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Introduction

Shoulder Pain (SP) is a complex condition that is often 
accompanied by pain, disability, sleep disorders, loss of 
workdays and psychological distress1-4. Forty percent 
of the patients with SP report persistent symptoms 
12 months after onset5,6. Various factors have been 
blamed from time to time for delaying recovery, but 

the pathophysiological mechanisms have not yet been 
elucidated7-10. Generalized hyperalgesia, widespread pain, 
emotional distress and comorbidities have been reported 
in a subgroup of patients with chronic SP11-15. These 
indications can not be explained by clinical signs of tissue 
damage or inflammation, but they have been associated 
with Central Nervous System (CNS) sensitization. Central 
Sensitization (CS) is an amplification of neural signaling 
within the CNS which leads to pain hypersensitivity15. Pain 
hypersensitivity may play a role in the transition from 
acute to chronic pain16. Patients with pain hypersensitivity 
seem more likely to develop CS17,18. The presence of CS 
requires a different approach to rehabilitation as its 
management with standard therapeutic procedures is 
rather ineffective19,20. At this point it should be mentioned 
that SP can be further the result of serious pathology such 
as in patients with gastrointestinal and hepatic diseases21, 
however these cases extend beyond the objectives of 
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the present study which investigates musculoskeletal 
shoulder pain.

At present, there is no consensus on the most appropriate 
tool for assessing pain sensitivity and CS22. Self-reported 
questionnaires can detect symptoms and disorders 
associated with predominant CS pain mechanisms, however 
the literature highlights Quantitative Sensory Testing (QST) 
as the most representative indicator for determining the 
presence of CS23-25. QST is a general term of a battery of tests 
assessing perception, pain tolerance, and pain threshold 
through different stimuli (standardized for the assessment) 
and designed to quantify the subjects’ self-reported sensory 
experience26,27. QST modalities evaluate the sensory 
processing of large and small sensory fibers and can provide 
significant information on pain mechanisms28,29. Indications of 
peripheral or central sensitization can be assessed using QST 
in the affected or non-affected areas25. The most common 
stimuli used in QST tests are pressure, heat, cold, electrical 
and vibration, most of which require special equipment. QST 
involves both static and dynamic tests27,30. Static QST (such 
as Pressure Pain Threshold PPT) include the determination of 
a stimulus (pain detection, pain tolerance and pain threshold) 
and the determination of stimulus intensity27. Dynamic QST 
are central integration tests such as Temporal Summation 
(TS) and Conditioned Pain Modulation (CPM) that control the 
endogenous pain inhibition mechanisms27. The difference 
between the two categories is that static tests control the 
sensory response to a single stimulus at a single test site and 
clearly can not provide a complete view of sensory processing 
systems. On the other hand, dynamic tests include the 
contribution of at least 2 stimuli assessing the function of 
descending pain pathways or pain wind up31. Dynamic tests 
are predictive of the development of CS mechanisms32. The 
prognostic ability of QST has also been studied in individuals 
with chronic musculoskeletal pain33. Recent studies have 
highlighted the importance of QST, as it appears that pain 
hypersensitivity can predict acute postoperative pain34,35, 
worse musculoskeletal outcomes of pain, disability and 
negative effects33. 

Although the use of QST is valuable for the clinical 
assessment of pain, different protocols have been proposed 
in the literature confusing healthcare practitioners. Studies 
have reported that standardization of instruction to subjects, 
technique training, instruments’ calibration, and stimulus 
selection are all necessary for QST reliability36. The use of 
reliable and validated testing procedures in clinical practice 
is the cornerstone of both assessment and monitoring the 
effectiveness of treatment. Although there are reliability 
studies, there is no aggregation of all this evidence to create 
a complete view of the psychometric properties of QST. 
Therefore, the purpose of this systematic review (SR) was to 
identify studies that describe the psychometric properties 
of one or more QST tests in healthy subjects and patients 
with SP aimed at objectively evaluating pain sensitivity and 
evaluating their methodological quality. A secondary purpose 
was to highlight the most reliable tools and procedures from 
the various tests for evaluating patients with SP.

Methods

Protocol and Registration 

This SR was developed in accordance with Preferred 
Reporting Items for Systematic Reviews and Meta-analyses 
(PRISMA) guidelines37 and COSMIN recommendations38. 
The protocol for this SR was registered in the PROSPERO 
database https://www.crd.york.ac.uk/prospero/ with 
registration number CRD42021232778.

Eligibility criteria 

The inclusion and exclusion criteria have been described 
in detail in the published SR protocol39. The construct was 
the psychometric properties of QST in the shoulder area. 
The present study investigated the use of the QST in pain-
free adults or patients with self-reported musculoskeletal 
shoulder pain of any etiology. In order to enhance the 
sensitivity of the search, studies using a neck-shoulder 
pain population without a well-defined diagnosis of neck 
pathology were included. Only studies written in English and 
Greek were included. In this SR, it was chosen not to search 
the gray literature as reviewers have not evaluated it and this 
would bias the study.

Information Sources and Search Strategy

The literature search conducted searches using seven 
databases (Cochrane, EMBASE, MEDLINE through PubMed, 
Web of Science, Scopus, SportDiscuss and PEDro). All 
databases were investigated on the same day (31 August 
2021). The search strategy was designed using keywords 
and MESH terms related to psychometric properties, 
quantitative sensory testing and shoulder, appropriate 
for each database. The final search strategy is presented 
in the supplementary data (Appendix 1). The search was 
performed without restrictions on date or language. A 
researcher (A.A.R.) with experience in SRs contributed 
to the literature search. Additionally, the reference list 
from relevant articles was further checked to ensure the 
maximum possible search results. 

Deviation from the protocol 

Although it was mentioned in the protocol that the AMED 
database would be searched, the authors had no access. 
Finally, the search strategy was revised after discussion by 
the researchers to make it more accurate concerning the 
research question.

Study Selection 

All retrieved articles were imported into Rayyan 
Application (https://rayyan.ai/) and duplicates were 
removed. Initially, titles and abstracts of the retrieved articles 
were screened separately for inclusion by two reviewers (BP 
and PA). The reviewers used a formulated questionnaire 
with the eligibility criteria. Before the onset of the screening, 
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a pilot study was carried out that examined five articles to 
check the consistence between the raters. The agreement 
between the raters was excellent (k=1)40. Establishing clear 
and detailed eligibility criteria helped to enhance inter-rater 
agreement. In case of disagreements, a third reviewer (SK) 
was consulted to make the final decision. At that stage, 
studies that did not fit into the purpose, construct, population 
and type of studies were excluded. In case of uncertainty 
regarding the incorporation of the article, the full text was 
reviewed. Reading the full text, the selected articles were 
checked again. Where the full text was not available, an email 
was sent to the authors. The authors had 2 weeks to respond 
otherwise, the study would not be included in the review. 

Data Selection Process 

A data extraction sheet, based on COSMIN 
recommendations41-43, was developed. In addition, fields 
related to the measurement protocol (rate, model, number 
of measurements, etc.) were added. The data extraction 
sheet was tested on a pilot basis in two randomly selected 
studies and improved accordingly. The extraction process 
was carried out by the lead researcher (P.B.). 

Risk of Bias in Individual Studies

The methodological quality of each included study was 
independently evaluated using the COSMIN Risk of Bias 

Figure 1. PRISMA flow diagram56.
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Table 1. Summary information of PPT studies.

