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TT SYNOPSIS: Proximal hamstring tendinopathy 
(PHT) typically manifests as deep buttock pain 
at the hamstring common origin. Both athletic 
and nonathletic populations are affected by PHT. 
Pain and dysfunction are often long-standing 
and limit sporting and daily functions. There is 
limited evidence regarding diagnosis, assessment, 
and management; for example, there are no 
randomized controlled trials investigating 
rehabilitation of PHT. Some of the principles of 
management established in, for example, Achilles 

and patellar tendinopathy would appear to apply 
to PHT but are not as well documented. This 
narrative review and commentary will highlight 
clinical aspects of assessment and management of 
PHT, drawing on the available evidence and current 
principles of managing painful tendinopathy. The 
management outline presented aims to guide 
clinicians as well as future research. J Orthop 
Sports Phys Ther 2016;46(6):483-493. Epub 15 
Apr 2016. doi:10.2519/jospt.2016.5986

TT KEY WORDS: evaluation, tendon, treatment

P
roximal hamstring tendinopathy (PHT) is common among 
distance runners and athletes performing either primarily 
sagittal plane (eg, sprinting, hurdling) or change-of-direction 
activities (eg, various football codes and hockey).34,49 The 

condition may also affect people who do not participate in sport27,49,68 
and, not uncommonly, presents bilaterally in this demographic. 
Characteristics of PHT include deep, localized pain in the region of the 
ischial tuberosity that often worsens during or after running, lunging, 

in all cases, whereas Benazzo et al10 
found considerable variability (common 
hamstring tendon, 23%; biceps femoris, 
41%; semimembranosus, 29%; and 
semitendinosus, 6%). Midportion tendi­
nopathy in PHT has not been specifically 
reported in the literature, although this 
may comprise a part of the cohort de­
scribed by Lempainen et al.49 Midpor­
tion pathology more typically involves the 
semimembranosus and may be distinct 
from the acute partial or complete tears 
in this region described by Askling et al.6,7

Proximal hamstring tendinopathy is 
considered to be an insertional tendi­
nopathy, and compression of the tendon 
at its attachment during hip flexion/ad­
duction is thought to be a key etiological 
factor.23 Evidence supporting this theory 
is limited, as pathoanatomical studies 
of the proximal hamstring tendons are 
sparse.33 Shear force between the ham­
string attachment and ischial tuberosity 
has been reported when replicating in 
vivo loading,36 as well as increased dis­
placement of the proximal hamstring 
tendon with increased hip flexion angle.38 
Further research is required to better 
define the nature and degree of tendon 
compression in functional activities.

Etiology
Etiology of tendinopathy is multifactorial, 
involving load-related extrinsic and 

Anatomy
The hamstring muscles have a common 
origin on the lateral aspect of the ischial 
tuberosity. Semitendinosus and the long 
head of the biceps femoris share a con­
joined tendon originating from the later­
al facet, whereas the semimembranosus 
origin is deeper,67 although anatomical 
variation is reported.33

The location of hamstring tendon 
pathology may vary; Lempainen et al49 
reported semimembranosus pathology 

squatting, and sitting. Diagnosis can be 
challenging, as tendinopathy of the ham­
string origin is one of several potential 
sources of symptoms in this region. To 
date, there is very limited evidence to 
guide management. The aim of this article 
is to review clinical aspects of PHT assess­
ment and management, including differ­
ential diagnosis and exercise prescription. 
Recommendations will be based on cur­
rent evidence and understanding of pa­
thology and pain in tendinopathy.
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TABLE
Differential Diagnosis  

in Proximal Hamstring Tendinopathy

• Sciatic nerve irritation at the piriformis muscle or near the ischial tuberosity

• Ischiofemoral impingement

• Unfused ischial growth plate in a postadolescent athlete

• Apophysitis or avulsion among adolescents

• Deep gluteal muscle tear

• Posterior pubic or ischial ramus stress fracture

• Partial or complete rupture of the proximal hamstring tendon

intrinsic factors. Extrinsic factors include 
training errors, such as increasing volume 
or intensity too quickly, particularly 
the sudden introduction of sprinting, 
lunging, hurdles, or hills. Several case 
series42,95 have been identified that report 
these training errors to precede PHT. 
These activities require the hamstring to 
contract or lengthen while in hip flexion 
and may result in provocative tensile 
and compressive load at the tendon 
insertion.29,86 Symptoms may also occur 
due to excessive use of static stretches, 
for example, yoga and Pilates postures 
that involve sustained end-range hip 
flexion. In some patients, compressive 
load simply from sitting is the main load-
inciting factor.48

Systemic factors may also influence 
risk of PHT. These are suggested to 
include genetic polymorphisms (eg, 
COL5A1 that encodes for collagen type 
V), age, body mass index, metabolic 
issues (eg, lipid-level imbalance, glucose 
intolerance, insulin resistance), hormo­
nal changes, and, rarely, medication (eg, 
fluoroquinolone antibiotics),9,50,92 all of 
which may increase the risk of devel­
oping tendinopathy.1 Perimenopausal 
women with PHT are likely to have a 
systemic predisposition to their tendon 
pain, as loss of estrogen at menopause 
is thought to negatively influence 
tendon homeostasis.37 Systemic factors 
are thought to reduce the threshold for 
tendon pain and pathology from load-
related factors.

Hamstring Function
An understanding of hamstring 
muscle function is important in PHT 
rehabilitation. In upright running, which 
can be a key aggravating factor in athletic 
populations, the hamstrings eccentrically 
decelerate knee extension in the terminal 
swing phase. Peak force occurs in late 
swing, with a second peak reported in 
early stance.18,35

Energy storage in the late swing to 
early stance stretch/shorten cycle is likely 
to be a major contributor to hamstring 
origin overuse injury, and eccentric/

concentric transition is associated with 
higher hamstring loads.79 Elastic energy 
storage in the tendons and aponeuroses 
increases efficiency of locomotion at 
higher speeds in animals.2 The hamstring 
origin may be subject to higher ener­
gy storage loads in greater hip or trunk 
flexion, for example, when running with 
forward trunk lean, overstriding, and 
during uphill running.

Given these functional requirements, 
eccentric bias and stretch/shorten cycle 
exercise have been recommended by 
some authors for hamstring muscle 
injury to facilitate muscle hypertrophy, 
strength, and length-tension changes 
(greater strength nearer to end range),55 
as well as return to sport.8,88

Pathology and Pain
The pathological features in PHT 
are similar to those seen in common 
tendinopathies such as the Achilles 
and patellar tendons.49 Tissue samples 
from pathological proximal hamstring 
tendons show increased cellularity, 
ground substance accumulation, collagen 
disorganization, and neurovascular 
ingrowth.49 Cook and Purdam25 recently 
proposed the continuum model of tendon 
pathology, where diffuse increased 
cellularity and ground substance 
(reactive tendinopathy) precede focal 
areas of collagen disorganization and 
neurovascular ingrowth, with progression 
over time to a morphology with discrete 
islands of degenerative tendinopathy. 
Malliaras et al54 demonstrated an ordinal 
progression of patellar tendon ultrasound 

imaging pathology from diffuse (reactive) 
to localized (degenerative) changes 
among volleyball athletes. There is no 
evidence of similar structural groups 
on imaging in PHT. Most studies report 
localized tendon pathology at the enthesis, 
bone edema, and insertional tendon 
clefts.10,28,48 As with Achilles, patellar, 
and other tendinopathies, asymptomatic 
tendon pathology is not uncommon. 
Alternatively, a clinical diagnosis of 
PHT without significant demonstrable 
pathology is also possible.28 The focus of 
treatment in early presentation should 
therefore be on managing pain. The exact 
source of pain generation in tendinopa­
thy is yet to be identified. The reader is 
directed elsewhere75,80 for a comprehen­
sive discussion of potential tendon pain 
mechanisms.

