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1

Study Design: Systematic review

2

Objectives: Elucidate if there is sensitization of the nervous system in those with persistent

3

rotator cuff (shoulder), lateral elbow, patellar, and Achilles tendinopathies.

4

Background: Tendinopathy can be difficult to treat and persistent intractable pain and

5

dysfunction frequent. It is hypothesized that induction or maintenance of persistent pain in

6

tendinopathy is at least in part based on changes in the nervous system.

7

Methods: Preferred Reporting Items for Systematic Review and Meta-Analyses (PRISMA)

8

guidelines were followed. Relevant articles were identified through a computerized search in

9

Embase, PubMed, and Web of Science followed by a manual search of reference lists of

10

retained articles. To be eligible, studies had to include quantitative sensory testing (QST) and

11

evaluate individuals diagnosed with a persistent tendinopathy of the rotator cuff (shoulder),

12

lateral elbow, patellar, or Achilles tendon. Methodological quality assessment was evaluated

13

with the Newcastle-Ottawa Scale.

14

Results: In total, 16 full-text articles met the criteria for inclusion, of which the majority were

15

case-control studies with heterogeneous methodological quality. No studies on Achilles

16

tendinopathy were found. Mechanical algometry was the predominant QST used. Lowered

17

pressure pain threshold was observed across different tendinopathies at the site of

18

tendinopathy as well as at other sites, with the latter being suggestive of central sensitization.

19

Conclusion: Although more research on sensory abnormalities is warranted, it appears likely

20

that there is an association between persistent tendon pain and sensitization of the nervous

21

system. This evidence is primarily from studies of upper limb tendinopathy and caution

22

should be exercised with inference to lower limb tendinopathy.

23

Key words: athletic injuries, central sensitization, chronic pain, pain threshold

24
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25

INTRODUCTION

26

Patellar tendinopathy in volleyball, Achilles tendinopathy in runners, lateral epicondyle

27

tendinopathy in racket sports, and shoulder impingement syndrome in swimmers are

28

examples of some of the most common persistent overuse-type musculoskeletal injuries in

29

sports.23,25,31,41 Tendinopathy is a generic descriptor of a clinical presentation of tendon pain

30

with assumed accompanying pathological changes within the tendon.33,41 The challenge with

31

tendinopathy is that pain at the tendon, especially persistent pain, does not always correlate

32

with pathological changes in tendon34 and histologic studies consistently show either absent

33

or minimal inflammation.3,4

34
35

Local tendon damage or inflammation (as identified on imaging or biopsy) induced

36

nociception cannot be regarded as the only plausible reason for persistent tendinopathies.

37

Recently, altered somatosensory perceptions (ie, sensitization of the nervous system) has been

38

proposed as an alternative or complementary mechanism underlying persistent tendon

39

pain.12,41,42,52 Sensitization of the nervous system, both peripherally and centrally, in response

40

to nociceptive input or inflammation can be protective and helpful in the short term. In cases

41

where the tendon pain has persisted, this sensitization of the nervous system might be

42

maladaptive and therefore contribute to persistent pain and possible disability.12,54

43
44

Sensitization can be characterized as either mechanical or thermal sensory gain, with the

45

former likely being more relevant in painful tendinopathy.44 Sensory gain in tendinopathy

46

refers to pain on loading of the tendon during activities such as athletic training/practice or

47

performance that are normally not painful when performed within the person’s physiological

48

limits. For example, a decline squat61 loads the tendon within physiological limits in the

49

normal tendon, but in patellar tendinopathy it is most likely symptomatic (ie, painful). An

4

50

increased pain sensitivity with a nociceptive stimulus is termed hyperalgesia and with

51

mechanical stimuli it is known as mechanical hyperalgesia. Pain from a non-nociceptive

52

stimulus, such as a light touch, is called allodynia.
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53
54

A way to evaluate and systematically measure the extent of sensitization in mechanically

55

induced pain is by quantitative sensory testing (QST).43,44 QST, which entails measurement of

56

participants responses to standardized thermal and mechanical stimuli, is used to assess

57

perceptual functioning of somatosensory modalities that correspond with large fiber function

58

(Ab), small fiber function (C, Ad) and the central nervous system pathways.6,20,43,54 The cause

59

or underlying mechanism of sensitization may lie along the sensory pathway; from the

60

peripheral receptor to the highest cortical regions in the brain.20 Central nervous system

61

sensitization might be implied by findings of differences in QST results between those with

62

tendinopathy and asymptomatic controls at sites remote from the tendinopathy.22 In the last

63

decennia convincing evidence has shown that central and peripheral sensitization underlies

64

persisting pain states such as chronic whiplash, low back pain, fibromyalgia, irritable bowel

65

syndrome, and several other pain states.38,60 This finding has clinical implications for the

66

treatment of these patient groups.

67
68

There has been a growing recognition of the role of the nervous system in contributing to

69

musculoskeletal pain, including tendinopathies.22,52 The finding that sensitization might play a

70

role in the maintenance of pain with tendinopathies might therefore also be of importance for

71

treatment in sports medicine. Until now tendinopathy research has largely focused on the

72

tendon pathology locally as opposed to other system(s). The goal of this systematic review

73

was to elucidate evidence of sensitization of the nervous system in commonly presenting

74

persistent tendinopathies of the rotator cuff (shoulder), lateral elbow, patellar, and Achilles

5

75

tendons.

76
77

METHODS

78

Study design

79

The current paper encompassed a systematic review that follows the PRISMA guidelines for

80

the reporting of systematic reviews and meta-analysis,21,36 which provided the basis for a

81

narrative on the application of revealed findings in clinical and research practice.
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82
83

Search strategy

84

A computerized search was conducted in April 2014 to identify relevant articles concerning

85

the research topic. PubMed, Embase, and WebofScience databases were searched. The search

86

term consisted of the following keywords and MeSH terms: “Central Nervous System

87

sensitization”, “hyperalgesia”, “pain threshold”, sensitization, hyperalgesia, hypersensitivity,

88

algometry, hyperexcitability, neural inhibition, altered pain threshold, central pain

89

physiopathology, nociception, pain modulation, pain processing, neuropathic pain, allodynia,

90

somatosensory profile, pain pressure threshold AND “athletic injuries”, “tendinopathy”,

91

“tennis elbow”, overuse injuries, jumpers knee, jumper’s knee, patellar tendin*, epicondylitis

92

lateralis, tennis elbow, Achilles tendin*, impingement. The construct of the search strategy

93

reflects the aim of evaluating sensitization of the nervous system in relation to pain perception

94

in studies of specific tendinopathies of the shoulder, elbow, patella and Achilles. Both the

95

keywords and MESH terms are presented in TABLE 1. After the computerized search,

96

literature lists of all selected articles were manually checked for additional literature.

97
98

Study selection

6
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99

The authors MLP and CPW independently screened each paper to select the potentially

100

relevant studies from titles, abstracts, and keywords, before retrieval of the full-text article

101

and full-text analysis. Hereafter, full-text articles were assessed for eligibility, which was also

102

independently done by reviewers MLP and MSB. To be eligible, an article had to meet the

103

following criteria: (1) participants of the study had to be diagnosed with a persistent

104

tendinopathy of the shoulder, elbow, patella, or Achilles, which was defined by the average

105

pain duration of the study population being 3 months or longer; (2) studied somatosensory

106

modalities; (3) presented in English; (4) participants older than 18 years of age; and (5) full-

107

text reports, and not abstracts, letters, or editorials. If any of the 5 inclusion criteria were not

108

fulfilled, the article was excluded. Disagreements were resolved through consensus. Articles

109

were categorized as per study design (case report/cross sectional/case-control

110

study/longitudinal study/randomized control trial).