Pressure Pain Threshold 

Study Instrument Population Sample Characteristics Construct Pressure Points of Measurement
Measurement 

properties
Interval time

De Groef et al. 
2016

Digital Wagner 
FPX Algometer 
(Greenwich, CT, 

USA)

30 H F  
(middle-aged) 

Age Mean: 50.3 (±7.3) years [40 
to 60 years]  

BMI Mean: 25.8 (±3.8) kg/m^2

PPT (The subject was 
asked to say “stop” when 
the sensation of pressure 

first changed to pain) 
Rate of pressure:  

1 kg/second.

Points of measurement were defined by palpation for 
tender muscle points in the region of the upper trapezius 

(between the C7 spinous process and the acromion), 
supraspinatus (above the spine of the scapula), 

infraspinatus (muscle belly under the spine of the 
scapula), pectoralis major (under the clavicle), pectoralis 

minor (between the caudal edge of the 4th rib and the 
inferomedial aspect of the coracoid process) and serratus 

anterior (below the axilla, on the muscle belly which 
branches to the ribs).

Interrater reliability, 
Measurement error

5 minutes

Nascimento  
et al. 2019

Digital Wagner 
FPX Algometer 
(Greenwich, CT, 

USA)

78 
participants, 

52 P for 
unilateral 
SIS 26 H 

participants

Symptomatic Group 1 Age Mean: 
29 ± 17.50 [18 to 60 years], BMI 
Mean: 24.26 ± 2.75 Sex: 12 M; 
14 F Symptomatic Group 2 Age 
Mean: 35.12 ± 9.73 [18 to 60 

years], BMI Mean: 24.42 ± 2.52 
Sex: 16 M; 10 F Asymptomatic 
Group Age Mean: 28 ± 17.50 

BMI Mean: 23.99 ± 3.18 Sex: 12 
M; 14 F

PPT (“I am going to 
start applying pressure 

to your muscle with 
this instrument. When 
the pressure becomes 

uncomfortable, say “stop”) 
Rate of pressure:  

0.50 kgf/s

lower trapezius (in the muscle belly, halfway between the 
midpoint of the medial border of scapula and the spinous 
process of the twelfth thoracic vertebra), upper trapezius 
(halfway between the C7 spinous process and acromion 

process), infraspinatus (in the muscle belly below the 
midpoint of the spine of scapula), and medial deltoid 

(muscle belly, near the inferolateral insertion)

Ιntraday intrarater 
reliability, 

Ιntraday, interrater 
reliability, interday 

intrarater reliability, 
Measurement Error

Intraday 
interrater:  
5 minutes
Intraday 

intrarater: 
unclear
Interday 

interrater: 48 
hours

Wang-Price et 
al. 2019

Pressure 
Algometer, 
Medoc Ltd, 

Ramat Yishai, 
Israel

60 participants 
- 30 H adults 
and 30 P with 
neck-shoulder 

pain and 
tenderness

Asymptomatic Group: Age 
Mean:26.9 ± 5.7 BMI: N/A Sex: 

21 F;9 M
Symptomatic Group: Age 

Mean:29.9 ± 8.8 BMI: N/A Sex: 
24 F; 6 M

PPT At the start of 
testing, a patient 

response unit with a 
red button was given to 
each participant. The 

participant was instructed 
to hold the response unit 

in the nontesting hand 
and press the button once 
the sensation of pressure 
changed to a sensation of 
pain. Rate of pressure: 

40 kPa/s

For the middle deltoid muscle, the pressure algometer 
was applied at the midpoint between the insertion of 

deltoid and acromion. For the levator scapulae muscle, it 
was applied at the point 2 cm above the lower insertion 
of levator scapulae located in the upper medial border 
of the scapula. Last, for the upper trapezius muscle, it 

was applied at the point halfway between the midline and 
lateral border of the acromion

Intraday & Interday 
intrarater reliability, 
Measurement Error

Intraday 
intrarater: 

unclear 
Interday 

intrarater: 3-7 
days

Vaegter et al. 
2018

Pressure 
Algometer, 

Somedic Sales 
AB, Sweden, 

Horby

35 H 

Mean age [range] = 23.1 ± 2.2 
[20–30] years, Average BMI 
[range] = 23.1 ± 1.7 [20.0–

27.5], 17F;18M)

PPT- (the first time the 
pressure was perceived 

as minimal pain, the 
subject pressed a button, 
and the pressure intensity 
defined the PPT) Rate of 

pressure: 30 kPa/s

Site 1 was located in the middle of the dominant 
quadriceps muscle, 15 cm proximal to the base of patella. 

Site 2 was located in the nondominant upper trapezius 
muscle, 10 cm from the acromion in direct line with the 

seventh cervical vertebra.

Intraday intrarater 
reliability, Interday 
intrarater reliability

Intraday 
intrarater: 3 
min. Interday 

intrarater 
reliability: 1 

week
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Table 1. (Cont. from previous page).

Jones et al. 
2007

Pressure 
Algometer, 

Somedic Sales 
AB, Sweden, 

Horby

19 H F

Mean Age: of 23.9 ± 5.2 years, 
[range: 20-39] 

Mean BMI: 23.6±3.5
19F

PPT -the “instant 
or moment that the 
pressure on the skin 

surface changed from 
the sensation of pressure 

to the sensation/
perception of pain.” Rate 

of pressure: Unclear

1) the midpoint of the muscle fibers of the long head 
of biceps, 2) the midpoint of the anterior fibers of the 

deltoid, 3) the midpoint of the muscle fibers of the lateral 
head of the triceps, 4) the upper half of the fibers of the 
rhomboids major, 5) the midpoint of the posterior fibers 

of the deltoid, 6) the proximal one-third of the fibers of the 
supraspinatus (the location closest to the medial border of 
the scapula), 7) the upper fibers of the trapezius (medial 

to the superior angle of the scapula) and 8) the distal one-
third of the muscle fibers of the infraspinatus.

Intraday intrarater 
reliability, Interday 
intrarater reliability

Interday 
intrarater:  

4 consecutive 
days

Persson et al. 
2004

Pressure 
Algometer, 

Somedic Sales 
AB, Sweden, 

Horby

27 H F

Mean age: 42 (range, 24–59) 
years, Mean height: 167 (range, 

151–174), Mean weight: 65 
(range, 52–90) kg 

27F

PPT (The subjects were 
instructed to press the 

signal button, held in the 
dominant hand, when the 
sensation of “pressure” 
changed to one of “pain 
or discomfort” and the 
measurement ceased 
at that time). Rate of 
pressure: 40 kPa/s

3 points over the descending part of the trapezius (points 
T1, T2, T3) muscle, along a straight line from the spinous 
process of the 7th cervical vertebra to the lateral edge of 
the acromion, and 4 points over the mid-portion of the 

deltoid (points D4, D5, D6, D7) muscle.

