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Hypothesis and background: Posterior shoulder tightness (PST) has been linked to numerous shoulder
pathologies in both the general and athletic populations. Several methods for documenting PST have been
described in the literature, which may lend to variability in clinical practice and research. The purpose of
this study was to perform a systematic review with meta-analysis to investigate the reliability, validity,
and methodologic quality of methods used to quantify PST.
Methods: Relevant studies were assessed for inclusion, and selected studies were identified from the PubMed,
Embase, Cochrane, and CINAHL (Cumulative Index to Nursing and Allied Health Literature) databases.
Data were extracted from the selected studies and underwent methodologic quality assessment and
meta-analysis.
Results: The search resulted in 1006 studies identified, with 18 ultimately retained. Intrarater reliability
was reported in 12 studies with a summary intraclass correlation coefficient of 0.93 (95% confidence in-
terval, 0.90-0.95), whereas inter-rater reliability was reported in 6 studies with a summary intraclass correlation
coefficient of 0.89 (95% confidence interval, 0.80-0.94). Validity was reported in 10 studies, all using in-
ternal rotation as the convergent standard, and was found to be significant in all but 1 study.
Conclusion: Current methods used to quantify PST have good reliability but are primarily limited to mea-
sures of horizontal adduction of the glenohumeral joint with scapular stabilization. Limitations in using a
single measurement technique exist particularly as there may be multiple contributing factors to PST. A
more comprehensive approach for quantifying PST is necessary, and suggested components include a cluster
of techniques composed of horizontal adduction, internal rotation, and total glenohumeral joint range of
motion.
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Shoulder pain affects up to 67% of the adult population
throughout their life span.23,24 The etiology of shoulder pain
is multifactorial and inclusive of numerous impairments,
including but not limited to restricted mobility. Posterior
shoulder tightness (PST), in particular, has been associated
with more common diagnoses such as labral tears, impinge-
ment syndrome, and postoperative arthrofibrosis among both
the general and athletic populations, with a predilection for
the overhead athlete.5,6,14,27,28,32,35,36 Owing to the well-
documented association of PST and shoulder pain in athletes,
sports medicine professionals often seek to improve PST as
a key element of their interventions. PST has been defined
as a limitation of the extensibility within the posterior soft
tissue of the shoulder including both contractile and noncon-
tractile elements as well as osseous changes as seen in the
form of humeral torsion within the overhead athlete through
training adaptations.13 Moreover, PST has been associated
with restricted internal rotation, horizontal adduction (HA),
and flexion range of motion. From a biomechanical perspec-
tive, evidence suggests that PST may influence obligate
translation, which is a source of subacromial impingement
syndrome.38

Tyler et al37 were the first authors to report a technique
that set out to quantify PST without the use of internal
rotation. Their technique was performed in the side-lying
position, using a carpenter square to measure the distance
between the medial epicondyle and the plinth during HA
with scapular stabilization. Since then, a variety of tech-
niques and instruments have been developed and used to
quantify PST including the use of inclinometers (digital
and bubble), goniometers, smartphones, diagnostic ultra-
sound, myotonometers, and anthropometers. Given the
potential association between PST and shoulder pathology,
a measurement technique that is both reliable and valid
should provide clinicians and researchers with the neces-
sary information for documenting impairments, determining
intervention strategies, and measuring the amount of
change as a result of interventions. Thus, the purpose of
this study was to perform a systematic review and meta-
analysis of the current literature that has investigated the
reliability and validity of measurement techniques used to
quantify PST. A review of the literature on PST was
performed in 2011; however, the review did not include a
meta-analysis and did not consider potential risk of bias,
which limits the overall utility of the study results.30 The
aforementioned review concluded that methods for quanti-
fying PST at the time showed poor to good reliability;
however, it did not investigate the methodologic quality of
the included studies. Furthermore, new techniques have

been established and published since the previously pub-
lished review.