111
112

Study quality

113

Quality assessment of cohort (cross sectional) studies, case-control studies, and case series

114

was performed independently by 2 researchers MLP and MSB using the Newcastle-Ottawa

115

Scale (TABLE 2).53 The Newcastle-Ottawa Scale uses a star rating system to judge quality

116

based on case selection, comparability of cases and controls, and exposure. Case selection

117

considers case definition, representativeness of cases, definition, and selection of controls.

118

Comparability of cases and controls examines comparability on the basis of the design or

119

analysis, whereas exposure deals with ascertainment of exposure, same method of

120

ascertainment for cases and controls, and non-response rate (refusing to participate in the

121

study). A total of 9 stars can be awarded for every quality assessment.53 The Newcastle-

122

Ottawa Scale has different quality assessments for both case-control and cohort studies; the

123

former being used in this systematic review to assess cross sectional studies. After rating the

7

124

articles, results of both researchers were compared and differences were discussed. In case of

125

disagreement, articles were screened a second time and the point of disagreement was

126

discussed. When consensus could not be reached, a third researcher CPW arbitrated a

127

consensus decision.
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128
129

Data extraction

130

Data extraction was done by MLP and CPW, with all investigators being consulted on any

131

issues encountered. Data extracted were: study design, population characteristics (age, sex),

132

tendinopathy location and its duration, the measurement tools used and details thereof, and a

133

summary of main outcomes reported by the authors. Authors were contacted if there was

134

insufficient detail in the paper. Papers were examined for any QSTs that included mechanical

135

or thermal stimuli.

136
137

Data analysis

138

Meta-analysis was to be performed, but there was substantial heterogeneity between location

139

of tendinopathy, which rendered it inappropriate. Data are presented as point estimates of

140

effect (eg, mean differences and 95% confidence intervals) between data from the unaffected

141

side in the tendinopathy group compared to the healthy control, as this provides a clear

142

indication of widespread sensitization.

143
144

RESULTS

145

Study selection

146

The search strategy retrieved 328 studies, from which 28 full-text articles were assessed and

147

16 included for review after screening to determine eligibility (FIGURE). No studies

148

including participants with Achilles tendinopathy were eligible for inclusion. In total 16

8

149

studies were included; 1 case series and 15 case control studies.
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150
151

Methodological quality

152

Sixteen studies were scored for their methodological quality; scores are presented in TABLE

153

2. Consensus was reached for all items after the second round of interrater comparison. The

154

low score of the case series was due to the questions about the absence of controls.30 Case

155

control studies often lost points as a result of an inappropriate control of confounders or not

156

providing information about the non-response rate (eg, refusing to participate in the study).

157

Selective reporting about the non-response rate within studies could have biased the

158

cumulative evidence.

159
160

Participants

161

Details of included studies, including participant characteristics, measurement tools, and main

162

outcomes are presented in TABLE 3. A total of 537 participants were included across all

163

studies, consisting of both female (49.5%) and male (50.5%) participants with a mean age

164

41.8 years (TABLE 3). The duration of participants’ tendinopathies ranged from 2–240

165

months. Only one study specifically included athletes as the participant group.55

166
167

Lateral epicondyle tendinopathy was the most studied tendinopathy (10/16

168

studies),11,14,15,16,17,28,30,32,45,47 followed by shoulder tendinopathy (4/16),2,19,24,40 and patellar

169

tendinopathy (2/16, TABLE 3).55,56 Except for lateral epicondyle tendinopathy meta-analysis

170

was not possible.

171
172

Measures used

173

Ten studies (10/16) measured only pressure pain thresholds (PPT).2,14,15,17,24,28,32,40,47,56 Two

9
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174

studies (2/16) used thermal and pressure stimuli,11,45 one study (1/16) a combination of

175

thermal, pressure, and vibration stimuli,15 and another study (1/16) used a combination of

176

thermal, pressure, and punctate pressure (TABLE 3).30 One study used the full German

177

Research Network on Neuropathic Pain QST.55 This protocol consists of 7 different tests that

178

measure 13 parameters,20 covering nociceptive thermal (cold and warm) detection thresholds

179

(CDT and WDT respectively), paradoxical heat sensations, thermal (cold and heat) pain

180

thresholds (CPT and HPT respectively), mechanical detection and pain thresholds and

181

sensitivity, tests for wind-up ratio and dynamic mechanical allodynia, vibration detection

182

thresholds, as well as PPT.43 One study used the nociceptive flexion reflex as a direct measure

183

of spinal cord excitability.32 The nociceptive flexion reflex measures the amount of noxious

184

electrical cutaneous stimulation that is required to elicit a motor response.32

185
186

Fifteen studies (15/16) measured PPT. Rate of pressure application differed between 20 and

187

98 kPa/s and the inter-test interval varied from 30 seconds to 5 minutes. The average of 3

188

measures was mostly used as the indicator of PPT,2,11,14,15,16,17,24,28,32,40,45,47,55 but a 2 trial

189

protocol was also used.30,56

190
191

Five studies (5/16) measured thermal pain thresholds (eg, HPT and CPT) with a baseline

192

temperature of 30°C or 32°C with a change of 1°C/s.11,15,30,45,55 The maximal cut-off

193

temperature was 50°C, whereas the minimum cut-out temperature differed between 4.5°C and

194

5°C (TABLE 3). Sites for thermal stimuli were measured bilaterally either over one11 or 12

195

points at the lateral elbow.45

196
197

The site of measurement was either the participants reported most painful spot30,56 on the

198

tendon or a standardized spot.2,11,14,15,16,17,19,24,28,32,40,49,55 Additionally, several studies

10

199

described the use of standardized spots in remote areas2,11,15,16,17,24,30,40,45,47 to measure

200

widespread sensitivity (TABLE 3). For the 2 studies that used the most painful spot, one

201

study used PPT as measure56 and the other used CDT, WDT, CPT, HPT, light touch

202

perception threshold, and PPT as measures.30
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203
204

Outcomes from the included studies

205

Decreased mechanical pain thresholds (ie PPT, inferring mechanical hyperalgesia) was

206

reported in all studies, with pressure algometry being the predominant tool used (15/16).

207

Greater mechanical hyperalgesia at sites a distance from the participants’ reported site of the

208

tendon pain was found in studies of lateral epicondyle tendinopathy11,14,15,16,17,28,45 and

209

shoulder impingement syndrome.24,40 Standardized sites over the tibialis anterior muscle, C6-

210

C7 facet joint, contralateral elbow, and wrist were used as remote sites for lateral epicondyle

211

tendinopathy, whereas only tibialis anterior was used in shoulder impingement syndrome.

