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Abstract: The primary aim of this was to assess the effectiveness of stretching for improving shoulder
range of motion (ROM) in overhead athletes with glenohumeral internal rotation deficit (GIRD). The
secondary aims were to compare whether the combination of stretching plus manual therapy was
more effective than stretching in isolation and if any stretching technique was superior to others.
A systematic review and a meta-analysis were designed. The MEDLINE, PEDro, Cochrane Library,
and Web of Science databases were searched. Clinical trials investigating the effects of stretching in
isolation or combined with other manual therapy techniques on ROM and pain intensity in athletes
with GIRD were included. The PEDro scale was used to assess the methodological quality of the
studies, and the certainty of evidence was assessed using the GRADE tool. Two independent asses-
sors extracted data through a standardized form. The random-effects models were applied. Sixteen
randomized controlled trials were included in this systematic review with a meta-analysis, with a
methodological quality ranging from high to low. The stretching techniques in isolation showed
statistically significant improvements in internal rotation and horizontal adduction ROM. Adding
glenohumeral dorsal gliding to a stretching protocol showed better improvement in internal rotation
ROM than stretching in isolation. Stretching techniques with manual stabilization showed better bene-
fits than self-stretching techniques. A very low certainty of evidence suggests that stretching produces
statistically significant changes for improving ROM in patients with glenohumeral internal rotation
deficit. The combination with glenohumeral dorsal gliding seems to produce better improvements.

Keywords: athletes; glenohumeral internal rotation deficit; stretching; range of motion; pain

1. Introduction

Handball, baseball, volleyball, and water polo are sports that place large demands
on the shoulder complex because of the repetitive throwing actions. Studies suggested
that elite athletes could perform approximately 48,000 throwing actions during a single
session in more than 18,000 different shoulder positions [1,2]. These throwing actions are
commonly performed in extreme positions of the glenohumeral joint and at high velocities,
leading to overuse injuries [3,4].

Several studies have investigated risk factors for shoulder injuries in overhead athletes,
paying special attention to the glenohumeral range of motion (ROM) and shoulder muscle
imbalances [5,6]. Athletes with a glenohumeral internal rotation deficit (GIRD) higher than
15° and a total shoulder ROM reduction higher than 10° have shown a two-to-four-fold
increase in the risk of injury [7,8]. External rotator-muscle weakness [6] and a decrease in
the external rotation and internal rotation ratio may double the risk of injury [9,10].
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Despite the fact that shoulder pathobiomechanic is not fully understood, Burkhart
etal. [11,12] hypothesized that these changes in glenohumeral ROM and muscle function
occur due to the restriction of the posteroinferior part of the shoulder-joint capsule and
the inferior part of the glenohumeral ligament, as well as to the shortening or stiffness
of the muscles of the posterior part of the shoulder. Thomas et al. [13,14] found that the
throwing shoulder of overhead athletes presented a greater posterior capsule thickness
and was negatively correlated to internal rotation shoulder ROM. In addition, Jimenez-del-
Barrio et al. [15] showed that some muscles of the posterior part of the shoulder presented
an increased tone and stiffness.

In this sense, diverse clinical trials have applied different interventions to improve
the restriction of the shoulder capsule and ligaments, such as glenohumeral dorsal glid-
ing [16-18] or other soft-tissues-targeted techniques, to decrease the stiffness of the muscles
of the posterior part of the shoulder, such as dry needling [19], diacutaneous fibrolisis [20],
manual therapy [21,22] or stretching [23,24]. Among these conservative interventions,
static stretching and propiceptive neuromuscular facilitation (PNF) stretching are the most
studied techniques, either in isolation or combined with other manual therapy techniques,
to treat glenohumeral deficits in overhead athletes. Two previous systematic reviews have
investigated the effects of stretching on overhead athletes [23,24]. However, none of them
selected as an inclusion criterion the presence of GIRD. So, to the best of our knowledge,
there is no systematic review and meta-analysis evaluating the effectiveness of stretching
in isolation or combined with other manual therapy interventions in overhead athletes
with GIRD.

Therefore, the primary aim of this study was to assess the effectiveness of stretching
in overhead athletes with GIRD. The secondary aim was to investigate if the addition of
other manual therapy techniques to a stretching protocol produces better benefits than
stretching in isolation. The third aim was to evaluate which stretching technique produces
better benefits in athletes with GIRD.

2. Materials and Methods
2.1. Design

The protocol for this systematic review and meta-analysis was pre-registered with the
International Prospective Register of Systematic Reviews (PROSPERO: CRD42024509606).
It adhered to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines and Cochrane recommendations [25].

2.2. Search Strategy

The search strategy was implemented in PubMed (MEDLINE), the Physiotherapy
Evidence Database (PEDro), the Cochrane Library, and the Web of Sciences (WoS) from
inception to February 2024. The search terms included the following medical subject
headings: athletes, physical therapy modalities, exercise, pain, and range of motion. These
terms were combined with additional keywords and connected using the Boolean operators
AND/OR. The search strategy used in each database is shown in Appendix A. A hand
search of the reference lists of all the included studies was performed.

