
Scapular Kinematics in Athletes With and Without Rotator Cuff
Tendinopathy: A Systematic Review

Xin Fu, Patrick Shu-hang Yung, Chun Cheong Ma, and Hio Teng Leong

Context: Rotator cuff tendinopathy is one of the most frequently reported shoulder injuries in athletes of overhead sports.
Abnormal scapular kinematics has been proposed as one of the contributing factors of rotator cuff tendinopathy in overhead
athletes. Objectives: To review the literature on 3-dimensional scapular kinematics in overhead athletes with and without rotator
cuff tendinopathy. Evidence Acquisition: Electronic databases (Cochrane Library, MEDLINE, Embase, and PubMed) were
searched from inception to September 2017. In addition, the reference lists of the articles that met the inclusion criteria were also
searched. We included studies that compared the changes in 3-dimensional scapular kinematics in athletes with and without
rotator cuff tendinopathy. Two reviewers independently examined the quality of studies by using the modified Downs and Black
checklist. Evidence Synthesis: A total of 9 studies (a total of 332 athletes, mean age 23.41 [2.62] y) were included in the final
analysis. The methodological quality was low (modified Downs and Black checklist = 9/15). Our findings showed a consistent
pattern of increased scapular anterior tilting and internal rotation in the dominant shoulders than the nondominant shoulders of
athletes who participated in overhead sports. Athletes of overhead sports seem to demonstrate an increase in scapular upward
rotation during arm elevation when compared with nonathlete individuals. However, there is no consensus on the scapular
kinematics pattern in athletes with rotator cuff tendinopathy when compared with healthy controls. Conclusion: Findings
demonstrated that changes in scapular kinematics were observed in overhead athletes. However, all the included studies were
cross-sectional studies with small sample size and diverse sports participation, whether changes in scapular kinematics may
contribute to rotator cuff tendinopathy in overhead athletes warrants more high-quality prospective studies.
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The overhead throwing movement has been reported to be the
fastest athletic movement performed in sports.1 During overhead
throwing movement, high distraction forces place stress on the
rotator cuff tendons and the supporting structures of the shoulder
and result in shoulder pathologies.2 These repetitive, forceful, and
quick overhead movements place athletes at high risk for shoulder
injury.3 Rotator cuff tendinopathy is one of the most frequently
reported shoulder injuries in overhead sports athletes, such as
volleyball players (23.7%), baseball pitchers (71%), and swimmers
(86%–96%).4–6 Rotator cuff tendinopathy is a commonly used
clinical entity to encompass various shoulder pathologies, affecting
the rotator cuff tendons and subacromial structures, such as rotator
cuff–related pain, subacromial pain syndrome, subacromial bursi-
tis, and shoulder impingement syndrome.7,8 It is characterized by
pain, weakness, and impaired function and results in long periods
of absence from training and competition.9 The etiology of rotator
cuff tendinopathy in overhead athletes has been reported to be
multifactorial, and a combination of extrinsic mechanical compres-
sion (ie, narrowing of the subacromial space) and tendon overuse/
overload (ie, repetitive overhead activities) has been proposed to be
the major mechanism of rotator cuff tendinopathy.10

The coupled and coordinated movement between the scapula
and humerus plays an important role for normal shoulder function,
particularly in overhead athletes.11 The scapular motion during
active humeral elevation in healthy individuals has been defined as
a pattern of progressive scapular upward rotation, posterior tilting,

and high variable internal/external rotation in relation to the
thorax.12–15 According to Ludewig and Reynolds,13 scapular
upward rotation is the primary scapular motion and is important
for the elevation of the lateral acromion to preserve the subacromial
space during arm elevation and to prevent rotator cuff compression.
Scapular posterior tilting and scapular external rotation are consid-
ered as a secondary scapular motion and an accessory motion of
the scapula, respectively, and both motions move the anterior
acromion posteriorly to avoid rotator cuff compression. Previous
studies have reported changes in scapular kinematics between
the dominant and nondominant shoulders of athletes who were
involved in overhead sports16,17 and between athletes of overhead
sports and nonathlete controls17,18 and were believed to be a sport-
specific adaption in overhead athletes.18,19 Nevertheless, altered
scapular kinematics was also identified in overhead athletes with
rotator cuff tendinopathy19–22 and has been proposed as one of the
contributing factors for rotator cuff tendinopathy.19,23,24