212
213

Of the five (5/16) studies measuring thermal stimuli (ie, CPT and HPT), one was studying

214

patellar tendinopathy and 4 studied lateral epicondyle tendinopathy. For lateral epicondyle

215

tendinopathy, 2 reported heat hyperalgesia (ie, HPT) in the contralateral elbow compared to

216

healthy controls.11,45 One reported both heat and cold hyperalgesia (ie, HPT and CPT

217

respectively) in the contralateral elbow.45 The other study only found cold hyperalgesia in the

218

contralateral elbow, but only in a more severe sub-group of participants with worse pain and

219

disability as identified through the Patient Rated Tennis Elbow Evaluation (PRTEE)

220

questionnaire.11 The more severe sub-group also exhibited reduced heat pain thresholds at the

221

affected side compared to controls.11

222

11

223

Detection thresholds did not feature greatly in studies (3/16).15,30,55 One study did not find

224

differences in light touch perception thresholds in the local pain area and the area of pain

225

referral compared to the corresponding homologous contralateral area.30 In 2 other studies that

226

compared tendinopathy to healthy controls, one reported a higher sensitivity to vibration

227

detection in athletes with patellar tendinopathy,55 whereas the other did not find differences in

228

lateral epicondyle tendinopathy.15
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229
230

DISCUSSION

231

We identified 16 studies that satisfied our selection criteria in terms of our goal to elucidate

232

evidence of nervous system sensitization in individuals with persistent tendinopathies of the

233

rotator cuff (shoulder, n = 4), lateral epicondyle (n = 10), and patellar tendons (n = 2). There

234

was no study related to Achilles tendinopathy meeting the inclusion criteria. All except the

235

case series29 used a healthy control group as comparison, but were cross sectional in nature

236

and so it is difficult to determine causality between tendinopathy and measures of

237

sensitization. Measurements of QST are increasingly used in studies of pain and are well

238

described.43,44 Mechanical and thermal pain threshold testing predominated. In synopsis, the

239

most reported evidence for sensitization were mechanical hyperalgesia, locally and in area’s

240

at a distance from the involved tendon. This mechanical hyperalgesia has also been reported

241

in chronic pain states that are not tendinopathies,13,26 and in a previous systematic review on

242

lateral epicondyle tendinopathy.22

243
244

Most studies used tests of mechanical hyperalgesia, which requires, as all QST measures, the

245

participant to consciously decide on a (pain) threshold. Lim et al32 used a nociceptive flexion

246

reflex protocol that does not require such a decision by the participant and showed evidence

247

of spinal cord excitability in lateral epicondyle tendinopathy compared to healthy controls.50

12

248

Collectively the data on widespread mechanical hyperalgesia and nociceptive flexion reflex

249

might be suggestive of centrally mediated hyper excitability underlying mechanisms of

250

chronic tendon pain.58
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251
252

There appears a characteristic feature of sensitization emerging from the literature on

253

persistent tendinopathies that might have promise clinically in determining prognosis and

254

possibly guiding treatments. For example, a study by Coombes et al11 demonstrated

255

significant cold hyperalgesia in the affected and unaffected side of a group with severe lateral

256

epicondyle tendinopathy, compared to those with moderate to mild forms of the tendinopathy

257

and healthy controls. This might have clinical importance and utility because a different

258

study10 showed that cold pain threshold was significantly predictive of pain and disability

259

status on PRTEE 12 months later (R2, 9% at 12 months, 35% at 8 weeks) and along with PPT

260

and sex significantly predicted mechanical hyperalgesia at 12 months follow up (R2, 52%).

261

These findings of possible predictive capacity of thermal QST in tendinopathies appear to

262

have parallels with similar reports of QST being able to predict outcomes following treatment

263

(eg, surgery) for a range of conditions (including osteoarthritis35).1,57,59 They are also

264

somewhat analogous with studies showing thermal and mechanical QST data differentiate

265

severity in participants with conditions such as knee osteoarthritis,18 non-specific low back

266

pain,39 whiplash associated disorder,49 and chronic musculoskeletal pain.48 Further research is

267

required to better understand possible roles for QST as prognostic and treatment guiding tools

268

in tendinopathy.

269
270

This review has identified a small number of QST studies in tendinopathy that are cross

271

sectional in nature, which do not allow us to make any definitive statements on their

272

implications to clinical practice or likely underlying mechanisms. Nevertheless, it is tempting

13

273

to speculate that there might be a role for PPT and CPT (as outlined above) testing in the

274

clinical context. For example, PPT has moderate to good inter- and intra-rater

275

reliability8,27,37,56 and could be considered in quantifying palpation findings at the affected

276

tendon on clinical examination. PPT might also prove to have a role in diagnosis, with a

277

preliminary study of Kregel et al29 showing that there was 96.5% positive predictive value in

278

identifying tendinopathy in patients with patellar tendinopathy from asymptomatic tendons in

279

control participants. These data form the basis for planning and the conduct of rigorous testing

280

before implementation.
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281
282

Tendinopathy is typically characterized as an adverse response to mechanical loading (eg,

283

pain and reduced performance on decline squat in patellar tendinopathy, grip in lateral

284

epicondyle tendinopathy). It might be that the peripheral and central mechanism(s) in

285

persistent tendinopathy is analogous to that underlying temporal summation of pain with

286

repeated PPT in knee osteoarthritis5 and that of repetition-induced summation of pain with a

287

physical low back pain aggravating task (ie, bending and lifting) in chronic low back pain.51

288

While peripheral sensitization will likely involve changes in local milieu within the tendon9

289

(see Scott et al46 in this issue) any central sensitization will plausibly involve to varying

290

degrees psychosocial factors (stress, cognitions, peer pressure, fear of pain) and behavioral

291

factors (behaviors and beliefs that lead to overuse, overtraining, inadequate adaptation

292

periods), as is evident in other chronic pain syndromes.7,51,52 New treatment strategies might

293

evolve from further research investigating the interaction and influences of behavioral

294

(including loading behaviors), psychosocial factors, and the process of sensitization in

295

persistent tendinopathies.

296

14
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297

Although there appears evidence for central sensitization in tendinopathy, several limitations

298

ought to be considered and more research is warranted on several topics. Foremost is the lack

299

of studies on lower limb tendinopathies, with only 2 studies of patellar tendinopathy

300

included55,56 and none of Achilles tendinopathy. This underpins the importance of the need for

301

more research in activity-related (sports) injuries like patellar and Achilles tendinopathy.

302

Then there is the possible risk of bias concerning methodology, such as in the blinding of

303

assessors to the participants’ condition, which was only reported in 5 studies2,14,16,17,24 and the

304

non-response rate (eg, refusing to participate in the study) not being reported in any study.

305

Finally, heterogeneity in the type of participants (non-athletes or retired athletes versus

306

athletes), and duration of pain (2-260 months) also needs to be considered further.

307
308

CONCLUSION

309

In summary, it would appear that tendinopathy exhibits mechanical hyperalgesia that is

310

widespread and indicative of central sensitization. This evidence is predominantly from upper

311

limb conditions, with additional lower limb studies being needed. The underlying

312

mechanism(s) and prognostic value of bilateral cold hyperalgesia in unilateral tendinopathy

313

shown in 1 cohort requires evaluation in future research.

314
315

KEY POINTS

316

Findings: Presence of widespread mechanical hyperalgesia in persistent tendinopathies

317

implies that there is an underlying nervous system sensitization. These findings of nervous

318

system sensitization underpin the need for more comprehensive sensory testing research in

319

tendinopathy.

