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TT SYNOPSIS: Clear guidelines for the clinical 
management of individuals with lateral elbow ten-
dinopathy (LET) are hampered by many proposed 
interventions and the condition’s prognosis, rang-
ing from immediate resolution of symptoms follow-
ing simple advice in some patients to long-lasting 
problems, regardless of treatment, in others. This 
is compounded by our lack of understanding of the 
complexity of the underlying pathophysiology of 
LET. In this article, we collate evidence and expert 
opinion on the pathophysiology, clinical presenta-
tion, and differential diagnosis of LET. Factors that 
might provide prognostic value or direction for 
physical rehabilitation, such as the presence of 
neck pain, tendon tears, or central sensitization, 

are canvassed. Clinical recommendations for 
physical rehabilitation are provided, including the 
prescription of exercise and adjunctive physical 
therapy and pharmacotherapy. A preliminary 
algorithm, including targeted interventions, for the 
management of subgroups of patients with LET 
based on identified prognostic factors is proposed. 
Further research is needed to evaluate whether 
such an approach may lead to improved outcomes 
and more efficient resource allocation. J Orthop 
Sports Phys Ther 2015;45(11):938-949. Epub 17 
Sep 2015. doi:10.2519/jospt.2015.5841

TT KEY WORDS: epicondylalgia, prognosis,  
tennis elbow

P
ain over the lateral epicondyle of the humerus during 
loading of the wrist extensor muscles is a common mus-
culoskeletal presentation in men and women between 
35 and 54 years of age.43 The above symptom is asso-

ciated with a clinical diagnosis of lateral elbow tendinopathy 
(LET), also known as tennis elbow or lateral epicondylalgia. Lateral 
elbow tendinopathy affects approximately 1% to 3% of the general 

to 90% of patients assigned to a 
wait-and-see approach reported 
significant improvement, al-
though not always complete reso-
lution, in the condition within a 
year.11,102 However, up to a third 

of patients have prolonged discomfort 
lasting in excess of 1 year despite inter-
ventions, and a considerable propor-
tion of patients experience recurrence of 
their symptoms following the initial epi-
sode.9,14,50 Estimates suggest that up to 5% 
of patients do not respond to conservative 
physical interventions and undergo sur-
gery, with variable outcomes reported in 
the literature.55,61

In this clinical commentary, we col-
late existing knowledge of the patho-
physiology, clinical presentation, and 
differential diagnosis of LET. We pro-
pose that applying a single interven-
tion, or a one-size-fits-all approach, to 
all presentations of LET is unlikely to be 
effective in every case. Instead, interven-
tions should be tailored to the pathology 
and clinical presentation of the condi-
tion. To this end, we highlight 6 factors 
that may provide direction for physical 
rehabilitation. Finally, a preliminary al-
gorithm for management of subgroups 
of patients with LET is proposed as a 
clinical decision-making guide, though 
it will require further refinement and 
validation.

BROOKE K. COOMBES, PhD1,2  •  LEANNE BISSET, PhD3  •  BILL VICENZINO, PhD2

Management of Lateral  
Elbow Tendinopathy:  

One Size Does Not Fit All

population,43,99,116 with individuals who 
smoke,99 manual workers,63 and tennis 
players41 being at increased risk. Lateral 
elbow tendinopathy results in significant 
functional disability from work, sports, 
and leisure activities, and high costs due 
to productivity loss and health care use.99

There is a lack of consensus on the 
best treatment approach for LET, result-
ing in frustration for patients and practi-

tioners alike.64,101 Complexities associated 
with the anatomy, biomechanics, and 
pathophysiology of LET have resulted in 
numerous treatment options described 
in the literature. One of the challenges 
in managing LET is the wide range of 
prognoses among individuals with the 
condition. For many patients, symptoms 
of LET are self-limiting, with random-
ized controlled trials indicating that 83% 
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PATHOPHYSIOLOGY

T
he pathophysiology of LET is 
multidimensional, and we have 
previously proposed a model that 

suggests that tendon cellular and ma-
trix changes may be accompanied by al-
terations in nociceptive processing and 
impairments in sensory and motor func-
tion.27 Recent studies have provided sup-
port for some aspects of this model,47,67 
although the relationships between mod-
el components require greater explora-
tion. There is strong evidence to suggest 
discordance between clinical severity and 
tendon pathology in patients with tendi-
nopathy.34,46 Thus, it is inadequate for re-
searchers and clinicians to concentrate on 
local tendon pathology to the exclusion of 
nervous system–mediated phenomena, 
physical functioning, and possibly psy-
chological factors when diagnosing and 
managing patients with LET.