Subjective Assessment and Screening  
of Other Potential Pathology
Diagnosis of PHT is complex, requiring 
careful elucidation of subjective history, 
screening of other potential pathology, 
and utilization of commonly advocated 
diagnostic tests. Subjective assessment 
of typical tendon pain behavior should 
confirm well-localized ischial tuberosity 
pain that becomes less symptomatic after 
a few minutes of activity (eg, “warm-ups” 
when running) but is worse afterward.

Activities requiring deeper hip flexion, 
such as squatting or lunging and sitting 
for long periods, especially on harder 
surfaces, are often provocative. Proximal 
hamstring tendinopathy is rarely painful 
during activities that do not involve 
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energy storage or compression, such as 
slow walking on a level surface, standing, 
and lying. There may be stiffness in the 
morning or when starting to move after 
prolonged rest.

Some pain provocation after energy 
storage activities may be acceptable 
during rehabilitation, providing it 
lasts no longer than 24 hours.44,83 Pain 
provocation of greater than 24 hours may 
be defined as “irritable,” while pain that 
settles within 24 hours of energy storage 
loading can be defined as “stable.”53 After 
an initial warm-up, stable tendon pain 
may return toward the end of activity.

More diffuse symptoms may indicate 
lumbar, hip, or sacroiliac joint somatic 
referral; radiculopathy; or sciatic nerve 
compromise in the buttock, which is a 
common comorbidity given its proximity 
to the hamstring origin.31,60,68 Multiple 
pathologies that may also cause buttock 
symptoms should be considered in 
differential diagnosis (TABLE). These 
pathologies often present with atypical 
tendon pain behavior (eg, more diffuse 
pain, aggravating factors are less specific 
to high hamstring load in hip flexion) and 
can be screened with provocative tests (eg, 
sacroiliac joint provocation tests, repeated 
motions of lumbar spine, straight leg raise 
test, slump test, provocation tests for sciatic 
nerve entrapment, and hip impingement 
testing),13,30,46,56,70,71,87,94 specific differential 

palpation, and imaging. Not uncommonly 
in more chronic presentations, apparent 
isolated hamstring pathology may 
coexist with other pathologies, adding 
further complexity to both diagnosis and 
management.

Partial or complete proximal ham­
string ruptures may also cause buttock 
symptoms. Importantly, partial or com­
plete proximal hamstring ruptures are 
characterized by an acute onset, with a 
mechanism of extreme hip flexion com­
bined with knee extension and often 
accompanied with an audible pop.7 The 
management of partial proximal ham­
string ruptures may be similar to that 
of PHT, with a graded loading program 
based on symptoms, but is associated 
with a prolonged recovery time.7 Askling 
et al6 describes a comprehensive review of 
the management of complete and partial 
proximal hamstring ruptures.

Clinicians should be aware of the 
psychosocial factors that may influence 
pain and management of PHT and adopt 
a biopsychosocial approach where ap­
propriate. Patients may have erroneous 
beliefs (eg, pain is damaging, pathology 
is serious and will limit improvement) 
associated with heightened attention, 
anxiety, and fear avoidance.5 Central sen­
sitization, an amplification of neural sig­
naling within the central nervous system 
that elicits pain hypersensitivity,97 may 

also be a factor. Bilateral sensory changes 
that may reflect medium-term central 
nervous system modulation have been 
reported in tendinopathy, potentially 
indicating central sensitization,75 
although this has not been investigated 
in PHT. This highlights that pain is not 
simply tendon nociception but a complex 
output that is influenced by many 
factors. Symptoms that would raise the 
suspicion of central sensitization include 
diffuse pain without a clear stimulus-re­
sponse relationship,85 secondary hyperal­
gesia,75 and pain that is disproportionate 
to the nature or extent of the injury.65 
Questionnaires, such as the Central 
Sensitization Inventory and Pain Sen­
sitivity Questionnaire, may assist in the 
diagnosis and assessment of central sen­
sitization.58,64,77 The role of psychosocial 
factors and central sensitization has not 
been studied extensively in tendinopathy 
and is a key area for further research to 
complement recent work in this field by 
Woolf97 and Nijs et al.65

Diagnostic Tests
Pain with provocative loading tests may 
assist in the diagnosis of PHT, but fur­
ther research is required to confirm the 
diagnostic accuracy of such tests. The 
principle is to reproduce pain by placing 
the proximal hamstring tendons under 
progressively increasing compressive and 
tensile load (by increasing hip flexion 
angle). An example of a load test assess­
ment for these patients may consist of 
progression from the single-leg bent-knee 
bridge (a low-load clinical test; FIGURE 1A) 
to the long-lever bridge (moderate-load 
test; FIGURE 1B) to arabesque (FIGURE 1C) 
movements and the single-leg deadlift 
(high-load clinical tests).24 These motions 
may be initiated slowly, adding speed if 
asymptomatic. The pain score should in­
crease with load across these tests.

Three passive stretch tests (bent-knee 
stretch, modified bent-knee stretch, and 
Puranen-Orava test) have moderate to 
high validity and high sensitivity and 
specificity for diagnosis of PHT.14 How­
ever, in the authors’ experience, these 

A C

B

FIGURE 1. (A) Single-leg bent-knee bridge, an example of a low-load clinical test. (B) Long-lever bridge, an example 
of a moderate-load clinical test. (C) Arabesque, an example of a high-load clinical test.
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tests may be negative in less symptomatic 
cases. Other clinical conditions may be 
responsible for reported symptoms, and 
the use of magnetic resonance imaging 
is recommended.14 In addition, clinical­
ly, pain response to palpation appears to 
vary and may have low specificity for di­
agnosing tendinopathy.22

A recent systematic review suggests 
that higher-quality studies are warranted 
to investigate the clinical utilization 
of special tests for the diagnosis of 
hamstring injuries.72 This reinforces the 
importance of combining test results 
with a detailed history to determine 
tendon pain behavior in diagnosing PHT.

Identifying Impairments, Activity 
Limitations, and Participation 
Restrictions for Determination  
of Treatment Approach
Further assessment to determine possi­
ble musculoskeletal intrinsic factors that 
may contribute to increased provocative 
load on the proximal hamstring tendons 
is pertinent. Broadly, this may include 
assessment of joint range of motion, 
strength, coordination, and functional 
tasks and should be related to individ­
uals’ sport and activities of daily living. 
While impairment findings in the hip 
have demonstrated limited diagnostic 
value,70,71,73 they can be valuable in guid­
ing treatment.73

Single-leg squatting is assessed 
in regard to pain and function, 
including coronal/frontal and sagittal 
plane movement patterns. Excessive 
lumbopelvic sagittal plane movement 
(ie, anterior tilt and hip flexion) has been 
linked to hamstring muscle injury,40,41,57 
with suggestion of increased stress at 
the hamstring origin.66 This reasoning 
may support the inclusion of trunk sta­
bilization/strengthening exercises, which 
have been utilized in a multimodal man­
agement approach to PHT.26,42 However, 
there are challenges in the accurate 
measurement of lumbopelvic movement 
in a clinical setting.78 In principle, a more 
posteriorly tilted pelvis position will re­
duce hamstring stretch during func­

intimately related to the origin of the 
semimembranosus,67 hence assessment 
of adductor function may also be war­
ranted. Distal kinetic-chain weakness or 
restriction and quadriceps dysfunctions 
are less common but should be considered.