Intraday intrarater 
reliability, Intrerday 
intrarater reliability, 
Interday interrater 

reliability 

Intraday 
intrarater: 

10 minutes. 
Intrerday 
intrarater:  
1 day and 

month. Interday 
interrater 

reliability: 0-2 
days

Vanderweeën 
et al. 1996

A pain threshold 
meter, model 

PTH-AF 2, 
commercially 

available 
through the 

Pain Diagnostic 
and Treatment 

Corporation 
(Great Neck, NY 

11021, USA)

30 P with 
chronic 

unilateral pain
Sex: 15F, 15M

PPT (Subjects were 
instructed to say ‘yes’ as 
soon as the sensation of 

pressure changed to pain) 
Rate of pressure: 1 kg/s

14 trigger points were evaluated on both sides of the 
body. 8 were paravertebral and 6 in the shoulder and 

arm region. The location and innervation of these trigger 
points have been described by Travell and Simons 

(1983). In the extremities the 6 trigger points measured 
were located in the pectoralis major, supraspinatus, 

infraspinatus, trapezius, extensor carpi radialis brevis and 
the first dorsal interosseous muscle.

Intraday intrarater 
reliability

5 minutes

Levoska et al. 
1993

model PTH-AF 
2, commercially 

available 
through the 

Pain Diagnostic 
and Treatment 

Corporation 
(Great Neck, NY 

11021, USA)

100 F office 
workers (33 P 

with nesk-
shoulders 
symptoms 

67 H)

Mean age: 38 (range 20-55) 
years Mean height: 163 (range 
149-178) cm, Mean weight: 60 

(range 44-115) kg
100F

PPT (subjects were asked 
to say “now” when the 

sensation stopped being 
pressure and began to be 

a definite pain) Rate of 
pressure: 1 kg/s

The measurement points of the right and left trapezius 
and levator scapulae muscles were chosen for 

measurement of pain threshold according to the theory of 
myofascial pain espoused by Travell and Rinzler (1952).

Interday intrarater 
reliability Intraday 

interrater reliability 

Intrarater: 2 
days (n=40).
Interrater: 

unclear (n=60) 

M=Male, F=Female, H= Healthy participants, P=Patients, SIS= Shoulder Impingement Syndrome, VAS= Visual Analogue Scale, PPT= Pressure Pain Threshold.
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checklist by two reviewers (P.B. and E.K.)38. Each study 
was rated as very good, adequate, doubtful, or inadequate 
quality. The consensus was reached through discussion and 
the contribution of a third reviewer (Z.D.). The overall rating 
of the quality of each individual study on a measurement 
property was determined as the lowest rating among all 
response options within one section, termed the ‘worst 
score counts” principle. Then, the results of each study were 
rated as either sufficient (+), insufficient (-), or indeterminate 
(?), following the updated criteria for good measurements 
properties41. 

Results

Study Selection 

A total of 3.234 articles were retrieved from the search, 
of which 862 were removed as duplicates. Manual searches 

yielded 4 additional studies. Considering title and abstract 
screening 2.355 articles were excluded. Seventeen full-text 
articles were evaluated for eligibility. It was necessary to 
contact the authors asking for the full text of two articles, 
but with no response therefore, the articles were rejected. 
Furthermore, three articles were excluded because they had 
a different purpose. Finally, twelve studies44-55 were included 
for qualitative synthesis, which included three different tests 
(PPT, CPM and TS) from the QST protocol. The selection 
procedures are summarized in Figure 1. 

According to the selected articles for the PPT test have 
been checked test-retest reliability, inter-rater reliability, 
construct validity and measurement error. Test-retest 
reliability and measurement error were evaluated for the 
CPM and only test-retest reliability was rated for the TS. 
Details of the protocols for the individual studies are listed 
in Tables 1-2. 

Table 2. Summary information of CPM and TS studies.

Conditioned Pain Modulation

Study Population
Sample 

Characteristics
Test 

stimulus
Tested sites

Conditioning 
Stimulus

Tested 
sites

Measurement 
property

Ιnterval 
time 

Valencia et 
al. 2013

190 H and 
134 P (acute 
or sub-acute 
shoulder pain 

preparing 
to undergo 
shoulder 
surgery)

Mean Age 
43,83±17,8 
161 M (74H 
& 87P) 163F 
(116H & 47P)

SHPR 
Pathway Pain 

& Sensory 
Evaluation 
System, 
Medoc, 
Ramat, 

Yishai, Israel

the thenar 
eminence of 

the non-
surgical 

side for the 
patients, 
and non-
dominant 
side for 

the healthy 
subjects.

CPT 8°C

Affected 
Hand and 
Dominant 

Hand 

Intraday 
Intrarater 
Reliability 

2 minutes

Cathcart et 
al. 2009

20 H 

9M;11F Mean 
Age (M) 27±6.4 

Mean Age (F) 
23±3.6

PPT Digital 
Wagner FPX 
Algometer 
(Greenwich, 

CT, USA)

Left arm

Ischemic 
pressure 20 
mmHg/s VAS 

3/10

Right 
Shoulder 

Upper 
Trapezius 

Intraday 
Intrarater 
Reliability

60 minutes

Alsouhibani 
et al. 2019

30 H
15M; 15F Mean 
Age 19.3±1.5

PPT Pressure 
Algometer, 
Medoc Ltd, 

Ramat Yishai, 
Israel

Non-
Dominant 

Right 
Shoulder

CPT 0±1°C Left Foot 

Intraday 
and Interday 

Intrarater 
Reliability

20 minutes 
7 days

Marcuzzi et 
al. 2017

42 H
21M;21F Mean 
Age 30.2±10

TTS 30s heat 
(NRS 6/10) 
PPT FDK40; 

Wagner 
Instrument, 
Greenwich, 

CT

Non-
Dominant 
Forearm 

Non-
Dominant 

Upper 
Trapezius

CPT 
10.5±1.0°C

Dominant 
Foot

Interday 
Intrarater 
Reliability 

2 months 4 
months

Temporal Summation

Cathcart et 
al. 2009

20 H

9M;11F Mean 
Age (M) 27±6.4 

Mean Age (F) 
23±3.6

PPT (10 
pulses)

Right 
Shoulder 

Upper 
Trapezius

Intraday 
Intrarater 
Reliability

60 minutes

M=Male, F=Female, H= Healthy participants, P=Patients,VAS= Visual Analogue Scale, NRS= Numeric Rating Scale, SHPR=Suprathreshold 
heat pain response, PPT= Pressure Pain Threshold, TTS=Thermal Test Stimulus, CPT=Cold Pressure Test.
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Pressure Pain Threshold

Study Characteristics 

The PPT was assessed by eight studies44-51. Among all 
included records, four studies investigated asymptomatic 
participants44,47,48,51, one study included patients (chronic 
unilateral shoulder pain)49, and three studies investigated 
both45,46,50 (Table 1). More specifically, one study included 
patients with Shoulder Impingement Syndrome (SIS)45 and 
two studies included patients with neck-shoulder pain46,50. 
Four studies included only women44,48,50,51 and four both 
genders45-47,49. 

The sample size ranged from 27 to 35 in four studies44,47-49, 

one study had a small sample (12 and 19 participants), 
and three studies had a sample ranged from 60 to 100 
participants45,46,50. Participants ranged in age from 18 to 60 
years, but some studies used middle-aged (40-60 years)44 
or younger18-39 volunteers47,51. In all studies44-55 involving 
healthy and patients, the mean age of healthy participants 
was lower than that of patients.