Materials and methods

Guidelines

This systematic review used the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines during
the search and reporting phase of the research process. The PRISMA
statement includes a 27-item checklist designed to improve report-
ing of systematic reviews and meta-analyses.25

Literature search

An online literature search was conducted using the PubMed, Embase,
Cochrane, and CINAHL (Cumulative Index to Nursing and Allied
Health Literature) databases from the dates of their origin until August
2017. The search strategy was created and performed by a biomed-
ical librarian. An example of the search strategy used for the PubMed
database is shown in Supplement 5 and similar strategies were used
for the remaining databases. This study was registered using the in-
ternational prospective register of systematic reviews, PROSPERO,
in March 2016 (reference No. CRD42016036281).

Study selection

All titles were independently appraised during the initial online lit-
erature search for studies by 2 authors (P.S. and M.K.) who are
researchers with a clinical background in musculoskeletal orthope-
dics. The abstracts of these titles were then read to determine whether
the studies met the inclusion criteria. Studies with abstracts that met
the inclusion criteria were read in their full-text format to deter-
mine eligibility. Two authors undertook the study selection process
for this review, with discrepancies being decided by a third author
if necessary (no discrepancies were present that needed to be brought
to a third author). The inclusion criteria for studies included in this
review consisted of the following: (1) studies that investigated the
reliability and/or validity of measurements used to quantify PST;
(2) human participants of any age; (3) any study design, including
case studies; (4) measurement techniques that were clearly de-
scribed and applied directly to the glenohumeral joint; (5) studies
that used within- or between-rater analysis; and (6) no restriction
on date published. Studies were excluded if they were not pub-
lished in the English language as we would be unable to interpret
the findings.

Data extraction

Data and results from the studies selected for this review were
extracted using a standardized Population, Intervention (Treatment),
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Comparison, Outcome, and Setting (PICOS) format. The PICOS
framework includes the characteristics of the population studied,
treatments performed, comparative treatments, primary and sec-
ondary outcomes, and setting in which the data were collected.
Data were extracted, reviewed, and analyzed by 2 authors. A
single author extracted data, and this was verified by a second
author. Discrepancies in data collection were resolved through
discussion.

Quality assessment and best-evidence synthesis

Each of the articles was assessed for both methodologic quality and
quality of measurement properties by 2 authors (P.S. and E.H.) who
are researchers with a clinical background in musculoskeletal or-
thopedics with experience in quality scoring, using the Consensus-
Based Standards for the Selection of Health Measurement Instruments
(COSMIN) checklist and the Terwee scale, respectively.26,33 Dis-
agreement was resolved by discussion between the 2 independent
scorers. The COSMIN checklist was originally created to evaluate
patient-reported outcomes but has been modified previously for use
in assessing the measurement properties of physical tests.1,12 We modi-
fied the COSMIN checklist to assess the quality of articles examining
reliability, measurement error and/or agreement, hypothesis testing
and/or construct validity, criterion validity, and responsiveness. We
used the Terwee scale33 to examine the quality of the measurement
properties of various tests used to assess PST. To produce a best-
evidence synthesis, the findings from both quality-assessment tools
were combined. At this best-evidence stage, only studies of fair or
better methodologic quality were considered and the level of evi-
dence was rated as strong, moderate, limited, conflicting, or unknown.
Also at this stage, those studies without an a priori power analysis
in which the sample size was less than 30 were rated as having limited
evidence.1

Data analysis

The meta-analysis was performed for inter-rater and intrarater re-
liability. Intraclass correlation coefficient (ICC) values and sample
size data were extracted from any study that assessed inter-rater or
intrarater reliability using an ICC. To account for the non-normal
distribution of ICC data, Fisher variance-stabilizing z transforma-
tion was conducted following the tradition for correlational
meta-analyses.2,10,15 Because significant heterogeneity was ob-
served between included studies, Fisher z-transformed reliability
values were combined using the DerSimonian and Laird random-
effects model.8 Homogeneity analysis was performed using the Q
statistic after the meta-analysis.2,11 The Q statistic follows a χ2 dis-
tribution with n – 1 df. A small P value (P < .05) for the Q statistic
indicates that heterogeneity is present and the meta-analysis model
has some unaccounted-for bias. We converted Fisher z values back
to ICC values after completing meta-analyses to make interpreta-
tion of the results more standard. The summary ICC value for each
random-effects model was interpreted based on the guidelines offered
by Portney and Watkins29: poor, 0.00-0.25; fair, 0.26-0.50; moder-
ate, 0.51-0.75; or good, 0.76-1.00. The meta-analyses were completed
using Stata statistical software (version 12.1; StataCorp, College
Station, TX, USA) with the “metan” command. All data analysis
was performed by X.L., an academician with a specialty in biosta-
tistics and health informatics.