Hamstring flexibility (range of mo­
tion) appears to vary considerably. 
Greater hamstring tensile stress and 
absorbed energy have been reported at 
end range among flexible compared with 
less flexible people,51 which may increase 
entheseal compression and injury risk in 
populations that stretch already flexible 
hamstrings repetitively (yoga).

The current status of limited research 
into tendon loads, muscle actions, and 
synergies relating to the hamstring origin 
region, as well as a deeper understanding 
and robust assessment of kinetic-chain 
dysfunction, are also worthy of mention.

Patient-Reported Outcome Measures
Recently, the Victorian Institute of Sport 
Assessment pain and function outcome 
questionnaire has been adapted for the 
hamstring origin.15 This is an appropriate 
outcome measure with high reliability and 
validity.15 However, where within-session 
assessment of pain is required, a visual 
analog scale (VAS) rating of provocative 
functional tests (eg, long- or short-lever 
bridge, single-leg bent-knee bridge, or, 
later in rehabilitation, the arabesque and/
or single-leg deadlift) is preferable for im­
mediate symptom response to exercise or 
other interventions. A Patient-Specific 
Functional Scale rating of key functional 
deficits can also be used for within- and 
between-session assessment.

Symptom Management:  
Load Modification
Training-load modification is critical 
in managing pain in patients with 
irritable symptoms. In practice, abusive 
compressive (hip flexion) and energy 
storage loads are limited until pain 
irritability settles to a stable level. 
Stable pain should be mild during ac­
tivity (eg, VAS score of 0 to 3 out of 
10) and settle within 24 hours of an 

tion35; hence, interventions directed at 
reducing anterior pelvic tilt (in standing, 
sitting, or running) have the potential to 
reduce provocative hamstring load.

Running or walking gait analysis, 
or sports-specific movement-pattern 
assessment, is critical in the management 
of PHT. Overstriding, excessive forward 
trunk lean, and increased anterior pel­
vic tilt are clinical findings that may in­
crease provocative load on the hamstring 
origin tendons. Increasing running step 
rate reduces stride length and hip flexion 
at foot strike39 and increases gluteal 
activity in terminal swing.19 While this 
intervention has the potential to reduce 
provocative hamstring tendon load, the 
role of running-gait retraining has not 
been studied in the treatment of PHT.

Patients may present with hamstring 
weakness and atrophy, often in relation 
to long-standing symptoms. Case se­
ries have reported hamstring weakness 
on manual testing42 and reduced knee 
flexion and hip extension strength59 in 
athletes with PHT. Handheld or fixed dy­
namometry may be used to assess ham­
string strength.43,90,95,96 In the absence of 
these instruments, the authors suggest 
testing strength in a leg-curl machine to 
preferentially isolate the hamstring mus­
cles, as a loaded hamstring curl achieves 
high levels of biceps femoris and semi­
tendinosus activity with minimal gluteus 
maximus (GMax) recruitment.4

Other kinetic-chain deficits have the 
potential to increase hamstring origin 
stress concentration. Gluteus maximus 
atrophy has been reported in PHT and 
is thought to contribute to proximal 
hamstring overload.27 Gluteus maxi­
mus weakness may be measured with a 
handheld dynamometer, although this 
may be a challenge in stronger athletes.90 
Weakness of the gluteus medius (GMed) 
has been associated with PHT42,95 po­
tentially as a result of an increase in hip 
adduction and/or contralateral pelvic 
drop during squatting or lunging.

The adductor magnus is a signifi­
cant hip extensor through a large range 
of hip flexion,89 and its muscle fibers are 
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intervention with a moderate to high 
tendon load, such as repeated lunging. 
Therefore, a key subjective question in 
determining irritability and effective load 
management is, “What activities increase 
your symptoms and for how long?” Not 
uncommonly, the patient may be able 
to continue some steady-state running 
within pain/aggravation guidelines; 
however, hills, starts, and hurdles should 
be avoided until later stages.

Silbernagel et al82 found that 
continuing sport activities did not 
lead to worse Achilles tendinopathy 
rehabilitation outcomes compared to 
stopping sport activities in the first 6 
weeks. This seems to be in contrast 
to the patellar tendon.93 Runners will 
often report distances they are able to 
run symptom free, or where pain is only 
present during certain types of training 
(eg, change of direction or squats). 
If, despite partial load management, 
symptoms are still present for greater 
than 24 hours, then cessation of the 
identified provocative elements within 
the sport may be advisable. In truly 
reactive or irritable patients, all painful 
compression and energy storage activity 
will need to be ceased until symptoms 
settle and become stable.

Provocative sporting activities can be 
temporarily replaced with cross-train­
ing to maintain cardiovascular fitness 
or adapted to reduce compressive load­
ing. For example, cycling may be better 
tolerated if performed in a standing 
position. Swimming and water running 
are viable alternatives to painful activi­
ties. Posture modification should involve 
reducing hamstring origin compression 
(ie, reducing anterior pelvic tilt and 
hip flexion in standing, sleeping, and 
sitting). Shaped cushions can be useful 
to reduce compression in sitting, and so 
can encouraging more weight bearing 
on the posterior thighs rather than on 
the ischium. Repeated stretching of the 
hamstrings and hip flexion–dominant 
movement patterns, such as repetitive 
lifting and trunk flexion, should be 
avoided in the early, reactive phase.

REHABILITATION

T
he key to management of all 
tendinopathies is progressive 
loading, performed within a pain-

monitoring framework, to reduce pain 
and restore function. Rehabilitation 
should be directed across the kinetic 
chain and can be progressed to include 
energy storage and release to normalize 
load capacity in the entire lower limb.21

At present, there is no clear guidance 
from the literature regarding PHT 
rehabilitation. Loading exercises for PHT 
have not been investigated in randomized 
controlled trials. Limited case series and 
case presentations have been published 
that demonstrate improvements in pain 
and function with conservative manage­
ment, including hamstring strengthen­
ing.26,34,42,59,95 Results from these studies 
cannot be generalized, however, due to 
small patient numbers, varying diagnos­
tic methods, and the use of adjunct inter­
ventions alongside exercise.

Exercise Prescription
Rehabilitation stages in PHT, based 
on the authors’ synthesis of available 
evidence of hamstring function, muscle 
recruitment during rehabilitation, and 
PHT pathoetiology, will be outlined 
below. Resistance training principles 
should be applied to ensure optimal load­
ing, contraction speed, and time under 
tension.3

The authors recommend monitoring 
pain, at the same time daily, with a load 
test (eg, short- or long-lever bridge, 
arabesque) during rehabilitation. Some 
pain is acceptable during and after 
exercise (VAS, 0 to 3 out of 10),44 but 
symptoms should settle within 24 hours 
and should not progressively worsen 
over the course of the loading program.82 
Every patient presents individually, and 
this may necessitate a focus on particular 
phases of rehabilitation or kinetic-chain 
factors.

