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Abstract

Objective. The presence of altered nociceptive pain processing in patients with upper extremity tendinopathy/overuse injury is conflicting. Our aim was to'compare pressure pain thresholds (PPTs) in symptomatic and
distant pain-free areas between patients with upper extremity tendinopathy/overuse injury and controls.

Methods. Five databases were searched from inception to October 15, 2020. The authors selected case-control studies comparing PPTs between-individuals with upper extremity tendinopathy/overuse injury and pain-
free controls. Data were extracted for population, diagnosis, sample size, outcome, and type of algometer. Results were extracted by 3 reviewers. The methodological quality/risk of bias (Newcastle-Ottawa Quality
Assessment Scale) and evidence level (Grading of Recommendations Assessment, Development and Evaluation approach)were-assessed. Meta-analyses of symptomatic, segment-related and distant pain-free areas
were compared.

Results. The search identified 807 publications with 19 studies (6 shoulder, 13 elbow) eligible for inclusion. The‘methodological quality ranged from fair (48%) to good (37%). Patients exhibited lower bilateral PPTs
than controls at the symptomatic area (affected side: MD = —175.89 kPa [95% CI = —220.30 to —131.48 kPa]; nonaffected side: MD = —104.50 kPa [95% CI = —142.72 to —66.28 kPa]) and the segment-related area
(affected side: MD = —150.63 kPa [95% CI = —212.05 to —89.21 kPa]; nonaffected side: MD = —170.34 kPa [95% CI = — 248.43 to —92.25]) than controls. No significant differences in PPTs over distant pain-free areas
were observed.

Conclusion. Low to moderate quality evidence suggests bilateral hypersensitivity to pressure pain at the symptomatic and contralateral/mirror areas in patients with upper extremity tendinopathies/overuse injury.
Moderate quality of evidence supports bilateral pressure pain sensitivity in the segment-related area (neck) in lateral epicondylalgia, but not in subacromial impingement syndrome. No evidence of widespread pressure
pain hyperalgesia was reported.

Impact. Early identification of people with altered pain modulation could guide clinicians in treatment strategies. This review shows that there is a complex interplay between peripheral and central pain mechanisms in

upper extremity tendinopathies/overuse injuries and that there likely are different subgroups of patients with upper extremity conditions.
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Introduction

Tendinopathy usually occur in tendons receiving excessive or unaccustomed loads and often results in considerable pain and related-disability. Although several advances have been made, the pathophysiology of
tendinopathy is not completely understood. It has been proposed that tendinopathy represents a pathological process when pain and structural changes in the tendon matrix may be present. This association between
structural tendon changes with pain symptoms is a complex process.t

It seems that tendon related-pain is consistent with a dominant peripheral nociceptive driver since most painful tendinopathies typically present as logalized pain at the tendon area;” however, the pathophysiological
mechanisms for symptoms generation is questioned.? Since sustained peripheral nociception may lead to the development of altered nociceptive processing due to the plasticity of the central nervous system®, there is
controversy if tendinopathy associated pain is a peripheral or central phenomenon or both.

Identification of the predominant mechanism (eg, peripheral or central) in painful tendinopathies could be crucial since early identification of people exhibiting altered pain modulation may guide clinicians in their
therapeutic strategies. In fact, preliminary evidence suggests that sensory indicators of central sensitization may be associated-with,_greater symptoms and related-disability in musculoskeletal pain, particularly in
patients with upper extremity pain.”

Two previous reviews have tried to determine the presence of altered nociceptive processing in tendinopathies.'Heales et al reported bilateral sensory and motor deficits in people with unilateral tendinopathy,
suggesting a potential involvement of the central nervous system.® Due to the heterogeneity in the population, a meta-analysis was only able to be performed for lateral epicondylalgia.® Similarly, Plinsinga et al’
suggested the presence of central sensitization since decreased pressure pain thresholds across different.tendinopathies were reported, mainly at the site of tendinopathy, as well as at remote sites; however, a meta-
analysis was not conducted.” These previous reviews mostly compared the affected and nonaffected sides; to further confirm the presence of central sensitization, responses in distant pain-free areas (ie, widespread pain
hypersensitivity) and further analyses are required. No meta-analysis has investigated widespread sensitivity changes in distant pain-free areas in patients with tendinopathy.

Since it has been suggested that sensory pain processing could be different in upper and lower extremity tendinopathies;? this review and meta-analysis will focus on identifying sensitization in upper extremity
tendinopathies. Two previous reviews have suggested the presence of central sensitization.in shoulder pain;**° however, both reviews included patients with pain of different etiologies ranging from unspecific shoulder
pain to hemiplegic shoulder pain.>*° Again, due to the heterogeneity in the diagnosesand the outcomes used, meta-analysis was not possible.

Several sensory outcomes can be used for evaluating sensitization-but mechanical threshold or conditioning pain modulation are those most often used for musculoskeletal pain conditions.™* Tendinopathy-related
pain is mainly associated with potential tendon load during physical activity, which suggests that mechanical hyperalgesia seems to be the predominant impairment in this condition. Therefore, assessing pressure
sensitivity would be the most appropriate quantitative sensory test'to.be used in individuals with tendinopathies.*?

We aimed to report the current evidence concerning sematosensory processing in patients with upper extremity tendinopathy/overuse injury compared to healthy controls focusing on the presence of localized
and widespread sensitivity to pressure pain. Therefore, the current systematic review and meta-analysis analyzes the differences in both localized and widespread pressure pain thresholds (PPTs) between individuals

with upper extremity tendinopathy/overuse injury and controls.
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[H1] Methods

This systematic review and meta-analysis adheres to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement.® We also followed similar methodology than in a previous

meta-analysis published by our research group.'* The international OPS Registry registration link is https://doi.org/10.17605/OSF.10/B6QNJ

[H2] Data Sources and Searches

Electronic literature searches were conducted on MEDLINE, CINAHL, PubMed, Scopus, and Web of Science databases from their inception.to October 15, 2020. We screened the reference lists of the papers
that were identified for any other potentially eligible studies. If any info was missing, authors were contacted, if needed. Database search strategies were conducted with the assistance of an experienced science
librarian.

[H3]Population: Adults (>18 years old) with a diagnosis of upper extremity tendinopathy and no other condition altering nociceptive pain processing (eg, fiboromyalgia or chronic neck pain). Due to the heterogeneity in

the diagnosis, particularly in the shoulder area, we included potential diagnoses compatible with tendinopathy/overuse-related.pain{eg, rotator cuff, shoulder/subacromial impingement, or supraspinatus tendinopathy).

[H3]Intervention: Not applicable. In case of the application of an intervention in people with and without tendinopathy, only baseline PPTs were included.

[H3]Comparator: A comparative group of pain-free individuals without any musculoskeletal pain condition serving as controls.