320

Implications: The likely role of the nervous system contributing to pain and disability in

321

persistent tendinopathies should be considered during diagnostics and for devising

15

322

management strategies in clinical practice. Accordingly, diagnosis and treatment should go

323

beyond focusing on the tendon locally to consider possible central nervous system

324

mechanisms.

325

Caution: Predominant representation of upper limb tendinopathies, especially lateral

326

epicondyle tendinopathy, requires caution when drawing inferences to other tendinopathies,

327

especially in the lower limb.

Journal of Orthopaedic & Sports Physical Therapy®
Downloaded from www.jospt.org at on September 27, 2015. For personal use only. No other uses without permission.
Copyright © ${year} Journal of Orthopaedic & Sports Physical Therapy®. All rights reserved.

328
329

FUNDING

330

Funding was provided by a Commonwealth of Australia National Health and Medical

331

Research Council Program grant (#631717) and a Marco Polo Scholarship from the

332

University of Groningen, the Netherlands. This was competitive funding that was independent

333

of the research and analysis.

334
335
336

REFERENCES

337
338

1. Abrishami A, Chan J, Chung F, Wong J. Preoperative pain sensitivity and its correlation

339

with postoperative pain and analgesic consumption: a qualitative systematic review.

340

Anesthesiology. 2011;114(2):445–57.

341

2. Alburqueque-Sendın F, Camargo PR, Vieira A, Salvini TF. Bilateral myofascial trigger

342

points and pressure pain thresholds in the shoulder muscles in patients with unilateral

343

shoulder impingement syndrome a blinded, controlled study. Clin J Pain. 2012;29(6):478-

344

486.

16

Journal of Orthopaedic & Sports Physical Therapy®
Downloaded from www.jospt.org at on September 27, 2015. For personal use only. No other uses without permission.
Copyright © ${year} Journal of Orthopaedic & Sports Physical Therapy®. All rights reserved.

345

3. Alfredson H, Lorentzon R. Chronic tendon pain: no signs of chemical inflammation but

346

high concentrations of the neurotransmitter glutamate. Implications for treatment? Current

347

Drug Targets. 2002;3(1):43-54

348

4. Alfredson H, Forsgren S, Thorsen K, Lorentzon R. In vivo microdialysis and

349

immunohistochemical analyses of tendon tissue demonstrated high amounts of free glutamate

350

and glutamate NMDAR1 receptors, but no signs of inflammation, in Jumper's knee. Journal

351

of Orthopaedic Research. 2001;19(5):881-886.

352

5. Arendt-Nielsen L, Nie H, Laursen MB, et al. Sensitization in patients with painful knee

353

osteoarthritis. Pain. 2010;149(3):573–81.

354

6. Backonja MM, Attal N, Baron R, Bouhassira D, Drangholt M, Dyck PJ. Value of

355

quantitative sensory testing in neurological and pain disorders: NeuPSIG consensus. Pain.

356

2013;154(9):1807–19.

357

7. Brosschot JF. Cognitive-emotional sensitization and somatic health complaints. Scand J

358

Psychol. 2002;43:113-121.

359

8. Chesterton LS, Sim J, Wright CC, Foster NE. Interrater reliability of algometry in

360

measuring pressure pain thresholds in healthy humans, using multiple raters. Clin J Pain.

361

2007;23(9):760-6.

362

9. Cook JL, Purdam CR. Is tendon pathology a continuum? A pathology model

363

to explain the clinical presentation of load-induced tendinopathy. Br J Sports Med.

364

2008;43:409–416.

365

10. Coombes BK, Bisset L, Vicenzino B. Cold hyperalgesia associated with poorer prognosis

366

in lateral epicondylalgia: a 1-year prognostic study of physical and psychological factors. The

367

Clinical Journal of Pain. 2015;31(1):30–35.

368

11. Coombes BK, Bisset L, Vicenzino B. Thermal hyperalgesia distinguishes those with

369

severe pain and disability in unilateral lateral epicondylalgia. Clin J Pain. 2012;28:595–601.

17

Journal of Orthopaedic & Sports Physical Therapy®
Downloaded from www.jospt.org at on September 27, 2015. For personal use only. No other uses without permission.
Copyright © ${year} Journal of Orthopaedic & Sports Physical Therapy®. All rights reserved.

370

12. Coronado RA, Simon CB, Valencia C, George SZ. Experimental pain responses support

371

peripheral and central sensitization in patients with unilateral shoulder pain. Clin J Pain.

372

2014;30:143–151.

373

13. De la Llave-Rincon AI, Fernandez-de-las-Penas C, Fernandeze Carnero J, Padua L,

374

Arendt-Nielsen L, Pareja JA. Bilateral hand/wrist heat and cold hyperalgesia but not

375

hypoesthesia, in unilateral carpal tunnel syndrome. Exp Brain Res. 2009;198:455-63.

376

14. Fernandez-Carnero J, Fernandez-de-las-Penas C, Isabel de la Llave-Rincon A, Ge H,

377

Arendt-Nielsen L. Prevalence of and referred pain from myofascial trigger points in the

378

forearm muscles in patients with lateral epicondylalgia. Clin J Pain. 2007;23:353-360.

379

15. Fernandez-Carnero J, Fernandez-de-las-Penas C, Sterling M, Souvlis T, Arendt-Nielsen L,

380

Vicenzino B. Exploration of the extent of somato-sensory impairment in patients with

381

unilateral lateral epicondylalgia. The Journal of Pain. 2009;10(11):1179-1185.

382

16. Fernandez-Carnero J, Fernandez-de-las-Penas C, Isabel de la Llave-Rincon A, Ge H,

383

Arendt-Nielsen L. Widespread mechanical pain hypersensitivity as sign

384

of central sensitization in unilateral epicondylalgia. A blinded, controlled study. Clin J Pain.

385

2009;25:555–561.

386

17. Fernández-de-las-Peñas C, Or tega-Santiago R, Ambite-Quesada S, Jiménez-García R,

387

Arroyo-Morales M, Cleland JA. Specific mechanical pain hypersensitivity over peripheral

388

nerve trunks in women with either unilateral epicondylalgia or carpal tunnel syndrome.

389

Journal of orthopaedic & sports physical therapy. 2010;40(10):751-760.

390

18. Fingleton C, Smart K, Moloney N, Fullen BM, Doody C. Pain sensitization in people with

391

knee osteoarthritis: a systematic review and meta-analysis. Osteoarthr Cartil.

392

2015;23(7):1043–56.

18

Journal of Orthopaedic & Sports Physical Therapy®
Downloaded from www.jospt.org at on September 27, 2015. For personal use only. No other uses without permission.
Copyright © ${year} Journal of Orthopaedic & Sports Physical Therapy®. All rights reserved.

393

19. Gwilym SE, Oag HCL, Tracey I, Carr AJ. Evidence that central sensitisation is present in

394

patients with shoulder impingement syndrome and influences the outcome after surgery. J

395

Bone Joint Surg. 2011;93(4):498-502.

396

20. Hansson P, Backonja M, Bouhassira D. Usefulness and limitations of quantitative sensory

397

testing: clinical and research application in neuropathic pain states. Pain. 2007;129:256–259.