Several systematic reviews on changes in scapular kinematics
have been carried out in specific shoulder pathologies such as
subacromial impingement syndrome and different shoulder mus-
culoskeletal disorders25,26; however, no systematic review summa-
rized the results of studies on the changes in scapular kinematics in
overhead athletes with and without rotator cuff tendinopathy. In
view of the current uncertainty regarding the changes in scapular
kinematics in athletes of overhead sports, the aim of this study is to
systematically review the literature and to summarize the scapular
kinematics patterns in overhead athletes with and without rotator
cuff tendinopathy. Finding from this study may provide a better
understanding of the pathogenesis of rotator cuff tendinopathy in
athletes of overhead sports and underpin preventive and rehabili-
tative programs.
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Methods

Published articles that examined the scapular kinematics in over-
head athletes with and without rotator cuff tendinopathy were
reviewed using the guidelines by the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses statement.27 Our
review has been registered with PROSPERO database (registration
number: CRD42017069708).

Search Strategy

An electronic database search was performed using Cochrane
Library, MEDLINE, Embase, and PubMed from inception to
September 2017. The search strategy was presented in Table 1.
Supplementary searches were carried out by hand searching the
reference lists of the included studies. Articles were imported into
reference manager software (EndNote X7; Thomson Reuters,
New York, NY) to remove duplicates. One reviewer (X.F.) screened
all titles and/or abstracts for relevance and duplication. Relevant
studies were accessed for full-text review prior to inclusion in the
systematic review.

Study Inclusion and Exclusion Criteria

Studies were included if (1) athletes who involved in overhead
sports (including baseball, volleyball, tennis, softball, water polo,
handball, swimming, field events, badminton, basketball, squash,
and racquetball, etc)28; (2) overhead athletes presented with signs
and symptoms suggestive of rotator cuff tendinopathy/tendinitis/
tendinosis, shoulder impingement syndrome, or subacromial bur-
sitis diagnosed by clinical tests and/or conventional imaging29–31;

(3) use of a motion analyzer or similar kinematic methods to
calculate scapular kinematics defined as scapular upward/down-
ward rotation, scapular anterior/posterior tilting, and scapular
internal/external rotation; and (4) the study report was published
in English and full-text articles prior to September 2017. Studies
were excluded if (1) participants were diagnosed with rotator cuff
full thickness tear or calcified tendinopathy and other postsurgical
condition29–31; (2) the study population involved animal models or
cadavers; and (3) the study report was published as narrative
reviews, editorials, commentaries, and opinion-based papers.

Assessment of Methodological Quality and Risk of
Bias

The methodological quality of each study was assessed indepen-
dently by 2 reviewers (X.F. and C.C.M.) using the modified Downs
and Black checklist. The Downs and Black checklist was modified
to include criteria that were relevant to assess potential bias in
the included studies, with a maximum score of 15.32,33 A total score
of ≥12 indicates high methodological quality, a score of 10 or
11 indicates moderate quality, whereas a score ≤9 indicates low
quality.32 Disagreements in scores were resolved by consensus
between the 2 reviewers or by a third opinion (H.T.L.) when
required. Intraclass correlation coefficient (ICC) 2-way mixed-
effects analysis was calculated using SPSS for Windows (version
24; SPSS Inc, Chicago, IL) to measure the interrater reliability
between the 2 reviewers for quality assessment.

Data Extraction and Synthesis

All data were extracted by 2 reviewers (X.F. and H.T.L.). Data
extraction was based on a standardized form that includes (1) the
characteristics of the study (authors and years); (2) the character-
istics of participants (sample size, study population, gender, and
age); (3) diagnosis criteria of rotator cuff tendinopathy; (4) method
used to measure scapular kinematics and its reliability; and (5) re-
ported significant results published in mean and SD on the changes
in scapular upward/downward rotation, scapular anterior/posterior
tilting, and scapular internal/external rotation.

Results

Study Selection

The electronic search identified 684 relevant studies, and 4 addi-
tional papers were identified by hand searching from the references
lists of the studies. After excluding 281 duplicates, we screened
407 titles/abstracts, and 386 irrelevant articles were excluded. The
remaining 21 articles were obtained for full-text review, of which 9
articles met the inclusion criteria and were included in this system-
atic review (Figure 1).