The histological features of LET are 
similar to those of other common tendi-
nopathies and include increased cellular-
ity, an accumulation of ground substance, 
collagen disorganization, and neurovas-
cular ingrowth.61 The most common 
sites of focal degeneration are the deep 
and anterior fibers of the extensor carpi 
radialis brevis (ECRB) component of 
the common extensor tendon origin.7,20 
Anatomical studies have shown that 
the ECRB tendon merges imperceptibly 
with the lateral collateral ligament (LCL), 
which in turn fuses with the annular liga-
ment of the proximal radioulnar joint.70 
Consequently, considerable load sharing 
takes place between these structures and 
may explain progressive involvement of 
the LCL in more severe clinical presenta-
tions of LET.15

CLINICAL EXAMINATION

T
he diagnosis of LET is essential-
ly based on a clinical examination 
that aims to provoke pain in the 

affected tendon by loading. The physi-
cal examination should reproduce pain 
in the area of the lateral epicondyle in 

at least 1 of 3 ways: palpation of the lat-
eral epicondyle; resisted extension of the 
wrist, index finger, or middle finger; and 
having the patient grip an object. A more 
comprehensive physical examination 
may be necessary to identify (or rule out) 
coexisting pathologies or other reasons 
for their pain.

Elbow, wrist, and forearm range of 
motion, as well as accessory motion of the 
radioulnar, radiohumeral, and humeroul-
nar joints, should be examined to iden-
tify any articular or musculotendinous 
restriction. In patients whose symptoms 
are suggestive of elbow instability (eg, 
clicking, loss of control, or difficulty with 
pushing up with the forearm supinated), 
several clinical tests are available to de-
termine the presence or absence of the 
condition, including the posterolateral 
rotary drawer test75 and tabletop reloca-
tion test.5 However, signs of instability 
on physical examination are commonly 
subtle and may need to be combined with 
results of imaging.54

Evaluation of the cervical and thoracic 
spine and radial nerve function should 
also be a priority, particularly when there 

is concomitant neck pain or diffuse arm 
pain or paresthesia. Reproduction of 
lateral elbow pain during manual palpa-
tion and/or active, passive, or combined 
movements of the cervical spine should 
raise suspicion of radicular or referred 
pain.114 Increased sensitivity of the ra-
dial nerve to mechanical stimuli may be 
evaluated by neurodynamic testing and 
palpation of the nerve along its length.98 
Radial nerve neurodynamic testing may 
be performed by moving the upper limb 
in the following sequence of movements: 
gentle shoulder girdle depression, el-
bow extension, shoulder internal rota-
tion, forearm pronation, wrist and finger 
flexion, followed by shoulder abduction 
(FIGURE 1).16,24 A positive test requires re-
production of the patient’s lateral elbow 
pain and alteration of symptoms by a 
sensitization maneuver, such as cervical 
lateral flexion or scapular elevation.24 
Further testing of afferent or efferent 
nerve function through neurological ex-
amination may be indicated if symptoms 
suggest sensory or motor loss.

Analysis of posture and movement 
within the whole kinetic chain is recom-

FIGURE 1. Radial nerve neurodynamic testing is performed by placing the upper limb in the following series of 
positions: gentle shoulder girdle depression, elbow extension, shoulder internal rotation, forearm pronation, wrist 
and finger flexion, shoulder abduction. A positive test result (indicating mechanosensitivity of the radial nerve) 
reproduces the patient’s lateral elbow pain, which is altered with a sensitization maneuver, such as cervical lateral 
flexion or scapular elevation.
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mended3 to identify potential risk factors 
that may be modifiable through rehabili-
tation. Insights gained from such analy-
sis, along with evaluation of functional 
tasks undertaken in occupational and 
sport-specific activities, as well as sensory 
and motor function testing, will provide 
direction in the planning of management 
of the condition and the patient.

OUTCOME MEASURES

F
or greater consensus and stan-
dardization between research trials 
and clinical practice, we recommend 

the pain-free grip test and the Patient-
Rated Tennis Elbow Evaluation (PRTEE) 
as outcome measures. The pain-free 
grip test is a reliable, valid, and sensi-
tive measure of physical impairment in 
LET.106 A dynamometer is used to mea-
sure the grip force applied to the point 
of onset of pain.66 Most protocols recom-
mend performing the test with the elbow 
in relaxed extension and the forearm in 
pronation, repeating the test 3 times at 
1-minute intervals, and comparing the 
average of these 3 measurements be-
tween the affected and unaffected sides. 
An alternative testing position with the 
elbow flexed to 90° and the forearm in 
neutral rotation can also be used.66 The 
pain-free grip test is preferable to a mea-
surement of maximal strength, which is 
not always impaired and is likely to ex-
acerbate the pain, which may outlast the 
testing session.13

