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Acute hamstring injuries are often caused by the heel hook technique. This technique is unique to climbing
and causes injury to muscular and inert tissues of the posterior thigh. The heel hook is used by climbers during strenuous ascent on overhanging walls and when crossing difﬁcult terrain. The technique reduces the
amount of upper body strength required during strenuous climbing because the climber’s center of mass is
retained within the base of support. The heel hook is stressful collectively for the hamstring muscle group
and musculotendinous junction. Depending on injury severity, both conservative and surgical methods
exist for the management of hamstring injuries. Contemporary approaches to rehabilitation primarily advocate the use of eccentric muscle strengthening strategies because of high rates of elongation stress associated
with sprinting and team sports. However, there is reason to doubt whether this alone is sufﬁcient to rehabilitate the climbing athlete in light of the high degree of concentric muscle strength required in the heel hook
maneuver. This review examines the contemporary rehabilitation and strength and conditioning literature in
relation to the management of acute hamstring musculotendinous injuries for the climbing athlete. The
review provides a comprehensive approach for the rehabilitation and athletic preparation of the climbing
athlete from the initial injury to full return to sports participation.
Keywords: rehabilitation, heel hook, hamstring injury, climbing injury

Introduction
A wide spectrum of hamstring-related injuries is reported in
the literature. 1,2 This includes complete and partial proximal hamstring tendon avulsions, ischial apophyseal avulsions, proximal hamstring tendinopathy, referred posterior
thigh pain, and hamstring tear. 2 Muscle injuries are very
common in sports. 3 An acute muscle tear is an injury affecting the structural integrity of the muscle ﬁbers/bundles,
leading to loss of continuity and contractile properties of
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the muscle. 4 Acute hamstring tears are the most common
hamstring-related injury resulting in loss of time from
sports and training for athletes. 1 Acute hamstring tears
have increased susceptibility to recurrent injury. It has
been suggested that up to one-third of hamstring strains
will recur within the ﬁrst 2 wk of return to sports. 5 This
high recurrence rate may be suggestive of inadequate rehabilitation and premature return to sports.
The prevalence of hamstring injury is high in sports that
require kicking or highly skilled movements, such as
soccer, 6 Australian-rules football, 7 Gaelic football, 8 and
sprinting. 9 Acute hamstring muscle strains have been
found to be more common in sports that involve signiﬁcant
muscle lengthening and elongation while under active
tension. 10 This injury mechanism is a common factor associated with high-speed sprinting and is suggested to account
for the majority of these injuries in team sports. The
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terminal swing phase in sprinting has been proposed to be a
cause of injury for the hamstring muscles because of the
rapid eccentric muscle lengthening required to decelerate
the tibia in preparation for ground contact. 11 The degree
of elongation of the biarticular hamstring muscles is substantial in the terminal swing phase because of the magnitude of hip ﬂexion and knee extension range of motion
required. 12 The biarticular muscles (long head of biceps
femoris, semimembranosus, and semitendinosus) have
been reported to be elongated 12, 10, and 9%, respectively,
beyond their normal upright length. 13
Furthermore, peak hamstring muscle force and eccentric
work has been reported during this phase with increasing
speed of limb motion. 14 This may explain the preference
for eccentric strength training in the management of hamstring strains in the literature and clinical practice. Eccentric
training has been shown to increase fascial length, which
has been attributed to an increase in sarcomeres in series
within the muscle. 15 This may cause a shift in the
lengthetension relationship of the muscle, allowing the
production of peak force in a lengthened position such as
the terminal swing phase. 16 However, we believe acute
hamstring injuries in climbers favor a different mechanism
of injury when compared to sprinting. The mechanism of
