Warneke et al. Sports Medicine - Open (2024) 10:65 Spo rts Medicine - Open
https://doi.org/10.1186/540798-024-00733-5

Check for
updates

Effects of Stretching or Strengthening Exercise
on Spinal and Lumbopelvic Posture: A
Systematic Review with Meta-Analysis

Konstantin Warneke', Lars Hubertus Lohmann? @ and Jan Wilke'

Abstract

Background Abnormal posture (e.g. loss of lordosis) has been associated with the occurrence of musculoskeletal
pain. Stretching tight muscles while strengthening the antagonists represents the most common method to treat the
assumed muscle imbalance. However, despite its high popularity, there is no quantitative synthesis of the available
evidence examining the effectiveness of the stretch-and-strengthen approach.

Methods A systematic review with meta-analysis was conducted, searching PubMed, Web of Science and Google
Scholar. We included controlled clinical trials investigating the effects of stretching or strengthening on spinal and
lumbopelvic posture (e.g., pelvic tilt, lumbar lordosis, thoracic kyphosis, head tilt) in healthy individuals. Effect sizes
were pooled using robust variance estimation. To rate the certainty about the evidence, the GRADE approach was
applied.

Results A total of 23 studies with 969 participants were identified. Neither acute (d=0.01, p=0.97) nor chronic
stretching (d=-0.19, p=0.16) had an impact on posture. Chronic strengthening was associated with large
improvements (d=-0.83, p=0.01), but no study examined acute effects. Strengthening was superior (d=0.81,
p=0.004) to stretching. Sub-analyses found strengthening to be effective in the thoracic and cervical spine (d=-1.04,
p=0.005) but not in the lumbar and lumbopelvic region (d=-0.23, p=0.25). Stretching was ineffective in all locations
(p>0.05).

Conclusion Moderate-certainty evidence does not support the use of stretching as a treatment of muscle
imbalance. In contrast, therapists should focus on strengthening programs targeting weakened muscles.

Key Points

- Stretching of tight muscles and strengthening of weak muscles is popular in treating muscular imbalance of the
pelvis and spine. While combined interventions have previously been meta-analyzed and shown to be effective,
the effectiveness of both used in isolation has not been investigated.

- This meta-analysis found no effects of stretching on posture while strengthening can improve imbalances/
posture.

- Additional studies including higher stretching volumes and intensities are warranted.
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Background

Spinal alignment and posture have been investigated for
about 250 years [1, 2]. Evidence syntheses from recent
decades suggest that deviations from the assumed physi-
ological norm may be associated with the occurrence
of musculoskeletal pain. Chun et al. [3] found a strong
cross-sectional relationship of reduced lumbar lordo-
sis and low back pain. In a meta-analysis of prospective
cohort studies, limited lordosis predicted the develop-
ment of low back pain with an odds ratio of 1.27 [4]. With
regard to the neck, patients with pain displayed a forward
head posture (FHP) when compared to asymptomatic
individuals. Interestingly, the magnitude of FHP cor-
related with neck pain intensity and subjective disabil-
ity [5], which is frequently associated with, for instance,
early fatigue, neck and shoulder pain, decreased respira-
tory capacity, as well as reduced aerobic endurance [6,
7]. Barrett et al. [5] focused on thoracic kyphosis. The
authors found that persons with excessive spinal curva-
ture exhibited reductions in shoulder range of motion.
This is of relevance because restricted shoulder mobility
has been shown to increase the risk for upper extremity
pain and injury [8, 9].

Changes of lumbopelvic or spinal posture are com-
monly related to muscle imbalance [10]. Such imbalance
is suggested to originate from extended periods of bio-
mechanical, psychological and social stresses as well as
repetitive activities [11, 12] While some muscles respond
with tightness or shortening, their antagonists may
become too weak to maintain the normal joint position
[13-18]. As an example for muscle imbalance, Janda [13,
14] hypothesized that shortening of the pectoralis major,
upper trapezius and levator scapulae muscles in conjunc-
tion with weakness of the deep neck flexors, lower trape-
zius and rhomboids causes excessive kyphosis and FHP.

Besides various other methods including mobilization
[19, 20], yoga [21], Pilates [22, 23], manual therapy [24],
or taping [25], stretching of tight muscles and strength-
ening of weak muscles has gained high popularity in the
treatment of muscle imbalance. A survey by Perriman
and colleagues from 2012 [26] revealed that 71% and 64%
of the physiotherapists use stretching and strengthening,
respectively, to treat excessive kyphosis, while in 2024,
60% of the physiotherapists and sport scientists attend-
ing an Austrian training convention assumed stretch-
ing to be effective in treating muscular imbalance [27].
Despite the frequent use of the stretch-and-strengthen
approach, the effectiveness of corrective exercise rou-
tines on posture is questionable [15, 16]. A systematic
review with meta-analysis by Gonzalez-Galvez et al. [18]

reported a positive influence of exercise programs in gen-
eral, mostly when combining stretch and strengthening
exercise. Interestingly, they concluded that strengthening
may be superior to stretching. Yet, this assumption was
based on the analysis of only 10 studies and, more impor-
tantly, no investigation of the isolated effects of stretch-
ing and stretching was performed. Withers et al. [28]
included different training approaches. Among these,
they examined stretching as a stand-alone treatment for
hyperkyphosis. Since only one isolated static stretching
was found, further research seems necessary. In view of
the lack of evidence on the individual components of the
stretch-and-strengthen approach, the present systematic
review with meta-analysis was conducted to summarize
the evidence on isolated stretch and strengthening treat-
ments aiming to modify spinal or lumbopelvic posture.