2.3. Eligibility Criteria

The inclusion criteria were developed according to the Population, Intervention,
Comparison, Outcome, and Study Design (PICOS) framework. All the studies met the
following criteria: population: patients with GIRD; intervention: stretching in isolation or
combined with other manual therapy techniques; comparison: no intervention or other
stretching techniques; outcomes: shoulder ROM and/or pain intensity; and study design:
randomized controlled trials.

Studies were excluded if they involved overhead athletes without GIRD; included
stretching techniques as part of a multimodal intervention; reported outcome variables that
were not of interest or were measured with invalid or unreliable instruments; or were not
published in English, French, or Spanish.
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2.4. Data Extraction

After running the searches in all databases, references were exported to Mendeley
Desktop, and duplicates were removed. Two reviewers (L.C.-L. and S.J.-d-.B.) independently
conducted the searches in each database and assessed the titles and abstracts to determine
potential eligibility. In cases of uncertainty, a third reviewer (R.R.-P.) was consulted.

The same two reviewers (L.C.-L. and S5.J.-d.-B.) independently extracted data from
the included studies using a standardized form adapted from the Cochrane Collaboration.
Any discrepancies were resolved by the third reviewer (R.R.-P).

2.5. Methodological Quality

The same independent reviewers (L.C.-L. and S.J.-d.-B.) assessed methodological
quality using the PEDro scale, an 11-item tool based on a Delphi list designed to evaluate
the methodological quality of clinical trials. A score of 7 or above indicated “high” quality,
5 to 6 was considered “fair” quality, and 4 or below was deemed “poor” quality. The first
item of the PEDro scale, which pertains to eligibility criteria and external validity, was not
included in the total score [26].

2.6. Data Synthesis and Analysis

Qualitative and quantitative synthesis was carried out with the following outcome
variables: shoulder internal rotation ROM, external rotation ROM, horizontal adduction
ROM, and pain intensity.

To meet the aims of the study, three syntheses of results were designed: (1) stretching
versus control; (2) manual therapy techniques plus stretching versus stretching (two sub-
groups were designed considering the intervention applied: dorsal gliding plus stretching
versus stretching and soft-tissue therapy plus stretching versus stretching); and (3) stretch-
ing versus stretching (two subgroups were designed considering the intervention applied:
cross-body stretch with manual stabilization versus cross-body stretch and sleeper stretch
versus cross-body stretch).

Sample sizes for each group, along with the mean change score and standard deviation
(SD) or 95% confidence interval (CI), were extracted whenever possible or calculated when
sufficient data were available. If change scores were unavailable or could not be calculated,
the mean and SD from the post-intervention data were extracted according to the Cochrane
Handbook for Systematic Reviews and Meta-Analysis [27]. The mean difference (MD) and
95% CI were calculated, with statistical significance set at p < 0.05.

Data were combined in forest plots when at least two trials were considered clinically
homogeneous, meaning the interventions and outcome variables were similar. When a
three-arm study was included, the study was subdivided under the terms “A” and “B”, and
the data from the comparison group were divided to avoid overestimations [28]. A random-
effects meta-analysis was performed when the combination of intervention effects could
incorporate an assumption that the studies are not all estimating the same intervention
effect [29]. The heterogeneity was assessed by considering the similarity of point estimates,
the overlap of confidence intervals, the context of the results, and the I2 statistic in the forest
plots [30,31]. All meta-analyses were conducted using RevMan 5.4. software.

2.7. Certainty of Evidence

The certainty of the evidence was evaluated using GRADE Evidence Profiles by the
same independent reviewers (L.C.-L. and S.J.-d.-B.). The evidence was categorized as
“high”, “moderate”, “low”, or “very low” to guide researchers and clinicians in interpreting
the importance of the results. The assessment considered the following domains: risk of
bias, inconsistency, indirectness, imprecision, and other considerations.

The certainty of the evidence was downgraded based on the following criteria: risk of
bias (downgraded by one level if at least 25% of participants were from studies with poor
or fair methodological quality and by two levels if at least 50% were from such studies,
considering factors like lack of allocation concealment, random allocation, sample size

calculation, blinding of participants and personnel, and blinding of outcome assessors),
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Identification

Screening

inconsistency of results (downgraded by one level if the I?> value was >50% and by two
levels if the 12 was >75%) [32,33], indirectness of evidence (downgraded by one level
if different populations, interventions, or comparators were included), and imprecision
(downgraded by one level if fewer than 100 participants were included in each group or by
two levels if <30 participants were included in each group) [34,35].

3. Results

Sixteen studies were finally included in this systematic review and meta-analysis. Two
studies were excluded. One did not involve patients with GIRD [36], and the other did
not report the outcomes of interest [37]. The selection process is illustrated in the PRISMA
flowchart diagram (Figure 1).

