
Popliteal artery entrapment syndrome 
(PAES) occurs when muscles that surround 
the popliteal artery in the area of the 
popliteal fossa, occlude the artery (and 
sometimes the vein as well), and decrease 
blood flow to the lower leg. Two forms of 
PAES exist: anatomical and functional. 

The symptoms remain the same, no 
matter which type is the cause. 

Typically, the popliteal artery tucks neatly 
between the heads of the gastrocnemius; 
alongside the plantaris; over the popliteus; 
and under the soleus muscles (see Figure 1). 
In anatomical PAES, the abnormal 
positions of the artery, or the muscles that 
surround the artery, cause compression 
against the bone or another muscle. 

Despite the fact that it was first described 
in the literature in 1958, the formation of the 
popliteal vascular entrapment forum in 
1998 marked the first consensus on the 
different anatomical types (see Figure 2 and 
Table 1)(1). Functional PAES occurs despite 
normal anatomy, and possibly due to 
compartment pressure or hypertrophy of 
the neighbouring muscles. 

Difficult diagnosis
Considered rare, no one knows the actual 
incidence of PAES(2). Since the syndrome 
can occur alongside other pathologies in the 
leg, it is possibly underreported. Young 
athletes who present with symptoms of 
intermittent claudication most likely suffer 

from functional PAES. Anatomical PAES 
supposedly occurs in older, more sedentary 
persons. 

Athletes complain of a vague and 
generalised pain in the posterior calf, which 
can radiate anteriorly, depending on the 
involved anatomy. Sportsmen also report leg 
swelling, numbness, feelings of coldness in 
the leg or foot, and tingling. Pain begins after 
initiating activity, or with certain provocative 
manoeuvres. The pain usually resolves with 
rest, although an ache can persist.

The difficulty in diagnosing PAES stems 
from the lack of consensus about diagnostic 
exams, symptoms that mimic or occur with 
other syndromes, and frequent findings of 
asymptomatic vascular occlusion (see Table 2). 
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From the editor
A prime duty of a sports clinician may be to 
treat injury, but before that can happen, 
some detective work is usually in order. In 
many instances, the cause is immediately 
apparent – a bit like the burglar caught red 
handed as he makes his way down the street 
carrying a bag of swag. In some cases 
however, clinicians have to gather and sift 
through complicated evidence to get to the 
bottom of the mystery at hand.

Popliteal artery entrapment syndrome 
(PAES) falls very much into this latter 
category. In our lead article, Alicia Filley 
looks at the diagnosis of and treatment 
options for PAES, a poorly understood 
condition that can affect otherwise healthy 
athletes. As Alicia explains, PAES is 
considered so rare that no one knows the 
actual incidence of PAES. Moreover, since 
the syndrome can occur alongside other 
pathologies in the leg, it is possibly 
underreported. The good news is that with 
a forensic approach, the mystery of PAES 
can be unravelled. 

Following on, Chris Mallac, Tarek Taz 
Chouja and Nathan Quinn discuss the 
fundamental concepts of grip strength 

training and the benefits of improving grip 
strength – both for improving athletic 
performance and also developing proximal 
shoulder strength. Why does grip matter? 
Well, it turns out that grip strength is 
associated with strength in the rotator cuff 
and proximal shoulder muscles, suggesting 
that improved grip strength can lead to 
better shoulder strength and reduced 
shoulder pathology.

In our third article (and following on from 
his previous article on cervicogenic 
headaches), Patrick Gillham explores the 
causes of cervicogenic-related dizziness 
(CGD) in athletes. CGD is characterised by 
dizziness and disequilibrium associated with 
neck pain, most commonly following neck 
trauma. Pat goes on to outline diagnosis and 
ef fect ive  t reatment  opt ions – and 
importantly, how to prioritise the exclusion 
of other possible causes of dizziness, 
including involvement of the CNS, 
cardiovascular, and vestibular systems.

Rounding off the issue, Chris Mallac 
completes his 2-part article on distal biceps 
tendon rupture. In this part, Chris outlines 
and explores the post-surgical rehabilitation 

of distal bicep tendon repairs using a phased 
approach with strict exit criteria between 
phases. Detailed descriptions of key rehab 
exercises are also provided for each stage.

January is our winter break month, so 
we’d like to this opportunity to wish all our 
readers a happy and peaceful Christmas and 
New Year. We’ll see you again in 2017!

Andrew Hamilton BSc Hons MRSC 
ACSM (commissioning editor)
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Doppler ultrasound studies show that in 
subjects with popliteal artery compression, 
anywhere from 7% to 80% of this group are 
asymptomatic(2). Additionally, Doppler 
evaluations with provocation detect popliteal 
vein compression in up to 100% of this 
group(1)! Other causes of exertional leg pain 
include stress fracture, medial tibial stress 
syndrome (MTSS), and chronic exertional 
compartment syndrome CECS.

Clinicians must first rule out bone stress 
or fracture when evaluating exertional leg 
pain. Many also perform clinical vascular 
provocation tests where they attempt to 
reproduce the pain in the clinic through 
exertion manoeuvres. They assess 
peripheral pulses, arterial bruits, or ankle 
brachial indices (comparing the difference 
in the blood pressure at the ankle versus the 
arm) before and after the provocation of 
symptoms.

At the Brisbane Sports and Exercise 
Medicine Specialists Clinic, doctors have 
developed a specific clinical exam for 
PAES(2). First, with the athlete at rest, they 
listen for a bruit or vascular murmur at the 
popliteal fossa (indicating a blockage of the 
artery) and examine the pulses in the lower 
leg. Then they ask the athlete to perform 
15–20 heel drops off the edge of a step to try 
and reproduce the pain. Right after that test, 
they again listen to the artery at the popliteal 

Figure 1: Typical anatomy of the popliteal fossa

Figure 2: Six types of anatomical PAES (posterior view of right leg)

Shows the popliteal artery running, between, under, and alongside the muscles 
of the posterior calf

The six different types of anatomical PAES as determined by the Popliteal Vascular Entrapment Forum in 1998. The 
relationship of the popliteal artery to the surrounding musculature causes compression in certain positions or when the 
muscles are activated.

Key: MGH – medial head of gastrocnemius LGH – lateral head of gastrocnemius AS – accessory slip of muscle PM – popliteus muscle
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fossa and evaluate peripheral pulses. They 
recommend listening for several minutes 
since complete occlusion will not make any 
sound until blood flow begins again. 