Results

Search results

The search of the databases yielded 1006 independent study
titles, resulting in 898 once duplicates were removed. After
the title and abstract search, 874 studies were removed because
they included objective measures other than those related to
PST, they did not include reliability or validity analysis, and/
or they were not published in the English language. After
review of the full-text studies, 18 were ultimately included
in the analysis (Supplement 1). Intrarater reliability values
were reported in 13 of the studies (Supplement 2), whereas
inter-rater reliability values were reported in 7 (Supplement
3) and validity in 10 (Supplement 4).

Summary of methodologic quality of included
studies using COSMIN checklist

Reliability
The methodologic quality of studies examining the reliabil-
ity of methods to quantify PST was generally poor regardless
of the method used. There were a handful of studies that re-
ceived a rating of good methodologic quality17,21,22,28; however,
all but 1 of these studies21 had a sample size of less than 30
subjects. There were no studies that received a rating of
excellent.

Agreement and/or measurement error
Three studies reported agreement and/or measurement
error,18,19,31 all regarding the side-lying method for HA in the
form of the minimal detectable change. All 3 studies re-
ceived a methodologic rating of poor.

Hypothesis testing and/or construct validity
Evidence of hypothesis testing and/or construct validity was
present in 13 studies.7,9,16,19,20,22,28,31,34,36,37,39,40 For HA, the
methodologic quality was mixed. Of the 11 studies that in-
vestigated hypothesis testing and/or construct validity related
to HA,7,9,18,19,22,28,31,36,37,39,40 5 (examining the supine and/or hor-
izontal method) received a poor methodologic quality
rating7,9,22,31,37 and 6 (examining the supine and/or side-lying
method) received a methodologic quality rating of
fair.19,20,28,36,39,40 One of the studies examined both the supine
and side-lying methods.28 The 2 remaining studies investi-
gated hypothesis testing and/or construct validity with regard
to the use of diagnostic ultrasound to measure posterior capsule
thickness, both of which showed poor methodologic quality.16,34

Criterion validity
There were no studies examining the criterion validity of
methods used to quantify PST.
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Responsiveness
A single study reported on the responsiveness of a
myotonometer for quantifying PST and received a
methodologic quality rating of poor.17 This study was per-
formed in 15 asymptomatic subjects.

Summary of quality of measurement properties
using Terwee scale

Reliability
Eleven studies examined the reliability of the HA method,
including the supine and/or side-lying technique,4,7,18-22,28,31,37,39

with 3 studies examining both methods.4,21,28 All of the afore-
mentioned studies (5 supine and 9 side lying) examining the
reliability of the HA method scored a positive measurement
property. In addition, all studies examining both the supine
and side-lying HA methods scored a negative measurement
property.7,28 Reliability examination for internal rotation,4,20

low-flexion,3,7 and myotonometer7,17 methods was per-
formed within 2 studies for each method, all of which received
a positive measurement property score. A single study ex-
amining reliability for both the extension–with–internal rotation
method and the scapular-plane abduction method received a
positive measurement property score for both.7

Agreement and/or measurement error
Agreement was examined in 3 studies, all with regard to the
side-lying HA method.19,20,31 Two studies received an inde-
terminate measurement property score,19,31 and one received
a positive measurement property score.20

Hypothesis testing and/or construct validity
The quality rating of hypothesis testing for studies examin-
ing the HA method was predominately positive,18,19,22,31,36,37,40

with only a single study receiving a negative measurement
property score.9 The quality rating in 2 studies examining di-
agnostic ultrasound yielded both positive and negative
measurement property scores.16,34

Criterion validity
No studies investigated criterion validity.