Identification of studies via databases and registers

Identification of studies via other methods

Records identified from:
MEDLINE (n = 244)
PEDro (n = 32)
Cochrane (n = 604)

Web of Science (n = 229)

Records removed before

screening: Records identified from:
> Duplicate records removed Citation searching (n = 8)
(n=610)

)

Records screened

Records excluded

(n = 499)

Reports sought for retrieval

(n=16)
:

Reports assessed for eligibility
(n=16)

v

(n=483)
o| Reports not retrieved Reports sought for retrieval .| Reports not retrieved
| (n=0) (n=8) | (n=0)
Reports assessed for eligibility &
—| Reports excluded (n=8) >
Not reporting outcomes of Reports excluded:
interest (n=1) Multimodal therapies (n = 6)
No GIRD (n=1)

Studies included in review
(n=16)

Figure 1. Flowchart diagram. GIRD: glenohumeral internal rotation deficit.

3.1. Characteristics of the Included Studies

A total of 16 randomized clinical trials were included, involving 739 patients with
GIRD. The sample size varied from 4 to 30 patients per group. The participants engaged
in various overhead sports, including baseball, volleyball, tennis, swimming, handball,
squash, water polo, badminton, and softball. All studies required the presence of GIRD or
total shoulder range-of-motion (ROM) restriction as an inclusion criterion.

Seven of the studies compared sleeper stretch or cross-body stretch to a control
group [38—44]. Five studies compared sleeper stretch and/or cross-body stretch plus
glenohumeral dorsal gliding [16-18] or plus manual therapy techniques targeting posterior
shoulder muscles [21,22] to stretching in isolation. The last five studies compared two dif-
ferent types of stretchings [44—48]. The number of sessions per week and the total number
of sessions varied widely from a single session to 56 sessions. The most common stretching
application was from three to five repetitions, maintaining each repetition for 30 s.

The outcome variables included in the PICOS framework for this systematic review
and meta-analysis were pain intensity and shoulder range of motion (ROM). Pain intensity
was evaluated using a visual analog scale in three studies. Shoulder ROM was measured
with an inclinometer or a universal goniometer in all studies. The sociodemographic and
clinical characteristics of the participants are detailed in Table 1.
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Table 1. Characteristics of the included studies.