Progression through the stages de­
scribed below is based on symptoms and 
response when progressing the exercise 

load rather than on specific time frames. 
The 4-stage program is expected to take 
3 to 6 months to complete, but is likely 
to show considerable individual varia­
tion depending on pain and functional 
deficits.
Stage 1: Isometric Hamstring 
Load  Resisted isometric exercise in 
positions without tendon compression 
is advocated as an effective means to 
load the muscle-tendon unit and reduce 
pain in PHT with irritable symptoms.24 
Isometric exercise has been shown 
to have a generalized pain inhibitory 
response.63 Rio et al75 found that 5 
sets of 45-second holds of moderate-
resistance isometric exercise performed 
at 70% maximal voluntary isometric 
contraction reduced patellar tendon 
pain for at least 45 minutes and provided 
longer relief than isotonic exercise. Cook 
and Purdam25 recommend repeating the 
isometric exercise several times per day. 
Dosage should be based on symptom 
severity and irritability, with shorter/less 
intense contractions used as necessary. 
For early-stage PHT, it is suggested 
that the hip be in a near neutral flex­
ion/extension position or in minimal 
flexion (eg, 20° to 30° for straight-leg 
pull-downs). A good prognostic sign for 
isometrics is an immediate reduction 
in pain with hamstring loading tests 
postexercise.

Examples of appropriate exercises 
for this stage include isometric leg curl, 
bridge holds with hip in neutral, isomet­
ric straight-leg pull-down, and trunk 
extensions (FIGURE 2). Isometric long-leg 
bridging on 2 legs, progressing to 1-leg 
holds, is a useful alternative if access to 
gym equipment is limited.
Stage 2: Isotonic Hamstring Load With 
Minimal Hip Flexion  Isotonic load may 
be introduced when there is minimal or 
no pain (VAS, 0-3) encountered during 
exercise loading through early ranges 
of hip flexion. The aim is to restore 
hamstring strength, bulk, and capacity 
in a functional range of motion, all 
important aspects in rehabilitation of 
tendinopathy.81
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Eccentric exercise has been widely 

accepted as the treatment of choice for 
tendinopathy11; however, there is little 
evidence for isolating the eccentric com­
ponent.52 Heavy slow resistance (HSR) 
training, which includes both concen­
tric and eccentric components, has been 
found to compare favorably with isolat­
ed eccentric loading in the Achilles and 
patellar tendons. In Achilles tendinop­
athy, Beyer et al11 found that both load­
ing strategies resulted in improvement 
in pain and function but that HSR took 
considerably less time to complete and 
had better patient compliance and satis­
faction. Load magnitude determines the 
effect on tendon (and muscle) adapta­
tion, rather than contraction type,12 and 
HSR was shown to achieve greater colla­
gen turnover than submaximal eccentric 
loading.44 As a result, HSR is preferred 
over isolated eccentric loading, although 
it should be noted that neither has been 
studied extensively in PHT.

The focus, with HSR, is on slow, 
fatiguing, resisted isotonic exercise, 
commencing at 15-repetition maximum 
(the maximum load that can be lifted 15 
times in a single set) and progressing to 
8-repetition maximum, with 3 to 4 sets 
performed every other day.3 A contraction 
duration of 3 seconds for each phase 
(concentric and eccentric; 6 seconds 
total) of the exercise is recommended.44,45 
A metronome may be used to external­
ly pace the exercise, introducing a skill-
based element that may improve motor 
control.74

Loaded hip flexion is minimized in 
early stages to protect the enthesis against 
compressive stimulus.23 Single-leg work 
is important to address asymmetrical 
strength loss. It is recommended that 
stage 1 exercises be continued on off-
days, particularly if symptoms are still 
present and isometrics have an immedi­
ate positive effect on symptoms.

Suitable exercises in this stage include 
the single-leg bridge, prone hip extension, 
prone leg curl, Nordic hamstring exercise, 
bridging progressions, and supine leg curl 
(FIGURE 3). The single-leg bridge achieves 

moderate to high levels of activation of 
the hamstrings, GMax, and GMed32 and 
can be progressed by adding load (eg, a 
weight plate over the pelvis) or bridging 
with a more extended knee. The supine 
leg curl, prone leg curl, and Nordic ham­
string exercise all achieve very high lev­
els of hamstring recruitment, with peak 
activity typically occurring at between 0° 
and 20° of hip flexion,4,98 making them 
well suited to this stage.
Stage 3: Isotonic Exercises in Positions 
of Increased Hip Flexion (70°-90°)  The 

goal of stage 3 is to continue hamstring 
muscle strength, hypertrophy, and func­
tional position training while progress­
ing into greater hip flexion. This training 
can be commenced when there is mini­
mal pain (VAS, 0-3) with higher-loading 
hip flexion tests (eg, lunge or arabesque 
through the ranges utilized in the athlete’s 
sport). Dosage and frequency of loading 
exercises are the same as stage 2 exercis­
es, that is, every second day. A slow and 
controlled technique is important. Addi­
tion of loaded hip flexion may often be 

A B

C D

FIGURE 3. Examples of stage 2 exercises: (A) Nordic hamstring exercise, (B) prone leg curl, (C) supine leg curl,  
and (D) bridging progressions (eg, adding weight).

A B

C
D

FIGURE 2. Examples of stage 1 exercises: (A) single-leg bridge hold, (B) long-lever bridge hold, (C) straight-leg 
pull-down, and (D) trunk extension.
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control with prior exercise are adequate. 
At the end of this phase, loading of the 
hamstring origin through sports-specific 
ranges should be comfortably achieved 
with little latent provocation.
Stage 4: Energy Storage Loading  Stage 
4 is only required for those returning 
to sports involving lower-limb energy 
storage or impact loading. Reintroduc­
tion of power/elastic stimulus for the 
myotendinous unit can be commenced 
when there is minimal pain (VAS, 0 to 3 
during load tests, such as the arabesque) 
and adequate bilateral strength in sin­
gle-leg stage 2 and 3 exercises. There 
should also be adequate execution and 
control of energy storage activity. Early 
in this phase, the amount of hip flexion 
during exercise may be limited to mini­
mize tendon compression as the higher 
elastic loading is added. As this is the 
most provocative stage, a conservative 
approach is recommended, with exer­
cises being performed every third day. A 
stage 1 day would then follow to settle 
the tendon, with the following day be­
ing a strengthening (stage 2 to 3) day, to 
form a 3-day, high/low/medium tendon 
load cycle twice a week, with a rest day 
allowed between cycles.76

A potential progression of stage 4 ex­
ercises may include sprinter leg curl, A-
skips, fast sled push or pull, alternate-leg 
split squats, bounding, stair or hill bound­
ing, kettlebell swings (FIGURE 5), and grad­
ual reintroduction of sport-specific squat 
and lunge activities. For multidirection 
sports (eg, football, rugby), progression 
should include lateral, rotational, or cut­
ting movements to improve strength and 
control and graduate entheseal loads in 
multiple planes of movement. Sessions 
would include a maximum of 3 to 4 of 
these activities (typically graduating to 
15-20 repetitions or steps, 3 sets), usu­
ally starting with 1 and adding 1 to 2 
per week, depending on pain response. 
The exercises chosen should reflect in­
dividual functional and sport demands 
(eg, running, sprinting, jumping, lifting, 
etc). For example, the sprinter leg curl is 
performed in the open chain, with the hip 

provocative, and pain with loading should 
be monitored 24 hours postexercise with 
hamstring load tests into hip flexion (eg, 
hamstring bridge, deadlift, or single-leg 
arabesque).24 Progressing to 70° to 80° of 
loaded hip flexion is generally sufficient, 
but this will depend on individual pain 
presentation and functional goals.