Responsiveness
A single study investigated responsiveness with regard to the
use of a myotonometer and received a positive measure-
ment property rating.17

Intrarater reliability

Intrarater reliability was reported in 12 of the 18 studies
using 7 different measurement techniques (low flexion, ex-
tension with internal rotation, HA, internal rotation, diagnostic
ultrasound, scapular-plane abduction, and myotonometer)
and various instruments to quantify PST even among similar
techniques. The overall ICC values ranged from 0.40

to 0.99 among all measurement techniques.4,20 The low-
flexion technique was evaluated in 2 studies, both using a
digital inclinometer, with ICC values ranging from 0.923 to
0.96.7 Extension with internal rotation was examined by
Dashottar et al7 using a digital inclinometer and reporting
ICC values of 0.93 and 0.98 after fatigue and before fatigue,
respectively. HA (with the scapula stabilized) was exam-
ined in 9 studies using both side-lying and supine techniques
with a variety of measurement instruments (carpenter square,
goniometer, digital inclinometer, bubble inclinometer, and
smartphone).4,7,18-22,30,37 The overall ICC values ranged from
0.404 to 0.977,21 for those techniques using HA. Diagnostic
ultrasound was used to measure posterior capsule thickness
in 1 study, which yielded an ICC value of 0.95.16 Dashottar
et al were the only authors to use scapular-plane abduction
and reported ICC values of 0.93 and 0.96 after fatigue and
at 24 hours, respectively. Finally, a myotonometer was in-
vestigated by 2 studies, reporting a range of ICC values
from 0.3317 to 0.97.7

The meta-analysis for intrarater reliability yielded a pooled
Fisher z of 1.65 (95% confidence interval [CI], 1.49-1.81)
(Supplementary Fig. S1, A). The corresponding summary ICC
value was 0.93 (95% CI, 0.90-0.95), indicating good intrarater
reliability. The homogeneity statistic (Q statistic) was 265.40
(df = 37, P < .001), indicating that significant heterogeneity
in intrarater reliability was present between studies and the
variability in the reliability values was greater than that ex-
pected by sampling error alone.

Inter-rater reliability

Inter-rater reliability was reported in 6 of the 18 studies using
3 different measurement techniques (HA, internal rotation,
and posterior capsule thickness) and various instruments to
quantify PST among similar techniques. Subjects in all studies
were asymptomatic with the exception of those measured by
Lin and Yang,22 whose patients were identified as having stiff
shoulders. The overall ICC values ranged from 0.6928 to 0.9816

among all measurement techniques. HA was the most used
technique among studies reporting inter-rater reliability. Po-
sitions for measuring HA included both supine and side lying,
with ICC values for each ranging from 0.7921 to 0.9428 and
from 0.6928 to 0.94,21 respectively. Finally, a single study, by
Ishigaki et al,16 using diagnostic ultrasound to measure pos-
terior capsule thickness among asymptomatic collegiate
baseball players yielded an ICC of 0.98.

The meta-analysis for inter-rater reliability yielded a pooled
Fisher z of 1.43 (95% CI, 1.10-1.77) (Supplementary Fig.
S1, B). The corresponding summary ICC value was 0.89
(95% CI, 0.80-0.94), indicating good inter-rater reliability.
The homogeneity statistic (Q statistic) was 67.05 (df = 7,
P < .001), indicating that significant heterogeneity in inter-
rater reliability was present between studies and the variability
in the reliability values was greater than that expected by
sampling error alone.
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Validity

No studies examined criterion validity. Construct validity was
reported in 10 of the 18 studies, using HA (8 studies) and
posterior capsule thickness via diagnostic ultrasound (2
studies). All studies used internal rotation for convergent va-
lidity and external rotation for divergent validity. Convergent
validity values among all studies using HA showed
statistical significance in those reporting it, with the excep-
tion of the study of Myers et al,28 who reported P = .295 using
an anthropometer within an asymptomatic population. Di-
vergent validity values among all studies using HA showed
no statistical significance. The 2 studies using diagnostic ul-
trasound to measure posterior capsule thickness reported
statistical significance with respect to convergent validity.16,34

However, in 1 of the 2 aforementioned studies, Ishigaki et al16

reported P = .343 with regard to divergent validity.

Methodologic quality using COSMIN scale

The methodologic quality of most studies was poor, with the
exception of those examining construct validity, in which the
quality was most often fair (Fig. 1). All of the studies rated
as good examined reliability.