injury is the heel hook technique, which uses concentric
muscle work and to a lesser degree an isometric muscle
action. This, we believe, makes it difﬁcult to extrapolate
eccentric training modes to hamstring rehabilitation
because of training mode speciﬁcity.
The heel hook technique has been associated with injuries to the lower extremities. Injuries range from hamstring
avulsion injuries, posterior cruciate ligament injuries, and
posterior meniscal injuries to hamstring muscle partial
thickness tears. 17 Depending on the severity and nature of
the injury, both conservative and surgical methods exist
for the management of hamstring injuries. 2 Soft tissue rehabilitation is a specialized area of sports medicine and physiotherapy concerned with the restoration of appropriate
soft tissue and neurodynamic function.
Conservative management and rehabilitation of the
intramuscular tendon and adjacent muscle ﬁbers after a
heel hook-related injury have not been previously reported.
Current guidance on the rehabilitation of hamstring injuries
in athletic populations tends to focus on eccentric muscle
rehabilitation. 10 However, the heel hook technique requires
signiﬁcant concentric hamstring muscle strength to propel
the climber and isometric strength to maintain a static position. Therefore, it is questionable whether current eccentric
loading programs alone are appropriate to rehabilitate the
climbing athlete. Therefore, the aim of this paper is to present a rehabilitation model for the climbing athlete with an
acute hamstring muscle injury who needs to perform the
heel hook technique. A second objective is to provide an
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evidence-based approach for reconditioning and return to
sports for the climbing athlete.
Hamstring Muscle Group
ANATOMY
The hamstring muscle group consists of 3 muscles: the
biceps femoris (long and short heads), the semimembranosus, and semitendinosus. 18 The long head of the biceps
femoris, the semimembranosus, and the semitendinosus
all form a common tendon of origin originating from the
ischial tuberosity. The short head originates medial to the
linea aspera on the posterior distal femur. The long head
of the biceps femoris takes its distal attachment at the ﬁbular head and lateral tibia. The short head of the biceps
femoris attaches to the tendon of the long head of the biceps
femoris, blending with the fascial and tendinous insertions
of the posterolateral capsule and the iliotibial tract. The
semitendinosus blends and joins with the sartorius and gracilis tendons, forming the pes anserinus distal to the medial
collateral ligament. The long head of the biceps femoris, the
semimembranosus, and the semitendinosus are neurologically innervated by the tibial portion of the sciatic nerve
and the short head of the biceps femoris by the peroneal
portion of the sciatic nerve. The biceps femoris is a ﬂexor
of the knee and also externally rotates the knee. 19
FUNCTION
The hamstring muscle group functions to ﬂex and to internally and externally rotate the knee and extend the hip. The
semimembranosus and semitendinosus, in addition to ﬂexing the knee, also internally rotate the knee. The biceps
femoris is a ﬂexor of the knee and also externally rotates
the knee. The long head of the biceps femoris and semimembranosus and semitendinosus act as primary hip extensors alongside the gluteus maximus. 18
Diagnosis
The clinical diagnosis can be made by a physician or physical therapist, depending on qualiﬁcations and expertise.
Patients often present with a history of acute pain in the posterior thigh or buttock correlating with an antalgic gait and
reduced muscle performance in the hamstring group. 2
Physical examination may reveal point tenderness on palpation of the injured area and ecchymosis, which may or
may not track distally. Passive movement testing of the
knee into extension and hip ﬂexion is often symptomatic
because of the tensile forces involved. Manual muscle testing often reproduces pain and weakness of the hamstring
muscles. 20 Hamstring injuries are generally graded in
respect to their severity clinically (Table 1).
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Table 1. Hamstring injury severity classiﬁcation system (adapted from Ahmad et al 2013 2)
grade 1 (mild)
grade 2 (moderate)
grade 3 (severe)

Overstretching with minimal loss of structural integrity of the muscle-tendon unit
Partial or incomplete tearing of the muscle-tendon unit
Complete rupture of muscle-tendon unit