Progression of exercises in this stage 
may include slow hip thrusts, forward 
step-ups, walking lunges, deadlifts, Ro­
manian deadlifts, and “the diver” (FIGURE 

4). Some of these are potentially not suit­
able for less active demographics. Hip 
thrusts are similar to bridges but involve 
a greater emphasis on hip flexion range, 
with feet flat on the floor and shoulders 
supported on a low bench (FIGURE 4D). 
Electromyographic data suggest high 
levels of activation in the upper and 
lower GMax, which exceed those of the 
biceps femoris during this exercise.20 
Forward step-up using a progressively 
higher step is a useful progression and 

can produce very high GMax activation 
levels.69 Adding load recruits the biceps 
femoris and the GMed and significantly 
increases GMax activation,84 suggesting 
that this exercise is a significant muscular 
challenge to the entire posterior kinetic 
chain. Deadlifts and lunges are a further 
progression, as they generally involve 
greater hip flexion than hip thrusts and 
step-ups. Lunges have been found to 
selectively recruit the proximal regions 
of the biceps femoris (long head) and 
adductor magnus on functional mag­
netic resonance imaging analysis.61 
Single-leg deadlifts increase lateral hip 
stabilization demands and have been 
shown to achieve high levels of activation 
in the GMax and GMed.69 The diver is 
a single-leg functional progression of 
the deadlift that has been advocated in 
hamstring muscle injury rehabilitation.8 
Walking lunges (FIGURE 4C) also introduce 
a dynamic movement-control element 
and can be considered when strength and 

A B C

D E

FIGURE 4. Examples of stage 3 exercises: (A) Romanian deadlift, (B) step-ups, (C) walking lunges, (D) hip thrusts 
(weights can be added to the bar to increase resistance), and (E) single-leg deadlift.
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authors’ experience, ESWT may modu­
late pain in less reactive tendinopathies 
but is much less effective and can even 
flare early-stage reactive symptoms. 
Cacchio et al16 reported a superior re­
sult with ESWT compared to tradition­
al conservative treatment; however, the 
mechanism of effect for ESWT remains 
unclear.

Peritendinous corticosteroid injection 
may provide short-term pain relief, but 
symptoms have a tendency to recur.47,48 
Platelet-rich therapies, autologous blood, 
and other agents may be utilized in lon­
ger-standing lesions; however, there is 
currently insufficient evidence to sup­
port the use of platelet-rich therapies 
for treating musculoskeletal soft tissue 
injuries.62

Surgical treatment of PHT may be an 
option for recalcitrant cases where symp­
toms have failed to improve with conser­
vative management. A full description of 
this approach is beyond the scope of this 
paper, but the reader is directed to a re­
cent review by Lempainen et al.47

Other Considerations  Dry needling and 
soft tissue techniques have been utilized 
in the treatment of PHT, but supporting 
evidence is limited to case series.42,59,95 
In the authors’ experience, massage 
and manual therapy addressing tone 
and restriction in the kinetic chain (eg, 
hamstring, tensor fascia latae) can be 
useful adjuncts in the management of 
PHT. However, such passive interven­
tions are unlikely to improve tissue load 
capacity, which is a key element of tendi­
nopathy rehabilitation.21

Anti-inflammatory medication (eg, 
ibuprofen) has been suggested for settling 
irritable tendon pain and may also inhibit 
tenocyte overstimulation and signaling.91 
Whether nonsteroidal anti-inflammatory 
drugs compromise tendon healing is not 
fully understood, although ibuprofen 
administration does not seem to impair 
normal tendon adaptation in response to 
resistance training.17

Other adjuncts that can be considered 
include extracorporeal shockwave 
therapy (ESWT) and injections. In the 

in 80° and knee flexion movement from 
130° to 20° (FIGURE 5E), and replicates 
the running cycle. Hip flexion range and 
symptom response should be considered 
during progression.

These exercise progressions form step­
ping stones for return to sport, yet it is 
also important that these activities not 
be simply added to the normal train­
ing volume on resumption, in order to 
avoid overload and exacerbation of symp­
toms.93 A graded return to sport can be 
introduced when the athlete can tolerate 
the loading requirements of the sport 
with minimal symptom provocation (ie, 
VAS of 0 to 3, with pain settling within 
24 hours on load tests). Care should be 
taken with the introduction of hill- and 
speed-training sessions, as these can be 
quite provocative. Team sports may have 
more complex loading requirements and 
will require more detailed assessment. 
A graded return in these cases usually 
involves gradual exposure to provocative 
activity in training prior to return to full 
competition.

A B

C D E

E

FIGURE 5. Examples of stage 4 exercises: (A) bounding, (B) alternate-leg split squats, (C) A-skips, (D) cutting, and (E) sprinter leg curl.
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CONCLUSION

T
his narrative review and 
commentary has highlighted key dif­
ferential diagnoses, tendon-specific 

and kinetic-chain assessment approach­
es, and intervention strategies for patients 
presenting with symptomatic PHT. An 
outline for exercise progression of PHT 
is proposed, supported by contemporary 
evidence and principles of tendinopathy 
management. There are a number of 
limitations to the recommendations. 
There is presently a paucity of evidence 
relating to pathoetiology, biomechanical 
analyses, and clinical approaches 
relating to PHT as an entity. As there 
are presently no randomized controlled 
trials investigating rehabilitation, 
recommendations in this paper are based 
on current understanding of tendinopathy 
pathoetiology, as well as on hamstring 
muscle function and rehabilitation 
principles. These recommendations aim 
to provide a reference for both clinicians 
treating PHT and future research into 
management of this overuse injury. 
Future research should (1) evaluate the 
role of hip flexion angle and its effect on 
tendon compression and pain, (2) iden­
tify extrinsic and intrinsic risk factors for 
the development of PHT, and (3) study 
the effectiveness of loading programs for 
PHT using validated pain and functional 
outcome measures. t

ACKNOWLEDGMENTS: The authors wish to 
thank Kate Smith, Mike Boyce, David 
Beltramo, Lloyd Harris, Ross Smith, and 
Robyn Lorraway for their assistance in 
preparing FIGURES 1 through 5.

REFERENCES

	 1.  �Abate M, Silbernagel KG, Siljeholm C, et al. 
Pathogenesis of tendinopathies: inflammation or 
degeneration? Arthritis Res Ther. 2009;11:235. 
http://dx.doi.org/10.1186/ar2723

	 2.  �Alexander RM. Tendon elasticity and muscle 
function. Comp Biochem Physiol A Mol Integr 
Physiol. 2002;133:1001-1011.

	 3.  �American College of Sports Medicine position 

46-06 Goom.indd   491 5/18/2016   6:37:36 PM

 J
ou

rn
al

 o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

 
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.jo
sp

t.o
rg

 a
t o

n 
Ju

ly
 1

6,
 2

02
4.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

 C
op

yr
ig

ht
 ©

 2
01

6 
Jo

ur
na

l o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

. A
ll 

ri
gh

ts
 r

es
er

ve
d.