Equipment and pressure rate 

In the selected studies, four different models of digital 
pressure algometer were used: i) Somedic Sales AB, Sweden, 
Horby47,48,51, ii) Digital Wagner FPX Algometer (Greenwich, 

Table 3. Risk of bias assessment

Authors
Intra-rater Reliability Inter-rater Reliability Measurement Error Construct Validity

COSMIN 
RoB

COSMIN 
Rating

COSMIN 
RoB

COSMIN 
Rating

COSMIN 
RoB

COSMIN 
Rating

COSMIN 
RoB

COSMIN 
Rating

De Groef et al. 
2016 (PPT)

Doubtful Doubtful

Nascimento et al. 
2019 (PPT)

Doubtful Doubtful Doubtful

Wang-Price et al. 
2019 (PPT)

Doubtful Doubtful Very good

Vaegter et al. 
2018 (PPT)

Doubtful Doubtful

Jones et al. 2007 
(PPT)

Ιnadequate

Persson et al. 
2004 (PPT)

Doubtful Ιnadequate Doubtful

Vanderweeën et 
al. 1996 (PPT)

Doubtful

Levoska et al. 
1993 (PPT)

Doubtful Doubtful

Valencia et al. 
2013 (CPM)

Doubtful

Cathcart et al. 
2009 (CPM)

Doubtful

Cathcart et al. 
2009 (TS)

Doubtful

Alsouhibani et al. 
2019 (CPM)

Doubtful

Marcuzzi et al. 
2017 (CPM)

Doubtful Doubtful

=sufficient, =indeterminate,  =insufficient
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CT, USA)44,45, iii) model PTH-AF 2, commercially available 
through the Pain Diagnostic and Treatment Corporation 
(Great Neck, NY 11021, USA)49,50, iv) Pressure Algometer, 
Medoc Ltd, Ramat Yishai, Israel46.

In four studies44,45,49,50 the patients verbally informed 
the examiner about the interruption of the measurement 
whereas in four studies46-48,51 the patients pressed a button 
that was connected to the algometer. The algometers had 
different units of measurements (kPa/s or kg/s). Therefore, 
the pressure rate was varied as shown in Table 1. The most 
common tested sites in shoulder were upper trapezius44-51, 
deltoid45,46,48,51, supraspinatus44,48,49,51, levator scapulae46,50, 
infraspinatus44-46,48,51 and major pectoralis44,48.

Evaluation of methodological quality 

The results of the evaluation of the methodological quality 
separately for each study, according to the COSMIN checklist38, 
are presented in Table 3. As mentioned in the methodology, 
the worst score determined the overall result. Some studies 
received multiple evaluations for their methodology, as they 
included multiple measurement properties. Seven studies 
assessed intrarater (test-retest) reliability45-51, four studies 
assessed interrater reliability44,45,48,50, five studies evaluated 
measurement error44-48 and only one study assessed 
construct validity (Table 3). 

Regarding intrarater reliability, all studies were judged 
to be doubtful45-51. In more detail, item 1 was rated as 
doubtful in five studies and as very good in two, item 
2 was rated as doubtful in two and as very good in five 
studies, item 3 was rated as doubtful in four studies and 
as very good in three studies. Items 4 and 6 were rated as 
doubtful in six studies and as very good in only one, item 
5 was rated as doubtful in five studies, as very good in one 
and as inadequate in one. Item 7 was rated as adequate 
in four studies, as very good in two studies, as doubtful 
in one study. More details are listed in the supplementary 
data (Appendix 2).

Four studies evaluated the reliability of PPT44,45,48,50 
between different raters with the overall score as doubtful 
in three (3 out of 4) studies44,45,50 and inadequate in one (1 
out of 4) study48. Item 1 was rated as doubtful in three (3 
out of 4) studies and adequate in one (1 out of 4), items 2, 
4 and 5 were rated as very good in half of the studies and 
doubtful in the rest. Furthermore, items 3 and 6 were rated 
as doubtful in three (3 out of 4) studies and as very good in 
one, item 7 was rated as very good in two (2 out of 4) studies, 
as adequate in one (1 out of 4) and as inadequate in one (1 
out of 4). More details are listed in the supplementary data 
(Appendix 2).

Measurement error was estimated in five studies44-48, of 
which the methodology quality was considered doubtful. Item 
1 was rated as doubtful in four (4 out of 5) studies and as 
adequate in one, item 2 was rated as very good in four (4 out 
of 5) studies and as doubtful in one whereas items 3,4, 5 and 
7 were rated as doubtful in three studies (3 out of 5) and as 
very good in two. Item 6 was rated as doubtful in four studies 

(4 out of 5), as very good in one study. More details are listed 
in the supplementary data (Appendix 2).

Construct validity, using the known groups methods, was 
assessed in one study46. The methodological quality was 
assessed as very good because an adequate description of 
the characteristics of the subgroups was provided and the 
statistical method was appropriate for the hypothesis to be 
tested (Appendix 2). 

Evaluation of measurement properties

Across all included studies, ICC was calculated to 
estimate reliability, except for one50 which were rated 
as indeterminate. Five studies were valued as sufficient 
(ICC≥0.7) and one as insufficient (ICC<0.7) (Table 3). 
Two studies45,51 had excellent reliability results, one of 
which included patients. All studies which assessed the 
measurement error were considered indeterminate since 
Minimum Important Change (MIC) was not provided. As the 
body of evidence consisted of studies with doubtful and 
inadequate methodological quality, the reliability (intra 
and inter-rater) and the measurement error of PPT are 
classified as unknown. Construct validity was assessed in 
one study46. It was checked the hypothesis that there is a 
significant difference between individuals with and without 
neck-shoulder pain in the PPTs. The hypothesis was true 
for all muscles except for the upper trapezius in the prone 
position. Although there are no other studies examining 
construct validity (comparison between subgroups), there 
is an indication that the PPTs at the middle deltoid and 
levator scapulae in the seated and prone position and 
at the upper trapezius in the seated position are able to 
discriminate between the individuals with and without 
neck-shoulder pain.

Conditioned Pain Modulation

Study Characteristics 

The reliability of CPM on the shoulder was investigated 
in four studies52-55 in healthy or patients with shoulder pain 
(Table 2). More specifically, three studies53-55 evaluated 
the reliability in healthy individuals (n=20-42) with the 
test stimulus applied to the shoulder area and one study52 
included healthy participants (n=190) and patients with acute 
and subacute shoulder pain (n=134). 

Procedure 

Two studies53,55, which included healthy participants, used 
PPT as a test stimulus, one study52 used Suprathreshold heat 
pain response (SHPR) and in one study54 two different stimuli 
(PPT and TTS) were applied (Table 2). Only one conditioning 
stimulus was used in all studies. The most common stimulus 
(3 out of 4 studies) was Cold Pressure Test (CPT)52,54,55 which 
was performed with different temperatures (0-11.5°C) (Table 
2). One study used ischemic pressure53 with an increasing 
rate of 20 mmHg/s in order to induce a pain score of 3 on VAS. 
The body sites, where the conditioning stimuli was applied, 
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were the dominant hand52, dominant foot54, left foot55, or the 
right trapezius53 in the healthy individuals and the affected 
hand in the patients52. Both genders were included equally in 
all studies (Table 2). 