After the clinical examination, radiologic investigation
may be required to conﬁrm the clinical diagnosis. Plain
radiography is indicated in posterior thigh injuries if an
avulsion fracture of the ischial tuberosity is suspected. 2
Magnetic resonance imaging and ultrasonography are radiologic modalities of choice for soft tissue injuries. However, where there is diagnostic uncertainty with regard to
the anatomic site and severity of injury, magnetic resonance
imaging has been shown to have greater sensitivity, identifying subtle ﬂuid changes and anatomic location and deﬁning the injury classiﬁcation. 21,22
Heel Hook Technique
The heel hook technique is unique to climbing athletes
(Figure 1). The technique involves a pulling motion, creating friction between the climber’s heel and the rock. The
technique has multiple uses in climbing: It can be used to
stabilize the climber to facilitate upper body movement on
difﬁcult terrain, which can reduce load through the upper
body and conserve energy for longer or difﬁcult climbs,
and it can generate upward momentum of the climber’s
center of mass in its own right. 17
The popularity of indoor climbing has changed the nature of climbing and hence, we believe, the prevalence and
incidence of injuries. The incidence of injuries affecting
the lower limbs in sport climbing and bouldering has
grown steadily in recent years. 23 The change in injury

distribution is not known for certain, but increased participation in bouldering may have affected the incidence. 17,23
Bouldering, a derivative of rock climbing, has seen rising
participation levels in the past decade. 24 A bouldering problem is a sequence of difﬁcult moves without the use of
ropes or gear for protection. The heel hook technique is
used extensively in bouldering to reduce the force and
power requirements of the upper body musculature.
The physiologic demands of this style of climbing are
very different from other forms of rock climbing. 25 The
demands of competition bouldering are characterized by
signiﬁcant utilization of anaerobic energy metabolism to
facilitate successful performance. 26 The physiologic proﬁle
of the bouldering specialist is one of marked reliance on
maximal muscle strength and force expression. 27 This
style of climbing is typiﬁed by training practices that
involve the skillful expression of force in a climbing environment and high rates of force development.
The kinematic or biomechanical movement proﬁle associated with bouldering imposes a high degree of both upper
and lower limb involvement to ensure strong attraction to
the rock. The lower limb in particular is characterized by
manipulation of the heel, knee, and hip articulations to create friction on the rock to generate propulsive force to transition from one body position to the next. This reliance on
the lower limb to generate high force production may contribute to the occurrence of heel hook-related injuries in
bouldering. The heel hook technique has been associated
with injuries to the lower extremity ranging from hamstring
avulsion injuries, posterior cruciate ligament injuries, and
posterior meniscal injuries to hamstring muscle partial
thickness tears. 17 Depending on the severity and nature of
the injury, both conservative and surgical methods exist
for the management of hamstring injuries. 2
Rehabilitation and Physical Preparation
Considerations

Figure 1. A climber performing a heel hook on an artiﬁcial climbing wall.

Soft tissue rehabilitation is a specialized area of sports medicine and physiotherapy, concerned with the restoration
of appropriate soft tissue and neurodynamic function.
Conservative management and rehabilitation of the intramuscular tendon and adjacent muscle ﬁbers after a heel
hook-related injury have not been previously reported.
Current guidance on the rehabilitation of hamstring injuries
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in athletic populations tends to focus on eccentric muscle
rehabilitation. 10 However, the heel hook technique requires
signiﬁcant concentric hamstring muscle activity to propel
the climber. Therefore, it is questionable whether current
eccentric loading programs are appropriate to rehabilitate
the climbing athlete. The aim of this paper is to present a
rehabilitation model for the climbing athlete with a hamstring muscle injury who needs to perform the heel hook
technique. A second objective is to provide an evidencebased approach for reconditioning and return to sports
among climbing athletes (Table 2).
THE NEEDS ANALYSIS
An analytical analysis of the sport and speciﬁc movement
pattern involved in the mechanism of injury is an important
component in developing a comprehensive rehabilitation
plan for the injured climbing athlete. The analysis should
consider the physiologic biomechanical proﬁle and the athlete’s predisposing factors for the initial injury. It is also
important to consider the athlete’s social and psychological
status as a part of a biopsychosocial framework. However, a
discussion of the psychological and social determinates of
rehabilitation is beyond the scope of this review.
THE PHYSIOLOGICAL PROFILE
The physiological determinants of an activity are determined by the nature of the metabolic energy systems used