398

21. Harris JD, Quatman CE, Manring MM, Siston RA, Flanigan DC. How to write a

399

systematic review? The American Journal Of Sport Science. 2010;20(10);1-7.

400

22. Heales LJ, Lim ECW, Hodges PW, Vicenzino B. Sensory and motor deficits exist on the

401

non-injured side of patients with unilateral tendon pain and disability--implications for central

402

nervous system involvement: a systematic review with meta-analysis. British Journal of

403

Sports Medicine. 2013;48:1400-1406.

404

23. Herring SA, Nilson KL. Introduction to overuse injuries. Clin Sports Med. 1987;6:225-

405

239.

406

24. Hidalgo-Lozano A, Fernández-de-las-Peñas C, Alonso-Blanco C, Ge H, Arendt-Nielsen

407

L, Arroyo-Morales M. Muscle trigger points and pressure pain hyperalgesia

408

in the shoulder muscles in patients with unilateral shoulder impingement: a blinded,

409

controlled study. Exp Brain Res. 2010;202:915–925.

410

25. Hidalgo-Lozano A, Fernandez-de-las-Penas C, Calderon-Soto C, Domingo-Camara A,

411

Madeleine P, Arroyo-Morales M. Elite swimmers with and without unilateral shoulder pain:

412

mechanical hyperalgesia and active/latent muscle trigger points in neck-shoulder muscles.

413

Scan J med Sci Sports. 2013;23:66-73.

414

26. Huge V, Lauchart M, Forderreuther S, et al. Interaction of hyperalgesia and sensory loss

415

in complex regional pain syndrome type 1(CRPS1). PloS One. 2008;3(7):e2742.

416

27. Jones DH, Kilgour RD, Comtois AS. Test-retest reliability of pressure pain thresholds

417

measurements of the upper limb and torso in young healthy woman. J Pain. 2007;8:650-656.

19

Journal of Orthopaedic & Sports Physical Therapy®
Downloaded from www.jospt.org at on September 27, 2015. For personal use only. No other uses without permission.
Copyright © ${year} Journal of Orthopaedic & Sports Physical Therapy®. All rights reserved.

418

28. Jespersen A, Amris K, Graven-Nielsen T, Arendt-Nielsen L, Bartels EM, Torp-Pedersen

419

S, Bliddal H, Danneskiold-Samsoe B. Assessment of pressure-pain thresholds and central

420

sensitization of pain in lateral epicondylalgia. Pain Medicine. 2013;14:297–304.

421

29. Kregel J, van Wilgen CP, Zwerver J. Pain assessment in patellar tendinopathy

422

using pain pressure threshold algometry: an observational study. Pain Medicine.

423

2013;14(11):1769–1775.

424

30. Leffler AS, Kosek E, Hanssona P. The influence of pain intensity on somatosensory

425

perception in patients suffering from subacute/chronic lateral epicondylalgia. European

426

Journal of Pain. 2000;4:57–71.

427

31. Lian ØB, Engebretsen L, Bahr R. Prevalence of jumpers knee among elite athletes from

428

different sports. Am J Sport Med. 2005;33:561–567.

429

32. Lim ECW, Sterling M, Pedler A, Coombes BK, Vicenzino B. Evidence of spinal cord

430

hyperexcitability as measured with Nociceptive Flexion Reflex (NFR) threshold in chronic

431

lateral epicondylalgia with or without a positive neurodynamic test. The Journal of Pain.

432

2012;13(7):676-684.

433

33. Maffulli N, Khan KM, Puddu G. Overuse tendon conditions: time to

434

change a confusing terminology. Arthroscopy. 1998;14:840-843.

435

34. Malliaras P, Cook J. Patellar tendons with normal imaging and pain: Change in

436

imaging and pain status over a volleyball season. Clin J Sports Med. 2006;16:388–91.

437

35. Martinez V, Fletcher D, Bouhassira D, Sessler DI, Chauvin M. The evolution of primary

438

hyperalgesia in orthopedic surgery: quantitative sensory testing and clinical evaluation before

439

and after total knee arthroplasty. Anesth Analg. 2007;105:815-821.

440

36. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic

441

reviews and meta-analyses: the PRISMA statement. J Clin Epidemiol. 2009;62(10):1006-

442

1012.

20

Journal of Orthopaedic & Sports Physical Therapy®
Downloaded from www.jospt.org at on September 27, 2015. For personal use only. No other uses without permission.
Copyright © ${year} Journal of Orthopaedic & Sports Physical Therapy®. All rights reserved.

443

37. Nussbaum EL, Downes L. Reliability of clinical pressure-pain algometric measurements

444

obtained on consecutive days. Phys Ther. 1998;78:160-9.

445

38. Nijs J, Van Houdenhove B, Oostendorp RAB. Recognition of central sensitization in

446

patients with musculoskeletal pain: Application of pain neurophysiology in manual therapy

447

practice. Manual Therapy. 2010;15:135-141.

448

39. O'Sullivan P, Waller R, Anthony J, et al. Sensory characteristics of chronic non-specific

449

low back pain: a subgroup investigation. Manual Therapy. 2014;19(4):311–8.

450

40. Paul TM, Soo Hoo J, Chae J, Wilson RD. Central hypersensitivity in patients with

451

subacromial impingement syndrome. Arch Phys Med Rehabil. 2012;93:2206-9.

452

41. Rees JD, Maffulli N, Cook J. Management of tendinopathy. The American Journal of

453

Sports Medicine 2009;37(9):1855-1867.

454

42. Rio E, Moseley L, Purdam C, et al. The pain of tendinopathy: physiological or

455

pathophysiological? Sports med 2014;44(1):9-23.

456

43. Rolke R, Baron R, Maier C, et al. Quantitative sensory testing in the German Research

457

Network on Neuropathic Pain (DFNS): standardized protocol and reference values. Pain.

458

2006;123:231–243.

459

44. Rolke R, Magerl W, Campbell KA, Schalber C, Caspari S, Birklein F. Quantitative

460

sensory testing: a comprehensive protocol for clinical trials. European Journal of Pain.

461

2006;10(1):77–88.

462

45. Ruiz-Ruiz B, Fernandez-de-las-Penas C, Ortega-Santiago R, Arendt-Nielsen L, Madeleine

463

P. Topographical pressure and thermal pain sensitivity mapping in patients with unilateral

464

lateral epicondylalgia. The Journal of Pain. 2011;12(10):1040-1048.

465

46. Scott A, Backman L, Speed C. Tendinopathy – update on pathophysiology.

21

Journal of Orthopaedic & Sports Physical Therapy®
Downloaded from www.jospt.org at on September 27, 2015. For personal use only. No other uses without permission.
Copyright © ${year} Journal of Orthopaedic & Sports Physical Therapy®. All rights reserved.

466

47. Slater H, Arendt-Nielsen L, Wright A, Graven-Nielsen T. Sensory and motor effects of

467

experimental muscle pain in patients with lateral epicondylalgia and controls with delayed

468

onset muscle soreness. Pain. 2005;114:118-130.

469

48. Staud R, Weyl EE, Price DD, Robinson ME. Mechanical and heat hyperalgesia highly

470

predict clinical pain intensity in patients with chronic musculoskeletal pain syndromes. J

471

Pain. 2012;13(8):725–35.