[H3]Outcomes: The primary outcome measure was PPT assessed with a pressure algometer at the symptomatie, segment-related (cervical spine), and/or distant pain-free area. The search strategy used for each database

is available in Supplemental Table 1.
[H2] Selection Criteria

This systematic review and meta-analysis included cross-sectional or prospective case-control studies where at least 1 group included adults older than 18 years with any upper extremity tendinopathy and 1 pain-
free control group. If clinical trials included people with and without tendinopathy were found, baseline PPTs were included. The 4 specific inclusion criteria were as follows: adults with upper extremity painful
tendinopathy based on the clinical history and/or physical examination tests (since tendinopathy is a clinical diagnosis and no correlation between symptoms and tendon imaging is observed, imaging diagnosis was
considered complementary); full-text report (abstracts, letters, and editorials were excluded); a control group including people who were pain free; and the study had to include PPTs assessed with an algometer as an
outcome. In studies evaluating different quantitative sensory tests«(eg;-thermal or electrical pain thresholds), just PPT data were extracted. We excluded studies assessing mechanical sensitivity with other modalities (eg,

monofilament VVon-Frey); studies assessing only other quantitative sensory tests (eg, thermal/electrical thresholds); and experimentally induced tendon pain studies.
[H2] Data Extraction and Quality Assessment

Avrticles identified from the different databases were independently reviewed by 3 authors. After removing duplicates, titles and abstracts were screened. After, a full-text read of eligible studies was conducted

by each author independently. The authors had to achieve a consensus on the included studies. If discrepancy existed between them, a fourth author participated to reach a consensus.
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Population, diagnosis, sample size, outcomes, type of algometer. and results were extracted independently by 3 authors on a standardized form. A consensus on each item on the data extraction form should be
achieved. No differences were observed in data extraction among authors.

Risk of bias of the studies was independently assessed by 3 authors using the Newcastle-Ottawa Quality Assessment Scale, a rating system evaluating the methodological quality of case-control/cohort studies.™
This scale includes 3 areas: case selection (case definition, representativeness of cases, and definition and selection of controls), between-groups comparability (eg, matched or controlled for age, gender, other factors),
and exposure (ascertainment for case/control groups and nonresponse rate). A maximum of 9 stars can be awarded. Studies scoring >7 are considered of.good quality, those scoring 5 or 6 are of fair quality, and studies
scoring O to 4 are considered of poor quality.™® Risk of bias was also determined by 3 authors, and differences were discussed.

To evaluate the level of evidence, the Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach Was used.'” The level of evidence was classified as high, moderate, low, or
very low according to downgrading of factors such as risk of bias (Newcastle-Ottawa Quality Assessment Scale), defined as several ‘study. limitations that resulted in a substantial risk of bias across the evidence;
inconsistency of the results/unexplained heterogeneity when results showed significant moderate/high heterogeneity (1 > 60%);<indirectness when the evidence was not directly comparable to the question of interest
(eg, population, exposure, comparator, outcome); imprecision of the results when the studies had few participants and few events (wide Cls, as judged by the reviewers); and publication bias when funnel plots showed
substantial asymmetry because studies were missing from the body of evidence and because of a statistically significafit Egger test resulting in an overestimation or underestimation of true effects from exposure.'® The
level of evidence was classified as high quality when all items were negative; moderate quality when 1 item showed serious risk; low quality when 2 items showed serious risk or 1 item showed very serious risk; or
very low quality when all items showed serious risk or 2 or more items showed very serious risk. Again, this praocess was independently performed by 3 authors, with the participation of a fourth one if disagreement
appears.

[H2] Data Synthesis and Analysis

The meta-analysis was conducted using the Review Manager statistical software (RevMan version 5.3, Cochrane Collaboration) and R software 4.0 (Windows). Data synthesis was categorized by diagnosis/body
area (shoulder, elbow, wrist) and by side (affected side, nonaffected side), and by assessed-point (symptomatic, segment related, and distant pain free). The comparisons included affected side versus nonaffected side,
affected side versus controls, and nonaffected side versus controls

We extracted the sample size, means, and SDs for each variable-When the study reported SEs or Cls, they were converted to SDs. If necessary, means and SDs were estimated from graphs with GetData Graph
Digitizer v.2.26.0.20 software (Windows). When nonparametric vvalties-Were presented, they were converted to means and SDs.'* When multiple points were analyzed in the same region (eg, infraspinatus,
supraspinatus, or acromion), the average of all PPTs for each area,(symptomatic, segment related, or distant pain free) was calculated. Further, the mean PPTs for each area (Ssymptomatic, segment related, or distant
pain free) were pooled and compared. For studies reporting results in different tendinopathy groups, each patient group was considered separately. For studies with a single control group but different patient subtypes,

we pooled data from each group of patients versus the same control group.
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The between-groups mean differences and 95% Cls for each study were obtained. A random-effects model was used to determine the overall effect size by calculating the mean difference (MD) and standardized
mean difference (SMD). Pressure pain thresholds were expressed in kilopascals; when other units were presented in the studies (eg, kilograms), they were converted to kilopascals.

The heterogeneity of the studies was assessed using the I? statistic. The Cochrane group has established the following interpretation of the 12 statistic: 0% to 40% may not be relevant/important heterogeneity,
30% to 60% suggests moderate heterogeneity, 50% to 90% represents substantial heterogeneity, and 75% to 100% represents considerable heterogeneity.” Publication bias was assessed using funnel plots; if there was

asymmetry and a suspicion of publication bias, the Egger test was used to detect publication bias. Publication bias was realized when 10 different studiesiwere included in the same meta-analysis.

[H1] Results

[H2] Study Selection

The electronic search initially identified 807 studies. After removing duplicates, 165 studies remained. One hundred forty-two were excluded on examination of their titles and/or abstracts, leaving 23 articles for

full-text analysis.?*** We excluded 4 studies after the full-text read because of no assessment of PPT,? lack of diagnosis,®” and lack of-a control group.?*?’ Nineteen studies were included in the review and qualitative

22,23,34-36,38-43,24-26,29-33 One Study35 22,23,34,36,38-43,24-26,29—

analysis. was excluded from the quantitative analysis due to lack of comparability of PPTs. Eighteen studies were finally included in the quantitative meta-analysis

% (Fig. 1).

[H2] Study Characteristics

26,32,36,38,40,43 and 13

The characteristics of the populations of the studies are shown in Suppl. Table 2. Six articles’included” patients with a diagnosis of shoulder impingement, included patients with lateral

22,23,39,41,42,24,

epicondylalgia. 2529313335 Al| diagnoses were based on clinical history and physical éxamination tests, none used imaging analysis. The total sample included 674 patients (51% women) and 489 controls

(52% women). Two hundred ten patients (43% women) had shoulder impingement, and 464 patients (54% women) had lateral epicondylalgia. In 14 studies (74%), the control group was mentioned to be sex and age

22,23,40-43,25,26,29,31,33,36,38,39. 24,30,34.

matched to the patient group ; in 3 studies, the control group was comparable (not truly matched) to the patient group i the remaining 2 studies,***°

significant differences in age between
patients and controls were reported.