These clinicians believe that a lack of pain 
on activity, an absence of bruits, or no change 
in pulses means the chance of the athlete 
suffering from PAES is small. However, if 
the test is positive for the above features, it 
does not necessarily mean that PAES causes 
the pain. There is the possibility that the 
athlete is an asymptomatic occluder, and a 
different pathology triggers the pain. 
Therefore, a clinical exam and leg pain are 
not sufficient to diagnose PAES; there must 
be evidence of actual vascular occlusion in 
conjunction with the pain. 

To document arterial occlusion, athletes 
undergo a Doppler ultrasound exam of the 
popliteal fossa. Examination of the artery 

takes place with the athlete lying in prone 
with the leg in the neutral position; while 
moving the ankle into plantar flexion 
against partial resistance, and with plantar 
flexion against full resistance while 
standing on toes or performing heel drops 
(see Figure 3) .  Occlusion found on 
ultrasound, combined with characteristic 
pain symptoms, is significant for both 
anatomical and functional PAES. 

Even with a positive Doppler, many 
clinicians perform magnetic resonance 
imaging (MRI) to fully visualise the 
anatomy, thereby recognising any 
deviations that might result in anatomical 
PAES. MRI angiography (MRA) allows 
examiners to visualize the vasculature 
during movement, essential in functional 
PAES. Keep in mind that the results of the 
test can be skewed due to motion artefact on 

the images. Some clinicians conduct 
compartment pressure testing, primarily to 
rule out chronic compartment syndrome, as 
it doesn’t measure arterial occlusion. This 
can be a deception however because PAES 
can exist alongside compartment syndrome 
and be the primary cause of the pain. 

A red herring? 
Doctors in Barcelona have reported the case 
of a 16-year-old female Olympic taekwondo 
fighter who developed persistent and 
progressive pain in her calf(3). Pulses 
remained normal after clinical provocation 
of symptoms. Musculature anatomy was 
normal on ultrasound. Because the pain 
improved with rest, doctors suspected 
chronic compartment syndrome. Testing 
measured abnormal compartment 
pressure at  rest ,  which remained 
unchanged with exercise. 

Surgeons performed fasciectomy of the 
anterolateral and posterior compartments 
of both legs and the athlete experienced a 
typical recovery. However, the symptoms 
remained, especially with prolonged 
exertion. MRI evaluation appeared normal, 
but pressures measured in the deep 
posterior compartments of both legs proved 
abnormal at rest and after exercise. 
Therefore, the athlete again underwent 
fasciectomy of the deep posterior 
compartments. 

The patient resumed full activity and 
progressed to win a national competition, 
however, after four months, the pain 
returned. All compartment pressures 
appeared normal. Evaluated now with a 
Doppler ultrasound, the athlete showed a 

Table 1: Anatomical types

Type 1
The popliteal artery runs medially to the medial head of the 
gastrocnemius.

Type 2
The medial head of the gastrocnemius attaches laterally between the 
popliteal artery and vein.

Type 3
An accessory slip of gastrocnemius arises from the medial head of the 
muscle and inserts laterally between the popliteal artery and the vein. 

Type 4
The popliteal artery passes under fibrous bands arising from the 
popliteus muscle or the muscle itself. 

Type 5
The popliteal artery and vein pass under an accessory slip of 
gastrocnemius muscle. 

Type 6 
Includes all other variants, such as the heads of the gastrocnemius 
impinging the vascular bundle. 

Table 2: Differential diagnosis and clinical features of exertional leg pain(2) 

Condition Incidence
Male/female 
preponderance

Unilateral/
bilateral 
tendency

Site of pain
Pain 
present at 
rest

Pattern of pain

MTSS 13-42% Possibly female Bilateral
Posteromedial tibial 
border

Yes (on 
palpation)

Pain with activity can warm up 
and returns on cessation

Stress fracture
Unknown (0.7-20% 
exercising 
population

Possibly female Unilateral
Variable depending 
on site of stress 
fracture

Yes (on 
palpation)

Pain with impact activity

CECS 27-33% Nil Bilateral

Typically anterior 
and/or deep 
posterior 
compartments

No
Crescendo-decrescendo pattern: 
pain can last for minutes to 
hours on cessation

PAES 
(anatomical)

0.6-3.5% (rare) Possibly male
Possibly 
unilateral

Typically superficial 
posterior 
compartment

Can be at 
rest 
(positional)

Crescendo-decrescendo pattern: 
pain can last for seconds to 
minutes on cessation

PAES 
(functional)

Unknown (possibly 
common and 
underrecognised)

Possibly female
Likely 
bilateral

Typically superficial 
posterior 
compartment

Can be at 
rest 
(positional)

Crescendo-decrescendo pattern: 
pain can last for seconds to 
minutes on cessation

PAES shares many of the same characteristics as other causes of exertional leg pain. Typically pain with PAES is felt deep in the calf muscle, and 
comes on soon after beginning activity. Unlike MTSS and stress fracture, athletes rarely feel the pain on palpation. Positions of compromise at 
rest may reproduce the pain of PAES, whereas CECS is not reproducible at rest. (Used with permission J Sports Med. 2014; 2014: 105953)
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decrease in arterial flow with resisted 
plantar flexion. Functional MRA revealed 
collapse of both arteries and veins 
bilaterally. Since the MRI showed normal 
anatomy the athlete was diagnosed with 
functional PAES. 

Surgical  exploration revealed a 
hypertrophied plantaris muscle tendon 
compressing the popliteal vascular bundle. 
Surgeons removed a portion of the offending 
tendon, leaving the muscle belly intact. The 
athlete experienced a full recovery and a 
complete return to competition, without 
further incident of calf pain. This case 
demonstrates that symptoms of intermittent 
claudication, even in a young athlete, should 
always warrant a full exploration of vascular 
integrity, regardless of compartment 
pressures. 

Treatment
In cases of anatomical PAES, surgery is 
almost always the most effective treatment. 
Because the types of entrapment vary, 
surgery can include fasciotomy, removal of 
the offending bands of muscle, muscle 
transfer, fossa decompression, or any 
combination of the above. Results are 
nearly always positive, with more than 
90% of athletes who undergo this type of 
surgery fully returning to sport within 
three months(2). 

Functional PAES may be more difficult 
to treat effectively. Surgery in these 
situation appears somewhat less effective, 
with an average success rate around 
80%(2). With the presence of normal 
anatomy, surgeons can only guess where 
the occlusion takes place and where to 
target intervention. 