Methodological quality evaluation of the studies

Four doubtful-quality studies assessed the psychometric 
properties of CPM (52-55) (Table 3). Of the four studies, 
only one54 investigated the measurement error and no study 
evaluated the interrater reliability. Regarding the intrarater 
reliability, item 1 was rated as adequate in half of the studies 
and as doubtful in the rest. Most studies (3 out of 4) were 
rated as very good in item 2 and only one study as doubtful, 
item 3 was rated as very good in two studies, items 4 and 5 
were rated as doubtful in three studies and only one study 
was rated as very good. All studies were rated as doubtful in 
item 6 half of the studies were rated as very good in item 7 
and as adequate in the rest. Having an overall score ‘doubtful’, 
only one study54 estimated the measurement error. Items 
2, 3, 4, 5, 7 were rated as very good but items 1 and 6 as 
doubtful. More details are listed in the supplementary data 
(Appendix 2).

Evaluation of measurement properties

Against the updated criteria for good measurement 
properties39,41, the reliability results of all studies were rated 
as insufficient (ICC<0.7) and in one study54, which assessed 
the measurement error, was valued as indeterminate 
because the MIC was not provided (Table 3). Based on the 
above, the reliability and measurement error of the CPM are 
classified as unknown.

Temporal Summation

Study Characteristics 

Only one study53 used the TS test in healthy individuals 
(Table 2). Nine men and eleven women participated with 
mean age 27±6.4 and 23±3.6 respectively53. 

Procedure 

PPT was performed (10 pulses) in the right shoulder 
of individuals and the intrarater reliability was estimated. 
The interval time between measurements was 60 minutes 
(Table 2). 

Methodological quality evaluation of the study

The methodological quality of the study was assessed as 
doubtful (Table 3) due to items 4, 5 and 6. Items 2, 3, and 7 
were rated as very good and item 1 as adequate. More details 
are listed in the supplementary data (Appendix 2).

Evaluation of measurement properties

The reliability was estimated based on ICC and it was 
evaluated as insufficient (ICC<0.7) (Table 3). Therefore, due 

to the methodological quality of the study, no conclusions 
can be drawn about the reliability of the TS.

Discussion

To our knowledge, this is the first SR investigating the 
evidence for psychometric properties of QST on the shoulder 
in healthy participants and patients with SP. According 
to the results, the level of evidence varied because of the 
inconsistency across methodologies of the studies. Different 
test protocols including tests sites, button use, type of 
algometer, and sample characteristics, were used. The 
majority of studies had moderate to low methodological 
quality, which leads to limitations in the generalizability of 
the data and the drawing of clear conclusions. Therefore, 
no information can be obtained on the selection of the most 
appropriate QST procedures for the shoulder in healthy and 
patients with SP.

Of the twelve included studies44-55, only five included 
patients (n=279)45,46,49,50,52. The patients were suffering 
from different types of pain (acute, sub-acute and chronic 
pain) and pathologies (shoulder impingement syndrome, 
neck-shoulder pain, unilateral shoulder pain), which can 
be a possible explanation for the variability in the results. 
In the current review, it appears that the patients showed 
higher relative and absolute reliability compared to the 
healthy individuals even in different positions and between 
different assessment days. Previous studies have shown 
that QST depends on the participants’ current psychosocial 
state57. Factors such as motivation, mood, menstruation and 
compliance, may play a key role in the stability of results57. 
Only two studies49,51 provided evidence for the psychosocial 
stability of patients (Item 1). 

Although there are recommendations for standardization 
of procedures and conduct of high-quality studies, the 
QST tests lack standardization, resulting in questionable 
reliability results58,59. One factor that has affected external 
validity was the limited number of studies with different 
raters. Only four studies44,45,48,50 evaluated the reliability 
between raters, none of which showed good methodological 
quality. This SR found no CPM and TS interrater reliability 
studies. The training of the examiners in the measurement 
process may affect the results of the QST, however, only 
two studies44,45 reported the training process of the raters. 
Across all included studies, only three studies44,45,54 reported 
that examiners were blind in evaluating patients (Item 4 and 
5). Other significant errors observed in the included studies 
were the lack of randomization in the evaluation of the 
scores or examiners and the short time between repeated 
measurements. A period of 3-5 minutes was considered 
insufficient in a previous study, as pain threshold may need 
more time to restore to baseline60.

Previous studies have shown that using CPM with CPT at 
12°C has better reliability compared to temperatures ranging 
from 0-10°C. Furthermore, CPT has been reported to be one 
of the most effective stimuli to induce CPM, especially when 
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combined with pressure36, but these conclusions could not be 
drawn from the current systematic review. On the other hand, 
environmental conditions could be considered as another 
topic of discussion. Noise, temperature and humidity should 
be constant when reliability studies are performed. Only a 
few studies48,49,53,54 have reported environmental conditions 
with an emphasis mainly on noise and temperature.

Although measurement error is an important psychometric 
property because it informs whether a change in score is real 
or caused by measurement error, as it turned out, it has not 
been calculated in an appropriate way (lack of a calculation 
formula) to provide valid information. No study identified 
the MIC. Future studies should focus on the evaluation of 
measurement error and MIC as it is important information 
for clinical therapists in order to assess intervention effect.

According to the above, a meta-analysis could not be 
supported due to the variety of methodologies (test sites, 
stimuli, tools), which did not allow stratification in healthy 
participants and patients. It was estimated that further 
stratification could reduce the statistical power and therefore 
it was avoided.

Future recommendations 

Based on the results of the present SR, the authors give 
some recommendations for future studies. First, blinding of 
raters to QST and the use of appropriate statistical methods 
(eg ICC2,1 random effect model for agreement) are important 
parameters for reliability studies, as referred to in the COSMIN 
assessment tool37. Furthermore, the time interval between 
repetitions should exceed 15 minutes and factors such as 
mood, motivation, menstruation, which affect the stability 
of the participants, but also environmental conditions should 
be taken into account. Adequate and appropriate training of 
raters and the use of standardized protocols for evaluating 
pressure points and stimuli application is imperative. Finally, 
more studies are needed to assess psychometric properties 
such as known-group validity, measurement error, minimal 
significant change, and interrater reliability.

Limitations

This SR included only published studies, so the results 
may be overestimated (Publication bias). However, this was 
an agreed decision in order to increase the internal validity of 
our findings, since grey literature has not undergone a peer-
review process and the deriving data and conclusions may be 
of doubtful quality. Furthermore, the studies were evaluated 
only in English, thus limiting the total number of studies. 

Clinical Impact 

The present study demonstrated that the evidence level of 
the reliability and validity of the QST is at a very early stage. 
This means that health care practitioners should be very 
careful when using QST in patient assessment and decision 
making.