472

49. Sterling M. Physical and psychological aspects of whiplash: important considerations for

473

primary care assessment, Part 2 - Case studies. Manual Therapy. 2008;14(1):8-12.

474

50. Sterling M, Hodkinson E, Pettiford C, Souvlis T, Curatolo M. Psychologic factors are

475

related to some sensory pain thresholds but not nociceptive flexion reflex threshold

476

in chronic whiplash. Clin J Pain. 2008;24:124–130.

477

51. Sullivan MJ, Thibault P, Andrikonyte J, Butler H, Catchlove R, Larivière C.

478

Psychological influences on repetition-induced summation of activity-related pain in patients

479

with chronic low back pain. Pain. 2009;141(1-2):70-8.

480

52. Webborn ADJ. Novel approaches to tendinopathy. Disability and Rehabilitation.

481

2008;30(20–22):1572–1577.

482

53. Wells GA, Shea B, O’Connell D, Petersen J, Welch V, Losos M. The Newcastle-Ottawa

483

Scale (NOS) for assessing the quality of nonrandomized studies in meta-analyses. Available

484

at: http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm. Accessed 4 May, 2014.

485

54. van Wilgen CP, Keizer D. The sensitization model to explain how chronic pain exists

486

without tissue damage. Pain Management Nursing. 2012;13(1):60-65.

487

55. van Wilgen CP, Konopka KH, Keizer D, Zwerver J, Dekker R. Do patients with chronic

488

patellar tendinopathy have an altered somatosensory profile? – A Quantitative Sensory

489

Testing (QST) study. Scand J Med Sci Sports. 2013;23(2):149–155.

22

Journal of Orthopaedic & Sports Physical Therapy®
Downloaded from www.jospt.org at on September 27, 2015. For personal use only. No other uses without permission.
Copyright © ${year} Journal of Orthopaedic & Sports Physical Therapy®. All rights reserved.

490

56. van Wilgen P, van der Noord R, Zwercer J. Feasibility and reliability of pain pressure

491

threshold measurements in patellar tendinopathy. Journal of Science and Medicine in Sport.

492

2011;14:477–481.

493

57. Werner MU, Mjöbo HN, Nielsen PR, Rudin A. Prediction of postoperative pain: a

494

systematic review of predictive experimental pain studies. Anesthesiology. 2010;112(6):1494–

495

502.

496

58. Woolf CJ, Salter MS. Neuronal plasticity: increasing the gain in pain. Science. 2000;

497

288:1765-1768.

498

59. Wylde V, Sayers A, Lenguerrand E, et al. Preoperative widespread pain sensitization and

499

chronic pain after hip and knee replacement: a cohort analysis. Pain. 2015;156(1):47–54.

500

60.Yunus MB. Fibromyalgia and overlapping disorders; the unifying concept of central

501

sensitivity syndrome. Semin arthritis rheum. 2007;36(6):339-356.

502

61. Zwerver J, Bredeweg SW, Hof AL. Biomechanical analysis of the single-leg decline

503

squat. Br J Sports Med. 2007;41:264–268.

504

23

505
506
507

TABLE 1. Systematic Literature Search.

Journal of Orthopaedic & Sports Physical Therapy®
Downloaded from www.jospt.org at on September 27, 2015. For personal use only. No other uses without permission.
Copyright © ${year} Journal of Orthopaedic & Sports Physical Therapy®. All rights reserved.

Entry terms
Central Nervous System sensitization [Mesh]

AND athletic Injuries [Mesh]

OR hyperalgesia [Mesh]
OR pain Threshold* [Mesh]
OR sensitization [tw]
OR hyperalgesia [tw]
OR hypersensitivity [tw]
OR algometry [tw]
OR hyperexcitability [tw]
OR neural inhibition [tw]
OR altered pain threshold* [tw]
OR central pain physiopathology [tw]
OR nociception [tw]
OR pain modulation [tw]
OR pain processing [tw]
OR neuropathic pain [tw]
OR allodynia [tw]
OR somatosensory profile* [tw]
OR pain pressure threshold* [tw]

OR tendinopathy [Mesh]
OR tennis Elbow [Mesh]
OR overuse injuries [tw]
OR jumpers knee [tw]
OR jumper’s knee [tw]
OR patellar tendin* [tw]
OR epicondylitis lateralis [tw]
OR tennis elbow [tw]
OR Achilles tendin* [tw]
OR impingement [tw]

508

* Both singular and plural keywords.

509

Abbreviations: Mesh, hierarchical structured medical terms; tw, text word, only searching for text words.

510
511
512
513
514
515
516

24

517
518
519
520

TABLE 2. Quality ratings using NOS Scale of reviewed papers (n = 16). Listed in

521

descending order of quality rating.
Study

Criteria*

Score

Coombes11





Fernandez-Carnero14



Fernández-de-las-Peñas17

E2: Same method case & control



E1: Ascertainment of exposure



Cb: Controlled for …



Ca: Controlled for age



Sendin2

S4: Definition of Controls

S2: Representativeness of cases

Fernandez-Carnero16

S3: Selection of Controls

S1: Adequate case definition
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Lim32
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Slater47
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Paul40
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Van Wilgen55
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Jespersen28







Leffler30†
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Van

Wilgen56†
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*Criteria
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‡Criteria Cb; other controlled additional factors.
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†Case





4 (44)
2 (22)





2 (22)

E3; non response rate was not applicable to any of the studies.

series; no controls included.
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TABLE3. Characteristics of included studies.
Author
AlburquequeSendin2

Coombes11

Study
design
Case control

Age (yr)

N Sex
(M/F)
13M;
14F

Tendinopathy

Duration

Measurement details and tools used

Main outcomes

Shoulder
impingement
syndrome
(SIS)

44.3 ± 54.0
(23.0-65.7)
months

Pressure algometer (kg/cm2): bilaterally over the upper
trapezius, infraspinatus, supraspinatus, middle deltoid,
levator scapulae, serratus anterior, articular pillar of C5C6 zygapophyseal joint, and tibialis anterior (order
randomized). The mean of 3 trials (30-s rest in between)
was used for data analysis.

49.6 ± 9.0

101M;
63F

Lateral
epicondyle
tendinopathy
(LET)

24.8 ± 30.8
weeks

Digital pressure algometer (applied rate 40 kPa/s):
bilaterally at lateral epicondyle, C6-C7 facet joints, and
left tibialis anterior muscle.
Thermal stimuli: bilateral heat and cold pain thresholds
(baseline temperature 30°C, rate of increase or decrease
1°C).
The mean of 3 trials (20-s rest in between) was used for
data analysis.

39 ± 14
(18-62)

8M; 12F

Lateral
epicondyle
tendinopathy

1 ± 0.5 (0.5-3)
years

Pressure algometer (kg/cm2): lateral epicondyle on the
symptomatic site in participants, dominant site in
controls.
The mean of 3 trials (30-s rest in between) was used for
data analysis.