during its performance. The magnitude and duration of
the forces required by the muscle group to perform the
activity largely determine the metabolic demand. Bouldering is heavily dependent on the alactic and fast glycolytic
systems because of the short durations of activity. 26 The
heel hook technique is used to either hold a proportion of
the climber’s body weight or to propel the climber’s center
of mass from one position to another. 28 The short duration
of this activity is reliant on maximal strength expression
and explosiveness. 18
Deconditioning after injury is a concern for recreational
and competitive climbers. It is therefore important for
healthcare professionals to appreciate the physical demands
associated with the sport. This will assist the clinician to
select conditioning activities that help to maintain climbing
performance without affecting the recovering injury. This
analysis of the physical attributes associated with performance requires an understanding of the underlying physiologic mechanisms pertinent to physical capacity. For
example, the mechanisms that contribute to accelerating
the upper body vertically to latch on to a hold are knee
and hip extension strength, 29 trunk stiffness, 30 forearm
ﬂexor muscle cross sectional area, 31 and the rate of force
development of the ﬁnger ﬂexors and lower body extensors. Furthermore, it has been shown that high levels of ﬁnger strength can differentiate elite climbers from their
nonelite counterparts. 31 Static trunk strength, upper limb
strength, and power are moderately associated with elite

Table 2. The rehabilitation/reconditioning continuum (adapted from Comfort et al 2009 59)
Initial treatment
Restoring range of motion

Phase 1: Initial strengthening

Phase 2: Low velocity strengthening

Phase 3: High load strengthening and
functional reconditioning

Return to climbing-speciﬁc
considerations

Protection from further injury, rest, cryotherapy, compression, and elevation are
generally accepted for muscle-tendon unit injuries in the acute phase 3
 Stretching to increase tensile load without symptom reproduction on a daily basis,
3 to 4 sets, 30 to 60 s per stretch 4 per day 4
 Sciatic nerve mobilizations performed daily using either sliders or longitudinal
tensionersddosage is variable 5
 Isometric hamstring speciﬁc strengthening exercises in multiple ranges of motion 6
 Speciﬁc hamstring exercises (eg, moderate-weight resistive bands, leg curl
machines, and double-leg stiff leg lifting in a pain protected range of motion) 6-9
 Begin regional upper-quadrant sports-speciﬁc muscle conditioning, including ﬁnger
strengthening 10
Low velocity concentric full range of motion hamstring-speciﬁc exercises with
increasing resistive load using machines and free weights (eg, heavy elastic bands,
knee curl machines, 6-9 and deadlifts 7)
 High resistive loads in both outer and inner range of motion 6,11,12
 Unilateral and single leg modes (eg, single-leg stiff leg dead lifting, kettle bell
Romanian dead lifting, single-leg knee curls with and without external tibial
rotation) 13,46
 Gradually increase the speed of movement to optimize RFDdincorporate ballistic
training as required 14
Progressive development of sports-speciﬁc heel hook strength by a reduction in
assistance from the upper limb (eg, heel hook with signiﬁcant upper limb assistance
[jug hold], then half crimp to full crimp, vertical then to overhanging rock or wall)
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climbing performance 32,33; therefore, determining the performance-limiting factors offers a high degree of training
speciﬁcity for the injured climber.
BIOMECHANICAL CONSIDERATIONS
An in-depth understanding of the biomechanical demands
of climbing and the heel hook technique is important for
treatment and management planning. Kinematics refers to
the spatial and temporal characterizations of the task without consideration of the forces involved. An understanding
of the heel hook angular kinematics and planes of motion is
important for selecting therapeutic exercise for rehabilitation. The degree of variability and the complexity of the
movement pattern can be reduced by establishing the dominant technical model for heel hooking. Qualitative analysis
of this activity suggests that the movement is initiated with
hip and knee ﬂexion and that movement can occur from 10
to 90 degrees of knee ﬂexion. 28 Tibial rotation (“predominately lateral rotation”), when combined with knee ﬂexion,
may create a mechanical advantage for the posterior lateral
hamstring muscles. 17 The superﬁcial planter ﬂexor group
(gastrocnemius and soleus) is also functionally relevant to
the heel hook technique. The gastrocnemius and soleus
assist the hamstring group by providing powerful plantar
ﬂexion torque. 34 This may increase frictional forces
between the climber’s heel and the rock. This is suggestive
of the need to rehabilitate hamstring muscle function in
both outer and inner range of motion, with and without
tibia rotation and plantar ﬂexion (Figures 2e5).
The kinetic analysis examines the forces and types of
muscle actions involved. The forces involved in the heel
hook technique have not been evaluated previously in the
literature. However, observational analysis of the kinematics suggests dominance of concentric hamstring muscle
activity to propel the climber from one position to the next.
There is also an isometric hamstring muscle component
when the climber is stationary and, to a lesser degree,
some eccentric muscle activity. This analysis of muscle