Conclusions

Taking into account the limitations of this systematic 
review, the reliability seems to be good to excellent for the PPT 
tests, however, the variation in protocols and the moderate to 
poor methodological quality of the studies do not allow for 
extrapolation of clear results. Information on the training of 
the raters, the stability of the environmental conditions and 
the blinding of the examiners could significantly improve the 
quality of the studies and contribute to the generalizability 
of the results. Further studies are required for the CPM 
and TS tests in patients with shoulder pain. Assessing the 
psychometric properties of QST is crucial as it will contribute 
to the development of appropriate tools for the assessment 
of patients with chronic musculoskeletal pain and the 
improvement of the mechanism-based approach to pain 
management.
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PubMed Search Formula vía NLM. Results: 334

("Psychometrics"[Mesh] OR "Reproducibility of Results"[Mesh] OR “observer variation”[Mesh] OR psychometr* OR clinimetr* OR valid* 
OR “content validity” OR “construct validity” OR “structural validity” OR hypothesis-testing OR “criterion validity” OR “predictive validity” 
OR sensitivity OR specificity OR “measurement error” OR reliab* OR “intratester reliability” OR “intertester reliability” OR “test-retest 
reliability” OR “absolute reliability” OR responsiveness OR "standard error of measurement" OR reproducibility OR test-retest OR 
agreement OR “smallest real difference” OR “minimal detectable change” OR “minimal important difference” OR “clinically important 
difference” OR “meaningful change” OR repeatability OR accuracy OR precision OR consistency OR stability) AND (“Central Nervous 
System Sensitization”[Mesh] OR "Pain Threshold"[Mesh] OR "Sensory Thresholds"[Mesh] OR QST OR "quantitative sensory testing" OR 
hyperalgesia OR hyperaesthesia OR allodynia OR "pressure pain threshold" OR "temporal summation" OR "conditioned pain modulation" 
OR PPT OR CPM OR "electrical perception threshold" OR "heat pain threshold" OR “wind up”) AND ("Shoulder"[Mesh] OR "Shoulder 
Pain"[Mesh] OR shoulder*) 

MEDLINE Complete Search Formula (EBSCO). Results: 116

("Psychometrics"[Mesh] OR "Reproducibility of Results"[Mesh] OR “observer variation”[Mesh] OR psychometr* OR clinimetr* OR valid* 
OR “content validity” OR “construct validity” OR “structural validity” OR hypothesis-testing OR “criterion validity” OR “predictive validity” 
OR sensitivity OR specificity OR “measurement error” OR reliab* OR “intratester reliability” OR “intertester reliability” OR “test-retest 
reliability” OR “absolute reliability” OR responsiveness OR "standard error of measurement" OR reproducibility OR test-retest OR 
agreement OR “smallest real difference” OR “minimal detectable change” OR “minimal important difference” OR “clinically important 
difference” OR “meaningful change” OR repeatability OR accuracy OR precision OR consistency OR stability) AND (¨Central Nervous 
System Sensitization̈ [Mesh] OR "Pain Threshold"[Mesh] OR "Sensory Thresholds"[Mesh] OR QST OR "quantitative sensory testing" OR 
hyperalgesia OR hyperaesthesia OR allodynia OR "pressure pain threshold" OR "temporal summation" OR "conditioned pain modulation" 
OR PPT OR CPM OR "electrical perception threshold" OR "heat pain threshold" OR “wind up”) AND ("Shoulder"[Mesh] OR "Shoulder 
Pain"[Mesh] OR shoulder*) 

SPORTDiscus Search Formula (EBSCO). Results: 30

("Psychometrics"[Mesh] OR "Reproducibility of Results"[Mesh] OR “observer variation”[Mesh] OR psychometr* OR clinimetr* OR valid* 
OR “content validity” OR “construct validity” OR “structural validity” OR hypothesis-testing OR “criterion validity” OR “predictive validity” 
OR sensitivity OR specificity OR “measurement error” OR reliab* OR “intratester reliability” OR “intertester reliability” OR “test-retest 
reliability” OR “absolute reliability” OR responsiveness OR "standard error of measurement" OR reproducibility OR test-retest OR 
agreement OR “smallest real difference” OR “minimal detectable change” OR “minimal important difference” OR “clinically important 
difference” OR “meaningful change” OR repeatability OR accuracy OR precision OR consistency OR stability) AND (“Central Nervous 
System Sensitization”[Mesh] OR "Pain Threshold"[Mesh] OR "Sensory Thresholds"[Mesh] OR QST OR "quantitative sensory testing" OR 
hyperalgesia OR hyperaesthesia OR allodynia OR "pressure pain threshold" OR "temporal summation" OR "conditioned pain modulation" 
OR PPT OR CPM OR "electrical perception threshold" OR "heat pain threshold" OR “wind up”) AND ("Shoulder"[Mesh] OR "Shoulder 
Pain"[Mesh] OR shoulder*) 

Cochrane Library Search Formula. Results: 70

ID Search Hits
#1 MeSH descriptor: [Psychometrics] explode all trees 2877
#2 MeSH descriptor: [Reproducibility of Results] explode all trees 11017
#3 MeSH descriptor: [Observer Variation] explode all trees 1953
#4 �(psychometr* OR clinimetr* OR valid* OR “content validity” OR “construct validity” OR “structural validity” OR hypothesis-testing OR 

“criterion validity” OR “predictive validity” OR sensitivity OR specificity OR “measurement error” OR reliab* OR “intratester reliability” 
OR “intertester reliability” OR “test-retest reliability” OR “absolute reliability” OR responsiveness OR “standard error of measurement” 
OR reproducibility OR test-retest OR agreement OR “smallest real difference” OR “minimal detectable change” OR “minimal important 
difference” OR “clinically important difference” OR “meaningful change” OR repeatability OR accuracy OR precision OR consistency OR 
stability):ti,ab,kw 190842

#5 #1 OR #2 OR #3 OR #4 191429
#6 MeSH descriptor: [Central Nervous System Sensitization] explode all trees 32
#7 MeSH descriptor: [Pain Threshold] explode all trees 1744
#8 MeSH descriptor: [Sensory Thresholds] explode all trees 3191
#9 �(QST OR “quantitative sensory testing” OR hyperalgesia OR hyperaesthesia OR allodynia OR “pressure pain threshold” OR “temporal 

summation” OR “conditioned pain modulation” OR PPT OR CPM OR “electrical perception threshold” OR “heat pain threshold” OR “wind 
up”):ti,ab,kw 5364

#10 #6 OR #7 OR #8 OR #9 7740
#11 MeSH descriptor: [Shoulder] explode all trees 604
#12 MeSH descriptor: [Shoulder Pain] explode all trees 1011
#13 (shoulder*):ti,ab,kw 13008
#14 #11 OR #12 OR #13 13008
#15 #5 AND #10 AND #14 70

Appendix 1. Search strategy for each database (31 August 2021).
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Scopus Search Formula vía ELSEVIER: Results: 257

TITLE-ABS-KEY ( "Psychometrics" OR "Reproducibility of Results" OR "observer variation" OR psychometr* OR clinimetr* OR valid* OR 
"content validity" OR "construct validity" OR "structural validity" OR hypothesis-testing OR "criterion validity" OR "predictive validity" 
OR sensitivity OR specificity OR "measurement error" OR reliab* OR "intratester reliability" OR "intertester reliability" OR "test-retest 
reliability" OR "absolute reliability" OR responsiveness OR "standard error of measurement" OR reproducibility OR test-retest OR 
agreement OR "smallest real difference" OR "minimal detectable change" OR "minimal important difference" OR "clinically important 
difference" OR "meaningful change" OR repeatability OR accuracy OR precision OR consistency OR stability ) AND TITLE-ABS-KEY ( "Central 
Nervous System Sensitization" OR "Pain Threshold" OR "Sensory Thresholds" OR qst OR "quantitative sensory testing" OR hyperalgesia 
OR hyperaesthesia OR allodynia OR "pressure pain threshold" OR "temporal summation" OR "conditioned pain modulation" OR ppt OR 
cpm OR "electrical perception threshold" OR "heat pain threshold" OR "wind up" ) AND TITLE-ABS-KEY ( "Shoulder" OR "Shoulder Pain" 
OR shoulder* ) 