Session Sessions/ Total n° of Outcome Main
Author Age Sport GIRD EG CG . . Variables
Duration Week Sessions Results
(Tool)
Stretching vs. control
10% ROM
EG: 20.51 (1.18) . Sleeper stretch Control - IR 0
Lo etal., 2021 [38] CG: 20.90 (1.45) Baseball iloetcarlela{sce)li/rll (n = 10) (n = 10) 5 reps. 30 s each 1 1 _ ER ND
- HA T
ROM
Chepeha et al., 20,51 (1.18) V?rlli);li)all 150 Sleeper stretch Control 5 reps. 2 min 7 56 - IR T
2017 [39] Pt 5w§n misng (n = 20) (n=17) each 8 sem - HA 1
Pain (VAS) ND
) h ROM
Sleeper stretch +
EG: 17.25 (1.35) o Standard care 18 - IR 0
Yu et al., 2017 [40] CG: 16.90 (1.52) baseball >15 star(;cl:lir;lzc)are (n=12) 3 reps. 30 s each 3 6 sem - ER 4
Pain (VAS) ND
Park et al., 2014 EG: 23.3 (2.0) Cross-body stretch Control ROM
ark et al., :23.3 (2. o ross-body stretc ontro
[43] CG: 233 (2.0) No data >10 (n = 29) (n = 29) 6 reps. 30 s each 1 1 - IR T
- HA T
Volleyball ROM
Maenhout et al., EG: 21.4 (2.5) W:f;nics)lo S15° Sleeper stretch Control 3 reps. 30 s each 7 42 - IR 1
2012 [42] CG:21.1(2.2) squapsh (n = 30) (n=32) ps: 6weeks - ER ND
badminton - HA T
ROM
Moore et al., 2011 EG: 19.5 (1.0) <8%intotal  Cross-body stretch Control 3 reps.
A[41] CG:19.8 (1.1) Baseball ROM (n=19) (n = 20) 2 min in total 1 1 - EA 1
M t al., 2011 EG:20.4 (1.1) 8° in total Sl tretch Control 3 ROM
oore et al., 1204 (1. <8° in tota eeper stretc ontro reps.
B [41] CG:19.8 (1.1) Baseball ROM (n =22) (1 = 20) 2 min in total 1 1 - R ND
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Table 1. Cont.
Session Sessions/ Total n° of Outcome Main
Author Age Sport GIRD EG CG . . Variables
Duration Week Sessions Results
(Tool)
McCl t al EG:23.5(1.7) Sl tretch Control 28 ROM
cClure et al., :23.5(1. o eeper stretc ontro
2007 A [44] CG: 235 (1.8) No data >10 (n = 15) (n = 24) 5reps. 30's each. 1 4weeks -~ R 1
- ER ND
McCl t al EG: 229 (1.5) C body stretch Control 28 ROM
cClure et al., 1229 (L. o ross-body stretc ontro
2007 B [44] CG: 235 (1.8) No data >10 (n = 15) (n = 24) 5reps. 30s each. 1 4weeks - R T
- ER ND
Stretching plus manual therapy vs. stretching in isolation
. Stretching
Manske et al GH dorsal glide + Cross-body 5 rstgetgg?egéch 34 ROM
v No data No data >10° cross-body stretch stretch ps. . Manual 4 weeks - IR ND
2010 [18] Dorsal glide:
(n=19) (n =20) > therapy - ER ND
10 min
2-3
Stretching:
Myofascial release + sleeper and 3 reps. 30 s each
Fairall et al., 2017 o sleeper and cross-body ROM
[21] 36.9 (111) Softball >20 cross-body stretch stretch Myofascial ! ! - IR ND
(n=4) n=4) release:
2 reps. 60 s each
Stretching:
Manual therapy + Stretching 2 reps. ROM
. . stretching (sleeper and 1 min each
Bailey etal,, 2017 EG:18.8 (2.6) Baseball >15° (sleeper and cross-body Manual therapy: 1 1 - R T
[22] CG:18.6 (2.1) L - ER 0
cross-body stretch) stretch) friction in teres HA "
(n=30) (n=30) minor and .
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Table 1. Cont.
Session Sessions/ Total n° of Outcome Main
Author Age Sport GIRD EG CG . . Variables
Duration Week Sessions Results
(Tool)
. GH dorsal glide + Cross-body ROM
Kang e[tlz;]l -+ 2020 (h;g ;;Z 8;; No data >10° cross-body stretch stretch 2 reps. 30 s each 1 1 - IR T
A (n =20) (n =20) - HA T
Ciffralgider Srchig s rom
Kamali etal., 2021  EG: 21.26 (2.98) 5 8 P 5 reps. 30 s each
Volleyball >15 (sleeper and cross-body e 3 3 - IR ND
[16] CG: 23.40 (4.79) Mobilization:
cross-body stretch) stretch) 3 sets of 10 reps - ER ND
(n =15) (n =15) p
Stretching vs. stretching
Cross-body
Mcclure et al., EG: 23.5(1.7) o Sleeper stretch 28 ROM
2007 [44] CG:22.9 (1.5) No data >10 (n = 15) (itrftlc;‘) 5reps. 30 s each 7 4weeks - IR ND
Volleyball
- Sleeper and Dorsal and ROM
CoolsAet al., 2011 24.5 (7.8) Tennis 20° cross-body stretch caudal gliding 15m 3 o
[45] Squash 3 weeks - IR ND
Badminton (n = 15) (n = 15)
Volleyball
. Sleeper and Dorsal and ROM
Cools et al., 2011 B 25.4 (6.7) Tennis 20° cross-body stretch caudal gliding 15m 3 ?
[45] Squash — B 3 weeks - IR ND
Badminton (n=15) (n=15)
Cross-body stretch ROM
Salamhetal, 2014  EG:16.1(1.2) Vollevball 10° with manual Crotss't}";dy ) 20 s each . .
[46] CG: 165 (1.5) olleyba stabilization (Sn re ;0) feps. 5Us eac - IR 1
(n = 30) = - HA
c bod ROM
ross-body
Guney et al., 2015 EG: 23.8 (1.7) o Sleeper stretch - IR ND
A [47] CG:24.1 (41) No data >18 (n = 24) stretch 3 reps. 30 s each 7 1 _ ER ND
(n=23)
- HA ND
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Table 1. Cont.

Session Sessions/ Total n° of Outcome Main
Author Age Sport GIRD EG CG . . Variables
Duration Week Sessions (Tool) Results
Cross-body stretch Cross-body ROM
Guney et al., 2015 EG: 239 (1.5) o with manual - IR 0
B [47] CG:24.1 (4.1) No data >18 stabilization (Srltrftzcg) 3 reps. 30's each 7 ! -~ ER 4
(n =24) - - HA )
V(;}iz?:u Passive Internal ROM
Gharisia et al., EG: 26.0 (2.5) Waterpolo 15.6 (5.5) Sleeper stretch rotlatrlr(l)n}:/v Hh 3 30 h 3 12 R ND
2021 [48] CG: 25.9 (2.6) Squash 0L (n = 20) Cbii B Sine eps. U s eac 4 weeks . +CG vs.
Baseball " —gZO)g Pain (VAS) EG
Swimming -

Letters A and B: subdivisions of a three-arm study; GIRD: glenohumeral internal rotation deficit; EG: experimental group; CG: control group; ROM: range of motion; IR: internal rotation;

ER: external rotation; HA: horizontal adduction; VAS: visual analog scale; ND: no statistically significant differences; 1: statistically significant differences in EG vs. CG.
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3.2. Methodological Quality

Five studies were rated as having high methodological quality, scoring seven or eight
points on the PEDro scale. Seven studies were deemed to have fair methodological quality,
with scores ranging from five to six points. Four studies were classified as having low
methodological quality, with scores between three and four points. None of the studies
implemented blinding for the participants or the therapists. Most studies did not specify
whether allocation concealment was used and did not conduct an intent-to-treat analysis.
The PEDro scale is presented in Table 2.