Figure 3: Functional vascular evaluation of a patient using Doppler ultrasound

Evaluation is carried out during partially resisted plantar flexion in prone, and during the heel drop test(2).  
(Used with permission J Sports Med. 2014; 2014: 105953)

Figure 4: Assessment and treatment protocols for PAES

Surgical decompression

Consider other causes of ELPYes

Negative

Occlusion

Normal anatomyAnatomical occlusion

Symptoms do not resolve 
or return after successful 

Botox injection

Positive

Negative

(Used with permission J Sports Med. 2014; 2014: 105953)

Clinical features suggesting PAES

Doppler ultrasound study as per protocols

MRI angiography with stress provocation

Anatomical PAES

Clinical provocative test performed in 
rooms: development of pain and bruit 

and reduction of peripheral pulses

Consider trial ultrasound guided Botox 
injection at site of occlusion; regular 

follow-up with option of top-up 
injections as indicated

Functional PAES
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Doctors at the Brisbane Sports and 
Exercise Medicine Specialists Clinic are 
pioneering a new treatment for functional 
PAES. They have obtained promising 
results by treating athletes with guided 
botulinum injections(2). They hypothesise 
that by paralysing the offending muscle 
surrounding the vessel, they remove the 
constriction on the artery. They further 
surmise that the localised muscle atrophy 
caused by the botulinum accounts for the 
prolonged effect of the medication beyond 
its expected therapeutic life. Further, they 
propose that the botulinum causes smooth 
muscle relaxation and therefore popliteal 
artery vasodilation. This new treatment 

gives athletes another option for treatment 
with fewer risks (see Figure 4). 

 
Conclusion and summary
Exertional leg pain is a clinical enigma. 
When pain only occurs during exercise 
and without palpable or visible evidence, a 
trainer often takes a ‘wait and see’ attitude. 
However, intermittent claudication from 
PAES, can cause arterial and tissue 
damage if left untreated. 

Being aware of the different causes of 
exertional leg pain allows the clinician to 
explore all possibilities and make a sound 
diagnosis. Doppler ultrasound, MRI and 
MRA, as well as a thorough clinical exam 

help guide decision-making. Characteristic 
pain on exertion or provocation, and 
evidence of vascular occlusion are 
indicators of PAES. Surgery is the most 
likely treatment for PAES and return to 
sport statistics are high. Promising new 
treatments like guided botulinum 
injections give hope for both a low risk 
treatment and also a more accurate 
diagnostic tool.
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Grip training

Get a grip!
Chris Mallac, Tarek Taz Chouja and Nathan Quinn discuss the fundamental concepts of grip 
strength training and the benefits of improving grip strength – both for improving athletic 
performance and also developing proximal shoulder strength

In the context of athletic performance, grip 
strength is a fundamental prerequisite in 
many sports that require aggressive 
‘crushing grip’ type movements. The 
obvious sports that require grip strength 
are powerlifting (deadlifts) and all the 
Olympic lifts. Cross fit athletes are exposed 
to workouts that heavily utilise grip 
strength in the execution of some of the 
movements. Sports such as rugby and 
American football require grip strength in 
the grappling and tackling of opponents. 
Many combat sports such as MMA, 
Brazilian JuJitsu (BJJ), Judo and Wrestling 
also need above average levels of grip 
strength. Finally, climbing sports and 
gymnastics movements also require large 
levels of grip strength in different hand 
positions.

Interestingly, grip strength has been 
associated with strength in the rotator cuff 
and  prox imal  shoulder  musc les , 
perpetuating the argument that improved 
grip strength will lead to better shoulder 
strength and reduced shoulder pathology. 
This relationship has been proposed as a 
result of the requirement of a stable 
proximal shoulder girdle to enable optimal 
recruitment of the distal muscles, and the 
force transmitted along the myofascial 
pathways(1). This concept has been studied 
by many researchers and the findings of a 
few select studies can be summarised as 
shown in Box 1.

Many  researchers  have  shown 
alterations in muscle activity patterns 

1. 	� A standardised hand grip task in a neutral position activates supraspinatus 
and infraspinatus(2). 

2. 	� A correlation exists between grip strength and strength of the upper 
extremity, and general strength of the body(3). 

3. 	� Grip strength has been shown to be an effective objective measure of upper 
extremity function(4). 

4. 	� A statistical significance exists between isometric grip strength and isokinetic 
peak torque and work measures of the shoulder stabilising muscles(5,6). 

5. 	� When Kwasniewski et al compared bilateral rotator cuff strength in patients with a 
unilateral hand or wrist disorder using a hand-held dynamometer, they reported a 
statistically significant decrease in elevated external rotation strength(7).

6. 	� Budoff et al 2008 found an increased prevalence of rotator cuff weakness of 
the limb with an associated hand or wrist disorder(8).

7. 	� It is reported that the electromyographic activity of rotator cuff musculature 
(most significantly the supraspinatus) increases significantly during isometric 
handgrip tasks, particularly in positions of shoulder flexion/abduction, and 
that biceps brachii activity also increased during handgrip(9-11). It has been 
suggested that this may cause changes in activity of the shoulder muscles, 
and potentially changes in ‘internal loading’ of the shoulder(12). 

8. 	� Walaa and Walaa 2014 also found that hand grip strength correlated with body 
position(13). They compared hand grip strength in several positions and found 
that hand grip strength decreased in the order: standing, sitting, supine, side 
lying and prone. They proposed that rehabilitation of the shoulder 
musculature should be started from the prone position, followed by the sitting 
or standing position after gaining more strength in hand grip, and from side-
lying, sitting or standing for shoulder abductors.

9. 	� There is a strong correlation between grip strength and lateral rotator 
strength at all positions for both left and right hands(14). This suggests that 
assessment of grip strength could be used to monitor the function of the 
posterior cuff, once baseline readings have been attained during training and 
rehabilitation. With the arm in a neutral position, grip strength could be used 
to monitor the stages of the rehabilitation process, especially in patients who 
have a limited range of motion and/or pain. 

Box 1: Some key findings reported by studies on grip strength and 
shoulder function
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around the shoulder in the presence of 
shoulder dysfunction, with the activity of 
some shoulder muscles increasing, 
whereas others decrease when gripping is 
added to shoulder movements (15-17). 
Gripping may result in a redistribution of 
force in the rotator cuff muscles(12). 
Because co-activation of the proximal and 
distal arm muscles has been shown to 
occur during gripping (possibly as a result 
of the grip motor control command 
eliciting activity in the proximal shoulder 
muscles), it is feasible that assessment of 
grip will give an indication of the activity of 
the rotator cuff(18).