Ten studies (53%) used a pressure algometer from Somedic (Farsta, Sweden), 222>293033344142 4 gt dies (21%) used a Fisher algometer (Pain and Diagnosis and Treatment Inc, CA, USA), %352 2 studies

32,43 22,23,39-

(10%) used a Wagner algometer (Wagner Instruments, CT, USA), and other algometers were used in 1 study each.**3%“° The size of the probe surface of algometer was reported in 15 studies (74%),

_ . 2 .
4324,26.29:3032-34.36 haing 1 cm” in all except one.®

Pressure pain thresholds were assessed in the symptematic area in all studies: shoulder region in 6 studies (supraspinatus, n = 2; infraspinatus, n = 3; middle deltoid, n = 4; and acromion, n = 1) and elbow area in
12 studies (common extensor origin, n = 2; extensor carpi radialis brevis, n = 3; extensor digitorum communis, n = 1; radial head, n = 1; radial nerve, n = 2; lateral epicondyle, n = 7; and upper extremity, n = 1). In
addition, the neck region was used as the segment-related area in 6 studies (upper trapezius, n = 2; levator scapulae, n = 2; and cervical spine, n = 4), whereas the lower extremity was used as distant pain-free area in 7

studies (tibialis anterior, n = 6). Suppl. Table 3 details PPTs of studies on each point.
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[H2] Risk of Bias/Methodological Quality

The methodological quality scores ranged from 4 to 8 (mean = 6.25, SD = 1.0) out of a maximum of 9 stars (Suppl. Fig. 1). One study was considered of poor quality (4 stars), 9 were considered of fair

232630.3641-43 and 1 was considered of high quality (8 stars).>* The most frequent biases were lack of control for additional

methodological quality (5 or 6 stars),?2242932-3438-40 g \nere considered of good quality (7 stars),
factors such as psychological aspects (eg, anxiety/depression) or ascertainment of exposure (masking assessment). Differences in star scores between reviewers were discussed and solved properly without needing

arbitration. Assessment of risk of bias between reviewers showed an overall agreement of 94%. Table 1 shows the Newcastle-Ottawa Quality Assessment.Scale results for each study and a summary of every item.
[H2] Pressure Pain Thresholds at the Symptomatic Area

The affected side exhibited significantly reduced PPTs at the symptomatic region (MD = —78.59 kPa [95% CI = —114.38 to —42.80 kPa], n)= 1178, z = 4.30, P < .001; SMD = —0.65 [95% CI = —1.20 to —0.46])
(Fig. 2A) as compared to the contralateral nonaffected side, but with substantial heterogeneity (1> = 84%). Significant subgroups (diagnosis) differences (P = .02, 1* = 82%) were observed: only individuals with lateral
epicondylalgia showed significant side-to-side differences between affected and contralateral nonaffected side (MD = —93.25 kPa [95%CIl = —134.13 to —52.38 kPa], n = 886, z = 4.47, P < .001; SMD =—0.83 [95% CI

=-1.20 to —0.46]) (Fig. 2A). The funnel plot did not reveal asymmetry (Egger test, P = .25), therefore, no publication bias;'in the everall PPTs side-to-side comparison was observed (Suppl. Fig. 2).

Significantly reduced PPTs at both affected (MD = —175.89 kPa [95% CI = —220.30 to —131.48 kPa],.n.= 1104, z = 7.76, P < .001; SMD = —1.37 [95% CI = -1.82 to —0.92]) (Fig. 2B) and nonaffected (MD =
~104.50 kPa [95% CI = —142.72 to —66.28 kPa], n = 1010, z = 5.36, P < .001; SMD = -0.72 [95% CI.= —1:00 to —0.45]) (Fig. 2C) sides in patients as compared to controls, with substantial heterogeneity (1> > 80%)
between studies were found. Both tendinopathy subgroups showed significantly lower PPTs bilaterally at,the symptomatic area in affected (shoulder: SMD = —0.57 [95% CI = —1.02 to —0.12]; elbow: SMD = —1.75
[95% CI = —2.25 to —1.25]) and contralateral nonaffected (shoulder: SMD = —0.34 [95% CI = —0.59 to —0.09]; elbow: SMD = —0.88 [95% CI = —1.21 to —0.54]) side than controls (P < .001). The funnel plot showed
asymmetry (Suppl. Fig 3) but the Egger test was not significant (P = .986) in overall PPT. comparison between the affected side and controls at the symptomatic area. Also, the initial pooled effect size was an MD of
—175.89 kPa, which is lower than the bias-corrected effect (MD = —197.38 [95%.Cl =—266.46 to —128.31], P < .001) reported when using the trim-and-fill procedure. Therefore, it can be assumed that there was not a
risk for publication bias. For PPT comparisons between the nonaffected side-and controls at the symptomatic area the funnel plot did not reveal asymmetry (Egger test, P = .84), no publication bias was, therefore, found
(Suppl. Fig 4).

[H2] Pressure Pain Thresholds at Segment-Related Area

No significant side-to-side differences in PPTs at the cervical spine were found (MD = —10.36 kPa [95% CI = —30.26 to 9.54 kPa], n = 460, z = 1.02, P = .31) (Fig. 3A) between the affected/nonaffected sides.
No heterogeneity (1> = 0%) between studies was found.

The meta-analysis revealed significantly reduced PPTs bilaterally at the cervical spine at the affected (MD = —150.63 kPa [95% CI = —212.05 to —89.21 kPa], n = 426, z = 4.81, P <.001; SMD = —1.63 [95% CI

= —2.50 to —0.76]) (Fig. 3B) and contralateral nonaffected side (MD = —170.34 kPa [95% CI = — 248.43 to —92.25], n = 352, z = 4.28, P < .001; SMD = —1.55 [95% CI = —2.52 to —0.58]) (Fig. 3C) when compared to
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controls, but showing substantial heterogeneity (1> = 88%) between the studies. Only individuals with lateral epicondylalgia (affected side: SMD = —2.48 [95% CI = —4.17 to —0.79]; nonaffected side: SMD = —2.01

[95% CI = —3.40 to —0.62]) revealed significant reductions in PPTs bilaterally at the neck as compared to controls.

[H2] Pressure Pain Thresholds at Remote Pain-free Areas

No significant side-to-side differences in PPTs at distant pain-free area between the affected and nonaffected sides (MD = —1.63 kPa [95% CI = +69.98 to 66.72 kPa], n = 150, z = 0.05, P = .96) (Fig. 4A) were
found. No heterogeneity (1> = 0%) between studies was observed.

Significantly reduced PPTs at the distant pain-free area on the affected side (MD = —131.48 kPa [95% CI = —221.83 to —41.13kPa], n = 443, z = 2.85, P = .004) (Fig. 4B), but not on the nonaffected side (MD =
—68.83 kPa [95% CI = —222.74 to 85.09 kPa], n = 127, z = 0.88, P = .38) (Fig. 4C) as compared to controls were reported, with sUbstantial heterogeneity (1> > 70%) between studies. The subgroup analysis revealed that

neither individuals with subacromial impingement syndrome nor lateral epicondylalgia separately had reduced PPTs at a distant pain-free area.
[H2] Level of Evidence

Table 2 shows the details of GRADE assessment showing risk of bias, inconsistency of the results, indirectness of evidence, imprecision of results, and high probability of publication bias. In general, the
inconsistency of the results downgraded 1 or 2 levels the evidence quality in most analyses. Low to moderate’ quality evidence supported a bilateral reduction of PPTs at the symptomatic area in upper extremity
tendinopathies as compared to controls. Moderate quality evidence also suggested a bilateral reduction of PPTs at the cervical spine (segment-related area) when compared to controls just in individuals with lateral

epicondylalgia.

[H1] Discussion
[H2] Findings

This review and meta-analysis reported low to moderate“quality evidence for bilateral lower PPTs (ie, hypersensitivity to pressure pain) at the symptomatic/mirror area in patients with upper extremity
tendinopathy/overuse injury compared to controls. In addition, sensitivity to pressure pain was present in the cervical spine (segment-related area) in individuals with lateral epicondylalgia (moderate quality of
evidence). No evidence of reduced PPTs at distant pain-free areas (ie, widespread hyperalgesia) was reported.