Figure 2. Initiation of the high heel hook technique.

Figure 3. Concentric activation of the hamstring musculature pulling the
hip toward the knee.

function is important because there is a signiﬁcant
amount of literature on hamstring muscle rehabilitation in
running 16 , 35-37 and sprinting-based sports that the practitioner may be tempted to apply to the climbing athlete.
However, this literature is primarily concerned with
eccentric strengthening of the hamstring musculature. The
theoretical model evident in this analysis of muscle function
is primarily concerned with deceleration of the tibia during
sprinting and running. 35,38,39 For the climber, the mechanism of injury and subsequent muscle action favors acceleration of the tibia by concentric muscle action. 17 , 28
Therefore, eccentric loading research in sprinting and
team sports populations may be less relevant to the sport
of climbing, underscoring the importance of a sports-speciﬁc needs analysis.
Additionally, because of the close anatomic and biomechanical relationship between the hamstring and the core
musculature, it would seem prudent to understand the role
of the trunk in this activity. 40 Although no primary data

Figure 4. Isometric activation of the hamstring assisting the climber’s
stationary position.
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Figure 5. Inner range knee ﬂexion with associated tibial external rotation.

are available on the trunk muscle forces involved in the heel
hook technique, it is generally accepted that both static and
dynamic trunk strength are important for sports
performance. 41 Indeed, maximal isometric trunk strength
while pulling via the heel in a static holding pattern would
seem to be performance enhancing via effective transmission of force. Moreover, when transitioning from one position to another, concentric maximal trunk strength and rate
of force development may also be important to the climbing
athlete.
Conservative Management of the Musculotendinous
Junction Unit
PHASE 1: CONTROL OF PAIN AND THE INITIAL
STRENGTHENING PHASE
Control pain
The initial injury is usually associated with a signiﬁcant
amount of localized pain over the site of injury. The aim
in the initial phase is to control pain and to allow the timely
resumption of controlled tensile forces through the injured
tissues. Control of pain may be far more important than
control of inﬂammation, as was previously thought. 42
Inﬂammation control with nonsteroidal anti-inﬂammatory
drugs in the initial stages of a muscle injury should be
used with caution because growing evidence suggests that
use of these drugs can retard the healing process and affect
the quality of collagen. 43-45 Therefore, the use of nonsteroidal anti-inﬂammatory drugs with this type of injury needs
to be carefully considered in regard to its timing, dosage,
and overriding rationale.
Prevent excessive scar tissue formation
To prevent excessive and disorganized deposition of scar
tissues, it is important to begin the application of tensile
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forces through the injured tissues early. This will promote
appropriate remodeling of tissues along the target tissue’s
lines of stress. Activities such as controlled mobilization
and stretching exercises, which empower patients to take
an active role in their rehabilitation, are preferable. 5 At
this stage, it is also important to ensure that the patient has
appropriate sciatic nerve mobility. Mechanical sensitivity
of the sciatic nerve has been associated with persistent posterior thigh pain and been implicated as a cause of reduced
hip and knee range of motion. 46,47 There is also a place for
adjunctive passive therapies that facilitate soft tissue loading, such as manual therapies. However, in this early
phase of the injury, the practitioner must always remain vigilant of exacerbating the patient’s symptoms and delaying
healing. We believe that the response of the patient to manual and tensile loading can be pragmatically appreciated by
the degree of irritability experienced by the patient after
each procedure. Irritability is the degree to which a patient’s
symptoms settle after exacerbation and can be used as a criterion to guide tensile loading in the early stages.
Establish isometric pain-free baseline
Isometric and concentric strength baselines should be established as soon as is practically possible to understand the
practical dosage of tensile load permissible to the athlete.
It is common to start with isometric-based strengthening
exercises because of their ease of application. 1 However,
we believe it is more prudent to apply concentric-based
loading through a pain-free range of motion than to delay
rehabilitation by prestaging with isometrics. It is also
important to understand how the constraints of a particular
exercise modality will inﬂuence morphologic and mechanical adaptations on the muscular tendinous unit. Neuromechanical changes in motor unit recruitment are paramount
to reduce the deleterious effects of muscle inhibition, and
the abolishment of pain has been shown to reduce muscle
inhibition. 38 Appropriate stimulation of contractile tissues
is prudent to facilitate intramuscular coordination. 48
Novel therapies such as blood ﬂow restriction training
have shown some efﬁcacy in the management of musculoskeletal injuries. 49 This therapy has been shown to increase
muscle strength and endurance when combined with lowintensity resistive exercise (below 20e30% of repetition
maximum) compared to high-intensity resistive exercise.
The mechanistic cause is still unknown; however, it has
been hypothesized that vascular restriction causes the premature recruitment of high-threshold motor units and protein synthesis due to oxygen restriction and intermuscular
metabolite accumulation. 50 However, where and how the
clinician starts the loading regime will largely be inﬂuenced
by the severity of the initial injury, equipment availability,
and the stage of tissue healing.