Wos Core Collection Searh Formula vía ELSEVIER: Results: 382

 #1 �TS=( "Psychometrics" OR "Reproducibility of Results" OR "observer variation" OR psychometr* OR clinimetr* OR valid* OR "content 
validity" OR "construct validity" OR "structural validity" OR hypothesis-testing OR "criterion validity" OR "predictive validity" OR 
sensitivity OR specificity OR "measurement error" OR reliab* OR "intratester reliability" OR "intertester reliability" OR "test-retest 
reliability" OR "absolute reliability" OR responsiveness OR "standard error of measurement" OR reproducibility OR test-retest OR 
agreement OR "smallest real difference" OR "minimal detectable change" OR "minimal important difference" OR "clinically important 
difference" OR "meaningful change" OR repeatability OR accuracy OR precision OR consistency OR stability ) 

#2 �TS=( “Central Nervous System Sensitization” OR “Pain Threshold” OR “Sensory Thresholds” OR qst OR “quantitative sensory testing” 
OR hyperalgesia OR hyperaesthesia OR allodynia OR “pressure pain threshold” OR “temporal summation” OR “conditioned pain 
modulation” OR ppt OR cpm OR “electrical perception threshold” OR “heat pain threshold” OR “wind up”) 

#3 TS=(“Shoulder” OR “Shoulder Pain” OR shoulder*)
# 4 #1 AND #2 AND #3

EMBASE Search Formula: Results: 238

No.
Query
Results
238
#4
#1 AND #2 AND #3

124,453
#3
'shoulder' OR 'shoulder pain' OR shoulder*

77,793
#2
'central nervous system sensitization' OR 'pain threshold' OR 'sensory thresholds' OR qst OR 'quantitative sensory testing' OR 
hyperalgesia OR hyperaesthesia OR allodynia OR 'pressure pain threshold' OR 'temporal summation' OR 'conditioned pain modulation' 
OR ppt OR cpm OR 'electrical perception threshold' OR 'heat pain threshold' OR 'wind up'

5,149,608
#1
'psychometrics'/exp OR 'psychometrics' OR 'reproducibility of results'/exp OR 'reproducibility of results' OR 'observer variation'/exp 
OR 'observer variation' OR psychometr* OR clinimetr* OR valid* OR 'content validity'/exp OR 'content validity' OR 'construct validity'/
exp OR 'construct validity' OR 'structural validity'/exp OR 'structural validity' OR 'hypothesis testing'/exp OR 'hypothesis testing' 
OR 'criterion validity'/exp OR 'criterion validity' OR 'predictive validity'/exp OR 'predictive validity' OR 'sensitivity'/exp OR sensitivity 
OR 'specificity'/exp OR specificity OR 'measurement error'/exp OR 'measurement error' OR reliab* OR 'intratester reliability' OR 
'intertester reliability'/exp OR 'intertester reliability' OR 'test-retest reliability'/exp OR 'test-retest reliability' OR 'absolute reliability' 
OR 'responsiveness'/exp OR responsiveness OR 'standard error of measurement'/exp OR 'standard error of measurement' OR 
'reproducibility'/exp OR reproducibility OR 'test retest' OR 'agreement'/exp OR agreement OR 'smallest real difference' OR 'minimal 
detectable change'/exp OR 'minimal detectable change' OR 'minimal important difference'/exp OR 'minimal important difference' OR 
'clinically important difference' OR 'meaningful change' OR 'repeatability'/exp OR repeatability OR 'accuracy'/exp OR accuracy OR 
'precision'/exp OR precision OR 'consistency'/exp OR consistency OR 'stability'/exp OR stability.
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PEDro Search Formula. Results: 263

#1 Psychometrics
Body part: upper arm, shoulder and shoulder girdle 
Match all search terms (AND)
Results: No records found
#2 Reproducibility of Results
Body part: upper arm, shoulder and shoulder girdle 
Match all search terms (AND)
Results: 2
#3 observer variation
Body part: upper arm, shoulder and shoulder girdle 
Match all search terms (AND)
Results: 1
#4 psychometr*
Body part: upper arm, shoulder and shoulder girdle 
Match all search terms (AND)
Results: 1
#5 clinimetr* 
Body part: upper arm, shoulder and shoulder girdle 
Match all search terms (AND)
Results: 0
#6 valid* 
Body part: upper arm, shoulder and shoulder girdle 
Match all search terms (AND)
Results: 77
#7 content validity
Body part: upper arm, shoulder and shoulder girdle 
Match all search terms (AND)
Results: 0
#8 construct validity
Body part: upper arm, shoulder and shoulder girdle 
Match all search terms (AND)
Results: 0
#9 structural validity
Body part: upper arm, shoulder and shoulder girdle 
Match all search terms (AND)
Results: 0
#10 hypothesis-testing
Body part: upper arm, shoulder and shoulder girdle 
Match all search terms (AND)
Results: 3
#11 criterion validity
Body part: upper arm, shoulder and shoulder girdle 
Match all search terms (AND)
Results: 0
#12 predictive validity
Body part: upper arm, shoulder and shoulder girdle 
Match all search terms (AND)
Results: 0
#13 sensitivity
Body part: upper arm, shoulder and shoulder girdle 
Match all search terms (AND)
Results: 60
#14 specificity
Body part: upper arm, shoulder and shoulder girdle 
Match all search terms (AND)
Results: 10
#15 measurement error
Body part: upper arm, shoulder and shoulder girdle 
Match all search terms (AND)
Results: 0

#16 intratester reliability
Body part: upper arm, shoulder and shoulder girdle 
Match all search terms (AND)
Results: 0
#17 intertester reliability
Body part: upper arm, shoulder and shoulder girdle 
Match all search terms (AND)
Results: 0
#18 test-retest reliability
Body part: upper arm, shoulder and shoulder girdle 
Match all search terms (AND)
Results: 2
#19 absolute reliability
Body part: upper arm, shoulder and shoulder girdle 
Match all search terms (AND)
Results: 0
#20 responsiveness
Body part: upper arm, shoulder and shoulder girdle 
Match all search terms (AND)
Results: 3
#21 standard error of measurement
Body part: upper arm, shoulder and shoulder girdle 
Match all search terms (AND)
Results: 0
#22 reproducibility
Body part: upper arm, shoulder and shoulder girdle 
Match all search terms (AND)
Results: 2
#23 test-retest
Body part: upper arm, shoulder and shoulder girdle 
Match all search terms (AND)
Results: 4
#24
Body part: upper arm, shoulder and shoulder girdle 
Match all search terms (AND)
Results: 
#25 agreement
Body part: upper arm, shoulder and shoulder girdle 
Match all search terms (AND)
Results: 17
#26 smallest real difference
Body part: upper arm, shoulder and shoulder girdle 
Match all search terms (AND)
Results: 0
#27 minimal detectable change
Body part: upper arm, shoulder and shoulder girdle 
Match all search terms (AND)
Results: 4
#28 minimal important difference
Body part: upper arm, shoulder and shoulder girdle 
Match all search terms (AND)
Results: 16
#29 clinically important difference
Body part: upper arm, shoulder and shoulder girdle 
Match all search terms (AND)
Results: 32
#30 meaningful change
Body part: upper arm, shoulder and shoulder girdle 
Match all search terms (AND)
Results: 12
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#31 repeatability
Body part: upper arm, shoulder and shoulder girdle 
Match all search terms (AND)
Results: 1
#32 accuracy
Body part: upper arm, shoulder and shoulder girdle 
Match all search terms (AND)
Results:20
#33 precision
Body part: upper arm, shoulder and shoulder girdle 
Match all search terms (AND)
Results:12

#34 Consistency
Body part: upper arm, shoulder and shoulder girdle 
Match all search terms (AND)
Results:2
#35 Stability
Body part: upper arm, shoulder and shoulder girdle 
Match all search terms (AND)
Results:29
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Appendix 2. COSMIN Risk of Bias for PPT studies. (Ratings: (V) Very good; (A) Adequate; (D) Doubtful; (I) Inadequate; N/Α R1: Rater 1 R2: Rater 2 C: Consensus).