Muscles of the forearm and 
hand
There are a host of muscles involved in the 
execution of a powerful grip. Some of these 
muscles reside in the forearm (called the 
extrinsic muscles) and the rest lie within 
the hand (the intrinsic muscles). It is 
beyond the scope of this paper to discuss in 
detail all the relevant muscles and the 
actions they perform. However, a few 
pertinent points regarding muscle balance 
needs to be pointed out:

 The forearm pronators are stronger the 
than the forearm supinators.

 The wrist/finger flexors are stronger 
than the extensors.

 The thumb flexor and adductors are 
stronger than the extensor/abductors.

 Wrist extension strength is heavily 
utilised in grip actions (primarily a wrist/
finger flexion action). The reason behind 
this is that the wrist/finger flexors operate 
with more mechanical efficiency if the 
wrist is held in slight extension, and then 
stabilised by the extensors.

Extrinsic flexor compartment  
(see Figures 1 and 2)
1. Flexor carpi ulnaris (superficial)
2. Palmaris longus (superficial)
3. Flexor carpi radialis (superficial)
4. Pronator teres (superficial)
5. Flexor digitorum superficialis 
(intermediate)
6. Flexor digitorum Profundus (deep)
7. Flexor pollicus Longus (deep)
8. Pronator quadratus (deep)

Extrinsic Extensor compartment  
(see Figures 3 and 4)
1. Brachioradialis (superficial)
2. Extensor carpi radialis longus 
(superficial)
3. Extensor carpi radialis brevis 
(superficial)
4. Extensor digitorum (superficial)

Figure 1: Flexor compartment (superficial) 

Figure 2: Flexor compartment (deep)
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5. Extensor digiti minimi (superficial)
6. Extensor carpi ulnaris (superficial)
7. Anconeus (superficial)
8. Supinator (deep)
9. Abductor pollicus brevis (deep)
10. Extensor pollicus longus (deep)
11. Extensor pollicus brevis (deep)
12. Extensor indicis (deep)

Muscles of the thumb
Some of the thumb muscles belong to the 
extrinsic forearm muscles mentioned 
above. However the intrinsic muscles 
include:

Thenar eminence (Figure 5)
1. Opponens pollicus
2. Abductor pollicus brevis
3. Flexor pollicus brevis

Figure 5: Thenar eminence

Hypothenar eminence (see Figure 6)
1. Flexor digiti minimi brevis
2. Abductor digiti minimi
3. Opponens digiti minimi

Figure 6: Hypothenar eminence

Finally, in the hand we also have:
1. Four lumbrical muscles
2. The dorsal and palmar interossei
3. Adductor pollicus
4. Palmaris brevis

Figure 3: Extrinsic extensor compartment (superficial)

Figure 4: Exterior extensor compartment (deep)
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Measuring grip strength
Grip strength can be measured using a 
handheld dynamometer (see Figure 7). A 
typical protocol is to measure 5-second 
maximal contractions with the arm in three 
different positions: neutral, 90° abduction, 
and 90° abduction with 90° external 
rotation. The wrist is kept in neutral and 
the elbow at 90° flexion in all positions. 
Subjects should stand with the feet 

approximately shoulder width apart, with a 
wall behind to add stability and to prevent 
trunk rotation, and help maintain arm 
position. Usually three measurements are 
taken and the average of the three is used. 
Pinch strength (Figure 7) is measured with 
a pinch meter and is a measure of 
individual finger to thumb strength usually 
measured with the fingers in relative 
extension. 

Improving grip strength
There are numerous types of grip positions 
that we can use when training. The most 
common grip is a cylindrical grip (which is 
part of the power grip series). A cylindrical 
grip is where you clasp your hands around 
a barbell or a dumbbell to a point where the 
first pad of the thumb can be placed over 
the index and ring finger. This is the most 
common grip variation in typical strength 
training using standard barbells and 
dumbbells. 

Common ways  to  deve lop  th i s 
cylindrical grip strength are exercises such 
as:

 Deadlift holds
 Milk can carries (strongman exercise)
 Hanging chin up with a closed grip 

(thumb opposing the index finger)
 Towel chin ups with a hold

The problem with this grip is that while it 
can build a lot of strength, sometimes this 
strength doesn’t cross over into other 
positions/environments where grip is 
required. 

Battling ropes
The ‘battling ropes’ is an effective training 
tool to develop grip strength, primarily 
through the strongman pulling exercises 
performed across all three planes of motion 
(see Figures 8-15). Additionally, the different 
grip positions affect the way grip strength 
is developed – ie neutral grip and the 
classical overhand or pronated grip.

There are numerous muscles involved 
in movement of the forearm and hand (see 
above), with many of these involved in 
gripping activities like strongman pulls. 
Other positive crossovers relate to how 
strongman pulls can help facilitate 
stronger lifts – eg barbell deadlifts and 
pull-ups, where often it is the grip muscles 
that fail before the (larger) target muscles. 
There are also benefits for recreational 
activities like rock climbing, wrestling, 
tennis, and golf, all of which need strong 
flexor muscles whilst also maintaining 
good stability of the extensor muscles.

Developing grip in training can produce 
massive benefits in everyday life and sport. 
For example, shaking somebody’s hand 
you may notice that the power in the grip is 
predominantly from the thumb, index and 
middle finger. You may not notice that the 
ring and pinky finger don’t do too much 
work at all. In this scenario, we find 
someone is more prone to radial deviation 
(where the thumb is brought towards the 
inside of the elbow). This can lead to 
dysfunctions such as medial epicondylitis.

Figure 7: Hand-held dynamometer (above) and pinch grip testing 
(below) device
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Powerbags and the Hook grip 
When power bags are used in training, the 
benefit is the strap that can be used to grip in 
all a ‘hook’ grip (Figure 14). This has a huge 
impact on the flexor digitorum muscles in 
the forearm. When the pollicis muscles/
tendons (or the muscles involved with the 
thumb) are omitted from the grip action, 

there is greater variability as to how the 
upper arm and shoulder joint is utilised.

Other grips
 Spherical grip – this is similar to a 

cylindrical grip but the object is thicker, so 
the thumb cannot reach the index and 
middle finger. With this grip, the whole 
kinetic chain from fingers through to the 
shoulder changes, and many people will 
feel much weaker.