Hamstring Injuries Rehab Concepts
Maintain regional upper-quadrant sports-speciﬁc muscle
performance
In this early phase, it is recommended that the clinician and
athlete take a proactive approach to maintain muscle performance in the sports-speciﬁc muscle groups closely associated with climbing. There is evidence to suggest that
forearm muscle strength is a performance differentiator
between elite and novice climbers. 33 Therefore, derivative
training to improve and or maintain ﬁnger strength capacities is recommended for the injured climber. 25,31 Training
of the trunk and lumbopelvic region at this stage should
be avoided or at least approached with caution because of
the close anatomic and biomechanical relationship associated with the hamstring muscles. 51
PHASE 2: THE LOW-VELOCITY STRENGTHENING
PHASE
In this phase, pain should no longer be the dominant feature
of the athlete’s presentation. It is important to increase the
loading stimulus on the injured tissues. The principle of
overload is a critical component because this, alongside
other factors, will dictate the morphologic and mechanical
adaptations sought by the clinician. 52 , 53 The emphasis
should still be on the achievement of appropriate intramuscular and intermuscular coordination. 54 Loading of the tissues in isolated concentric strength training should take
precedence.
Some evidence suggests strength training is mode and
velocity speciﬁc, and eccentric training may not restore
concentric deﬁcits in neuromuscular function. 55-57 Isolated
loading of the hamstring muscle group is designed to
induce changes in the intramuscular physiology of the
muscle. The literature suggests that acute changes in
motor unit recruitment, rate coding (ﬁring rates), and the
sequencing of motor unit recruitment at the muscle ﬁber
level can facilitate positive adaptations in strength without
an appreciable change in muscle morphology. 58,59 This is
an acute adaptation, in contrast to long-term adaptations
in muscle cross-sectional area. Long-term adaptations
are a precursor for maximizing the force-generating
capacity of muscle. 60 This has been shown to provide a
platform for additional gains in strength and explosiveness
across multiple sports. 61 Additionally, heavy resistance
training has been shown to provide positive morphologic
adaptations in both contractile and noncontractile tissues,
which is beneﬁcial in a tissue injury model. 60
The method of loading can include both machine-based
and free weight-based activities. The machine-based modalities are preferable at this stage because of their ability
to preferentially develop isolated overload in the target
tissues. 16 This has been suggested to provide a more measurable overload because of the low requirements for
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body stabilization and skill. 59 There is some debate in the
literature about the acute patterns of hamstring muscle activation during different exercises. 62,63 Studies using functional magnetic resonance imaging have consistently
shown preferential recruitment of the long head of the
biceps femoris and semimembranosus activation during
hip extension-derived movements (eg, the stiff leg
deadlift). 38 Knee ﬂexion-based exercises (eg, leg curls)
have shown preferential activation of the short head of the
biceps and increased semimembranosus recruitment. 1 , 64
Therefore, during the initial stages of the injury, an accurate
diagnosis will aid in customized exercise prescription and
prevent inappropriate loading of the injured hamstring muscle. This will allow the clinician to selectively apply load to
the region using a hip extension or knee ﬂexion bias without unduly overloading recovering tissues. In the intermediate stages, the clinician can be selective in the application of
load to encourage tissue regeneration via morphologic
adaptations. During the late stage of rehabilitation, it
would seem reasonable to apply both hip- and knee-orientated hamstring strengthening to target all components of
the muscular tendinous unit to facilitate full recovery.
The recovering tissues should be loaded using concentric muscle actions initially through the pain-free range
of motion. 60 It is generally accepted that the middle range
of motion is the optimal physiologic operating position