Study Characteristics

A total of 332 participants (men = 331 and women = 21) with a
mean age of 23.41 (2.62) years were included into the review.
The sample size ranged from 21 to 60, and the age of the
participants ranged between 18 and 32 years. Wide range of
overhead athletes, such as baseball,16–19,21 volleyball,17,20,34,35

handball,34,35 swimming,22 and tennis,17 were examined. Of the
included studies, 4 studies compared the changes between the
dominant (throwing) and nondominant shoulders of athletes who

Table 1 Search Term

Search term

1. Rotator cuff.mp.

2. Rotator cuff tendon.mp.

3. Subscapularis.mp.

4. Supraspinatus.mp.

5. Infraspinatus.mp.

6. Teres minor.mp.

7. Subacromial bursa.mp.

8. 1 or 2 or 3 or 4 or 5 or 6 or 7

9. Tendinopathy.mp.

10. Tendinitis.mp.

11. Tendinosis.mp.

12. Shoulder impingement. mp.

13. Subacromial impingement.mp.

14. Suacromial bursitis.mp.

15. 9 or 10 or 11 or 12 or 13 or 14

16. Sport

17. Athlete*

18. Player*

19. 16 or 17 or 18

20. Scapula*.mp.

21. 9 AND 15 AND 19 AND 20

22. 21 limited to English language, full text, human studies
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were involved in overhead sports (Table 2),16,173 studies compared
the scapular kinematics between athletes of overhead sports and
nonathlete controls (Table 3),18,34,35and the remaining 4 studies
compared the scapular kinematics between athletes with and
without rotator cuff tendinopathy (Table 4).19–22 Clinical tests
(Neer test and Hawkins test) were performed in 2 studies to
determine the diagnosis of rotator cuff tendinopathy:21,22 one study
used magnetic resonance imaging19 and one study combined the
use of clinical tests (painful arc, resisted external rotation, Jobe test,
Neer test, and Hawkins test) and ultrasound imaging to confirm the
diagnosis of rotator cuff tendinopathy (Table 4).20

Quality and Level of Evidence

The level of evidence of all the included studies was classified as
level 3 (ie, cross-sectional design). The methodological quality
scores of included articles were reported in Table 5. On the basis of
the modified Downs and Black criteria, the median methodological
quality of all 11 studies was 9/15. The study quality of all included
studies was low. The ICC for the interrater reliability between the 2
reviewers was .75 (95% confidence interval, .03–.94).

Scapular Kinematics Measurement Protocol

The majority of the studies used an electromagnetic tracking device
to examine the scapular kinematics during humeral elevation at the
scapular plane,17–19,21,35 and the reliability results were reported to
be moderate to excellent (ICC ranging from .61 to .99,17–20,35 and
the standard error of measurement was 0.3°).17 Leong et al20 used
the optical-based motion analysis system to capture the scapular
kinematics during dynamic shoulder abduction from 0° to 90°, and
the reliability results were reported to be good to excellent (ICC
ranging from .71 to .90, minimal detectable changes ranged from
1.3° to 3.7°).20 Other studies used a digital inclinometer to measure
the changes in scapular upward rotation during static humeral
elevation at the scapular plane16,22 and frontal plane,34 and the
reliability results were reported to be excellent (ICC ranging from
.86 to .99).16,22,34

Scapular Kinematics in Healthy Overhead Athletes

Of the 4 studies that compared the changes in scapular kinematics
between the dominant and nondominant shoulders of athletes who
were involved in overhead sports,16,17 2 out of 4 studies reported

Figure 1 — Flow diagram of the search strategy.
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significant increase in scapular upward rotation,16 whereas one
study reported significant decrease in upward rotation in dominant
shoulders than in nondominant shoulders,35 and one study found no
difference when comparing between the dominant and the non-
dominant shoulders.17 In addition, both studies from Oyama et al17

and Ribeiro and Pascoal35 demonstrated a significant increase in
scapular anterior tilting and internal rotation in the dominant
shoulders than the nondominant shoulders of overhead athletes
(Table 2).17,35