Table 2. PEDro scale scores.

Items
Author Total
1 2 3 4 5 6 7 8 9 10 11
Stretching vs. control
Lo etal., 2021 [38] Y Y N Y N N N Y Y Y Y 6/10
Chepeha et al., 2018 [39] Y Y N Y N N Y Y N Y Y 6/10
Yu et al., 2017 [40] N Y Y Y N N N Y Y Y Y 7/10
Park et al., 2014 [43] Y Y N N N N Y N N Y N 3/10
Maenhout et al., 2012 [42] N Y N Y N N N N N Y Y 4/10
Moore et al., 2011 [41] Y Y N Y N N Y Y N Y Y 6/10
Stretching plus manual therapy vs. stretching in isolation
Manske et al., 2010 [18] N Y N Y N N Y Y N Y Y 6/10
Fairall et al., 2017 [21] Y N N Y N N N Y Y N Y 4/10
Baley et al., 2017 [22] N Y N Y N N N Y N Y Y 5/10
Kang et al., 2020 [17] Y Y Y Y N N N Y Y Y Y 7/10
Kamali et al., 2021 [16] Y Y Y N N Y Y Y Y Y Y 8/10
Stretching vs. stretching
Mcclure et al., 2007 [44] Y Y N Y N N Y Y N Y Y 6/10
Cools et al., 2011 [45] Y Y N Y N N N N N Y Y 4/10
Salamh et al., 2014 [46] Y Y N Y N N Y N N Y Y 5/10
Guney et al., 2015 [47] Y Y Y Y N N Y Y Y Y Y 8/10
Gharisia et al., 2021 [48] Y Y Y Y N N Y Y Y Y Y 8/10

One, eligibility criteria 2, random allocation; 3, concealed allocation; 4, similarity at baseline; 5, blinding of
participants; 6, blinding of therapists; 7, blinding of assessors; 8, measures of at least one key outcome from at
least 85% of participants initially allocated to groups; 9, intention-to-treat analysis; 10, between-group comparison;
11, point measures and measures of variability. 1= Yes (1 point), 0 = No (0 point), maximum score = 10 (criterion 1
is not included in scores).

3.3. Synthesis of the Results
3.3.1. Stretching versus Control

Seven studies were included in the qualitative synthesis and six in the quantitative
synthesis. All the included studies showed statistically significant improvements in internal
rotation (MD: 9.80; 95%CI: 6.54, 13.06; I?: 89%; six studies; 258 athletes) (Figure 2A) and
horizontal adduction ROM (MD: 6.55; 95%CI: 2.79, 10.31; I2: 92%; four studies; 180 athletes)
(Figure 2B) after stretching. Qualitative and quantitative synthesis showed no benefits in
external rotation ROM after stretching (MD: 1.82; 95%Cl: —2.77, 6.42; 12: 75%,; four studies;
82 athletes) (Figure 2C) or in pain intensity after stretching (MD: —0.51; 95%CI: —1.14, 0.13;
I2: 0%; two studies; 61 athletes) (Figure 2D). The certainty of evidence was downgraded to
very low for all the outcome variables.
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Stretching Control Mean Difference Mean Difference
Study or Subgroup Mean S0 Total Mean SD Total Weight IV, Random, 895% Cl IV, Random, 95% CI
Chepeha etal 2017 18.859 1347 20 259 1347 17 T.T% 1596 [7.25 24 67]
Loetal 2021 1348 4328 10 021 428 10 1389% 13.27[9.5217.0%) e
Maenhout etal. 2012 1358 n.a 30 1.7 na 32 170% 11.801[11.40,12.20] =
MecClure et al. A 2007 124 114 15 a8 2.4 12 A¥%  BEO[1.11,14.31] T
McClure et al. B 2007 20 13 15 5.8 8.4 12 8.3% 14.20[6.05 22.39] —
Moore etal. A 2011 4.2 5.3 189 -02 4 10 14.4% 4.40[0.96, 7.84] —
Maare etal. B 2011 0z 6.3 22 02 4 10 141% 040322 407 -1
Yuetal 2017 1508 3.A7 12 074 1.6 12 158% 1433[1212 16.484] -
Total (95% CI) 143 115 100.0% 9.80 [6.54, 13.08] -
Heterageneity: Tau*=16.17; Chi*= 6410, df = 7 (P = 0.00001%; F= 89% _250 _150 o 150 250
Testfor overall effect: 7= 5849 (F = 0.00001) Favours [Cantrol] Favours [Stretching]
(A)

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Chepeha etal 2017 445 31 20 17 3132 17 231% 328147, 524 —
Laoetal 2021 a 317 10 244 317 10 21.8% .86 [2.78,8.34] —_—
Maenbout etal 2012 106 048 30 nE 04 32 246% 1000[98.55 10.44] L
Moare et al. A 2011 B8 104 19 11 68 10 14.5% FA0[1.57, 14.23]
Moore et al. B 2011 5 87 22 11 68 10 16.0% 6.10[0.53 11.67] -
Total (95% Cl) 10 79 100.0%  6.55[2.79,10.31] el
Heterogeneity: Tau®=14.88; Chi®= 4074, df= 4 (P = 0.00001), F=92% _150 55 g é 150