Intrarater Reliability
Study 1

De Groef et al. 2016
Study 2

Nascimento et al. 2019
Study 3

Wang-Price et al. 2019
Study 4

Vaegter et al. 2018
Study 5

Jones et al. 2007
Study 6

Persson et al. 2004

Study 7
Vanderweeën et al. 

1996

Study 8
Levoska et al. 1993

Design requirements R 1 R2 C R 1 R2 C R 1 R2 C R 1 R2 C R 1 R2 C R 1 R2 C R 1 R2 C

1 Stability of the patients D D D D D D D D D V V V D D D V V V D D D

2 Time interval D D D V V V V V V V V V V V V D D D V V V

3 �Similarity of measurement 
condition

D D D D D D V V V D D D V V V V V V D D D

4 �Administation without 
knowledge of scores or 
values

V V V D D D D D D D D D D D D D D D D D D

5 �Score assignment or 
determination without 
knowledge of the scores or 
values

V V V D D D D D D I Ι Ι D D D D D D D D D

6 Other important flaws V V V D D D D D D D D D D D D D D D D D D

Statistical Methods

7 For continuous scores: ICC V V V A D D A A A A A A V V V A A A A A A

8 For ordinal scores: Kappa - - - - - - - - - - - - - - - - - - - - -

9 �For dichotomous/nominal 
scores: Kappa for each 
category against the other 
categories

- - - - - - - - - - - - - - - - - - - - -

FINAL RATING 
(Lowest score of items)

D D D D D D D D D Ι Ι Ι D D D D D D D D D

Interrater Reliability
Study 1

De Groef et al. 2016
Study 2

Nascimento et al. 2019
Study 6

Persson et al. 2004
Study 8

Levoska et al. 1993

Design requirements R 1 R2 C R 1 R2 C          R 1 R2 C    R 1 R2 C

1 Stability of the patients A A A A D D          D D D    D D D

2 Time interval D D D V V V          V V V    D D D

3 �Similarity of measurement 
condition

D D D D D D          V V V    D D D

4 �Administation without 
knowledge of scores or 
values

V V V V V V          D D D    D D D

5 �Score assignment or 
determination without 
knowledge of the scores or 
values

V V V V V V          D D D    D D D

6 Other important flaws D D D V V V          D D D    D D D

Statistical Methods             

7 For continuous scores: ICC V V V V V V          Ι Ι Ι    A A A

8 For ordinal scores: Kappa - - - - - -          - - -    - - -

9 �For dichotomous/nominal 
scores: Kappa for each 
category against the other 
categories

- - - - - -          - - -    - - -

FINAL RATING
(Lowest score of items)

D D D D D D          Ι Ι Ι    D D D
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Intrarater Reliability
Study 1

De Groef et al. 2016
Study 2

Nascimento et al. 2019
Study 3

Wang-Price et al. 2019
Study 4

Vaegter et al. 2018
Study 6

Persson et al. 2004

Design requirements R 1 R2 C R 1 R2 C R 1 R2 C R 1 R2 C R 1 R2 C

1 Stability of the patients A A A A D D D D D D D D D D D

2 Time interval D D D V V V V V V V V V V V V

3 �Similarity of measurement 
condition

D D D D D D D D D V V V V V V

4 �Administation without 
knowledge of scores or 
values

V V V V V V D D D D D D D D D

5 �Score assignment or 
determination without 
knowledge of the scores or 
values

V V V V V V D D D D D D D D D

6 Other important flaws D D D V V V D D D D D D D D D

Statistical Methods

7 �For continuous scores: SEM, 
SDC, LoA or CV calculated?

V V V V V V V V V A A A D A A

8 �For dichotomous/nominal/
ordinal scores: Percentage 
specific (e.g. positive and 
negative) agreement

- - - - - - - - - - - - - - -

FINAL RATING 
(Lowest score of items)

D D D D D D D D D D D D D D D

Hypotheses testing 
for construct validity 
(comparison between 
subgrous)

Study 3
Wang-Price et al. 2019

Design requirements R 1 R2 C

1 �Adequate description of 
important characteristcs of 
the subgroups

V V V

Statistical Methods

2 �Appropriate statistical 
method for the hypothesis to 
be tested

V V V

3 Other important flaws V V V

 FINAL RATING 
(Lowest score of items)

V V V
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COSMIN Risk of Bias for CPM and TS studies. (Ratings: (V) Very good; (A) Adequate; (D) Doubtful; (I) Inadequate; N/Α R1: Rater 1 R2: Rater 2 C: Consensus).

Intrarater Reliability
Study 9 

Valencia et al. 2013
Study 10 

Cathcart et al. 2009
Study 11 

Alsouhibani et al. 2019
Study 12 

Marcuzzi et al. 2017

Design requirements R 1 R2 C R 1 R2 C R 1 R2 C R 1 R2 C

1 Stability of the patients A A A A A A D D D D D D

2 Time interval D D D V V V V V V V V V

3 Similarity of measurement condition D D D V V V D D D V V V

4 �Administation without knowledge of scores or values D D D D D D D D D V V V

5 �Score assignment or determination without knowledge of the scores or values D D D D D D D D D V V V

6 Other important flaws D D D D D D D D D D D D

Statistical Methods

7 For continuous scores: ICC A A A V V V A A A V V V

8 For ordinal scores: Kappa - - - - - - - - - - - -

9 For dichotomous/nominal scores: Kappa for each category against the other categories - - - - - - - - - - - -

FINAL RATING
(Lowest score of items)

D D D D D D D D D D D D

Interrater Reliability

Design requirements

1 Stability of the patients

2 Time interval

3 Similarity of measurement condition

4 �Administation without knowledge of scores or values

5 �Score assignment or determination without knowledge of the scores or values

6 Other important flaws

Statistical Methods

7 For continuous scores: ICC

8 For ordinal scores: Kappa

9 For dichotomous/nominal scores: Kappa for each category against the other categories

FINAL RATING 
(Lowest score of items)

Measurement Error
Study 12 

Marcuzzi et al. 2017

Design requirements R1 R2 C

1 Stability of the patients D D D

2 Time interval V V V

3 Similarity of measurement condition V V V

4 �Administation without knowledge of scores or values V V V

5 Score assignment or determination without knowledge of the scores or values V V V

6 Other important flaws D D D

Statistical Methods

7 �For continuous scores: SEM, SDC, LoA or CV calculated? V V V

8 �For dichotomous/nominal/ordinal scores: Percentage specific (e.g. positive and 
negative) agreement

- - -

FINAL RATING (Lowest score of items) D D D

164