Differences between involved and
uninvolved sites of participants with SIS
and higher differences between both sites
of the SIS group and dominant site of
controls although with significant difference
only in the supraspinatus PPT. SMD for
PPT in the unaffected side compared to
healthy controls was 0.55 (95%CI: -0.03,
1.14) in the trapezius, 0.57 (95% CI: -0.02,
1.16) in the infraspinatus, 0.62 (95% CI:
0.02, 1.21) in the supraspinatus, 0.327
(95% CI: -0.26, 0.91) in the middle deltoid,
0.48 (95% CI: -0.11, 1.06) in the levator
scapulae, and 0.22 (95% CI: -0.36, 0.80) in
the serratus anterior.
Bilateral cold hyperalgesia and unilateral
heat hyperalgesia were evident in severe
LET in comparison to controls. SMD for
PPT in the unaffected elbow compared to
healthy controls was 0.88 (95% CI: 0.69,
1.3), 0.4 (95%CI: 0.11, 0.70) for HPT, and
0.62 (95% CI: 0.32, 0.92) for CPT. All
participant groups demonstrated bilateral
and widespread mechanical hyperalgesia
relative to controls.
Lower PPT and larger referred pain
patterns suggest that peripheral and central
sensitization exists in LET.

Case control

35.6 ±
12.1
(30.840.4)

including
participants
from a RCT

FernandezCarnero14

Case control
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Table 3: (Continued)
Author

Study
design
Case control

Age (yr)

FernandezCarnero16

Case control

Fernández-delas-Peñas17

Case control

FernandezCarnero15

N Sex
(M/F)
6M; 6F

Tendinopathy

Duration

Measurement details and tools used

Main outcomes

Lateral
epicondyle
tendinopathy

25 ± 16 (10-52)
months

Vibrameter: frequency of 120Hz.
Thermal stimuli: heat and cold pain thresholds (baseline
temperature 30°C, rate of increase or decrease 1°C).
The mean of 3 trials (5-s rest in between) was
calculated and used for further analysis.
Pressure algometer (applied rate 30kPa/s): 3
measurements (30-s rest in between) were taken and
the mean was used for further analysis.
All tests were bilaterally and randomly assessed over
the lateral epicondyle and in the dorso-lateral aspect of
the wrist in both participants and controls.

43 ± 10
(25-63)

10M;
16F

Lateral
epicondyle
tendinopathy

20.3 (95% CI:
11.3, -29.2)
months

Pressure algometer (applied rate 30kPa/s): bilaterally
over the median, radial, and ulnar nerve, the articular
pillar of C5-C6 zygapophyseal joint, the lateral
epicondyle, and the tibialis anterior muscle. The mean
of 3 trials (30-s rest in between) was used for data
analysis.

43 ± 7
(34-55)

0M; 16F

Lateral
epicondyle
tendinopathy

1.8 ± 1.2 (95%
CI: 0.8, -2.8)
years

Pressure algometer (applied rate 30kPa/s): bilaterally
over the median, ulnar, and radial nerve trunks and the
articular pillar of C5-6 zygapophyseal joint (order
randomized). The mean of 3 trials (30-s rest in between)
was used for data analysis.

Participants with unilateral LET exhibit
reductions in PPT on the affected site
compared to the unaffected site and
compared to controls. No differences were
found in cold and heat pain, cold- and
warm-detection thresholds and vibrationdetection thresholds on the affected site
compared to the unaffected site and
compared to controls. SMD for PPT in the
unaffected elbow compared to healthy
controls was 0.95 (95% CI: 0.16, 1.75), 0.0
(95%CI: -0.75, 0.75) for HPT, and 0.34
(95% CI: -0.41, 1.09) for CPT.
PPT was significantly decreased bilaterally
in participants with LET than healthy
controls. PPTs over the measured points
was negatively related to current elbow
pain intensity. SMD for PPT in the
unaffected elbow compared to healthy
controls was 1.29 (95% CI: 0.64, 1.93),
1.26 (95% CI: 0.62, 1.91) in the median
nerve, 1.37 (95% CI: 0.72, 2.03) in the
radial nerve, and 1.26 (95% CI: 0.62, 1.91)
in the ulnar nerve.
Lower PPT suggests that bilateral
mechanical nerve pain hypersensitivity is
related to specific and particular nerve
trunks in women with either unilateral LET.
SMD for PPT in the unaffected side
compared to healthy controls was 2.86
(95% CI: 1.86, 3.87) in the median nerve,
3.20 (95% CI: 2.13, 4.26) in the radial
nerve, and 2.27 (95% CI: 1.38, 3.17) in the
ulnar nerve.

47 ± 10
(34-56)
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Table 3: (Continued)
Author

Study
design
Case control

Age (yr)

N Sex
(M/F)
7M; 10F

Tendinopathy

Duration

Measurement details and tools used

Main outcomes

Shoulder
impingement
syndrome

41.9 (10-240)
months

25 ± 9
(20-38)

7M; 5F

Shoulder
impingement

8.5 (95% CI: 5,
–12) months

Participants experienced referred pain
radiating down the arm and had
significant hyperalgesia to punctate
stimulus of the skin compared to controls.
Participants showed a significant lower
PPT in all muscles when compared to
controls.

Case control

43 ± 10.6
range 39

0M; 22F

Lateral
epicondyle
tendinopathy

5.6 ± 3.2
months

Punctate sharpness threshold as described by the
QST protocol of Rolke et al44 : bilaterally at shoulders
over the deltoid insertion. The mean of 5 trials was
used for data analysis.
Pressure algometer (kg/cm2): unilaterally over the
levator scapulae, supraspinatus, infraspinatus,
pectoralis major, biceps, and tibialis anterior muscles
(order randomized). The mean of 3 trials (30-s rest in
between) was used for data analysis.
Pressure algometer: both arms and in controls
dominant arm only (applied
rate: 1.0 kPa/s).
The mean of 3 trials was used for data analysis.

HidalgoLozano24

Case control

Jespersen28

Leffler30

Case series

45.4 (38–
62)

2M; 8F

Lateral
epicondyle
tendinopathy

5.9 (2–12)
months

Lim32

Case control

52.24 ±
9.35

21M; 9F

Lateral
epicondyle
tendinopathy

20.7 ± 35.3
months

Gwilyim19

55.0 (4260)

Thermal stimuli: heat and cold pain thresholds
(baseline temperature 30°C, rate of increase or
decrease respectively 2°C and 3°C).
Pressure algometer (applied rate 50kPa/s): the mean
of 2 trials was used for data analysis.
Von Frey fibers: applied in descending order of
magnitude to assess the level at which the sensation
disappeared, and in ascending order to assess the
level at which the sensation reappeared. All tests were
bilaterally assessed at the local pain area and in the
area of pain referral.
Nociceptive flexion reflex
Pressure algometer (applied rate 40kPa/s): triplicate
recordings were taken bilaterally and the mean value
was recorded.

In LET compared with controls the PPT
and tolerance were on average reduced
by 31%(NS) and 18%(NS) on the lower
arm and by 32% and 22% on the lower
leg.
No significant differences were found
between cold- and warmth perception
thresholds, cold- and heat pain
thresholds, PPTs and light touch
perception thresholds in the local pain
area and the area of pain referral
compared to the corresponding
homologous contralateral area.