Testfor overall effect Z=3.42 (P =10.0008) Favours [Contral] Favours [Stretching]

(B)

Stretching Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
Loetal 2021 301 538 10 -1.83 538 10 37.7% 4.841[0.12, 9.56]

Waenhout et al. 2012 19 07 30 19 07 32 B23% 0.00[-0.35, 0.34]

Total (95% CI) 40 42 100.0% 1.82[-2.77,6.42]
Heterageneity: Tau®=8.79; Chi*=4.01, df=1 (P =0.08); F=75%
Testfar overall effect Z=078 {F = 0.44)

A0 5 0 5 11
Favours [Control] Favours [Stretching]

Stretching Control Mean Difference Mean Difference
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Figure 2. (A) Forest plot for internal rotation ROM. (B) Forest plot for horizontal adduction ROM.
(C) Forest plot for external rotation ROM. (D) Forest plot for pain intensity [38-42,44].

3.3.2. Stretching Plus Manual Therapy versus Stretching in Isolation

Five studies added manual therapy techniques to a stretching protocol and were
divided into two subgroups: dorsal gliding plus stretching versus stretching and soft-
tissue therapy plus stretching versus stretching. The quantitative synthesis suggested that
the addition of dorsal gliding to a stretching protocol produced statistically significant
differences in internal rotation ROM (MD: 4.51; 95%CI: 1.18, 7.83; 12: 0%; three studies;
19 athletes) (Figure 3A) but not in external rotation ROM (MD: —2.89; 95%CI: —8.06, 2.29;
12: 35%; two studies; 69 athletes) (Figure 3B) versus stretching in isolation. The addition of
soft-tissue techniques plus stretching versus stretching in isolation showed no statistically
significant benefit in internal rotation ROM (MD: 3.90; 95%CI: —137, 9.16; 12: 84%:; two
studies; 68 athletes) (Figure 3A). The certainty of evidence was downgraded to very low
for all the outcome variables in each subgroup.
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MT + stretching Stretching Mean Difference Mean Difference
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Kang et al. 2020 71 g 20 54 9 20 39.8% FO0[1.72,12.28] —
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Figure 3. (A) Forest plot for internal rotation ROM. (B) Forest plot for external rotation ROM [16-18,39,40].

3.3.3. Stretching versus Stretching

Two studies compared cross-body stretch with scapular stabilization versus cross-body
stretch, suggesting that manual stabilization during the stretching is more beneficial for
improving internal rotation ROM (MD: 11.15; 95%Cl: 4.44, 217.85; 12: 74%; two studies;
107 athletes) (Figure 4). Two studies compared sleeper stretch versus cross-body stretch,
but no differences were found by comparing both types of stretching (MD: —1.17; 95%Cl:
—11.84, 9.50; 12: 82%; two studies; 77 athletes) (Figure 4). The certainty of evidence was
downgraded to very low for all the outcome variables in both subgroups.

Stretching Stretching Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
6.1.1 Cross-body stretch + stabilization vs cross-body stretch
Guneyetal 20145 1958 554 24 AEB1 271 23 595% 13497 [11.49 16.45] . =
Salamh etal. 2015 11 16.46 30 4 738 30 40.5% 7.00[0.55, 13.45] —
Subtotal (95% CI) 54 53 100.0% 11.15[4.44,17.85] =i

Heterogeneity: Tau*=18.07; Chi®=3.490, df=1 (P =0.08); F=T74%
Test for overall effect: Z=3.26 (P=0.001)

6.1.2 Sleeper stretch vs cross-body stretch

Guney etal. 2014 905 272 24 A\ 27 23 58.2% 3.4411.89, 4.99] . 3
MecClure et al. 2007 124 1148 14 200 13 15 41.8% -7.E0[16.52 1.37) —
Subtotal {95% CI) 39 38 100.0% -1.17 [-11.84, 9.50] ——el——

Heterogeneity: Tauf= 45027, Chi*=571,df=1 (FP=0.02); F=82%
Testfor overall effect: Z=022 (P=0183)

-20 -0 0 10 20
) ) [cross-body] [Stabilization/Sleeper]
Test for subgroup differences: Chi®= 367, df=1 (P=0.06), F=72.8%

Figure 4. Forest plot for internal rotation ROM [44,46,47].
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A detailed description of the certainty of evidence explaining the items downgraded
for each outcome variable assessed is shown in Table 3.

Table 3. Certainty of evidence according to GRADE profile.