Identification of altered nociceptive processing in individuals with tendinopathy has previously been covered in the literature. The review by Plinsinga et al’ suggested the presence of central sensitization;

however, no quantitative analysis was conducted. Heales et al also found bilateral sensory deficits in people with unilateral tendinopathy; however, meta-analysis was only able to be performed for lateral
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epicondylalgia.® Previous reviews have included tendinopathies of the upper and lower extremities, which should be avoided since sensory processing appears to be different.® This review is the most comprehensive
and updated meta-analysis conducted to date analyzing differences in PPTs between patients with upper extremity tendinopathy/overuse injury and pain-free controls. We identified a total of 19 studies of fair to good
methodological quality, 6 studies in patients with shoulder/subacromial impingement syndrome and 13 with lateral epicondylalgia. Previous reviews excluded shoulder impingement syndrome; however, we included
this condition since it resembles symptoms highly compatible with a potential tendinopathy/overuse injury in the shoulder area.

The results support bilateral sensitisation in symptomatic and contralateral/mirror locations (ie, around the shoulder or the elbow, not directly over a tendon) in patients with shoulder/subacromial impingement
(moderate to high quality evidence) or lateral epicondylalgia (low to moderate evidence). Our pooled results reported for patients with lateral epicondylalgia are similar to those previously found by Heales et al (mean
PPT difference: —144.3 kPa [95% CI = —169.2 to —119.2]).° Bilateral pressure hyperalgesia in unilateral pain conditions would suggest the presence of bilateral sensitization changes, at least at spinal cord levels, which
may explain the development of bilateral symptoms in individuals initially experiencing unilateral pain. In addition, the symptomatic area-of‘individuals with lateral epicondylalgia exhibited larger PPTs reductions than
the contralateral mirror nonaffected area, supporting the presence of localized hypersensitivity to pressure pain in the symptomatic area (peripheral sensitization). Supplementary Table 3 summarizes pooled PPTs for
each point on each upper extremity tendinopathy.

The results for segment-related and distant pain-free areas were heterogeneous since the presence of reduced'PPTSs bilaterally in at the cervical spine (segment-related area) was only present in patients with
lateral epicondylalgia (moderate evidence) but not in those with shoulder/subacromial impingement (Suppl. Table 3).\Walton et al reported a minimal detectable change of 42.7 kPa for the neck area in people who were
asymptomatic.** Between-groups differences between lateral epicondylalgia patients and controls for the neck (segment-related area) were larger than this score supporting the presence of real differences (larger than
error) between this patient population and controls. The presence of pressure hyperalgesia in the segment-related area (neck) in individuals with unilateral elbow tendinopathy supports the presence of spinal cord
sensitization in this population.

Finally, no significant PPT differences in distant pain-free areas were observed .in either-subgroup, though this was conflicted by the small number of studies analyzing distant pain-free areas PPTs in upper
extremity tendinopathies/overuse injury. In addition, these findings should be considered.with caution since we cannot exclude that the lack of findings were not merely due to low power analysis. These findings do not
support, at this stage, the potential presence of widespread pressure hyperalgesiasin upper extremity tendinopathies. These results are contrary to previous reviews suggesting the presence of altered nociceptive central
processing.®’ However, previous reviews did not conduct a quantitative-meta-analysis separating segment-related and remote asymptomatic pain-free areas; therefore, assumptions should be considered with caution at
this moment.

[H2] Strengths and Limitations

Strengths of this review and meta-analysis were the rigorous methodology applied for literature search, screening for eligibility criteria, risk of bias assessment and pooling analysis of data by 3 authors. We

included a total of 19 studies investigating PPTs in upper extremity tendinopathies/overuse injury, a greater number than those included in previous reviews, that only focused on lateral epicondylalgia.®” Further,
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studies fulfilled recommendations for the assessment of pressure algometry (eg, algometer probe size of 1 sz) using the mean value of 3 consecutive measures and control groups matched or at least comparable by

age/gender. In fact, it has been highlighted the relevance of the inclusion of matched control group for comparison in studies including individuals with tendinopathy.®”’

However, some limitations are also recognized. First, it is important to consider that the diagnosis of tendinopathy was exclusively clinically done, since most studies lack of a confirmation of tendon changes by
using diagnostic imaging. Similarly, any study that reported whether the control group had tendon pathology, although asymptomatic, with imaging which may affect pressure sensitivity.*> Second, the reduced number
of studies with small sample sizes identified for the shoulder could limit the generalizability of the results. In fact, shoulder impingement is considered as‘an overuse injury rather than a pure tendinopathy. There is a
clear need for additional studies with larger sample sizes across a range of upper extremity tendinopathies. In addition, the quality of studies varied substantially; however, lack of masking or prevention of knowledge of
primary exposure from influencing case ascertainment was a common problem across studies. Third, pooled data for PPTs included a variety of sites (eg, shoulder, elbow, cervical spine, hand, masseter, leg) and tissues
(eg, tendon, muscle, nerve) measured; therefore, we cannot conclude that pressure pain hypersensitivity is specific of the any particular tissue (eg, tendon). Fourth, only papers published in English were included,
because the majority of articles are in this language; this has probably not had a major impact on the overall findings. Finally, we only assessed PPTs as manifestation of sensitization. There are other types of measures

to detect the presence of altered pain processing, such as thermal/electrical pain thresholds, conditioned pain modulation, orwind-up, which could also be assessed.
[H2] Clinical and Research Implications

The present review and meta-analysis highlight the importance of pressure pain hypersensitivity in upper.extremity tendinopathies/overuse injuries as a manifestation of peripheral and spinal cord sensitization
and opens several questions for future research. First, it would be important to understand that elbow and shoulder tendinopathy/overuse injury of the upper extremity exhibit different nociceptive processing. It seems
that lateral epicondylalgia exhibits altered nociceptive processing at spinal levels whereas the results-on the shoulder area are inconclusive. Bilateral sensory deficits in unilateral tendinopathy such as lateral
epicondylalgia could benefit from therapeutic strategies addressing both extremities.

Additionally, standardized protocols for PPTs assessment would permit better identification of potential differences, if exist, between patients and pain-free controls. Second, PPTs should be analyzed separately
by gender since women tend to exhibit higher sensitivity to pressure pain than men.***This gender distinction could lead to more solid and robust conclusions. Third, we investigated mechanical pain sensitivity since
studies analyzing gquantitative sensory testing in tendinopathies have mainly focusedon PPTs; however, thresholds to other stimuli (eg, thermal, vibration, electrical, or conditioned pain modulation) can be also used for
assessing the presence of sensitization. The German Research Network for Neuropathic Pain protocol proposes 13 measures to assess sensory profiles in chronic pain by measuring loss of sensory function, presence of
allodynia, and hyperalgesia.** The application of the entire protocol.could permit better understanding of altered pain processing in patients with upper extremity tendinopathies. Similarly, self-report patient outcomes
assessing sensitization features have also been proposed and could identify some aspects not evaluated by PPTs. This could be highly relevant since self-report patient outcomes assessing sensitization manifestations,
such as the Central Sensitization Inventory, have not been associated with hyperalgesia to pressure in people with shoulder pain.*’ In fact, Wheeler reported that at least 25% of patients with recalcitrant tendinopathy
had central sensitization manifestations based on the Central Sensitization Inventory.“® Futures studies including quantitative sensory tests and self-report patient outcomes assessing central sensitization manifestations

are needed.
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This review and meta-analysis support a complex interplay between peripheral and central pain mechanisms in upper extremity tendinopathies/overuse injuries, since it is probably that different subgroups of
patients with these upper extremity conditions exist. Differences between subacromial/shoulder impingement and lateral epicondylalgia could be related to the fact that tendons differ in their roles as well as clinical
features of the patients that present a particular tendinopathy/overuse injury. For instance, some tendinopathies may present with localized pain at the tendon, whereas others can exhibit spreading pain symptoms. The
presence of spreading symptoms would suggest changes in nociceptive processing. Similarly, clinical features can also influence nociceptive gain, since higher levels of pain influence the central sensitisation and
somatosensory alteration in musculoskeletal pain. Further, longer duration of pain symptoms may result in greater changes in the central nervous system¢* Several studies included in this meta-analysis included patients