 Lateral prehesion grip – an example of 
this is the use of Kettlebells, where the bell 
is held overhead with open hand positions 
(Figure 15). In this grip, the adductor pollicis 

Figures 8-13: Using battling rope exercises to enhance grip strength

Sagittal standing pull Sagittal sitting pull (note different grip)

Frontal standing pull

Sagittal kneeling pull (note different grip)

Sagittal plank pull Kneeling frontal pull

Figure 14: Hook grip

Figure 15: Lateral prehesion grip

The hand is in a very straight position, 
in line with the wrist down to the 
second metacarpal phalangeal joints. 
The Powerbag is held with the first 
two pads of the fingers.

muscle of the thumb is drawn in towards 
the index finger, creating tension to keep 
that kettlebell in position. This grip 
position can also be seen can be seen in the 
overhead position in the kettlebell snatch 
and also in the starting position when 
performing the ‘Turkish get up’ exercise.

Pinch grip strength
Pinch grip positions usually involve the 
fingers being kept in some degree of 
extension (straight fingers). The muscles 
used in this grip sequence usually 
eliminate the strong extrinsic finger 
flexors, and require more intrinsic muscle 
action such as the lumbricals. Due the 
extension of the fingers in these positions, 
the strong finger flexors need a position of 
active tension to effectively work. 
Therefore, it is common to see this grip 
posture involving 10-20 degrees of wrist 
extension. The wrist extensor muscles are 
therefore utilised to hold this wrist extensor 
position. A classic way to develop this pinch 
grip is by performing a ‘plate pinch’(see 
Figure 16) for a specified time. The 
variations to a ‘plate pinch’ are;
1. Number of plates to make a thicker plate 
or thinner plate.
2. Holding the plates by the side or in front. 
This will change scapular stability posture.
3. Plates with ridges vs smooth plates 
(changes the coefficient of friction).



10 SPORTS INJURY BULLETIN         	  No 160

Summary
Grip strength is not only a fundamental 
component of successful skill execution and 
performances of strength ‘feats’ in sport, it 
is also linked to rotator cuff and shoulder 
pathologies. Therefore, actively training 

grip strength components can help as part 
of a strength and conditioning program – as 
well as in rehabilitation programs. 

There are a host of muscles that 
contribute to a strong and powerful grip. 
Overall strength can be easily measured 

with commercial grip and pinch strength 
dynamometers. Many alternative methods 
of grip strength training exist such as 
barbells, dumbbells, Kettlebells, Ropes and 
plates. 
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Figure 16: Plate pinch exercise

Cervicogenic dizziness

Cervicogenic dizziness: losing your equilibrium!
Following on from his article on cervicogenic headaches, Patrick Gillham explores the causes of 
cervicogenic-related dizziness in athletes, how to diagnose and effective treatment options

Dizziness is a very common complaint in 
clinical practice, affecting approximately 
20-30% of the general population(1). It can 
manifest as faintness, unsteadiness, a 
p e r c e p t i o n  o f  s p i n n i n g ,  a n d 
disorientation (2). The mechanisms 
causing these symptoms are multiple, and 
can involve several different organ 
systems. In particular, dizziness can be 
experienced from disturbances of the ear, 
nose and throat; cardiovascular system; 
and central nervous system (CNS)(1,3). 

More commonly in sport however, is 
the association of dizziness in 20-58% of 
athletes who sustain a traumatic cervical 
flexion-extension injury or ‘whiplash’ 
injury ( 1 ,2 ,4).  This can occur due to 
dysfunction in the upper cervical spine and 
sensorimotor control disturbances(1,5). This 
specific type of dizziness is referred to as 
cervicogenic dizziness (CGD)(2).

Presentation
Table 1 gives an idea of how to distinguish 
dizziness with cervicogenic origin from 

that of other causes. In addition, common 
distinguishing features of CGD include 
associated neck pain, restricted cervico-
t h o r a c i c  r a n g e  o f  m o t i o n ,  a n d 
headaches(4,6). Furthermore, hypertonicity 
to dorsal  soft  t issue (particularly 
suboccipital musculature) and positive 

pain provocation with palpation to cervical 
zygapophyseal joints are likely(6). Further 
disturbances with cervical joint positional 
sense, postural stability, and oculomotor 
control, such as altered smooth pursuit 
and saccadic eye movements, can also 
present with this disorder(5). 

Table 1: Duration and frequency of common causes of dizziness(4)

Cause Common 
symptoms

Frequency Duration Related Factors

Benign paroxysmal 
positional vertigo

Vertigo Episodic Seconds Head position, 
usually worse in 
the morning

Cervicogenic 
Dizziness

Dizziness, 
disequilibrium

Episodic Minutes 
to hours

Related to head 
position

Perilymphatic 
fistula

Disequilibrium, 
vertigo

Episodic Seconds 
to minutes

Vertigo during 
Valsalva 
manoeuver

Labyrinthine 
concussion

Vertigo, 
disequilibrium

Episodic Hours to 
days

Increases with 
fatigue

Central vestibular 
dysfunction

Dizziness, 
disequilibrium

More 
constant

Days to 
weeks

Combined with 
inner ear 
pathologies
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The proposed mechanism for the above-
mentioned characteristics are a result of 
changes to excitation levels of cervical 
somatosensory receptors. This is caused by 
neck pain or trauma, and leads to a sensory 
mismatch between vestibular and cervical 
input(2,7). Literature supports the presence 
of a strong connection between cervical 
dorsal roots and the vestibular nuclei (see 
Figure 2) particularly at levels C2 and C3(3,4).

The cervical afferents are also involved 
in three reflexes influencing head, eye, and 
postural stability/proprioception: the 
cervico-collic reflex, the cervico-ocular 
reflex, and the tonic neck reflex(5). In 
addition, there is an abundance of 
mechanoreceptors in the ‘y-muscle’ 
spindles of the deep segmental upper 
cervical muscles, which if sensitised by 
t r a u m a ,  l e a d s  t o  a l t e r a t i o n s  o f 

proprioceptive signalling to the CNS 
(Figure 1)(1,8). With this in mind, it is 
understandable that injury or trauma of the 
neck may be associated with a sense of 
dizziness or disequilibrium. 

Diagnosis
As a result of the previously mentioned 
competing pathologies, it can be difficult to 
diagnose the primary cause of dizziness. 
Obtaining a thorough history from a patient 
presenting with dizziness is therefore 
critical to making a decision regarding 
appropriate care(2,4,5,8). To entertain a 
diagnosis of CGD, the therapist must be 
able to correlate the onset and diagnosis of 
the dizziness symptoms with the neck pain 
o r  d y s f u n c t i o n  ( i e  w i t h  c e r v i c a l 
movements(4). Commonly, the most 
provocative cervical movement is extension; 
however, CGD can be reproduced with 
rotation or (more rarely) flexion(7).

