) and limited clinical findings are not
definitive. In patients with groin and buttock pain and MRI findings of IFI,
ultrasound-guided anesthetic injections of the quadratus femoris muscle and
ischiofemoral space will confirm that IFI is the cause of the patient's hip pain™.

that the symptoms of IFl can be

)
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Signs and symptoms
Pain is usually felt as being deep to the
posterior hip and may be associated with a
‘snapping hip’. Pain may refer down the
posterior thigh; this referred pain can be
developed by irritation of the sciatic nerve
caused by the proximity of the edematous
quadratus femoris (see figure 1). The
major symptoms in patients with IFT are as
follows™:

1. Deep lower-buttock pain.

2. Anterior groin pain, which radiates
posteriorly around the inner thigh to
the lower buttock area.

3. Tenderness to palpation of the
ischiofemoral space (box 2).

4. Discomfortin sitting on the ischial
tuberosity for extended periods.

5. Either a positive IFI test'” or a positive
long-stride walking test (box 2)"?.

6. Pain relieved by injection into the
ischio-femoral space (diagnostic block
—box 2)™.

Imaging

MRI of the hip may show an increased
signal intensity of the quadratus femoris
muscle and the abnormal narrowing of the
ischiofemoral and quadratus femoris
space®?, There has been debate in the
radiology literature as to the cause of the
abnormally high signal returned on MRI,
which has been attributed either to
impingement or to a quadratus femoris

tear. In the presence of IFI, good quality
axial T2-weighted images will show
oedema within the muscle belly of
quadratus femoris without disruption of its
fibres™. Sclerosis of the lesser trochanter
may also be seen on MRI, again suggesting
a chronic condition rather than an acute
injury™. Coronal sections may also show
oedema between the lesser trochanter and
the ischial tuberosity.

In an MRI study, Khodair et al found
quadratus femoris muscle abnormalities
indicative of IFI type pathology®. Eight
patients (57.1%) showed diffuse muscle
oedema, three (21.4%) focal edema, two
(14.3%) had partial tears, and one (7.2%)
had diffuse muscle atrophy. Associated
partial tear of the hamstring tendon was
found in one IFI syndrome patient (7.2%).
No marrow oedema or cystic changes were
noted in the ischial tuberosity or lesser
trochanter of any of IFI syndrome patients
in this study.

Treatment

*Conservative treatment

A treatment approach that includes
strengthening gluteal muscles isimportant.
Controlling the pelvis and lower limbs into
extension, adduction and external rotation
is crucial. Due to the associated quadratus
femoris atrophy with IF1, strengthening the
deep hip rotators may be beneficial.
Strengthening may also desensitise the

No 168

Figure 2: Seated hip External Rotation
— I

quadratus femoris through graded
exposure. This can be achieved in positions
that do not compress the quadrutus
femoris, such as extension and adduction.
Avoiding hip extension and being in hip
flexion would be a useful place to start.

Exercises such as seated hip external
rotation can help. This can easily be
performed by sitting and strapping the
knees together with a luggage belt, and
placinga Theraband around the ankle asan
external resistance (figure 2). Limiting
prolonged sitting usually provides
symptom relief in this population, as does
suggesting a sleeping position with a large
pillow between the legs so that the hip is
slightly abducted in neutral rotation if the
patient sleeps side lying.

*Surgical treatment

Surgical management of IFI is poorly
understood and to date there are only a few
reports regarding diagnosis and treatment
of this problem“"?">"_Surgical treatment
for athletes and active individuals whose
pain and snapping are not relieved by
activity modification and ischiofemoral
space injections has not been clearly
defined°'®2? but Johnson initially
described open excision of the lesser
trochanter to manage this problem™. To
date however, there are only five published
reports regarding the arthroscopic
treatment of IF1®/01820,
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The common feature of this
arthroscopic surgical interventions is that
the lesser trochanter is excised or partially
excised, thus removing the anatomical
abnormality: This can be achieved by:

@ Successful endoscopic release of her
iliopsoas tendon and a resection of the
lesser trochanter through an anterior
approach™®.

@ Endoscopic resection (partial) of the
lesser trochanter through two
anterolateral portals established at the
level of the lesser trochanter™.

@ A posterolateral approach for
decompression of the ischiofemoral
space using a ‘cutting block’ technique
to partially resect the lesser trochanter
for decompression of the ischiofemoral
space. This technique is minimally
invasive and preserves the attachment
of the lesser trochanter®®?.

@ The largest case series reported to date
was that of Hatem etal"?. They
reported the 2-year results of five
patients with IFI who underwent
endoscopic partial resections of their
lesser trochanter through a posterior
approach, which they accessed by
resecting and creating a small window

in the quadratus femoris muscle at the
level of the lesser trochanter. The
posterior one-third of the lesser
trochanter was resected.

@ Wilson and Keene evaluated the clinical
results of seven patients with IFI where
an arthroscopic iliopsoas tenotomies
was performed in conjunction with
resection of the lesser trochanter
through an anterior approach®. Hip
scores and functional improvement
after one year were significant, and none
of the patients had recurrent snapping
of their tendon, hip flexor weakness or
heterotopic bone formation.

Conclusion

[Flisarare condition, which may produce
posterior hip and thigh painin the athlete,
and one that should be considered another
recognised source of posterior hip and
buttock pain. It is a poorly understood
condition in athletes and if it occurs it
would be more likely prevalent in athletes
who need to extend, adduct and externally
rotate the hip such as ballet dancers,
sprinters, race walkers and rowers.
Further research is needed to improve
both diagnosis and treatment, particularly
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the role of physical therapy in its
conservative management.
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