Best-evidence synthesis combining COSMIN and
Terwee scales

The best-evidence synthesis was created by combining the
results of the review of the quality of the measurement prop-
erties and the methodologic quality of the articles. It was at
this stage that only articles receiving a fair or better rating
were considered and that articles with fewer than 30 sub-
jects were rated as having evidence that was “unknown.”1

These 2 steps were taken because all studies have been re-
viewed and reported on in the separate methodologic quality
and quality–of–measurement properties sections of this article

and because recommendations in a best-evidence synthesis
should be of higher quality. Adhering to these tenets elimi-
nated low flexion, extension with internal rotation, internal
rotation, diagnostic ultrasound, scapular-plane abduction with
low flexion, and myotonometer; this left only HA in both the
supine and side-lying positions available for synthesis. The
grading in the best-evidence synthesis was as follows:

• Strong: multiple studies of good methodologic rating or
at least 1 study of excellent methodology

• Moderate: multiple fair methodologic studies or 1 study
of good methodology

• Limited: 1 study of fair methodologic quality
• Conflicting: contradictory findings
• Unknown: investigated in studies of exclusively poor

methodology or not investigated in any study

HA was the only method remaining that met all the afore-
mentioned tenets put forth for the synthesis of best evidence
(Table I). The studies remaining for best-evidence synthesis
provided a grade of unknown evidence for agreement, cri-
terion validity, and responsiveness. Much of this was because
of the low sample sizes of many of the studies. No studies
remaining for best-evidence synthesis regarding HA inves-
tigated criterion validity or responsiveness. Reliability within
the synthesis of best evidence was conflicting. Hypothesis
testing and/or construct validity received a grade of moder-
ate given the positive methodologic property scores and the
fair methodologic quality rating of those studies with ade-
quate sample sizes.

Discussion

The purpose of this study was to perform a systematic review
of the literature with meta-analysis to investigate the relia-
bility and validity of techniques used to quantify PST. We
sought to evaluate the current literature by investigating the

Figure 1 The methodologic quality (reliability, agreement, construct validity, responsiveness) of most studies was poor, with the excep-
tion of those examining construct validity, in which the quality was most often fair.
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methodologic quality of each study as well as available com-
ponents through meta-analysis. We believe that this combined
assessment approach allows for a more critical appraisal of
each study selected.

The results of the best-evidence synthesis were a bit sur-
prising to us. Of the several methods purported by the literature
to quantify PST, only HA met the necessary criteria to be in-
cluded in the best-evidence synthesis. Reliability, as examined
for the HA method of quantifying PST from the synthesis of
best evidence, revealed conflicting results. Furthermore, ev-
idence to support many of the necessary clinimetric properties
of a measurement method were nonexistent (criterion valid-
ity and responsiveness) both within those studies in the best-
evidence synthesis and within those not included. Given the
overall clinical and research use of the various methods to
quantify PST, the lack of methodologic quality that exists to
support their efficacy is somewhat alarming.

The results of the intrarater reliability meta-analysis re-
vealed that there is excellent intrarater reliability (summary
ICC, 0.93; 95% CI, 0.90-0.95) among the methods used to
quantify PST. Although the 95% CI of the summary ICC value
falls into the upper range of the good interpretation catego-
ry, there was substantial variation in the ICC values reported.
One study reported 3 ICC values that are in the moderate in-
terpretation category and 1 ICC value in the fair interpretation
category.4

The authors of the aforementioned study suggested that
the inclusion of symptomatic subjects, the use of less
skillful raters, and the long interval between test-retest as-
sessments (8-12 weeks) all contributed to the low intrarater
reliability values.4 Another study reported an intrarater ICC
value in the moderate interpretation category, which may be
the result of the rater having only 1 year of clinical practice
in orthopedic physical therapy.21 These findings suggest that
the level of experience of the raters, whether the subject is
symptomatic, and the interval between measurements could
play a role in the intrarater reliability of the current methods
used to quantify PST.