492  |  june 2016  |  volume 46  |  number 6  |  journal of orthopaedic & sports physical therapy

[ clinical commentary ]
	39.  �Heiderscheit BC, Chumanov ES, Michalski MP, 

Wille CM, Ryan MB. Effects of step rate ma-
nipulation on joint mechanics during running. 
Med Sci Sports Exerc. 2011;43:296-302. http://
dx.doi.org/10.1249/MSS.0b013e3181ebedf4

	40.  �Hoskins W, Pollard H. Hamstring injury 
management—part 2: treatment. Man Ther. 
2005;10:180-190. http://dx.doi.org/10.1016/j.
math.2005.05.001

	41.  �Hoskins W, Pollard H. The management of 
hamstring injury—part 1: issues in diagnosis. 
Man Ther. 2005;10:96-107. http://dx.doi.
org/10.1016/j.math.2005.03.006

	42.  �Jayaseelan DJ, Moats N, Ricardo CR. Rehabilita-
tion of proximal hamstring tendinopathy utiliz-
ing eccentric training, lumbopelvic stabilization, 
and trigger point dry needling: 2 case reports. 
J Orthop Sports Phys Ther. 2014;44:198-205. 
http://dx.doi.org/10.2519/jospt.2014.4905

	43.  �Kemp JL, Schache AG, Makdissi M, Sims KJ, 
Crossley KM. Greater understanding of normal 
hip physical function may guide clinicians in 
providing targeted rehabilitation programmes. J 
Sci Med Sport. 2013;16:292-296. http://dx.doi.
org/10.1016/j.jsams.2012.11.887

	44.  �Kongsgaard M, Kovanen V, Aagaard P, et al. 
Corticosteroid injections, eccentric decline 
squat training and heavy slow resistance 
training in patellar tendinopathy. Scand J Med 
Sci Sports. 2009;19:790-802. http://dx.doi.
org/10.1111/j.1600-0838.2009.00949.x

	45.  �Kongsgaard M, Qvortrup K, Larsen J, et al. 
Fibril morphology and tendon mechanical 
properties in patellar tendinopathy: effects 
of heavy slow resistance training. Am J 
Sports Med. 2010;38:749-756. http://dx.doi.
org/10.1177/0363546509350915

	46.  �Laslett M, Aprill CN, McDonald B, Young SB. 
Diagnosis of sacroiliac joint pain: validity of 
individual provocation tests and composites of 
tests. Man Ther. 2005;10:207-218. http://dx.doi.
org/10.1016/j.math.2005.01.003

	47.  �Lempainen L, Johansson K, Banke IJ, et al. Ex-
pert opinion: diagnosis and treatment of proxi-
mal hamstring tendinopathy. Muscles Ligaments 
Tendons J. 2015;5:23-28.

	48.  �Lempainen L, Sarimo J, Mattila K, Orava S. Prox-
imal hamstring tendinopathy—overview of the 
problem with emphasis on the surgical treat-
ment. Oper Tech Sports Med. 2009;17:225-228. 
http://dx.doi.org/10.1053/j.otsm.2009.12.016

	49.  �Lempainen L, Sarimo J, Mattila K, Vait-
tinen S, Orava S. Proximal hamstring 
tendinopathy: results of surgical manage-
ment and histopathologic findings. Am J 
Sports Med. 2009;37:727-734. http://dx.doi.
org/10.1177/0363546508330129

	50.  �Lewis T, Cook J. Fluoroquinolones and tendi-
nopathy: a guide for athletes and sports clini-
cians and a systematic review of the literature. 
J Athl Train. 2014;49:422-427. http://dx.doi.
org/10.4085/1062-6050-49.2.09

	51.  �Magnusson SP, Langberg H, Kjaer M. The patho-
genesis of tendinopathy: balancing the response 

2015;45:557-562. http://dx.doi.org/10.2519/
jospt.2015.5762

	27.  �de Jesus JF, Bryk FF, Moreira VC, Nakaoka GB, 
dos Reis AC, Lucareli PR. Gluteus maximus 
inhibition in proximal hamstring tendinopathy. 
Med Express. 2015;2:150406. http://dx.doi.
org/10.5935/MedicalExpress.2015.04.06

	28.  �De Smet AA, Blankenbaker DG, Alsheik NH, 
Lindstrom MJ. MRI appearance of the proximal 
hamstring tendons in patients with and without 
symptomatic proximal hamstring tendinopathy. 
AJR Am J Roentgenol. 2012;198:418-422. http://
dx.doi.org/10.2214/AJR.11.6590

	29.  �Docking S, Samiric T, Scase E, Purdam C, Cook 
J. Relationship between compressive loading 
and ECM changes in tendons. Muscles Liga-
ments Tendons J. 2013;3:7-11.

	30.  �Donelson R, Aprill C, Medcalf R, Grant W. A pro-
spective study of centralization of lumbar and 
referred pain. A predictor of symptomatic discs 
and anular competence. Spine (Phila Pa 1976). 
1997;22:1115-1122.

	31.  �Durrani Z, Winnie AP. Piriformis muscle syn-
drome: an underdiagnosed cause of sciatica. J 
Pain Symptom Manage. 1991;6:374-379.

	32.  �Ekstrom RA, Donatelli RA, Carp KC. Electromyo-
graphic analysis of core trunk, hip, and thigh 
muscles during 9 rehabilitation exercises. J Or-
thop Sports Phys Ther. 2007;37:754-762. http://
dx.doi.org/10.2519/jospt.2007.2471

	33.  �Feucht MJ, Plath JE, Seppel G, Hinterwimmer 
S, Imhoff AB, Brucker PU. Gross anatomical 
and dimensional characteristics of the proximal 
hamstring origin. Knee Surg Sports Traumatol 
Arthrosc. 2015;23:2576-2582. http://dx.doi.
org/10.1007/s00167-014-3124-0

	34.  �Fredericson M, Moore W, Guillet M, Beaulieu C. 
High hamstring tendinopathy in runners: meet-
ing the challenges of diagnosis, treatment, and 
rehabilitation. Phys Sportsmed. 2005;33:32-43. 
http://dx.doi.org/10.1080/23263660.2005.1167
5757

	35.  �Guex K, Millet GP. Conceptual framework for 
strengthening exercises to prevent hamstring 
strains. Sports Med. 2013;43:1207-1215. http://
dx.doi.org/10.1007/s40279-013-0097-y

	36.  �Hamming MG, Philippon MJ, Rasmussen MT, et 
al. Structural properties of the intact proximal 
hamstring origin and evaluation of varying avul-
sion repair techniques: an in vitro biomechani-
cal analysis. Am J Sports Med. 2015;43:721-728. 
http://dx.doi.org/10.1177/0363546514560878

	37.  �Hansen M, Kongsgaard M, Holm L, et al. Effect of 
estrogen on tendon collagen synthesis, tendon 
structural characteristics, and biomechanical 
properties in postmenopausal women. J Appl 
Physiol (1985). 2009;106:1385-1393. http://
dx.doi.org/10.1152/japplphysiol.90935.2008

	38.  �Harvey MA, Singh H, Obopilwe E, Charette 
R, Miller S. Proximal hamstring repair 
strength: a biomechanical analysis at 3 
hip flexion angles. Orthop J Sports Med. 
2015;3:2325967115576910. http://dx.doi.
org/10.1177/2325967115576910

to loading. Nat Rev Rheumatol. 2010;6:262-268. 
http://dx.doi.org/10.1038/nrrheum.2010.43

	52.  �Malliaras P, Barton CJ, Reeves ND, Langberg 
H. Achilles and patellar tendinopathy loading 
programmes: a systematic review comparing 
clinical outcomes and identifying potential 
mechanisms for effectiveness. Sports Med. 
2013;43:267-286. http://dx.doi.org/10.1007/
s40279-013-0019-z