0 23,25,40,26,29,30,33,35,36,

with intensity pain levels lower than 4 of 1 %839 Clinical variables should be considered in future studies. Finally, studies investigating, if altered pain processing in patients with tendinopathy who do

not respond positively to treatment, and the utility of biological markers as prognostic indicators of clinical outcomes should be conducted.

[H1] Conclusions

This review and meta-analysis found low to moderate quality evidence for bilateral hypersensitivity to pressure pain at the symptomatic and contralateral/mirror area in patients with upper extremity
tendinopathy/overuse injury when compared to controls. In addition, moderate quality of evidence supports that patients with lateral epicondylalgia exhibit sensitivity to pressure pain at the neck (segment-related area).
No evidence of reduced widespread pressure pain hyperalgesia was observed. Current results support aicomplex interaction between peripheral and central mechanisms in tendinopathy/overuse injuries of the upper

extremity.
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Table 1.

Newcastle-Ottawa Quality Assessment Scale for Evaluating Methodological Quality/Risk of Bias

Disorder Study Selection Comparability Exposure Score
Adequate Case | Representativeness| Selection of Definition of | Controlled for | Controlled for | Ascertainment Same Method for
Definition of Cases Controls Controls Age Additional of Exposure Cases and Controls
Factors
Shoulder/subacromial Hidalgo-Lozano et al*® (2010) * * * * * * * 7
impingement syndrome
Paul et al** (2012) * * * * * 5
Coronado et al°’ (2011) * * * * * 5
Alburquerque-Sendin et al*® * * * * * * * 7
(2013)
Ribeiro et al*’ (2016) * * * * * * 6
do Nascimento et al** (2020) * * * * * * * 7
Lateral epicondylalgia Slater et al** (2005) * * * * * * * 7
Fernandez-Carnero et al”® (2009) * * * * * * * 7
Fernandez-Carnero et al** (2009) * * * * * * 6
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Fernandez-de-las-Pefias et al * * * * *
(2010)

Ruiz-Ruiz et al”® (2011) * * * * *
Lim et al® (2012) * * * * *
Coombes et al*® (2012) * * * * *
Genc et al*' (2012) * * * * *
Garnevall et al** (2013) * * * * *
Jespersen et al*> (2013) * * * *
Burns et al*® (2016) * * * * *
Lim et al* (2017) * * * * *
Bisset et al* (2018) * * * *

Table 2.

GRADE Evidence Profile for Differences in Pressure Pain Thresholds Between Patients and Controls®

Location of Effect by Risk | Inconsistency Indirectness of | Imprecision | Publicatio | Quality MD (95% CI) in kPa
Pressure Pain | condition (No. | of (1%, %)° Evidence® ¢ n Bias’ of
Threshold of Studies) Bibas Evidence
Symptomatic | Overall effect | No | Very serious No No No Low —78.59 (-114.38 to
area (16) (82) —42.80)
(symptomatic
side vs
nonsymptoma
tic side)
Shoulder No No (0) No No No High —24.08 (—64.49 t0 16.32)
impingement
(4)
Lateral No Very serious No No No Low —03.25 (—134.13 to
epicondylalgi (84) —52.38)
a(12)
Symptomatic | Overall effect | No | Very serious No No No Low —175.89 (—220.30 to
area (17) (88) —131.48)
(symptomatic
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side vs

controls)
Shoulder No Serious (72) No No No Moderate —93.50 (—157.47 to
impingement —29.53)
(6)
Lateral No Very serious No No No Low —218.50 (—271.52 to
epicondylalgi (89) —165.48)
a(11)
Symptomatic | Overall effect | No Serious (77) No No No Moderate —104.50 (—142.72 to
area (15) —66.28)
(nonsymptom
atic side vs
controls)
Shoulder No No (10) No No No High —57.72 (—99.76 to
impingement —15.68)
(4)
Lateral No Very serious No No No Moderate —120.98 ( —166.93:to
epicondylalgi (80) —75.04)
a (11)
Segment- Overall effect | No No (0) No No No High —10.36'(-30.26 to 9.54)
related area 4)
(symptomatic
side vs
nonsymptoma
tic side)
Shoulder No No (0) No Yes No Moderate | 13.07 (—89.15 to 115.29)
impingement
1)
Lateral No No (0) No No No High -11.28 (—31.57 10 9.01)
epicondylalgi
a(3)
Segment- Overall effect | No Very serious No No No Moderate —150.63 (—212.05 to
related area (6) (88) —89.21)
(symptomatic
side vs
controls)
Shoulder No Very serious No Yes No Very low | —91.74 (—190.53 to 7.04)
impingement (81)
3)
Lateral No Very serious No No No Moderate —199.77 (-278.01 to
epicondylalgia (89) —121.52)
3)
Segment- Overall effect | No Very serious No No No Moderate —170.34 (—248.43 t0
related area (4) (86) —92.25)
(nonsymptom
atic side vs
controls)
Shoulder No No (0) No Yes No Moderate —71.91 (—184.21 to
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impingement 40.39)
1)
Lateral No Very serious No No No Moderate —194.10 (—282.34 to
epicondylalgi (90) —105.86)
a(3)
Distant pain- | Overall effect | No No (0) No Yes No Moderate | —1.63 (—69.98 to 66.72)
free area (3)
(symptomatic
side vs
nonsymptoma
tic side)
Shoulder No No (0) No Yes No Moderate | 9.81 (—97.46 to 117.08)
impingement
1)
Lateral No No (0) No Yes No Moderate | —9.45 (-98.14 to 79423)
epicondylalgi
a(2)
Distant pain- | Overall effect | No Very serious No No No Moderate —131.48(=221.83 to
free area (6) (81) —41.13)
(symptomatic
side vs
controls)
Shoulder No Very serious No Yes No Low <132.59 (—294.88 to
impingement (86) 29.70)
)
Lateral No Very serious No No No Moderate —132.74 (-279.49 to
epicondylalgi (80) 14.01)
a(3)
Distant pain- | Overall effect | No Serious (72) No Yes No Low —68.83 (—222.74 to
free area (3) 85.09)
(nonsymptom
atic side vs
controls)
Shoulder No No (0) No Yes No Low 0.00 (—107.04 to 107.04)
impingement
1)
Lateral No Very serious No Yes No Very low —128.91 (-439.20 to
epicondylalgi (85) 181.39)
a(2)

4GRADE = Grading of Recommendations Assessment, Development and Evaluation; MD = mean difference.