The PRTEE is a reliable, validated 
measure of pain and disability.71,94 It 
consists of 15 questions, 5 related to 
pain and 10 related to functional limi-
tation during daily activities, work, and 
sport. Both subscales contribute equally 
to the total score, which ranges from 0 
(no pain or disability) to 100 (worst pos-
sible pain and disability). In a previous 
cluster analysis, scores greater than 54 
were considered to represent severe pain 
and disability, and scores less than 33 
were considered to reflect mild pain and 
disability,28 although validation of such 
cutoffs is necessary. Study of minimal 

clinically important differences in total 
PRTEE scores86 suggests that a reduction 
of at least 11 points or an improvement 
of 37% over baseline score indicates sub-
stantial improvement.86

The Patient-Specific Functional Scale 
(PSFS) is another valid, reliable, and 
responsive outcome measure that may 
be used to measure progress in individ-
ual patients with upper extremity prob-
lems.48 Patients nominate 3 to 5 activities 
that they are having difficulty performing 
because of their problem and rate these 
activities on an 11-point scale, where 0 is 
unable to perform the activity and 10 is 
able to perform the activity at preinjury 
level. A minimum clinically important 
difference of 1.2 is reported for the PSFS.48

DIAGNOSTIC IMAGING

U
ltrasound and magnetic reso-
nance imaging (MRI) demonstrate 
high sensitivity, but limited specific-

ity, in detecting structural abnormalities 
in tendinopathies,34,46,79 including tendon 
thickening and focal areas of hypoecho-
genicity (ultrasound) or increased signal 
intensity (MRI). Meta-analysis of MRI 
studies found signal changes in 90% 
of affected and 50% of unaffected ten-
dons.79 Similarly, diagnostic ultrasound 
by an examiner blinded to status found 
tendinopathic changes in 90% of patients 
with LET and 53% of asymptomatic 
controls.46 An exception was disruption 
of fibrils within the common extensor 
tendon, which showed 100% probability 
of LET.46 Most studies find a lack of as-
sociation between the severity of tendon 
changes and symptoms in both LET17,117 
and other chronic tendinopathies.57 How-
ever, the presence of an LCL tear and the 
size of any intrasubstance tendon tear 
detected by ultrasound were significantly 
associated with poorer prognosis in pa-
tients with LET.18

While changes on imaging that are 
apparent in both affected and unaffected 
limbs require cautious interpretation, 
negative ultrasound findings can be used 
to confidently rule out LET as a diagno-

sis34,46 and prompt the clinician to con-
sider other causes of elbow pain. If the 
patient reports clicking or locking, com-
puted tomography, MRI, or magnetic 
resonance arthrography may be used to 
detect other pathologies, such as loose 
bodies, articular cartilage damage, liga-
ment injury, or elbow synovial fold (plica) 
syndrome.39,60 Ultrasound may also be 
useful in diagnosing radial or posterior 
interosseous nerve compression, by de-
tecting swelling and hypoechogenicity of 
the nerve or identifying secondary causes 
such as cysts.59,60 Nerve conduction test-
ing may be used to detect slowed conduc-
tion velocity of an entrapped posterior 
interosseous nerve.56

DIFFERENTIAL DIAGNOSIS

T
he TABLE lists other potential 
sources of lateral elbow pain, many 
of which lack universally accepted 

definitions and diagnostic criteria.44,51 
The lack of clearly distinct diagnostic 
criteria may underpin differences in re-
ported prevalence rates and prognosis 
of these conditions between studies. In-
cluded in this list is nonspecific arm pain, 
a diagnosis often reached by exclusion of 
other specific conditions.44,51 There is little 
consensus regarding diagnostic criteria 
for radial tunnel syndrome, which shares 
similar clinical features with LET and 
may occur in combination with LET.60 In 
contrast, objective (motor) dysfunction of 
the musculature innervated by the pos-
terior interosseous nerve should be used 
as a requirement for a diagnosis of pos-
terior interosseous nerve entrapment.95 
Early identification of the condition and 
referral of these patients to a specialist 
are important, as they may require sur-
gical decompression to avoid permanent 
injury.56 It should also be recognized that 
LET may present as an isolated entity 
or coexist with other pathologies, mak-
ing clinical differentiation difficult. For 
example, patients with chronic LET who 
sustain an acute injury with worsening 
of symptoms may have developed addi-
tional LCL injury.35,92
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FACTORS AFFECTING 
PROGNOSIS

T
here is no universally effective 
treatment for all patients presenting 
with LET. Heterogeneity in clinical 

presentation and pathophysiology sug­
gests that interventions are more likely 
to be successful if individually tailored. 
Based on current evidence and expert 
opinion, we propose that the following 
6 factors should be considered when de­
signing a rehabilitation program.