The results of the inter-rater reliability analysis revealed
that there is good inter-rater reliability (summary ICC, 0.89;
95% CI, 0.80-0.94) when using the current methods to quan-
tify PST. In addition to the 95% CI of the summary ICC value
not crossing into the moderate interpretation category, all but
1 ICC value reported by the included studies fall into the good
interpretation category.28

One study reported a moderate inter-rater ICC value (0.69)
with a low level of inter-rater reliability when the side-lying
position was used, which may be due to the difference in
stature of the 2 testers (height of 197 cm and mass of 92 kg
vs height of 163 cm and mass of 61 kg). By contrast, the inter-
rater reliability was good (ICC value, 0.94) when the supine
position was used by the same 2 raters, suggesting that the
supine position may be less susceptible to testers’ statures
and sizes.28

HA with the supine position or side-lying position was the
most common measurement technique used in the included
studies to assess intrarater reliability, as well as inter-rater re-
liability. When the summary ICC values calculated for
measurement techniques are further investigated, HA in the
supine position appears to show better intrarater and inter-
rater reliability than HA in the side-lying position. More studies
should be conducted to assess the reliability of other mea-
surement techniques.

A majority of the studies focused on HA as the means to
quantify PST. However, it is critical to note that every study
that has investigated the validity of techniques used to quan-
tify PST has used internal rotation as the reference criterion
for convergent validity and external rotation for divergent va-
lidity. There is an inherent flaw in the assumption that
glenohumeral joint internal rotation and HA are restricted by
the same elements of soft tissue or other limiting structures.
There has been evidence to support the theory that the re-
striction in HA and internal rotation at the glenohumeral joint
is a result of restrictions of different structures. Tyler et al35

used a multimodal treatment approach and showed an in-
crease in HA range of motion and a reduction in symptoms
among symptomatic individuals; however, they reported no
significant gains in internal rotation. Understanding that limi-
tations in HA and internal rotation may be a result of
restrictions found within different structures not only helps
to guide examination in this area but also is imperative when
developing intervention strategies to address these limita-
tions. In addition, when considering the overhead athlete, there
is the potential for the presence (in varying degrees) or absence
of asymmetrical humeral torsion that is in no way taken into
account by quantifying either glenohumeral HA or internal
rotation. In some regard, there is an attempt to consider
humeral torsion when looking at total range of motion
(TROM), which is the combined motion of internal and ex-
ternal rotation, of the glenohumeral joint in the overhead athlete
and comparing it with the nondominant shoulder. However,
there is no definitive way to determine by measurement of
TROM alone whether the decrease in range of motion is a
result of soft-tissue restrictions or osseous changes as a result

Table I Synthesis of best evidence by method used to quan-
tify posterior shoulder tightness

Quantification method Grade

Horizontal adduction in supine position
Reliability Conflicting
Agreement Unknown
Hypothesis testing Moderate
Criterion validity Unknown
Responsiveness Unknown

Horizontal adduction in side-lying position
Reliability Conflicting
Agreement Unknown
Hypothesis testing Moderate
Criterion validity Unknown
Responsiveness Unknown
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of adaptive training and to what degree each may be
contributing.

Directions for future research

It is our recommendation that a combination of glenohu-
meral joint HA and internal rotation be considered when one
is quantifying PST, as restrictions for each of these ele-
ments may arise from different structures. Understanding
which independent elements may be contributing to a loss
of motion in these areas will allow for a more comprehen-
sive assessment of what should be considered as PST moving
forward. In addition, when a clinician is quantifying PST in
the overhead athlete, measurements of glenohumeral joint HA,
internal rotation, TROM, and when possible, the amount of
humeral torsion through diagnostic imaging should be con-
sidered. Each of these elements may contribute in varying
amounts and must be considered in a comprehensive ap-
proach both when attempting to quantify PST and when
developing an intervention program attempting to address these
limitations. Finally, further research of higher quality needs
to be performed to better establish the clinimetric proper-
ties for quantifying PST.

Limitations

There are several limitations to this study including the in-
clusion of only those studies published in the English language.
We also did not include a search of the gray literature as we
believed that, within the area being investigated, this type of
search would not lend any further results beyond our current
search.

Conclusion

Current techniques used to quantify PST appear to have
acceptable inter-rater and intrarater reliability, with HA
showing the greatest overall methodologic quality rela-
tive to other methods. However, nearly all studies focused
on HA as the sole means for quantifying PST. It is im-
perative that clinicians begin to collectively consider
multiple components that together comprise PST, including
HA, internal rotation, TROM, and humeral torsion when
appropriate. This comprehensive approach will allow for
a more thorough assessment of PST and, in turn, a more
specific plan for interventions.
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