No = most information was from results with a low risk of'bias.

“Serious: 1> = 40%—-79%:; very serious: I> > 80%.

INo indirectness of evidence was found in any study.
®*Based on sample size.
"Based on funnel plots. Funnel plots for pressure pain thresholds at the symptomatic area (>10 studies) are shown in supplementary figures.
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Legend of Figures

Potential relevant publications identified
by electronic search (n=165)

Publications excluded based on
review of title and abstract
(n=142)

Publications selected for further
evaluation (n=23)

Publications excluded based on
full-text review (n=4)

Inadequate measurement: (n=1)
Inadequate diagnosis: (n=1)
No control group: (n=2)

Studies included in qualitative synthesis

(n=19)

|

Studies included in quantitative synthesis
(meta-analysis) (n = 18)

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow.diagram.
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A) Affected Side VS. Non-Affected Side

Affocted Hen-Affected Mean Difference Mean Difference
Study or Subg: Mean 8D _Total _Mean SD_Total Welght IV, Random, 95% €I ¥, Random, 85% 1
Shoulder Impingemaent
Alburquerque et al. 2013 TG 14955 27 Z86B4  137E9 2T 6% -9.81 [-86.39, 66.77] —_—
Coronpdo ol al, 2013 46081 F8439 55 50013 29409 58 48% 30,22 [-144.52, 66.08] _ T
Paul et al, 2012 26183 20201 31 33048 1804729 31 53% <BBGS [-163.94, 26.84] [
Ribairo ot al. 2016 ST 1388 30 3@ 141 30 6E% -8.20 [-72.52, 56.12] —
Subtotal (95% CI) 146 146 229%  -24.08 [64.49,16.32] -
Hoterogeneity; Tau® = 0.00: Chi = 1,29, df = 3 (P = 0.73); = 0%
Tost for avorall effect: Z = 147 [P = 0.24)
Lateral eplcondylalgla
Bisset ot al 2016 289 128 25 34 926 25 67%  -37.40[99.33, 24.53) —
Bums ¢l 8l 2016 178 ar o 24 T4 14 6E% 35,00 [-55.83, 23.83] 1
Coombes et al, 2012 2611 1396 164 3675 1306 164 BO% 10640 [135.66,-77.14] _—
Farniindez-Carmero o al. 20002 2804 4031 26 4694 MO31 2 3E% 18900 (324525346 2———————
Famindez-Cameno of al. 20050 3032 ar 12 SIS 178 12 45% 2243033399, -109.61]
Femindez-de-las-Pofus ol ol 2010 1857 818 15 1973 614 16 72% 1,60 [-51,72, 48.52] —_
Gamovall ot al. 2013 23206 12715 54 ZE215 14004 54 7% 500910234, 2.16) —
Genc ot al. 2012 22555 5099 46 40403 TEAD 46 B1% -1TH48 (20508, -151.91] —_—
Lim et al. 2012 262 1308 30 3T 151 30 63% -12270[194.19,.51.21] —_—
Lin et al 2017 204 115 20 4557 1504 20 57%  -166.30 [252.44,-80.16] EE—
Ruiz-Ruiz o al. 2011 13 1 16 18 5899 16 TE% 4850 [-84.58. -15.02] -
Stater ol l. 2005 25633 15352 20 29566 16084 20 51% 393313970, 61.04) —
Subtotal (95% CI) 443 443 TTAN 933543443, 5238 -
Hotorogoneity: Tou' = 3985.65; Che' = 78,54, df = 11 (P < 0.00001); I' = 86%
Tost for ovorall effect: Z = 4,47 (P < 0.00001)
Total (35% €I) 550 559 100.0%  -78.50 [-114.38, -42.80) -
Huterogoneity: Tau® = 3955 88; Ch# = 52,42, df = 15 (P < 0,00001) I = 84% + + + +
Test for overall effect: Z = 4,30 (P < 0.0001) ij?,? 1% Faves ’.°° 200
Test for subgroup diforences: Chi* = 5,56, df = 1 (P = 002). 1" = 82.0%
B) Affected Side VS. Healthy Controls

Tendinapathy Hoalthy Mean Difference Mean Diffarsnce
Study or Subgroup Mean 8D Total Mean  SD_Total Welght 1V, Random, 95% CI 1, Random, 95% €1
Shoulder Impingement
Alburquerque et al. 2013 2703 14955 27 3750 2329 20 48% 9607 (21469, 18.55] —
Coeonado ol al, 2013 46091 28439 58 55078 18632 56 S58% 10787 [-195.84.-19.90) -
&0 Nagcimonto ot al, 2020 FRTIT IS8TI 52 23BAT 18534 26 BO0% 10,55 [-53.42, 72.32] -1
Hidalgo-Lozaro et al. 2010 16278 4115 12 32606 6619 10 6.5% -163.28[-21045 -116.11) Inad
Paul el al, 2012 26183 0201 31 43033 23 I 46N TT.50[-297.05. -57.95) S
Ribwien ot al. 2016 ST 1389 30 WTE W14 30 B% 12,10 [-88,30, 64.10] —
Sublotal (95% €N 210 73 346% 9350 [-157.47. -29.53] -
Hatorogoneity: Tou" = 438568, Che® = 17.99, of = 5 (P = 0.003); P = 72%
Tast for cvorall effect: Z = 2,85 (P = 0.004)
Lateral eplcondylalgla
Bissed o1 al, 2018 289 128 25 3958 1575 15 S6% 10680 [-200.98.-12.62] ]
Coombas et al. 2012 214 1396 164 5133 1283 62 7% -252.20[-20062, 21378 =
Faenindez-Cameno of al. 2009 2804 24031 26 B259 245E0 20 43% 5455068951, -401.45] —
Fomindoz-Carmen ¢ al. 20050 w2 aF 12 8B43 M9 16 4% 5811076112, 401.08]
Fornbndor-fe-las-Pofus et sl 2010 1957 818 16 4192 464 17 65% -223.50[-269.72,-177.28] -
Gamevall ot al. 2013 23206 12715 54 42333 1557 43 66N 1912724882 1327 —
Genc ot al, 2012 22555 5099 46 44718 B335 30 T2%W 2216325490, -188.38) -
Lim et al. 2012 262 1308 30 4853 212 3 5E% -233.30[-321.15, -14545] —
Lim e o, 2017 w4 N5 20 L0088 22 SE% 12070 214672673 I
Fuiz-Ruiz ¢t al. 2011 139 381 16 207 502 16 TE% 12170 [15258,.90.82] =
Stator ol ol 2005 25633 15352 20 324 14758 20 S6% 6767 [-161.00, 25.66] —
Subtotal (95% CI) 4z 202 G5A4% -218.50 [-271.52, 165.48) ->
Hoterogeneity; Tau® = 6273.40; Chi = £5,17, df = 10 (P < 0.00001) I = 89%
Tost for avorall effect: Z = 8,08 (P < 0.00001)
Tatal {95% CI) 630 465 100.0% -175.80 [-220.30, 131.48)
Hatorogoneity: Tau® = 6338 54; Che = 130,87, ¢f = 16 (P < 0.00001); I = 85%
Tt for overndl effect: 2 = 7.76 (P < 0.00001) I?OM« a0 Fm}{w L0
Test for subgroup differences: CH* = 8,69, df = 1 (P = 0.003), F = 83.5%