Within the LET group, there was no
statistically significant correlation between
nociceptive flexion reflex and PPT over
the affected site (P = .263). There were
significant differences in NFR threshold
between the control and LET with or
without a positive neurodynamic test (P
<.01). SMD for PPT in the unaffected
elbow compared to healthy controls was
0.66 (95% CI: 0.15, 1.18).
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Table 3: (Continued)
Author

Age (yr)

Paul40

Study
design
Case control

N Sex
(M/F)
15M;
16F

Tendinopathy

Duration

Measurement details and tools used

Main outcomes

Shoulder
impingement
syndrome

At least 6
months

Pressure algometer (kg/cm2): bilaterally over the middle
deltoid and unilateral over the tibialis anterior
(unaffected/nondominant arm). The mean of 3 trials (30s rest in between) was used for data analysis.

45 ± 8
(32-58)

6M; 10F

Lateral
epicondyle
tendinopathy

19.2 ± 6 .8
(95% CI: 1.0, –
2.9) years

Pressure algometer (applied rate 30kPa/s): bilaterally
over a 3 x 4 matrix on the elbow. The mean of 3 trials
(30-s rest in between) was used for data analysis.
Thermal stimuli: bilateral heat and cold pain thresholds
(baseline temperature 32°C, rate of increase or
decrease 1°C). The mean of 3 trials (10-s rest in
between) was used for data analysis.

48.25
(34–65)

10M;
10F

Lateral
epicondyle
tendinopathy

6.5 ± 1.1
months

Pressure algometer (applied rate 30kPa/s): assessed
bilaterally over the common extensor origin at the lateral
epicondyle, the belly of the extensor carpi radialis brevis
muscle, and the radial head bilaterally. The mean of 3
trials (30-s rest in between) was used for data analysis.

Participants with SIS had significantly
lower PPTs than did controls at all
locations. Controls had a higher PPT at
their affected shoulder than did those with
SIS, higher PPT at their nonaffected
shoulder, and higher PPT at their
contralateral tibialis anterior.
Topographical pressure and thermal pain
sensitivity maps revealed bilaterally
reduced PPT in participants with strictly
unilateral LET. SMD for PPT in the
unaffected elbow compared to healthy
controls was 0.76 (95% CI: 0.04, 1.48),
0.59 (95%CI: -0.12, 1.30) for CPT, and
0.72 (95% CI: 0.00, 1.44) for HPT.
Participants showed significant mechanical
hyperalgesia at common extensor origin in
both sore and control arms compared with
healthy controls (P < .04). PPT at the
common extensor origin in the sore arm
and arms allocated for DOMS was lower
than for the control arms in both
participants and healthy controls (P <
.001). SMD for PPT in the unaffected
elbow compared to healthy controls was
0.50 (95% CI: -0.17, 1.17), 0.37 (95% CI:
0.29, 1.03) in the extensor carpi radialis
brevis, and 0.27 (95% CI: -0.40, 0.93) in
the radial head.

Ruiz-Ruize45

Case control

Slater47

Case control

51.7 ±
10.0
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Table 3: (Continued)
Author

Age (yr)

van Wilgen55

Study
design
Case control

van Wilgen56

Case control

23.1 (1835)

23.3 ±
3.57

N Sex
(M/F)
12M; 0F

Tendinopathy

Duration

Measurement details and tools used

Main outcomes

Patellar
tendinopathy

30 (6-120)
months

QST described by Rolke et al44 : over the patellar tendon
directly distal to the apex of the patella in participants
and controls. The mean of 5 trials was used for data
analysis.

53M;
49F

Patellar
tendinopathy

Not mentioned

The Mechanical Pain Threshold for the
injured athletes was significantly more
sensitive to the applied stimuli than for
controls (P = .04). Furthermore, Vibration
Disappearance Threshold was also more
sensitive to the applied stimuli in injured
athletes than the controls (P = .01).
The PPT of asymptomatic participants
differs significantly (P < .001) from athletes
with a diagnosis of patellar tendinopathy.

537

Pressure algometer: bilaterally over the tendon directly
distal of the patella apex in the asymptomatic
participants, most painful spot in participants. The mean
of 2 trials was calculated and used for data analysis.
Abbreviations: CI, confidence interval; CPT, cold pain threshold; CTS, carpal tunnel syndrome; DOMS, delayed onset muscle soreness; HPT, heat pain threshold; LET, lateral epicondyle

538

tendinopathy; NS, non-significant; PFPS, patellar femoral pain syndrome; PPT, pressure pain threshold; QST, quantitative sensory testing; RCT, randomized controlled trial; SIS, shoulder

539

impingement syndrome; SMD, standard mean difference.
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540
541

542

543

544

545

FIGURE. PRISMA flowchart of study selection process. Abbreviations: PFPS,

546

patellofemoral pain syndrome; QST, Quantitative Sensory Testing).

547
548
549
550
551
552
553
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# Checklist item

Reported
on page #

1

Identify the report as a systematic review, meta-analysis, or both.

1

2

Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria,
participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and
implications of key findings; systematic review registration number.

3

Rationale

3

Describe the rationale for the review in the context of what is already known.

4

Objectives

4

Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons,
outcomes, and study design (PICOS).

5,6

Protocol and registration

5

Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide
registration information including registration number.

6

Eligibility criteria

6

Specify study characteristics (e.g., PICOS, length of follow up) and report characteristics (e.g., years considered,
language, publication status) used as criteria for eligibility, giving rationale.

7

Information sources

7

Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify
additional studies) in the search and date last searched.

6

Search

8

Present full electronic search strategy for at least one database, including any limits used, such that it could be
repeated.

6

Study selection

9

State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable,
included in the meta analysis).

7,8

Section/topic
TITLE
Title

ABSTRACT
Structured summary

INTRODUCTION

METHODS

Data collection process

10

Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes
for obtaining and confirming data from investigators.

8

Data items

11

List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and
simplifications made.

7,8

Risk of bias in individual
studies

12

Describe methods used for assessing risk of bias of individual studies (including specification of whether this was
done at the study or outcome level), and how this information is to be used in any data synthesis.

7,8
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Summary measures

13

State the principal summary measures (e.g., risk ratio, difference in means).

8

Synthesis of results

14

Describe the methods of handling data and combining results of studies, if done, including measures of consistency
(e.g., I2) for each meta analysis.

8

559
560

Page 1 of 2

Section/topic

# Checklist item

Reported
on page #

Risk of bias across studies

15

Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective
reporting within studies).

7,8

Additional analyses

16

Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating
which were pre specified.

none
done

Study selection

17

Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at
each stage, ideally with a flow diagram.

9 & 31

Study characteristics

18

For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and
provide the citations.

26-30

Risk of bias within studies

19

Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).

9

Results of individual studies

20

For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.

26-30

Synthesis of results

21

Present results of each meta-analysis done, including confidence intervals and measures of consistency.

26-30

Risk of bias across studies

22

Present results of any assessment of risk of bias across studies (see Item 15).

9

Additional analysis

23

Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]).

none
done

Summary of evidence

24

Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to
key groups (e.g., healthcare providers, users, and policy makers).

13

Limitations

25

Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of
identified research, reporting bias).

15

RESULTS

DISCUSSION
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Conclusions

26

Provide a general interpretation of the results in the context of other evidence, and implications for future research.

14,15

27

Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the
systematic review.

16

FUNDING
Funding

561
562
563
564
565

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(6):
e1000097. doi:10.1371/journal.pmed1000097
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