Of the 3 studies that compared the changes in scapular
kinematics between overhead athletes and nonathlete indivi-
duals,18,34,35 2 out of 3 studies reported a significant increase in
scapular upward rotation in overhead athletes than in nonathletes
control,18,34 whereas the other study reported no difference in
scapular upward rotation.35 However, inconsistent findings were
reported in the scapular internal–external rotation and anterior–
posterior tilting between athletes and nonathletes group
(Table 3).18,34,35

Scapular Kinematics in Overhead Athletes With
Rotator Cuff Tendinopathy

Among the 4 studies that compared the scapular kinematics in
athletes with and without rotator cuff tendinopathy, 2 out of 4
studies reported a significant decrease in scapular upward rotation
in athletes with rotator cuff tendinopathy,20,22 whereas the remain-
ing 2 studies found no significant difference.19,21, All studies
showed no difference in the scapular external rotation when
comparing athletes with and without rotator cuff tendinopathy.19–21

However, conflicting results were reported in the change in scapular
posterior tilting in athletes with rotator cuff tendinopathy
(Table 4).19–21

Discussion

This systematic review summarized the changes in scapular kine-
matics in asymptomatic overhead athletes and those with rotator cuff
tendinopathy. All the included studies were classified as level 3
(ie, cross-sectional design). From our systematic review, consistent
pattern of increased scapular anterior tilting and internal rotation was
reported in the dominant shoulders than the nondominant shoulders

of athletes who participated in overhead sports. Athletes of overhead
sports seem to demonstrate an increase in scapular upward rotation
during arm elevation when compared with nonathlete individuals.
However, there is no consensus on the scapular kinematics pattern in
athletes with rotator cuff tendinopathy when compared with healthy
controls.

Scapular Kinematics in Healthy Overhead Athletes

From our systematic review, a consistent pattern of increased
scapular anterior tilting and internal rotation was reported in the
dominant shoulders than in the nondominant shoulders of athletes
who participated in overhead sports. Previous studies have shown
significant loss of internal rotation range of motion (glenohumeral
internal rotation deficit),36 increased humeral retroversion,37,38 tight-
ness of the posterior shoulder capsule and muscles,39,40 and tightness
of pectoralis minor41,42 in the dominant shoulders of athletes who
participated in overhead sports, and these were associated with
increased scapular anterior tilting and internal rotation.43–45 In this
connection, the glenohumeral contact pressure was significantly
increased with more scapular internal rotation in a cadaveric study.46

In this way, athletes of overhead sports may be more vulnerable to
rotator cuff tendinopathy as these changes are believed to irritate the
rotator cuff tendons and the subacromial tissues when the acromial
failed to elevation during arm elevation.13

On the other hand, athletes of overhead sports seem to
demonstrate an increase in scapular upward rotation during arm
elevation when compared with nonathlete individuals.16,18,34 This
increase in scapular upward rotation during arm elevation has been
suggested as a chronic adaptation to preserve the subacromial space
and to prevent rotator cuff compression during the throwing
motion.12,18,47

Scapular Kinematics in Overhead Athletes With
Rotator Cuff Tendinopathy

Decreased scapular upward rotation and increased anterior tilting
and internal rotation during arm elevation were believed to con-
tribute to rotation cuff tendinopathy when the acromial failed to
achieve adequate clearance of the rotator cuff tendons during arm
elevation48; however, our current systematic review did not support