	53.  �Malliaras P, Cook J, Purdam C, Rio E. Patel-
lar tendinopathy: clinical diagnosis, load 
management, and advice for challenging case 
presentations. J Orthop Sports Phys Ther. 
2015;45:887-898. http://dx.doi.org/10.2519/
jospt.2015.5987

	54.  �Malliaras P, Purdam C, Maffulli N, Cook J. Tem-
poral sequence of greyscale ultrasound changes 
and their relationship with neovascularity and 
pain in the patellar tendon. Br J Sports Med. 
2010;44:944-947. http://dx.doi.org/10.1136/
bjsm.2008.054916

	55.  �Malliaropoulos N, Mendiguchia J, Pehlivanidis 
H, et al. Hamstring exercises for track and field 
athletes: injury and exercise biomechanics, 
and possible implications for exercise selec-
tion and primary prevention. Br J Sports Med. 
2012;46:846-851. http://dx.doi.org/10.1136/
bjsports-2011-090474

	56.  �Martin HD, Kivlan BR, Palmer IJ, Martin RL. 
Diagnostic accuracy of clinical tests for 
sciatic nerve entrapment in the gluteal re-
gion. Knee Surg Sports Traumatol Arthrosc. 
2014;22:882-888. http://dx.doi.org/10.1007/
s00167-013-2758-7

	57.  �Mason DL, Dickens V, Vail A. Rehabilitation 
for hamstring injuries. Cochrane Database 
Syst Rev. 2007:CD004575. http://dx.doi.
org/10.1002/14651858.CD004575.pub2

	58.  �Mayer TG, Neblett R, Cohen H, et al. The 
development and psychometric valida-
tion of the central sensitization inventory. 
Pain Pract. 2012;12:276-285. http://dx.doi.
org/10.1111/j.1533-2500.2011.00493.x

	59.  �McCormack JR. The management of bilateral 
high hamstring tendinopathy with ASTYM® 
treatment and eccentric exercise: a case report. 
J Man Manip Ther. 2012;20:142-146. http://
dx.doi.org/10.1179/2042618612Y.0000000003

	60.  �Meknas K, Christensen A, Johansen O. The 
internal obturator muscle may cause sciatic 
pain. Pain. 2003;104:375-380. http://dx.doi.
org/10.1016/S0304-3959(03)00045-9

	61.  �Mendiguchia J, Arcos AL, Garrues MA, Myer GD, 
Yanci J, Idoate F. The use of MRI to evaluate pos-
terior thigh muscle activity and damage during 
Nordic hamstring exercise. J Strength Cond Res. 
2013;27:3426-3435. http://dx.doi.org/10.1519/
JSC.0b013e31828fd3e7

	62.  �Moraes VY, Lenza M, Tamaoki MJ, Faloppa F, 
Belloti JC. Platelet-rich therapies for musculo-
skeletal soft tissue injuries. Cochrane Database 
Syst Rev. 2014;4:CD010071. http://dx.doi.
org/10.1002/14651858.CD010071.pub3

	63.  �Naugle KM, Fillingim RB, Riley JL, 3rd. A meta-

46-06 Goom.indd   492 5/18/2016   6:37:36 PM

 J
ou

rn
al

 o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

 
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.jo
sp

t.o
rg

 a
t o

n 
Ju

ly
 1

6,
 2

02
4.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

 C
op

yr
ig

ht
 ©

 2
01

6 
Jo

ur
na

l o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

. A
ll 

ri
gh

ts
 r

es
er

ve
d.



journal of orthopaedic & sports physical therapy  |  volume 46  |  number 6  |  june 2016  |  493

@ MORE INFORMATION
WWW.JOSPT.ORG

analytic review of the hypoalgesic effects of ex-
ercise. J Pain. 2012;13:1139-1150. http://dx.doi.
org/10.1016/j.jpain.2012.09.006

	64.  �Neblett R, Cohen H, Choi Y, et al. The Central 
Sensitization Inventory (CSI): establishing clini-
cally significant values for identifying central 
sensitivity syndromes in an outpatient chronic 
pain sample. J Pain. 2013;14:438-445. http://
dx.doi.org/10.1016/j.jpain.2012.11.012

	65.  �Nijs J, Torres-Cueco R, van Wilgen CP, et al. 
Applying modern pain neuroscience in clini-
cal practice: criteria for the classification of 
central sensitization pain. Pain Physician. 
2014;17:447-457.

	66.  �Panayi S. The need for lumbar-pelvic assess-
ment in the resolution of chronic hamstring 
strain. J Bodyw Mov Ther. 2010;14:294-298. 
http://dx.doi.org/10.1016/j.jbmt.2009.08.004

	67.  �Philippon MJ, Ferro FP, Campbell KJ, et al. 
A qualitative and quantitative analysis of 
the attachment sites of the proximal ham-
strings. Knee Surg Sports Traumatol Arthrosc. 
2015;23:2554-2561. http://dx.doi.org/10.1007/
s00167-014-3074-6

	68.  �Puranen J, Orava S. The hamstring syndrome. 
A new diagnosis of gluteal sciatic pain. Am J 
Sports Med. 1988;16:517-521.

	69.  �Reiman MP, Bolgla LA, Loudon JK. A literature 
review of studies evaluating gluteus maximus 
and gluteus medius activation during reha-
bilitation exercises. Physiother Theory Pract. 
2012;28:257-268. http://dx.doi.org/10.3109/095
93985.2011.604981

	70.  �Reiman MP, Goode AP, Cook CE, Hölmich P, 
Thorborg K. Diagnostic accuracy of clinical 
tests for the diagnosis of hip femoroacetabular 
impingement/labral tear: a systematic re-
view with meta-analysis. Br J Sports Med. 
2015;49:811. http://dx.doi.org/10.1136/
bjsports-2014-094302

	71.  �Reiman MP, Goode AP, Hegedus EJ, Cook CE, 
Wright AA. Diagnostic accuracy of clinical tests 
of the hip: a systematic review with meta-anal-
ysis. Br J Sports Med. 2013;47:893-902. http://
dx.doi.org/10.1136/bjsports-2012-091035

	72.  �Reiman MP, Loudon JK, Goode AP. Diagnostic 
accuracy of clinical tests for assessment of 
hamstring injury: a systematic review. J Orthop 
Sports Phys Ther. 2013;43:223-231. http://
dx.doi.org/10.2519/jospt.2013.4343

	73.  �Reiman MP, Thorborg K. Clinical examina-
tion and physical assessment of hip joint-
related pain in athletes. Int J Sports Phys Ther. 
2014;9:737-755.