Table 2 lists co-existing symptoms that 
should be explored further because they are 
suggestive of CNS or inner ear (vestibular) 
pathology. Such symptoms would require 
further investigation and would not be 
appropriate for physiotherapy treatment(4).

Another pathology which can cause 
dizziness and unsteadiness, and which 
should not be misdiagnosed is damage to 
the vertebral artery or vertebrobasilar arterial 
injury. This can be present following head 
and neck trauma (4,5). If there is any 
suspicion of vascular involvement, a clinical 
framework has been proposed providing an 
accurate guideline for assessment and 
management(9). Likewise, it is worth noting 
that dizziness can be caused by elevated 
anxiety and medication intake as well(5).

To quantify the functional impact of 
CGD, the Dizziness Handicap Inventory 
Questionnaire has been proposed  

Figure 1: Link between cervical afferents and the vestibular  
nuclei/oculomotor afferents

Table 2: Co-existing symptoms with dizziness, which indicate additional pathology(4)

Unexplained symptoms suggestive of CNS 
pathology (require immediate medical attention)

Symptoms suggestive of 
vestibular pathology

Symptoms appropriate for 
physiotherapy input

 Constant vertigo 
 Feeling of being pushed to one side 
 Facial asymmetry 
 Swallowing dysfunction 
 Speech problems 
 Oculomotor dysfunction (cranial nerves Ill, IV, VI) 
 Ptosis 
 Vertical nystagmus 
 Loss of consciousness
 Repeated, unexplained falls 
 Changes in sensation 
 Severe headache
 Upper motor neuron signs and symptom

 Constant dizziness 
 Unilateral hearing loss
 New onset of tinnitus
 Aural fullness (stuffiness in ear)
 Ear pain
 Transient vertigo

 Transient dizziness
 Cervical pain
 Limited cervical range of motion
 Radicular upper extremity symptoms
 Headache
 Balance complaints
 Jaw pain
 Visual sensitivity
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(http://www.rehab.msu.edu/_files/_docs/
Dizziness_Handicap_Inventory.pdf). The 
purpose of this scale is to identify 
di f f icul t ies  that  someone may be 
experiencing because of dizziness. 
Although this assessment is not specific to 
athletes, it can be helpful as a valid and 
reliable outcome measure(5,7,10).

Other measurable outcomes for 
symptoms can include a 5-point scale for 
intensity of dizziness (0=no, 1=mild, 
2=moderate, 3=severe, and 4=very 
severe(6). Similarly, frequency of dizziness 
can be measured on a 6-point scale (0=no 
dizziness, 1=dizziness less than once per 
month, 2=1-4 episodes of dizziness per 
month, 3=1-4 episodes per week, 4=once 
daily, and 5=more than once per day or 
constant)(7).

Assessment
Pain provocation and disruptions to 
cervico-thoracic range of movement can be 
assessed using a neuromusculoskeletal 
objective assessment, while the effect on 

Figure 2: Cervical joint positioning sense assessment

Figure 3: Postural stability 
assessment

A laser pointer is mounted on the patient’s head using a headband. The patient is 
positioned 90cm from the wall, and a starting point for the laser is marked on the 
wall in front of them. With eyes closed, the patient is asked to perform the 
dysfunctional cervical active range of motion, and return back to the starter 
mark. Errors as little as 3-4 degrees (4-5cm) can indicate a deficit in joint-
positioning sense. With added variances, this procedure can also be used as an 
effective rehabilitation exercise for the patient (see ‘Sensorimotor disturbances in 
neck disorders affecting postural stability, head and eye movement control’ by 
Treleaven for a full descritpion)(5).

CGD symptoms is monitored. To gauge 
any additional sensorimotor control 
disturbances however, clinical assessment 
of cervical joint position sense (Figure 2), 
oculomotor control ,  and postural 
instability or balance/ proprioception can 
be very useful(1,2,4,5).

Oculomotor control 
assessment
This includes gaze stability (the ability to 
maintain gaze of a target while the head is 
moving), smooth pursuit (eyes follow a 
target whilst keeping the head still), 
saccadic eye movements (eyes fixed on a 
target that is moved quickly), and eye/head 
coordination (maintaining gaze when both 
the head and eyes are moving in between 
two targets – leading with the eyes first). 
Symptom provocation is a positive test, as 
well as, noting any abnormal coordination 
of the task(5). Similarly, these tests can be 
used for  rehabi l i ta t ion,  and with 
appropriate adaptation, can be made more 
functional to sporting tasks.

Treatment
Researchers have argued that once a 
confident diagnosis has been achieved, 
management of CGD should be the same 
as for cervical pain, supporting the role of 
m a n u a l  t h e r a p y  f o r  l o n g - t e r m 
benefits(1-4,6-8,10). Following trauma, it is 
thought that type 1 cervical articular 
mechanoreceptor and proprioceptors from 
dysfunctional joints results in a loss of 
normal afferent input. This leads to 
aberrant information being sent to the 
vestibular nuclei, thus formulating 
s y m p t o m s  s i m i l a r  t o  v e s t i b u l a r 
disturbances, such as dizziness(3). 

With this in mind, cervical spine 
mobilisation techniques (sustained natural 

Balance testing in a narrow, tandem or 
single-leg stance can be tested with 
eyes open or closed. Inability to 
maintain stance for 30seconds, 
noticeably large increases of sway, 
slower responses to correct sway or 
rigidity to prevent sway are considered 
abnormal responses. Neck disorders 
are thought to rely more on visual 
input for balance; therefore, omitting 
this input will produce obvious 
deficits(1,5,8). Again, practicing balance 
in challenging positions can be a 
useful rehabilitation tool.
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apophysea l  g l ides ,  and Mai t land 
mobilisations) have been shown to be 
effective in restoring normal movement of 
the zygapophyseal joints. The benefits 
include a reduction in pain and muscle 
hypertonicity, which helps re-establish 
normal proprioceptive and biomechanical 
functioning to the cervical spine(1,3,10).

If these techniques described above are 
successful then a self-SNAG (as described 
in issue 159) can be recommended for the 
patient to try at home using a towel or belt/ 
strap. In general, it has been proposed that 
these techniques should be utilised over a 
course of four to six sessions, which should 
produce a long-term reduction in 
symptoms(3,7,10). Combining these manual 
techniques with sensorimotor control 
rehabilitation, as described previously, is 
recommended by  the  major i ty  of 
l i terature ( 1 ,5,6,8);however,  remains 
inconclusive in a minority of research(2).