Outcome

No. of Studies Certainty of
(Participants)

Risk of Bias Inconsistency Indirectness Imprecision .
Evidence

Stretching vs. control

IR ROM 6 (258) Very serious ? Very serious ¢ Serious © None Very low
HA ROM 4 (180) Very serious ? Very serious © Serious € Serious f Very low
ER ROM 2(82) Very serious ? Very serious © Serious € Serious ! Very low
Pain 2 (61) serious P None Serious € Serious £ Very low
Dorsal gliding + stretching vs. stretching
IR ROM 3(109) serious P None Serious © Serious Very low
ER ROM 2(69) serious P None Serious € Serious f Very low
Soft-tissue therapy + stretching vs. stretching
IR ROM 2 (68) Very serious ? Very serious © Serious € Serious £ Very low
Cross-body stretch + stabilization vs. cross-body stretch
IR ROM 2 (107) serious P serious 4 None Serious f Very low
Sleeper stretch vs. cross-body stretch
IR ROM 2(77) serious P Very serious © None Serious ! Very low

IR: internal rotation; ER: external rotation; HA: horizontal adduction; ROM: range of motion. Explanations:
2 Downgraded two levels for risk of bias (more than 50% of the patients were from studies with fair methodological
quality). ® Downgraded one level for risk of bias (more than 25% of the patients were from studies with
fair methodological quality). ¢ Downgraded two levels for inconsistency (heterogeneity of results indicated
by I > 75%). ¢ Downgraded two levels for inconsistency (heterogeneity of results indicated by I? > 50%).
¢ Downgraded one level for indirectness (downgraded by one level if different populations, interventions, or
comparators were included). f Downgraded one level for imprecision (less than 100 patients per group). High: we
are very confident that the true effect is close to the estimate of the effect. Moderate: we are moderately confident
in the effect estimate. The true effect is close to the estimate of the effect, but the result can be different. Low:
confidence in the effect estimate is limited; the true effect can be substantially different from the estimate of the
effect. Very Low: there is little confidence in the effect estimate; the true effect is likely to be substantially different
from the estimated effect.

4. Discussion

The primary aim of this systematic review and meta-analysis was to evaluate the
effectiveness of stretching techniques on athletes with GIRD. A very low certainty of evi-
dence suggested that stretching produces statistically significant improvements in internal
rotation and horizontal adduction ROM but not in external rotation ROM or pain intensity.
The secondary aim was to compare manual therapy techniques plus stretching versus
stretching in isolation. A very low certainty of evidence suggested that the addition of
glenohumeral dorsal gliding was more effective than stretching in isolation. The third aim
of this study was to assess if any stretching protocol was superior to the others. A very low
certainty of evidence suggested that cross-body stretch with manual stabilization is more
beneficial than cross-body stretch without stabilization.

Regarding the methodological quality of the included clinical trials, the most frequent
issues were the absence of concealed allocation, lack of blinding for participants and
therapists, and the failure to conduct intent-to-treat analysis. While therapist blinding is
often not feasible in physical therapy studies and may introduce bias, it is important to
recognize that such blinding is not typically part of clinical practice, as it does not impact
the day-to-day treatment of patients [49].
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4.1. Stretching versus Control

The loss of internal rotation ROM has been attributed to the posterior-inferior capsule
and ligaments restriction and/or posterior muscle stiffness or tightness. This GIRD has been
associated with several injuries, such as labral tears, or impingement syndromes [8,50,51].
Thus, according to the results of this systematic review and meta-analysis, the introduction
of a stretching protocol as an intervention or as a preventive program to improve internal
rotation and horizontal adduction ROM in athletes with GIRD may decrease the risk of
injury. Previous studies have shown that the use of these protocols reduces the number
of injuries in elite baseball athletes and maintains a higher internal rotation ROM than
other athletes who do not stretch [52]. However, the results of this study did not show any
changes in external rotation ROM and pain intensity, which could mean that a multimodal
intervention may be more appropriate to control the rest of the variables.

4.2. Stretching Plus Manual Therapy versus Stretching in Isolation

Considering that the restriction of the shoulder ROM could be because of the capsule-
ligamentous tissues and/or the posterior shoulder muscles, the introduction of other
manual therapies into the intervention may have a correct theoretical basis. The included
studies applied a glenohumeral dorsal gliding targeting the posterior part of the capsule or
soft-tissue techniques targeting the muscles of the posterior part of the shoulder.

Mobilization techniques can address joint limitations through the application of direct
force on a desired joint capsule or tissue [53]. In this sense, translatoric mobilization
techniques have been shown to increase shoulder ROM by stretching the capsule and
ligaments [53,54]. Glenohumeral dorsal gliding increases posterior translation of the
humeral head, decreasing the restriction in the posterior capsule [55]. So, its combination
with stretching techniques was found to be more beneficial than stretching in isolation in
our study.

In contrast, the addition of other soft-tissue techniques to the stretching protocol was
found to be not statistically significant. Both techniques are mainly focused on the muscles
of the posterior part of the shoulders. Therefore, the combination of several techniques
targeting the soft tissue does not seem to have superior benefits.