Tendon Pathology
A continuum of tendon changes may 
be found in patients with tendinopa­
thy, ranging from a homogeneous, 
noninflammatory, diffuse increase in cel­
lularity and ground substance (“reactive 
tendinopathy”) to focal areas of collagen 

disorganization and neurovascular in­
growth (“degenerative tendinopathy”).21 
Specifically for LET, as discussed above, 
tendon and ligament disruptions are 
also reported in more advanced cases of 
LET,15,18,87 their presence and size linked 
with poorer prognosis.18

Cook and Purdam21 suggest that re­
habilitation should differ between stages 
of tendinopathy, although the authors 
recognize that clinical differentiation is 
difficult. Reactive tendinopathy, which 
commonly occurs in response to unac­
customed or increased activity, requires 
reduced or modified loads to give the 
tendon time to recover. In contrast, in­
terventions such as eccentric exercise and 
prolotherapy injections, which aim to 
stimulate increased production of colla­
gen or ground substance and restructure 
tendon matrix, might be more appro­

priate for degenerative tendinopathy.21 
Patients with LET and a large intrasub­
stance tear or LCL tear, who are more 
likely to fail nonoperative treatment, 
including 6 months of eccentric loading, 
may require reconstructive surgery.54

Severity of Pain and Disability
Lateral elbow tendinopathy may also pre­
sent as a continuum of symptoms ranging 
from relatively mild yet persistent annoy­
ances during daily activities to severe and 
significant symptoms limiting all facets 
of life.120 There is strong evidence that 
patients with greater baseline pain and 
disability have a poorer long-term prog­
nosis,25,102 warranting early intervention 
for this at-risk population. Furthermore, 
patients with severe symptoms (PRTEE 
scores greater than 54) have been found 
to display more pronounced sensory dis­

TABLE Differential Diagnoses of Lateral Elbow Tendinopathy

Abbreviation: MRI, magnetic resonance imaging.

Differential Diagnoses Key Features

Local arthritis78 •	 Resting pain, joint stiffness
•	� Pain and restricted motion due to impingement at the extremes of flexion and extension, or in advanced stages, throughout the arc 

of motion
•	 History of trauma or of heavy use (eg, manual laborers, weight lifters, throwing athletes)

Intra-articular pathology60 •	 Clicking or catching with elbow motion
•	 MRI or arthroscopy may detect cartilage defects or intra-articular bodies

Radiocapitellar pathology60,96 •	 Commonly seen in younger athletes following trauma or associated with medial elbow instability (eg, in throwing athlete)
•	 Tenderness posterior to the lateral epicondyle centered over the posterior radiocapitellar joint
•	 Painful click or snap with terminal elbow extension and forearm supination; may show restriction of elbow extension
•	 Ultrasound, MRI, or arthroscopy may demonstrate inflammation or hypertrophic synovial plica or radiocapitellar chondromalacia

Radial tunnel syndrome60 •	� Diffuse aching pain over wrist extensor muscles, possibly radiating to the dorsal aspect of the hand, or sharp, shooting pain along 
the dorsal forearm region. Pain often worse at night

•	 Rarely, sensory or motor changes
•	 Pain may be increased by resisted supination, neurodynamic tests, and/or nerve palpation
•	 Electrodiagnostic testing often inconclusive
•	 Ultrasound may show nerve compression

Posterior interosseous nerve entrapment95 •	� Neurological deficit: weakness of posterior interosseous nerve innervated muscles (finger and thumb extensors and abductor 
pollicis longus)

•	 Electrodiagnostic testing shows abnormal radial nerve conduction in some cases
•	 Pain (when present) is usually in distal forearm and wrist and may refer proximally

Cervical referred pain or radiculopathy •	 Radiation of pain from cervical spine, reproduced by palpation and/or active or passive movements of the cervical spine
•	 Focal motor, reflex, or sensory changes associated with the affected nerve

Posterolateral rotatory instability4 •	 History of acute trauma (eg, fall onto the outstretched hand); rarely an overuse injury
•	 Painful snapping, clicking, or feeling of instability during elbow flexion/extension with forearm supinated

Nonspecific arm pain44,51 •	 Diffuse forearm pain not associated with any particular structure
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turbances that may be targeted by differ-
ent pharmacological therapies (described 
below).28 Effective pain management may 
be achieved by rest, use of an orthotic 
wrist splint, counterforce elbow strap, 
or taping (FIGURE 2), the latter helpful for 
patients with resting or night pain.109,110 
Where physical modalities (eg, exercise 
and manual therapy) are used, these 
should be initiated cautiously, performed 
below the individual’s pain threshold, and 
progressed more slowly to avoid provok-
ing or sustaining central sensitization.74