for muscles via the length-tension relationship. 1 This midposition in the available range of motion allows optimal
force generation in a relatively safe position for the healing
tissues. 16 , 38 Therefore, we recommend machine-based
resistance training to provide a speciﬁc overload to the recovering tissues.
It is prudent at this stage of rehabilitation to optimize
strength and neuromuscular control through the lumbopelvic region. 41 This is a transitional region of the body
where the hamstrings and its associated musculotendinous
components interact with the trunk. Theoretical and observational evidence supports assessment of this region for
performance in athletes with hamstring injuries. Maintenance of spinal and lumbopelvic integrity during skilled
movements is determined by the muscular capacity of the
trunk and its ability to interpret and process sensory input
to manage predicable and unpredictable task challenges.
During climbing, trunk muscle performance is critical for
the transference, absorption, and generation of forces
through the lumbopelvic region. 65 Theoretically, trunk
musculature able to tolerate high forces may minimize
and load transfer optimally though the hamstring
musculature. 51 The superﬁcial plantar ﬂexor group (gastrocnemius and soleus) should also be considered at this stage
because of their functional signiﬁcance to the heel hook
technique. The gastrocnemius and soleus provide powerful
plantar ﬂexion torque to increase frictional forces between
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the climber’s heel and the rock. Therefore, it seems reasonable to assess and manage strength-related impairments
associated with the superﬁcial plantar ﬂexor group.
PHASE 3: HIGH LOAD STRENGTHENING AND
FUNCTIONAL RECONDITIONING
During this phase, the muscular tissues are trained with
increasing load and regularity in a resistive protocol. The
hamstring musculature should be trained using a concentric
muscle action through the entire range of motion. The
emphasis in this stage is to ensure that the musculotendinous tissues are exposed to high resistive loads both at the
outer range and inner ranges of knee ﬂexion. 4 , 16 , 29 This
type of loading encourages a sports-speciﬁc transition as
the climbing athlete can expect to generate high loads at
various points in the range of motion, dependent on the nature of the climbing problem.
At this stage, the exercise modality will favor a unilateral/single-leg approach to resistive loading in keeping
with the principle of speciﬁc adaptations to imposed
demands. 59 The unilateral loads using modalities such
as single-leg knee ﬂexion machines, single-leg stiff leg
deadlifts, and single-leg Romanian deadlifts with external
tibia rotation will add loading speciﬁcity. 66 , 67 Rate of
force development or explosive training for the hamstring
musculature should feature in the rehabilitation program
because of its universal application to sports performance. 61
The rate at which the climber can accelerate the hip over
the knee during a rockover technique may be performance
enhancing in certain situations (eg, when needing to
rockover and latch on to a hold at speed). Often speed of
movement is a critical component of performance not
achieved by slow strength training. 68 Therefore, we recommend training to develop strength speed using medicine
balls and body weight loads to develop the ballistic qualities
of the hamstring muscles. We also recommend speciﬁc
training of the trunk musculature using both upper and
lower body plyometric exercise to manage the absorption
of forces through the lumbopelvic complex and to facilitate
load transference to the hamstring musculature. 65,69
RETURN TO CLIMBING
Currently, there are no return-to-climbing-based criteria for
the climbing athlete after an intramuscular tear of the hamstring muscles or injury of the tendon. The evidence base is
largely extrapolated from the return-to-sports criteria in
sports such as soccer, 70 rugby, and Australian-rules rugby.71
However, the principles for these sports can be applied
judiciously with due regard to the sport-speciﬁc nature of
climbing. It is clear from experiences in other sports that
robust and evidenced-based return-to-sports criteria are sensible based upon the high rate of recurrence associated with