	74.  �Rio E, Kidgell D, Moseley GL, et al. Tendon 
neuroplastic training: changing the way we think 
about tendon rehabilitation: a narrative review. 
Br J Sports Med. 2016;50:209-215. http://
dx.doi.org/10.1136/bjsports-2015-095215

	75.  �Rio E, Moseley L, Purdam C, et al. The pain of 
tendinopathy: physiological or pathophysiologi-
cal? Sports Med. 2014;44:9-23. http://dx.doi.
org/10.1007/s40279-013-0096-z

	76.  �Rudavsky A, Cook J. Physiotherapy manage-

ment of patellar tendinopathy (jumper’s knee). 
J Physiother. 2014;60:122-129. http://dx.doi.
org/10.1016/j.jphys.2014.06.022

	77.  �Ruscheweyh R, Marziniak M, Stumpenhorst F, 
Reinholz J, Knecht S. Pain sensitivity can be as-
sessed by self-rating: development and valida-
tion of the Pain Sensitivity Questionnaire. Pain. 
2009;146:65-74. http://dx.doi.org/10.1016/j.
pain.2009.06.020

	78.  �Schache AG, Blanch P, Rath D, Wrigley T, Ben-
nell K. Three-dimensional angular kinematics 
of the lumbar spine and pelvis during running. 
Hum Mov Sci. 2002;21:273-293. http://dx.doi.
org/10.1016/S0167-9457(02)00080-5

	79.  �Schache AG, Dorn TW, Blanch PD, Brown NA, 
Pandy MG. Mechanics of the human hamstring 
muscles during sprinting. Med Sci Sports Exerc. 
2012;44:647-658. http://dx.doi.org/10.1249/
MSS.0b013e318236a3d2

	80.  �Scott A, Backman L, Speed C. Tendinopathy: 
update on pathophysiology. J Orthop Sports 
Phys Ther. 2015;45:833-841. http://dx.doi.
org/10.2519/jospt.2015.5884

	81.  �Scott A, Docking S, Vicenzino B, et al. Sports 
and exercise-related tendinopathies: a review 
of selected topical issues by participants of 
the second International Scientific Tendinopa-
thy Symposium (ISTS) Vancouver 2012. Br J 
Sports Med. 2013;47:536-544. http://dx.doi.
org/10.1136/bjsports-2013-092329

	82.  �Silbernagel KG, Thomeé R, Eriksson BI, 
Karlsson J. Continued sports activity, using 
a pain-monitoring model, during rehabilita-
tion in patients with Achilles tendinopathy: 
a randomized controlled study. Am J Sports 
Med. 2007;35:897-906. http://dx.doi.
org/10.1177/0363546506298279

	83.  �Silbernagel KG, Thomeé R, Thomeé P, Karls-
son J. Eccentric overload training for patients 
with chronic Achilles tendon pain – a ran-
domised controlled study with reliability test-
ing of the evaluation methods. Scand J Med 
Sci Sports. 2001;11:197-206. http://dx.doi.
org/10.1034/j.1600-0838.2001.110402.x

	84.  �Simenz CJ, Garceau LR, Lutsch BN, Suchomel 
TJ, Ebben WP. Electromyographical analysis of 
lower extremity muscle activation during varia-
tions of the loaded step-up exercise. J Strength 
Cond Res. 2012;26:3398-3405. http://dx.doi.
org/10.1519/JSC.0b013e3182472fad

	85.  �Smart KM, Blake C, Staines A, Doody C. 
Clinical indicators of ‘nociceptive’, ‘peripheral 
neuropathic’ and ‘central’ mechanisms of mus-
culoskeletal pain. A Delphi survey of expert clini-
cians. Man Ther. 2010;15:80-87. http://dx.doi.
org/10.1016/j.math.2009.07.005

	86.  �Soslowsky LJ, Thomopoulos S, Esmail A, et al. 
Rotator cuff tendinosis in an animal model: role 
of extrinsic and overuse factors. Ann Biomed 
Eng. 2002;30:1057-1063.

	87.  �Stankovic R, Johnell O, Maly P, Willner S. Use 
of lumbar extension, slump test, physical and 
neurological examination in the evaluation of 
patients with suspected herniated nucleus 

pulposus. A prospective clinical study. Man 
Ther. 1999;4:25-32. http://dx.doi.org/10.1016/
S1356-689X(99)80006-X

	88.  �Stanton P, Purdam C. Hamstring injuries in 
sprinting—the role of eccentric exercise. J Or-
thop Sports Phys Ther. 1989;10:343-349. http://
dx.doi.org/10.2519/jospt.1989.10.9.343

	89.  �Takizawa M, Suzuki D, Ito H, Fujimiya M, 
Uchiyama E. Why adductor magnus muscle 
is large: the function based on muscle 
morphology in cadavers. Scand J Med Sci 
Sports. 2014;24:197-203. http://dx.doi.
org/10.1111/j.1600-0838.2012.01466.x

	90.  �Thorborg K, Petersen J, Magnusson SP, 
Hölmich P. Clinical assessment of hip 
strength using a hand-held dynamom-
eter is reliable. Scand J Med Sci Sports. 
2010;20:493-501. http://dx.doi.
org/10.1111/j.1600-0838.2009.00958.x

	91.  �Tsai WC, Tang FT, Hsu CC, Hsu YH, Pang JH, Shi-
ue CC. Ibuprofen inhibition of tendon cell pro-
liferation and upregulation of the cyclin kinase 
inhibitor p21CIP1. J Orthop Res. 2004;22:586-591. 
http://dx.doi.org/10.1016/j.orthres.2003.10.014

	92.  �Tsai WC, Yang YM. Fluoroquinolone-asso-
ciated tendinopathy. Chang Gung Med J. 
2011;34:461-467.

	93.  �Visnes H, Hoksrud A, Cook J, Bahr R. No effect 
of eccentric training on jumper’s knee in vol-
leyball players during the competitive season: 
a randomized clinical trial. Clin J Sport Med. 
2005;15:227-234.

	94.  �Vroomen PC, de Krom MC, Wilmink JT, Kester 
AD, Knottnerus JA. Diagnostic value of history 
and physical examination in patients suspected 
of lumbosacral nerve root compression. J 
Neurol Neurosurg Psychiatry. 2002;72:630-634. 
http://dx.doi.org/10.1136/jnnp.72.5.630

	95.  �White KE. High hamstring tendinopathy in 3 
female long distance runners. J Chiropr Med. 
2011;10:93-99. http://dx.doi.org/10.1016/j.
jcm.2010.10.005

	96.  �Whiteley R, Jacobsen P, Prior S, Skazalski C, 
Otten R, Johnson A. Correlation of isokinetic 
and novel hand-held dynamometry measures 
of knee flexion and extension strength testing. J 
Sci Med Sport. 2012;15:444-450. http://dx.doi.
org/10.1016/j.jsams.2012.01.003

	97.  �Woolf CJ. Central sensitization: implications 
for the diagnosis and treatment of pain. Pain. 
2011;152:S2-S15. http://dx.doi.org/10.1016/j.
pain.2010.09.030

	98.  �Zebis MK, Skotte J, Andersen CH, et al. 
Kettlebell swing targets semitendinosus and 
supine leg curl targets biceps femoris: an EMG 
study with rehabilitation implications. Br J 
Sports Med. 2013;47:1192-1198. http://dx.doi.
org/10.1136/bjsports-2011-090281

46-06 Goom.indd   493 5/18/2016   6:37:37 PM

 J
ou

rn
al

 o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

 
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.jo
sp

t.o
rg

 a
t o

n 
Ju

ly
 1

6,
 2

02
4.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

 C
op

yr
ig

ht
 ©

 2
01

6 
Jo

ur
na

l o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

. A
ll 

ri
gh

ts
 r

es
er

ve
d.


	483JOSPTjun16
	484JOSPTjun16
	485JOSPTjun16
	486JOSPTjun16
	487JOSPTjun16
	488JOSPTjun16
	489JOSPTjun16
	490JOSPTjun16
	491JOSPTjun16
	492JOSPTjun16
	493JOSPTjun16