Summary
CGD is a diagnosis characterised by 
dizziness and disequilibrium, which is 
associated with neck pain, most commonly 
following neck trauma, such as forced 
cervical flexion-extension mechanisms in 
sport. The diagnosis relies on the basis of 
history and examination, and should 
prioritise the exclusion of other possible 
causes of dizziness, including involvement 
of the CNS, cardiovascular, and vestibular 
systems. Physiotherapy intervention is not 
appropriate if there is any suspicion of these 
systems being the source of symptoms. In 
this instance, onward referral to a clinical 
specialist should take precedence.

When diagnosed correctly, there is good 
support for the use of manual therapy 
techniques to produce a long-term reduction 
in symptoms. Given the prevalence of 
sensorimotor control disturbances 
associated with dysfunction to the upper 
cervical spine, the addition of sports-specific 
rehabilitation focusing on regaining this 
control can be clinically justified. 
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With the patient sitting, the therapist applies an anterior glide to the transverse 
process of C1 on the same side of the symptomatic movement. In this example, 
the patient experiences dizziness when rotating to their left side. The idea being 
that this is the primary dysfunctional movement simulating an over-rotational of 
C1 on C2 in this direction. The glide aims to normalise this movement. Therefore, 
a positive sign would be the relief of symptoms whilst performing this technique. 
The glide should be in a horizontal direction, along the facet plane. With low 
severity of pain and dizziness 6-10 repetitions can be applied with further sets. If 
there is high irritability, then 3 sets of 3 repetitions is recommended as this 
technique can be very stimulating(3,7,10,11).

If extension or rarely flexion provokes the symptoms then the therapist should 
trial central pressure on the C2 spinous process during movement. Because the 
technique is still trying to affect the C1-2 articulation, the glide should continue to 
be in a horizontal direction. Repetitions apply as described above. Alternatively, 
the patient could perform this independently using a belt/ strap as shown. 

Figure 4: Unilateral C1 rotation sustained natural apophyseal glide 
(SNAG)

Figure 5: Central C2 SNAG
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The recent trend in postoperative 
rehabilitation of acute distal biceps tendon 
repairs has been towards pushing for early 
range of movement, as the risk of tendon 
retraction and postoperative complications 
is less(1,2). However, in chronic repairs, the 
exact protocol will depend on the quality of 
the tendon at the time of surgery, and if 
tendon grafting is needed. Often these 
chronic rupture repairs need a period of 
immobilisation in a brace in flexion and 
neutral rotation from 2 weeks to 6 weeks(3-9).

The brace may initially start at 90 
degrees flexion and be gradually opened 
over the 6-week post-operative period so 
that by week six, the patient can extend to 
30 degrees elbow flexion. After the 6-week 
post-operative period the elbow is 
gradually stretched into full elbow 
extension and full pronation. Formal 
strength retraining is usually started at 2-3 
months post-operative but return to sport 
and heavy lifting is delayed to 6 months 
following surgery. 

The discussion below focuses on the 
rehabilitation schedule following an 
acutely repaired distal bicep tendon, and 
doesn’t discuss the complications of 
delayed repairs. It is assumed that in a 
professional and elite sport setting, the risk 
of ‘missing’ a rupture of the distal biceps 
tendon would not be as apparent as it may 
be in general practice. Elite athletes have 
access to a host of sports medicine 
practitioners who can push for diagnostics 
and imaging quite quickly. Therefore, the 
risk of missing a tendon rupture and 
subsequent delayed surgery would not be 
as prevalent as in the non-athletic 
population. These athletes are more likely 
to undergo acute repairs of the distal biceps 
tendon, thus negating the complications 
associated with delayed repairs. 

Stages in the post-operative 
schedule
As with any sports-related post-operative 
surgical procedure, the time to return to 
sport and competition is influenced not 
only by the healing capacities of the 
surgically repaired tissues (which usually 
follow predictable timelines) but also by 

the functional progressions of the athlete. 
As has been the theme with many of the 
discussions in the SIB Rehabilitation 
series, a list of ‘exit criteria’ has again been 
presented to help guide the sports 
therapist in progressing from one stage to 
the next. A common post-operative 
schedule in an acutely ruptured tendon is 
described below.

Phase 1: Protection and healing  
(first 3 weeks post-operative)
As with the majority of post-surgical 
rehabilitation programs, the first few weeks 
after the operation are crucial to allow a 
healthy healing environment to be created. 
This allows timely and optimal healing of 
the repaired tissues. Therefore, care and 
consideration must be taken to avoid large 
tensile forces on the bicep tendon through 
either passive over-stretching or strong 
muscle contraction. In the non-elite athlete, 
this may involve protected home stay for the 
first 3 weeks. However, in the elite strength 
athlete, measures must be taken to avoid a 
huge loss of range of motion at the elbow 
and the development of gross muscle 
atrophy in the biceps/triceps and forearm 
muscles.  Therefore,  the common 
approaches used are as follows:

 Some surgeons may brace the elbow 
immobile in a posterior elbow splint for 
the first week. Others may choose to 
apply a removable elbow splint, which is 
fixed to 90 degrees elbow flexion (the 
splint can be removed for washing and 
for exercises). 

 A collar and cuff is used to support the 
arm during walking and standing.

 The elbow may be passively flexed and 
extended from 30 degrees to 130 degrees. 
This needs to be done in a controlled, 
slow fashion by the physiotherapist or 
athletic trainer – 20-25 repetitions, five 
times per day.

 Icing of the elbow crease is undertaken 
post exercise. 

 Active shoulder abduction, flexion and 
external rotation may be performed with 
the elbow brace on – 2-3 sets of 10-15 reps 
is sufficient.

 Seated scapular retraction exercises are 

performed with the brace on and elbows 
supported on a pillow.

 Active wrist and finger flexion/
extension exercises are performed. 

 Muscle stimulation using the atrophy 
mode for the bicep and triceps, and 
hypertrophy mode on the deltoids may be 
used at this stage. 

 Cardio work would be limited to 
recumbent cycle or 1 arm rowing on a 
rowing ergometer. 

Exit criteria for Phase 1 (first 3 weeks).
1. Pain-free passive elbow flexion from 
30-130 degrees flexion. 
2. Minimal swelling and no wound 
complications.
3. Normal skin sensation over forearm 
indicating no nerve damage intra-
operatively.
4. Full passive forearm supination and 
pronation at 30 degrees elbow flexion.

Phase 2: Passive range of movement 
(weeks 3-6)

 From week 3, the brace is opened 10 
degrees each week. In week six, the 
patient has full range of movement with 
the brace in situ. (This will differ with the 
delayed tendon repairs where they are 
protected over the first 6 weeks.) 