Central Sensitization
Central sensitization is implicated in the 
pathophysiology of LET and several other 
chronic musculoskeletal conditions, such 
as whiplash-associated disorders and 
fibromyalgia.53,73,113 In individuals with 
LET, there is evidence of heightened no-
ciceptive withdrawal reflex67 and wide-
spread mechanical hyperalgesia.28,36,37 
A subgroup of patients reporting severe 
levels of pain and disability displayed cold 
hyperalgesia (mean, 13.7°C),28 while cold 
pain threshold was an independent pre-
dictor of short- and long-term prognosis 
in untreated individuals with LET.25 This 
is consistent with other musculoskeletal 
pain conditions such as whiplash-associat-
ed disorder, in which cold pain thresholds 
greater than 13°C have been linked to an 
increased risk of persistent pain.105 Recent 
studies show that a clinical ice pain test is 
correlated with quantitative measures, en-
abling clinicians to examine pain sensitivi-
ty in the absence of expensive equipment.91 
Pain intensity of more than 5/10, after 10 
seconds of ice application indicated 90% 
likelihood of cold hyperalgesia.69

An understanding of the contribution 
of central sensitization to the development 
and persistence of pain in LET may lead 
to more appropriate and targeted treat-
ments. Clinical assessment that identifies 
increased responsiveness to a variety of 
physical and emotional stimuli, height-
ened response to neurodynamic testing, or 
expansion of symptoms to sites outside the 
injured area may provide the clinician with 
important clues for central sensitization.74

Treatments for management of cen-
tral sensitization in patients with muscu-
loskeletal pain are described by Nijs and 
colleagues.74 The results of a systematic 
review indicate that cervical spine manual 
therapy reduces mechanical hyperalgesia 
at remote sites in people with and with-
out musculoskeletal pain, suggesting a 
potential effect on central sensitization.30 
Neural mobilization exercises might also 
be suitable for addressing central sensi-
tization processes, including enhanced 
sensory hypersensitivity in response to 
repeated stimuli.6 Motor control and iso-
metric exercises may be appropriate, as 
well as exercise of nonpainful regions.72

Concomitant Neck or Shoulder Pain
Neck pain is more common in patients 
with LET than in an age-matched healthy 
population.8 Physical impairments have 
also been demonstrated on manual ex-
amination of C4-C7 segmental levels in 
patients with relatively localized symp-
toms of LET.24 Moreover, self-report of 
shoulder or neck pain in patients with 
LET presenting to general practice was 
indicative of poorer short- or long-term 
prognosis, respectively.102 Associated 
musculoskeletal comorbidities may be 
addressed during rehabilitation using 
manual therapy and exercise.

Associated Neuromuscular Impairments
Impairment in sensory and motor func-
tion is commonly seen in patients with 
LET and may persist beyond resolution of 
local tendon symptoms.2,12 In addition to 
reduced pain-free grip force, affected indi-
viduals commonly grip with a more flexed 
wrist position13 and display weakness of 
the short wrist extensors (ECRB) but not 
the finger extensors.3 Widespread muscle 
weakness in the affected limb3 and bilat-
eral deficits in reaction time and speed 
of movement13 are also found in patients 
with unilateral LET. Recent investigation 
of the motor representation of wrist exten-
sor muscles using transcranial magnetic 
stimulation indicates that cortical organi-
zation may be maladaptive in patients with 
LET.97 Failure to recognize and address 

problems with motor control, strength, 
and endurance may be one explanation 
for persistence or recurrence of symptoms.

Work-Related and Psychosocial Factors
Several work-related physical and psy-
chosocial factors have been associ-
ated with an increased occurrence of 
LET42,108 and poorer overall prognosis 
after 1 year.42 These include handling 
tools, handling heavy loads, and repeti-
tive movements, as well as low job con-
trol. Individuals adopting nonneutral 
wrist postures during work activity have 
been shown to have a poor prognosis for 
LET.99 Work absenteeism is documented 
in 5% of affected working adults, with a 
median duration of 29 days in the previ-
ous 12-month time period.115 Modifica-
tion of physical factors could reduce the 
risk or improve the prognosis of LET. In 
the workplace, ergonomic modifications 

A

B

FIGURE 2. Diamond taping is applied using rigid tape, 
with the goal to unload painful tissues at the common 
extensor tendon origin. The elbow is first placed in a 
position of comfort, then: (A) starting from the anchor 
point (x), tape is tensioned in a proximal direction 
(solid arrow), while the skin is moved toward the 
inside of the diamond (broken-line arrow). (B) Note 
the orange peel effect on the skin within the diamond 
tape, resulting from unloading of tissues toward the 
site of pain (circle). Reproduced with permission.110
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should focus on minimizing work tasks 
requiring deviated wrist postures, force-
ful exertions, and highly repetitive move-
ments, and adequate rest and recovery 
periods should be allowed.99