C) Non-Affected Side VS. Healthy Controls
HNon-Affocted Healthy controls Mean Differonco Mean Difference
Study or Subgroup Mean 50 Total Mean 5D Total Weight 1V, Random, 95% CI 1, Random, 95% i
Shoulder Impingamaent
Alburquerque et al. 2013 28684 13739 27 37049 23045 20 52%  -83.35(-196.8530.15) —_—
Coronado et al. 2013 50043 ZB419 58 SEB78 18632 56 63%  -68.65(158.73,2143 —_
Paul et 0, 2012 3048 1BOATI OB 41972 4216 3 TEN 8924154382410 —_—
Ribairo ot al. 2016 3238 1141 30 322 1567 30 T4% 5,30 [-74 66, 64.06] —_
Sublotal (95% €1) 145 137 266%  -57.72(99.76, -15.68) ->
Hatorogoneity, Tou® = 196,45 Chi* = 3,35, df = 3 (P = 0.34) I = 10%
Tost for ovorall effect: Z = 269 (P = 0.007)
Lateral apicondylalgia
Bisset ot al 2018 3264 S26 25 4066 1398 15 69%  -B0.20[-159.72, 0.68] —
Ceombes ot al. 2012 0TS 1306 164 45D5 1354 62 89% 1320017198 9287 o
Femandiz-Carneno of al. 2005 4594 24931 26 B122 28447 26 40% -B42.80 (<8319, -197.41]
Fernindez-Carnéro of al. 20090 5275 178 12 8131 3506 16 27% -2B560[48474,.864F —
Fernindoz-de-las-Pofias et ol 2010 1673 614 16 3962 600 17 88% -198.90(-240.39, -157.41) —_—
Gamieall ot al, 2013 28215 14904 54 42033 15746 43 7% 14718 [:208.78.-8558) -
Gene ot al. 2012 4403 7649 46 46091 961 30  B8%  -56.88[97.76.-16.00) —_
Lim e o, 2012 3.7 151 30 5007 MBS 31 6% 12500 [-219.00. -31.00] I
Lim et al. 2017 4557 1584 20 4101 1533 22 GA% 45604518, 14038 T
Ruiz-Ruiz et al. 2011 1888 599 16 2794 986 16 B0% 9060 [147.13,-34.07] .
Stator ¢ 8. 2005 FOSEE 16984 20 36733 18335 W 5% -T1.67 [-181.23, 37.89] —_— 1
Subtotal (35% CI) 429 208 TRA% -120.98 [-166.93, -75.04] -
Hatorogoneity: Tau® = 4218.55; Che' = 50.32, df = 10 {P < 0.00001); I = 80%
Test for overall effect: 2 = 5,96 (P < 0.00001)
Total (95% CI) 75 435 100.0% -104.50 [-142.72, -66.26] -
¢ Tau® = 380740 Chet = 61,63, of = 14 (P < 0.00001) 1" = T7% o0 250 250 e

Tost for avoeal effect: Z = 5,35 (P < 0.00001) Fawours [Sonsiized]  Fawours [Non-Sensitizedt]

Test for subgroup differences: Chi' = 3.96, df = 1 (P = 005), I = 74.8%

Figure 2. Summary of forest plot results for meta-analyses of pressure pain thresholds (PPTs) in the symptomatic area in patients with subacromial/shoulder impingement syndrome or lateral epicondylalgia. (A)
Comparison of affected and nonaffected sides. (B) Comparison-of affected side and pain-free controls. (C) Comparison of nonaffected side and pain-free controls. Negative values indicate that values for patients were

lower than values for controls.
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A) Affected Side VS. Non-Affected Side

Affected Non-Affected Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI

Shoulder Impingement

Alburquerque et al. 2013 264.77 23555 27 251.7 134.02 27 38% 13.07 [-89.15,115.29)

Subtotal (95% CI) 27 27 3.8% 13.07 [-89.15, 115.29] —-—*—-—

Heterogeneity: Not applicable

Test for overall effect: Z = 0.25 (P = 0.80)

Lateral epicondylalgia

Coombes et al. 2012 2821 1345 164 2876 1306 164 481%  -550[-34.19, 23.19) ——

Fernandez-Carnero et al. 200%a 2751 182.46 26 2757 157.26 20 41%  -0.60[-98.93, 97.73]

Fernandez-de-las-Pefias etal. 2010 2122 352 16 2308 501 16 44.0% -18.60 [-48.80, 11.40] —a—

Subtotal (95% CI) 206 200 96.2%  -11.28 [-31.57, 9.01) -

Heterogeneity: Tau® = 0.00; Chi* =043, df =2 (P=0.81;: F=0%

Test for overall effect: £ = 1.09 (P = 0.28)

Total (95% ClI) 233 227 100.0%  -10.36 [-30.26, 9.54] q

Heterogeneity: Tau? = 0.00; Chi* = 0.4, df = 3 (P = 0.89); I = 0% 5o r 3 P pros

Test for overall effect: Z = 1.02 (P = 0.31) -Sensiti it

Test for subgroup differences: Chi? = 0.21, df = 1 (P = 0.65), I = 0% Favours [Non-Sensitized) Favours [Sensitizedl)
B) Affected Side VS. Healthy Controls

Tendinopathy Healthy Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean 5D Total Weight IV, Random, 95% CI1 IV, Random, 85% CI

Shoulder Impingement

Alburquerque et al. 2013 264.7T7 235.55 27 32688 21247 20 11.0% -62.11 [-190.81, 66.59] —

do Nascimento el al. 2020 253.09 108.78 26 28635 1265 26 17.3% -33.26 [-97.39, 30.87] —_—l

Hidalgo-Lozano et al. 2010 156.9 39.22 12 32361 7845 10 18.3% -166.71 [-220.16, -113.26] =

Subtotal (95% CI) 65 56 46.6% 91,74 [-190.53, 7.04] —i—

Heterogeneity: Tau® = 5867.14; Chi® = 10,34, df = 2 (P = 0.008); I* = 81%

Test for overall effect: Z = 1.82 (P = 0.07)

Lateral epicondylalgia

Coombes et al. 2012 2821 1345 164 4038 1276 62 19.7% -121.70[-159.55, -83.85] —

Ferandez-Camero et al, 2009a 2751 18246 26 5976 17960 20 13.1% -322.50(-427.95,-217.058) —

Fernandez-de-las-Pefas etal, 2010 2122 352 16 4128 369 17 206% -200.60(-225.20, -176.00) -

Subtotal (35% CI) 206 99 53.4% -199.77 [-278.01, -121.52) i

Heterogeneity: Tau® = 3901.21; Chi® = 18.76, df = 2 (P < 0.0001); IF = 88%

Test for overall effect: Z = 5.00 (P < 0.00001)

Total (95% Cl) 271 155 100.0% -150.63 [-212.05, -89.21] e

Heterogenaity: Tau? = 4611.53; Chi® = 40.28, df = 5 (P < 0.00001); I* = 88% zho - 150 150 260

Test for overall effect: Z = 4.81 (P < 0.00001)
Test for subgroup differences: Chi* = 2.82, df = 1 (P = 0.09), I’ = 64.6%

C) Non-affected Side VS. Healthy Controls

Favours [Sensitized] Favours [Non-Sensitized])