 Active extension in the brace is allowed, 
but flexion is still passive and in the brace.

 Scar tissue massage to prevent 
adhesions at operative site is 
recommended. This can be done 
regularly throughout the day. 

 Patients should continue with active 
wrist/shoulder exercises.

 Scapular retraction/depression 
exercises can be started in prone – if the 
position is tolerated. 

 Patients should start light Theraband 
shoulder internal and external rotation 
exercises, with the brace on and locked at 
90 degrees (from week five). 

 Weighted wrist extension and flexion 
exercises, and ulnar/radial deviations can 
be performed with a weighted stick. 

 Continued use of muscle stimulator to 
the bicep, tricep and deltoids is 
recommended. 

Bicep rupture rehab

Distal bicep tendon rupture: the road to recovery
In last month’s edition, Chris Mallac presented the relevant anatomy and functional 
biomechanics of the distal biceps unit, the mechanisms of injury and clinical tests commonly 
used to diagnose distal bicep tendon ruptures. In part two, Chris outlines and explores the post-
surgical rehabilitation of distal bicep tendon repairs…
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Exit criteria for Phase 2 (weeks 3-6)
1. Full passive range of motion in flexion. 
Full active extension. 
2. No swelling or inflammation at 
operative site.
3. Full active pronation in all positions. 
Full passive supination in all positions. 

Phase 3: Early strength phase  
(weeks 6-12)
1. Early active biceps muscle contraction.  
This can be done as the following 
progression;

a. Protected range of movement (preacher 
curl position – see figure 1). Weeks 7,8.
	� i. 3 x 15 reps neutral pronation to full 

supination (see diagrams below).
	� ii. 3 x 15 reps full supination with 

isometric supination bias using 
Theraband. Theraband places a 
pronation force onto the forearm to 
create an extra supination effect on 

the bicep (see diagrams below). 
	� iii. Note: full pronation is avoided 

initially as this increase compressive 
load on the distal radial insertion of 
the tendon. 

b. Neutral Range of Movement  
(upright sitting). Weeks 9,10
	� i. 3 x 15 reps full supination with 

isometric supination bias 
(Theraband – figure 2).

	� ii. 3 x 15 reps neutral pronation to full 
supination. 

	� iii. Note: full pronation is avoided 
initially as this increase compressive 
load on the distal radial insertion of 
the tendon. 

c. Stretch Position (80 degree incline). 
Weeks 11,12. 
	� i. 3 x 15 reps full supination with 

isometric supination bias 
(Theraband).

	� ii. 3 x 15 reps neutral pronation to full 

Figure 1: Preacher curl

Preacher curl position;  
start with forearm in neutral pronation/supination

Preacher curl position;  
finish with forearm in full supination

supination. 
	� iii. Note: full pronation is avoided 

initially as this increase compressive 
load on the distal radial insertion of 
the tendon. 

2. Commence all pushing movements 
(bench press, shoulder press). These 
movements are unrestricted; however use 
logical progressions based on time away 
from weight lifting. 
3. No deadlifts, cleans or other pulling 
movements requiring elbow flexion such 
as chin ups, seated rows. Patients can 
perform straight arm pulldowns and 
straight arm reverse flyes. 
4. Commence straight line running drills/
technique and build up speed work. 
5. Commence running based fitness drills. 
6. Continue passive range of movement 
and scar tissue massage as needed.
7. Superior radioulnar joint mobilisations 
if required. 
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Figure 3: Seated biceps curl

Figure 4: Seated position with 
supination bias

Theraband is placed on inside of dumbbell. This forces the dumbbell into a pronated 
position; therefore active supination is required to balance the pronation force. 

Finish in full supination

Figure 2: Preacher curl standing with supination bias

Exit criteria
1. Equal isometric elbow-flexion strength. 
Tested at 90 degrees flexion. Full 
supination and neutral pronation 
positions. 
2. Straight line speed. Back to pre-injury 
speed levels. 

Phase 4:  Advanced sports-specific 
strength and skill acquisition  
(weeks 12-18)
1. Increase load on 80-degree incline bicep 
curls, from full pronation to full 
supination. 
2. Forward lying incline curls with full 
supination (see figure 6 illustrations 
below). 
3. Weighted pronation to supination 
movements. Performed in both elbow 
flexion and elbow extension, using a 
weighted bat or hammer. The forearm is 
taken from full pronation to neutral 

Figure 5: Seated incline preacher 
curl with supination bias

Patient lies at an 80º incline to place 
the bicep in stretch. Theraband used to 
place a supination bias – this requires 
the bicep to utilise its supination role 
during the elbow flexion movement. 

Start with neutral forearm supination/
pronation



17 SPORTS INJURY BULLETIN         	  No 160

position (this requires active supination) 
and then taken down to full supination 
(this requires an eccentric contraction of 
the pronators). The weight is then taken 
back to neutral (pronation contraction) 
and dropped down to the start position 
(controlled eccentrically by the bicep). 
4. Start sport-specific weight lifting in 
progressive overload fashion – deadlifts, 
clean and jerk, all pulling movements 
(chin ups, seated rows). 
5. Return to non-contact skill acquisition. 

Figure 6a: Forward lean bicep 
curl

Figure 6b: Weighted pronation to supination in elbow flexion

Figure 6c: Weighted pronation to supination in elbow extension
Start position in full pronation

Start position

Start position

Finish position

Finish positionFinish position in full supination
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Exit Criteria
1. Confidence with elbow flexion in 
strength tasks.
2. Elbow flexion strength 90% compared 
with unaffected side.
3. Confidence with bicep tendon with skill 
based efforts.  

Phase 5: Return to competition phase 
(weeks 18-24)
1. Advanced strength and conditioning 
content.
2. Elbow flexion strength 95% compared 
with unaffected side. 
3. Full contact skill if in contact sport. 

Conclusion
Distal bicep tendon ruptures in athletes are 
rare but potentially debilitating if not 
managed correctly. Surprisingly, a lot of 
literature exists on the ‘best practice’ 
management for these injuries. The 
supporting evidence on the types of 
different surgeries is quite varied, and the 
best approach therefore will be determined 
by the treating surgeon. 

Irrespective of the type of surgery and 
fixation used, the rehabilitation process can 
be quite protracted to ensure the athlete 
returns to competition with an anatomically 
sound distal bicep tendon attachment. It 

also allows elbow flexion strength and 
supination strength return to the best levels 
possible. 
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