4.3. Stretching versus Stretching

The sleeper stretch and the cross-body stretch are the most popular stretching tech-
niques for overhead athletes and are mainly described as self-performed stretching. The
sleeper stretch is performed in a side-lying position maintaining the scapula stabilized
against the treatment table. However, the cross-body stretch is normally performed with-
out any type of stabilization, allowing the scapula to move and reducing the stretching
of the soft tissues [56]. The manual stabilization of the scapula seems to produce a better
stretching of the tissues, showing greater benefits in internal rotation ROM than cross-body
stretch without manual stabilization. Both techniques are commonly included as a stan-
dard stretching protocol, achieving both statistically significant improvements in shoulder
ROM without differences between them. Thus, both techniques can be considered for the
treatment of overhead athletes with GIRD as long as the scapula is stabilized.

From a clinical perspective, the current study found that stretching is an effective
intervention to improve internal rotation and horizontal adduction ROM in athletes with
GIRD, and its combination with glenohumeral dorsal gliding seems to produce better
benefits in internal rotation ROM compared to stretching in isolation. Each stretch should
be performed for between three and five repetitions for at least 30 s, and immediate effects
may be noted after the first session. The combination of the sleeper and the cross-body
stretches is the most common protocol, and no differences have been found when both
stretching techniques have been compared. However, the cross-body stretch has been
shown to be more beneficial for improving shoulder internal rotation ROM when manual
stabilization is applied. Despite that, the results should be interpreted with caution because
the certainty of the evidence was rated as very low for all the outcome variables.
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Three limitations must be considered in this study. First, some studies presented
a small sample size, which could be a source of bias. Second, several subgroups were
considered for statistical analysis, which complicates the interpretation of the results. Third,
some quantitative analysis could not be performed using mean change scores due to the
lack of variability data. Future studies should assess the shoulder range of motion in the
three planes, assess longer periods of follow-up, and assess the best dose.

5. Conclusions

This systematic review and meta-analysis found a very low certainty of the evidence,
suggesting that stretching produces statistically significant changes for improving internal
rotation and horizontal adduction ROM but not in external rotation ROM or pain intensity.
Its combination with glenohumeral dorsal gliding seems to produce better improvements
in internal rotation ROM than stretching in isolation. Finally, the cross-body stretch seems
to improve more the internal rotation ROM when the scapula is manually stabilized.
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Appendix A. Search Strategy Used in Each Database

MEDLINE

(Athletes [MeSH] OR “Upper extremity” OR “young adult” OR handball OR volleyball
OR baseball OR waterpolo OR swimmer OR overhead) AND (“rotator cuff tendinopathy”
OR “rotator cuff related pain” OR “impingement syndrome” OR “shoulder impingement”
OR “non-specific shoulder pain” OR “joint instability” OR “athletic injuries” OR “shoulder
injuries” OR “shoulder pain” OR “GIRD” OR “glenohumeral internal rotation deficit”)
AND (physical therapy modalities [MeSH] OR exercise [MeSH] OR stretching OR sleeper
OR “cross-body stretch” OR “manual therapy” OR “physical therapy” OR physiother-
apy) AND (pain [MeSH] OR range of motion [MeSH] OR internal rotation OR “posterior
stiffness”)

Date: 01-02-2024

Studies retrieved: 244

PEDro

Athletes AND overhead

Date: 1 February 2024

Studies retrieved: 32

Glenohumeral internal rotation deficit

Date: 1 February 2024

Studies retrieved: 12 (all duplicates)

Cochrane Library
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(Athletes OR “Upper extremity” OR “young adult” OR handball OR volleyball OR base-
ball OR waterpolo OR swimmer OR overhead) AND (“rotator cuff tendinopathy” OR
“rotator cuff related pain” OR “impingement syndrome” OR “shoulder impingement” OR
“non-specific shoulder pain” OR “joint instability” OR “athletic injuries” OR “shoulder
injuries” OR “shoulder pain” OR “GIRD” OR “glenohumeral internal rotation deficit”)
AND (physical therapy modalities OR exercise OR stretching OR sleeper OR “cross-body
stretch” OR “manual therapy” OR “physical therapy” OR physiotherapy) AND (pain OR
range of motion OR internal rotation OR “posterior stiffness”)

Date: 1 February 2024

Studies retrieved: 624

Web of Science

((((TS = (athletes OR handball OR volleyball OR baseball OR waterpolo OR swimmer
OR overhead)) AND TS = (rotator cuff tendinopathy OR rotator cuff related pain OR
impingement syndrome OR shoulder impingement OR non-specific shoulder pain OR
joint instability OR athletic injuries OR shoulder injuries OR shoulder pain OR GIRD OR
glenohumeral internal rotation deficit)) AND TS = (stretching OR sleeper OR cross-body
stretch OR manual therapy OR physical therapy OR physiotherapy)) AND TS = (pain
OR range of motion OR internal rotation OR posterior stiffness)) AND TS = (clinical trial
OR randomized controlled trial OR randomized controlled clinical trial OR randomised
controlled trial OR randomised controlled clinical trial)

Date: 1 February 2024

Studies retrieved: 268
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