Table 5 Methodological Quality Assessment and Level of Evidence

Downs and Black checklista items includedb Level of evidencec

Study 1 2 3 5 6 7 10 11 12 16 18 20 21 22 25 Total 3

Downar and Sauers16 1 1 1 0 1 1 1 0 0 1 1 1 1 0 0 10 3

Hosseinimehr et al34 1 1 1 0 1 1 1 0 0 1 1 1 0 0 0 9 3

Laudner et al19 1 1 1 0 1 1 1 0 0 1 1 1 0 0 0 9 3

Leong et al20 1 1 1 0 1 1 1 0 0 1 1 1 0 0 0 9 3

Lin et al21 1 1 1 0 1 1 1 0 0 1 1 1 0 0 0 9 3

Myers et al18 1 1 1 0 1 1 1 0 0 1 1 1 0 0 0 9 3

Ribeiro and Pascoal35 1 1 1 0 1 1 1 0 0 1 1 0 0 0 0 8 3

Oyama et al17 1 1 1 0 1 1 1 0 0 1 1 1 0 0 0 9 3

Su et al22 1 1 1 0 1 1 1 0 0 1 1 1 0 0 0 9 3
aOnly criteria that are relevant to the included studies were used. Therefore, a modified checklist with a maximum score of 15 was yielded. “1” indicates a “yes” score, while
a “0” indicates a “no” score. bItems included are as follows: 1, clear aim; 2, outcomes described; 3, subjects described; 5, confounders clearly described; 6, main findings
clearly described; 7, estimates of random variability; 10, probability values reported; 11, subjects asked represent population; 12, included subjects represent population; 16,
planned data analysis; 18, appropriate statistics; 20, accurate outcome measures; 21, included subjects recruited from same population; 22, included subjects recruited from
same period of time; 25, adjustment for confounding in analyses. cOxford Centre for Evidence-Based Medicine.
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this assumption. Among the 4 studies that compared the scapular
kinematics in athletes with and without rotator cuff tendinopathy,
conflicting results were reported, and there is no consensus on the
scapular kinematics pattern in athletes with rotator cuff tendino-
pathy when compared with healthy controls. Weakness or imbal-
anced activation of the scapular muscles has been reported in
athletes with rotator cuff tendinopathy,20,21,23,49 and these were
associated with alterations in scapular kinematics20,21,23 and nar-
rowing of the subacromial space.49 Strength deficits of the lower
trapezius and serratus anterior have been reported to be moderately
associated with decreased scapular upward rotation in overhead
athletes with clinically identified scapular dyskinesis.48 Lin et al21

also demonstrated the decrease in electromyography activity of the
serratus anterior to be correlated with the decrease in posterior
tilting of the scapula in overhead athletes with rotator cuff tendino-
pathy. In addition, Leong et al47 reported that delayed activity onset
of middle and lower trapezius relative to upper trapezius was
associated with decreased scapular rotation in athletes with rotator
cuff tendinopathy.20 More high-quality prospective studies are
required to investigate the changes in scapular kinematics in
overhead athletes with rotator cuff tendinopathy for the prevention
and management of rotator cuff tendinopathy.

Clinical Implications and Future Directions

Changes in scapular kinematics may be an adaptation to sports
practice in athletes of overhead sports; however, the exact mecha-
nism on how these changes may be related to shoulder disorders
remains unknown. Whether changes in scapular kinematics may
contribute to rotator cuff tendinopathy warrants further investiga-
tion with high-quality prospective study. There is no consensus on
the scapular kinematics pattern in athletes with rotator cuff tendi-
nopathy when compared with healthy controls. Scapular-focused
intervention has been developed to address scapular muscle deficits
in patients with rotator cuff tendinopathy.50,51 Future studies
should investigate whether appropriate scapular-focused interven-
tion would rectify the maladaptation of scapular kinematics in
athletes with rotator cuff tendinopathy.

Limitations

Several limitations that need to be considered in this study are as
follows: (1) All the included studies were cross-sectional with
small sample size and diverse sports participation. More prospec-
tive studies are required to identify the changes in scapular
kinematics in athletes of overhead sports and how it may contribute
to rotator cuff tendinopathy. (2) Caution should be taken when
interpreting the findings due to the variation on the methodology in
capturing the 3-dimensional scapular kinematics. Different motion
capture systems and Euler decomposition as well as different arm
elevation task might affect the results of the included studies.25,52

(3) Publication bias existed because we excluded non-English
articles, unpublished articles, and English studies without access.
(4) Meta-analysis was impossible due to the small number of
studies, and the studies were largely heterogeneous.

Conclusion

From our systematic review, increased scapular anterior tilting and
internal rotation were reported in the dominant shoulders than in
the nondominant shoulders of athletes who participated in over-
head sports. Athletes of overhead sports seem to demonstrate an

increase in scapular upward rotation during arm elevation when
compared with nonathlete individuals. However, there is no con-
sensus on the scapular kinematics pattern in athletes with rotator
cuff tendinopathy when compared with healthy controls. More
high-quality studies are required to identify the scapular kinematic
patterns in athletes with and without rotator cuff tendinopathy.
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