Figure 6. Single leg hamstring bridge.

hamstring injuries. 70 Indeed, it is often suggested that failure to address the rehabilitation needs of the athlete is a critical factor in the recurrence of these injuries. 38 , 70 , 72
Therefore, we advocate that a pragmatic approach be
adopted when considering the suitability of the climber to
return to full, unrestricted climbing after a heel hookrelated injury, including the following guidance (Figure 7).
Absence of tenderness on palpation deep to the focal area
of injury
Tenderness in this region may be suggestive of an inappropriate healing response and ability of the tissue to tolerate sports-speciﬁc loads. 1 , 73-75 However, this should be
considered against the background of the chronicity of the
disorder and whether this increased tissue sensitivity is
related to central sensitization and a secondary hyperalgesia
response, which can masquerade as a delayed healing
response. The critical factor to assist in differentiating central sensitization, secondary hyperalgesia, and primary
hyperalgesia will be the time course of symptoms and
stage of biological tissue healing.
Strength testing of the injured tissues within 5% of the
contralateral limb
Strength testing is an important component for all return-tosports protocols involving musculotendinous tissues. Hamstring muscle testing often involves objective measurement
of contractile function using isokinetic dynamometers. 71 It
has been suggested that the peak knee ﬂexion angle should
be similar between the injured and uninjured side. 70 However, this is using isokinetic testing, which is beyond access
for most clinicians involved in the rehabilitation of climbers. Therefore, it is recommended that the strength deﬁcit
between the injured side and the contralateral side for
resisted knee ﬂexion be no more than 5%, regardless of
the modality used to determine the impairment. 76 Where
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the clinician does not have access to isokinetic testing, we
recommend using either resistance training equipment (eg,
a knee curl machine in single-leg mode) or isometric
strength testing in standardized positions (midrange, inner
range, and outer range knee ﬂexion) using a hand-held
dynometer. 77,78
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