In contrast, the role of psychological 
factors in the development and persistence 

of pain in patients with LET is conflicting. 
Higher anxiety and depression were found 
in 2 small cross-sectional studies,1,40 but 
not in a larger study of patients with LET. 
Longitudinal study of patients with LET 
did not find any association between psy-
chological factors and prognosis.25 How-

ever, another study found that depression 
was associated with a greater use of medi-
cal resources by patients when a “wait-
and-see” approach was recommended by 
their primary practitioner.65

POTENTIAL INTERVENTIONS

Pharmacotherapy

T
here is conflicting evidence for 
the role of oral nonsteroidal anti-
inflammatory medication in the 

management of LET.80 Based on findings 
of tendon cellular and matrix inhibition 
with indomethacin and naproxen, it has 
been speculated that these drugs may 
be more appropriate for patients with 
reactive rather than degenerative tendi-
nopathy.21 There is strong evidence that 
corticosteroid medication provides short-
term relief of pain but leads to worse out-
comes after 6 and 12 months compared 
to either a wait-and-see approach or 
physical therapy management, with sub-
stantial recurrence rates.26 More recent 
research showed that adding a multi-
modal physical therapy program (elbow 
mobilization and resistance exercise) did 
not ameliorate the late delay in recovery 
or recurrence observed after a single cor-
ticosteroid injection.22 For these reasons, 
we do not advocate corticosteroid injec-
tion as a first-line intervention for LET. 
Other more centrally acting analgesics, 
such as antidepressant or antiepileptic 
drugs, may be appropriate for patients 
with severe pain where central sensiti-
zation is suspected, although no studies 
have been conducted in this population 
to date. A meta-analysis found strong 
evidence for antidepressant medication 
in the relief of pain in patients with fi-
bromyalgia, another condition associated 
with central sensitization.45 Prolotherapy 
and nitric oxide patches have demon-
strated long-term beneficial effects in 
patients with chronic (greater than 3 
months) LET.76,88 Their efficacy may de-
pend on appropriate physical stimulus, 
based on evidence of a lack of effect of 
nitric oxide patches when combined with 
stretching only.77 Despite large clinical 

FIGURE 3. Lateral elbow mobilization with movement. This technique consists of applying and sustaining a 
lateral humeroulnar accessory glide while the patient performs (and relaxes) their painful action (eg, gripping). If 
significant improvement in pain-free grip is observed, repeat the technique for a total of 6 to 10 repetitions. A belt 
may be used to assist with the glide.

FIGURE 4. Radial head posteroanterior mobilization with movement. This technique consists of applying and 
sustaining a posterior-to-anterior glide over the radial head while the patient performs (and relaxes) the painful 
action (eg, gripping). If significant improvement in pain-free grip is observed, repeat the technique 6 to 10 times.
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reactive tendinopathy or irritable symp-
toms, gentle, pain-free isometric con-
tractions of 30 to 60 seconds in duration, 
performed daily, with the wrist in 20° to 
30° of wrist extension and elbow in 90° of 
flexion, may be more appropriate than ec-
centric exercise, which tends to aggravate 
pain. Progression may also be achieved by 
increasing the duration of contraction (up 
to 90 seconds) and by increasing the load 
(through a free weight or resistance tub-
ing). Exercises should also address motor 
control impairments,23,85 such as dissocia-
tion of wrist from finger extension (FIGURE 

5) and retraining of wrist alignment dur-
ing gripping.

Concentric and/or eccentric exercise 
of the wrist extensors is advocated for 
patients with degenerative-stage tendi-
nopathy,21 commencing with the elbow in 
flexion and restricting end-of-range wrist 
flexion, when the ECRB tendon may be 
exposed to greater compression and more 
pain33,90 (FIGURE 6). A similar approach re-
stricting full ankle dorsiflexion during ec-
centric exercises was more successful for 
patients with insertional Achilles tendi-

exercise has been shown to lead to greater 
and faster regression of pain,83 less sick 
leave, fewer medical consultations, and 
increased work ability.84 Despite clear 
benefits, the most optimal exercise inten-
sity, duration, frequency, and type of load 
for rehabilitation of LET have not been 
established.89 General guidelines recom-
mend application of gradually increasing 
resistance, focusing on the extensor mus-
cles of the wrist.104 Some studies favor ec-
centric over concentric exercise,82,89 while 
others indicate no differences between 
concentric or combined concentric/ec-
centric programs.68 There is also con-
flicting opinion on whether pain should 
be provoked during exercise. Some insist 
that pain should be avoided during exer-
cise,31,109 while others suggest that pain 
during exercise of less than 5 on a 10-cm 
visual analog scale is permissible.38,100