Non-Affected Healthy controls Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI IV. Random, 95% CI
Shoulder Impingement
Alburquerque et al. 2013 251.7 13402 27 32361 22882 20 192% -71.91 [-184.21, 40.39) -
Subtotal (35% CI) 27 20 19.2%  -71.91[-184.21, 40.39) ———
Heterogeneity: Not applicable
Test for overall effect: Z = 1.25 (P = 0.21)
Lateral epicondylalgia
Coombes et al. 2012 2876 1306 164 3962 1331 62 20.6%  -108.60 [-147.29, -69.91] —
Fernandez-Camero et al. 2009a 2757 15726 26 5935 17948 20 21.1% -317.80 [417.00,-21860) —
Femandez-de-las-Pefias etal. 2010 2308 501 16 4216 524 17 30.0% -190.80 [-225.77, -155.83] ——
Subtotal (95% CI) 206 99 80.8% -194.10 [-282.34, -105.86] —eii—
Heterogeneity: Tau® = 5145.91; Chi® = 19,36, df = 2 (P < 0.0001); I* = 80%
Test for cverall effect: Z = 4.31 (P < 0.0001)
Total (95% CI) 233 119 100.0%  -170.34 [-248.43, -92.25] i
Heterogeneity: Tau? = 4966,36; Chi® = 21,84, df = 3 (P < 0.0001); I? = 86% + + § t
Test for overall effect: Z = 4.28 (P < 0.0001) Favo't;:r.;.e’ 100 di Faw:,?g:m 200 dil

Test for subgroup differences: Chi* = 2,81, df = 1 (P = 0.09), I* = 64.4%
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Figure 3. Summary of forest plot results for meta-analyses of pressure pain thresholds (PPTs) in the segment-related area (cervical spine) in patients with subacromial/shoulder impingement syndrome or lateral
epicondylalgia. (A) Comparison of affected and nonaffected sides. (B) Comparison of affected side and pain-free controls. (C) Comparison of nonaffected side and pain-free controls. Negative values indicate that

values for patients were lower than values for controls.



A) Affected Side VS. Non-Affected Side

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

Affected Non-Affected
Study or Subgroup Mean SD_Total Mean SD_Total Weight
Shoulder Impingement
Alburquerque et al. 2013 529.55 20593 27 519.74 196.13 27 406%
Subtotal (95% CI) 7 27 40.6%

Heterogeneity: Mot applicable
Test for overall effect: Z = 0.18 (P = 0.86)

Lateral epicondylalgia

Bisset et al. 2018 4489 1744 25 4505 1835 25 47.4%
Fernandez-Carnero et al. 2009a 4204 36666 26 461 31622 20 120%
Subtotal (95% CI) 51 45  59.4%
Heterogeneity: Tau® = 0.00; Chi* = 0,12, df = 1 (P = 0.73); I = 0%

Test for overall effect: Z = 0.21 (P = 0.83)

Total (95% CI) 78 72 100.0%
Heterogeneity: Tau® = 0.00; Chi* = 0.19, df = 2 (P = 0.91); I* = 0%

Test for overall effect: Z = 0.05 (P = 0.96)

Test for subgroup differences: Chi* = 0.07, df =1 (P = 0.79), IF = 0%

B) Affected Side VS. Healthy Controls

9.81 [-97.46, 117.08]
9.81 [-97.46, 117.08]

-1.60 [-100.84, 97.64]
-40.60 [-238.26, 157.06]
-9.45 [-98.14, 79.23]

-1.63 [-69.98, 66.72]

R

-‘-

. ——

200 -100 0 100 200

Favours [Mon-Sensitized] Favours [SensitizedI]

Tendinopathy Healthy Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Shoulder Impingement
Alburquerque et al. 2013 529.55 205.93 27 519.74 186.32 20 16.9% 9.81 [-102.89, 122.51] I
Hidalgo-Lozano et al. 2010 333.42 107.87 12 58838 8825 10 19.3% -254.97 [-336.93, -173.01) - s
Paul etal. 2012 367.74 27282 31 51092 240.19 31 157% 14318 [-271.13, -15.23] —_—
Subtetal (95% CI) 70 61  51.8% -132.59 [-294.88, 29.70] e
Heterogeneity: Tau® = 17516.46; Chi* = 13.95, df = 2 (P = 0.0009); I* = 86%
Test for overall effect: Z = 1.60 (P = 0.11)
Lateral epicondylalgia
Bisset et al. 2018 4489 1744 25 4413 201 15 16.1% 7.60 [-114.98, 130.16] -1
Coombes et al. 2012 4074 1332 164 5176 130.7 62 22.0% -110.20 [-148.59, -71.81] -
Fernandez-Carnero et al. 2009a 420.4 366.66 26 8015 360.88 20 10.1% -381.10[-592.84,-169.26) ——
Subtotal (95% CI) 215 97  48.2% -132.74 [-279.49, 14.01] —ai——
Heterogeneity: Tau® = 12634.73; Chi¥ = 9.81, df = 2 (P = 0.007}); I* = 80%
Test for overall effect: Z = 1.77 (P = 0.08)
Total (95% CI) 285 158 100.0% -131.48 [-221.83, -41.13] -
Heterogeneity: Tau® = 9289.18; Chi® = 25.88, df = 5 (P < 0.0001); 1= 81% -sim '2}]0 5 2éo 560
Test for overall effect: Z = 2.85 (P = 0.004) i - i
Test for subgroup differences: Chi* = 0.00, df = 1 (P = 1.00), ¥ = 0% Favours [Sensitized] Favours [Non-SensitizedI]
C) Non-Affected Side VS. Healthy Controls
Non-Affected Healthy controls Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Shoulder Impingement
Alburquerque et al. 2013 519.74 196.13 27 519.74 176.51 20 38.6% 0.00 [-107.04, 107.04]
Subtotal (95% CI) 27 20 38.6% 0.00 [-107.04, 107.04]
Hi eity: Not applicabl
Test for overall effect: Z = 0.00 (P = 1.00)
Lateral epicondylalgia
Bisset et al. 2018 4505 1835 25 4324 2015 15 26.2%  18.10 [-106.69, 142.89] —
Fernandez-Camero et al. 2009a 461 316.22 20 7604 360.88 20 252% -299.40 [-509.69, -89.11] —_—
Subtotal (95% CI) 45 35 61.4% -128.91[-439.20, 181.39] e ——
Heterogeneity: Tau? = 42620.54; Chi* = 6.48, df = 1 (P = 0.01); I = 85%
Test for overall effect: Z = 0.81 (P = 0.42)
Total (95% CI) 72 55 100.0%  -68.83 [-222.74, 85.09] '*‘
Heterogeneity: Tau® = 12983.48; Chit = 7.17, df = 2 (P = 0.03); I* = 72% i 20 S 20 500

Test for overall effect: Z = 0.88 (P = 0.38)
Test for subgroup differences: Chi* = 0.59, df = 1 (P = 0.44), F = 0%

Figure 4. Summary of forest plot results for meta-analyses of pressure pain thresholds (PPTs) in distant pain-free areas in patients with subacromial/shoulder impingement syndrome or lateral epicondylalgia. (A)

Favours [Sensitized] Favours [Non-Sensitized|]

Comparison of affected and nonaffected sides. (B) Comparison of affected side and pain-free controls. (C) Comparison of nonaffected side and pain-free controls. Negative values indicate that values for patients were

lower than values for controls.
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