Given the heterogeneity of the clinical 
presentation and pathology of LET, it is 
likely that optimal modes and doses of 
exercise differ between patients with dif-
ferent stages or severity levels of tendi-
nopathy,21 as well as different premorbid 
functional demands. Isometric exercises 
of the wrist extensor muscles have a role, 
based on their wrist-stabilizing function 
in many activities.103 Although their ef-
fect on pain in patients with LET requires 
further study, isometric contractions were 
shown to produce a greater analgesic ef-
fect than isotonic exercise in patients with 
patellar tendinopathy.93 For patients with 

interest, there is growing evidence that 
injection of autologous blood or platelet-
rich blood products is not effective in 
treating LET.32,62

Manual Therapy
There is moderate evidence for the im-
mediate effects of several manual therapy 
techniques on pain and grip strength81,111 
and for short-term clinical benefits when 
used in conjunction with graduated ex-
ercise.58 The ulnar-humeral lateral glide 
(FIGURE 3) and radial head posteroanterior 
glide (FIGURE 4) are 2 techniques that can 
be used following the approach known 
as Mulligan mobilization with move-
ment, where the patient performs the 
pain-producing movement in conjunc-
tion with sustained mobilization.112 These 
treatment techniques are to be used when 
they produce substantial immediate im-
provement (eg, 50%) in pain and impair-
ment (eg, pain-free grip force). There is 
also moderate evidence that manual ther-
apy techniques targeting the cervical and 
thoracic regions provide additional clini-
cal benefits beyond local elbow treatment 
alone in patients with LET and coexisting 
cervical or thoracic spine impairment.19

Exercise Therapy
Exercise is central to management of 
many patients with LET, with evidence of 
benefits from exercise alone31,83,85,107 or as 
a part of a multimodal physical therapy 
regime.10,22 In patients with chronic LET, 

FIGURE 6. Wrist extension exercise can be performed 
over the edge of a table with elastic tubing or free 
weights. Isometric holds (30-60 seconds in duration) 
are advocated for reactive or irritable tendinopathy, 
while concentric and eccentric actions should be 
performed slowly (4 seconds for each direction), 
completing 2 to 3 sets of 10 repetitions for patients 
with less irritable or degenerative tendinopathy. 
Emphasis is placed on maintaining neutral radial-
ulnar deviation of the wrist (by aligning the middle 
metacarpal bone with the long axis of the forearm). 
Progression may be achieved by increasing load 
or performing the exercises with greater elbow 
extension.

FIGURE 5. Sensorimotor palm-slide exercise for retraining of wrist extension. With the forearm resting in pronation 
on a table, the wrist should be slowly extended by sliding the fingertips along the table and lifting the knuckles. 
Emphasis is placed on avoiding metacarpophalangeal extension and finger flexion. Return to the starting position 
and repeat 10 times.
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recovery from high loads are particularly 
important in rehabilitation of reactive 
tendinopathy. Ergonomic advice may fo-
cus on minimizing work tasks requiring 
deviated wrist postures, forceful exer-
tions, and highly repetitive movements. 
Patients should be encouraged to gradu-
ally reintroduce more strenuous tasks 
and to reduce tendon load if recurrence 
is experienced.

prove tolerance to elastic loading during 
explosive muscular contractions.119

Education
Patients with LET can be reassured that, 
most likely, the condition will resolve 
gradually with adequate rest and time. 
Instruction to avoid pain-provoking ac-
tivities (eg, by not lifting with a pronated 
forearm) and discussion about rest and 

nopathy.52 In the degenerative stage, pain 
up to 3/10 (where 10 is the worst imag-
inable pain) may be acceptable during 
exercise, but not the following morning. 
Strengthening of muscles of the rotator 
cuff and scapula should be included in 
rehabilitation, based on previously iden-
tified deficits.2 For athletes involved in 
throwing or racquet-based sports, plyo-
metric exercises may be needed to im-
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PRTEE less than 33/100 and no 
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Wait-and-see approach
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• Self-administered medication
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Not “much better” after 
6-12 weeks Improvement

Not “much better” after 
8-12 weeks

Not tendinopathy
Other management

Not “much better” after 
8-12 weeks

Moderate-risk subgroup
One or more negative prognostic 

indicators:
• PRTEE greater than 33/100
• Repetitive manual tasks or heavy 

loads
• Low job control
• Significant neuromuscular 

impairments
• Coexisting elbow pathology

Multimodal physical therapy
• Ergonomic/sport-specific advice
• Self-administered medication
• Ice, heat, taping, brace, orthoses
• Electrophysical agents
• Elbow manual therapy
• Exercise therapy (progressive 

resistance, motor control, general 
upper limb)

High-risk subgroup
One or more negative prognostic 

indicators:
• PRTEE greater than 54/100
• Coexisting neck or shoulder pain
• Central sensitization (eg, CPT 

greater than 13°C, widespread 
hypersensitivity)

Multimodal physical and pharma-
cological therapy

• Ergonomic/sport-specific advice
• Prescribed medication
• Ice, heat, taping, brace, orthoses
• Electrophysical agents
• Cervical and/or elbow manual 

therapy
• Exercise therapy (isometric 

contractions)

Diagnostic imaging (ultrasound/MRI)
• Confirm tendinopathy
• Identify presence and size of tendon tear
• Explored di�erential diagnoses (ligament, nerve, plica, osteochondral pathology)

Tendinopathy confirmed
• Job/sport reassignment/modification
• Adjunctive pharmacotherapy (eg, prolotherapy, nitric oxide patches) plus exercise
• Surgical/medical referral
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FIGURE 7. A proposed algorithm for management of subgroups of patients with lateral elbow tendinopathy, based on identified prognostic factors and targeted initial and 
subsequent treatments. Abbreviations: CPT, cold pain threshold; MRI, magnetic resonance imaging; PRTEE, Patient-Rated Tennis Elbow Evaluation.
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a preliminary algorithm based on risk of 
poor outcomes as a means of guiding clin-
ical decision making regarding treatment 
options for patients with LET. t

spread hypersensitivity to multiple stimu-
li), a combination of physical therapy and 
pharmacotherapy is recommended. Pain 
management should be the primary goal of 
treatment, including options such as medi-
cation, manual therapy, taping, or orthoses. 
Isometric exercise may be commenced at 
loads below pain threshold, with progres-
sion to concentric and eccentric programs 
when symptoms become less irritable.

For the remaining population, herein 
described as moderate risk, a multimodal 
physical therapy regime is recommended 
as a first-line management, with the goal 
of faster reduction of pain and recovery 
of function. We suggest a minimum of 
8 to 12 weeks of physical rehabilitation, 
individually prescribed to target specific 
physical impairments, including pro-
gressive strengthening and endurance 
exercise and elbow manual therapy, con-
sistent with what has been used in previ-
ous studies of LET.10,22

Based on this model, diagnostic im-
aging is reserved for cases recalcitrant to 
physical therapy. If findings on imaging 
are consistent with the presence of tendi-
nopathy, the patient may be counseled re-
garding other second-line interventions, 
such as prolotherapy injections or nitric 
oxide patches. Patients with severe pain 
with LCL or tendon tears on imaging may 
require early referral to an orthopaedic 
surgeon.

Monitoring of patient recovery may 
be achieved using repeated use of the 
PRTEE or PSFS questionnaires.48,86 Time 
frames and thresholds for recovery are 
provided as a guide for clinicians.

CONCLUSION

U
nraveling the complex etiology 
and mechanisms underlying the 
persistence of pain in patients with 

LET is challenging. We highlight several 
prognostic factors, including central sen-
sitization, local structural damage (eg, 
tendon and ligament tears), and comorbid 
musculoskeletal pain, and discuss their 
significance in terms of design of physi-
cal rehabilitation programs. We propose 

Proposed Treatment Guidelines
Decision making regarding allocation 
and prioritization of treatment for the 
entire spectrum of patients with LET is 
currently inconsistent. Based on prog-
nostic factors collated in this article, we 
propose an algorithm that identifies 3 
subgroups and links these groups with 
individually targeted, initial and sub-
sequent treatment strategies (FIGURE 7). 
We recognize that other factors, includ-
ing patient preference, cost, or resource 
availability, may also direct the clinician 
to particular interventions. It has been 
demonstrated that patients with LET as-
signed to a wait-and-see approach sought 
significantly more not-per-protocol treat-
ments than those assigned to physical 
therapy.10,49,118 In a recent economic anal-
ysis, a single corticosteroid injection, 8 
sessions of multimodal physical therapy, 
and a combination of the two were each 
compared over 1 year with a placebo in-
jection.29 The study concluded that the 
multimodal program (of elbow manual 
therapy and exercise) was highly likely to 
be cost-effective, while the cost-effective-
ness of corticosteroid injection was more 
uncertain. Ultimately, the clinical utility 
and cost-effectiveness of the proposed al-
gorithm depend on testing through clini-
cal trials, such as those conducted for low 
back pain.49,118

We propose that low-risk patients 
with low pain severity and no negative 
prognostic indicators may be suitable 
for advice and self-administered pain 
medication, consistent with a wait-and-
see policy. This approach may also be 
adopted when there is reason to believe 
the patient will not adhere to an exercise 
program and the patient is not continu-
ally exposed to activities that will per-
petuate symptoms of LET. If meaningful 
improvement is not observed after 6 to 12 
weeks or if symptoms worsen, multimod-
al physical therapy should be initiated.

For high-risk patients with severe pain 
and disability (eg, PRTEE score greater 
than 54/100), concomitant neck pain, or 
suspected central sensitization (eg, cold 
pain threshold greater than 13°C, wide-
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