Methods

A systematic review with meta-analysis was performed
adhering to the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) guide-
lines. We considered ethical publishing standards [29]
and registered the study in the PROSPERO database
(CRD42023412854).

Literature Search

Two authors (KW & LHL) conducted a systematic litera-
ture search using MEDLINE/PubMed and Web of Sci-
ence (inception to April, 2023) and assessed all records
independently. Disagreements at each screening level
(title, abstract+full-text) were resolved by discussion (see
Fig. 1). Database queries were supplemented by a hand
search using Google Scholar as well as citation search-
ing in eligible studies. The following criteria were applied
for study inclusion: (1) randomized or non-randomized
controlled intervention study design, (2) assessment of
acute (post-testing immediately following the interven-
tion) or chronic (intervention period of at least one week)
effects, (3) comparison of stretching vs. strengthening,
stretching vs. non-intervention control, or strengthening
vs. non-intervention control, (4) measurement of pelvic
tilt, lumbar lordosis, kyphosis, and/or forward head/for-
ward shoulder posture using objective and quantifiable
measurements (e.g., radiographs or camera systems),
(5) inclusion of healthy adults. Patients with a history
of musculoskeletal, neurologic, or cardiopulmonary dis-
orders, joint replacements, osteoporosis, specific back
pain or other pathologies were excluded from this analy-
sis to improve homogeneity. Trials combining different
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Fig. 1 Flow-chart of literature search for studies assessing the influence of stretching or strengthening on posture

interventions (i.e., stretching plus strengthening) were
excluded as well.

Stretching interventions eligible for inclusion were
static, dynamic and ballistic stretching and proprio-
ceptive neuromuscular facilitation in accordance with
Warneke & Lohmann [30] and Behm [31]. Static stretch-
ing was defined as muscle lengthening until onset of a
stretch sensation or to the point of discomfort. By defi-
nition, this position is to be held and can be performed
passively via partner, external weight or a tool, or actively
via movement. Proprioceptive neuromuscular facilita-
tion includes a (sub-) maximal voluntary contraction to
a stretching bout with or without antagonist contraction.
Dynamic stretching was defined as controlled back-and-
forth movement in the end range of motion with bal-
listic stretching as a sub-category and less controlled,
bouncing movements [32]. Strengthening interventions
were considered eligible if the authors stated the applica-
tion of dynamic or isometric muscle actions sufficient to
increase strength capacity, while the control group was

considered to be inactive if no structured intervention
was performed within the study.

The search terms were created based on the require-
ments of each database (see Appendix S1). In addition to
the database searches, the reference lists of all included
studies were screened for further eligible articles [33].

Methodological Study Quality and Risk of Bias
We used the PEDro scale for the assessment of method-
ological study quality [34, 35]. Scoring was performed by
two independent investigators (KW & LHL). If both did
not reach consensus, a third examiner provided the deci-
sive vote (JW) [28]. To estimate the risk of publication
bias, funnel plots, created using the modification of Fer-
nandez-Castilla et al. [36] for multiple study outcomes,
were visually inspected. In addition, we performed Egg-
er’s regression test with the extension for dependent
effect sizes [36].

To rate the certainty about the evidence, we applied the
GRADE working group criteria [37]. Briefly, the quality
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of evidence of randomized, controlled trials was initially
classified as high and adjusted afterwards, considering
the GRADE framework. In detail, in case of limitations in
study design or execution, inconsistency of results, indi-
rectness of evidence, imprecision or publication bias, one
point was subtracted for each weakness. On the contrary,
large magnitude effects or a dose-response gradient led
to improvements of the quality of evidence by one point
each. This resulted in a final rating of the certainty about
the evidence as very low, low, moderate, or high.

Data Processing and Statistics

The means (M) and standard deviations (SD) from pre-
and post-tests were extracted for all parameters (e.g. lor-
dotic angle). In case of missing data, the authors of the
primary studies were contacted. KW and LHL extracted
data from eligible studies cooperatively, meaning that
one read the values aloud and checked the shared screen
while the other entered the numbers in a Microsoft Excel
sheet. Additionally, KW double-checked the entered
values for accuracy at the end of the extraction pro-
cess. Changes from pre- to post-test were calculated as
M, ) — M ) and standard deviations were pooled
as

posttest pretest

SD ~ (ny=1)* SD} + (ny — 1) x SD3
pooled — (nl — 1) + <n2 — 1) .

A meta-analysis with robust variance estimation,
accounting for the dependency of effect sizes (e.g. in case
of multiple outcomes in the same study), was performed
to pool the standardized mean differences (SMD) and
95% confidence intervals (CI) between the intervention
(stretching or strengthening) and control groups [38].
The between-study variance component was estimated
using 12. Pooled effect sizes (ES) were interpreted as fol-
lows: 0<SES<0.2 trivial, 0.2<ES<0.5 small, 0.5<ES<0.8
moderate and ES>0.8 large [39]. Besides the omnibus
analyses on the effects of stretching and strengthening,
we performed sub-analyses for different body regions (1:
forward head posture/thoracic kyphosis, 2: pelvic angle/
lordotic angle). All calculations were performed using R
and the robumeta package [40].

Results
Search Results and Study Characteristics
Figure 1 shows the flow-chart of the literature search.

A total of 23 studies [41-63] (=969 participants, 48
ES) were found eligible. Fourteen of the papers examined
the effects of stretching [41, 43, 45, 46, 51-55, 57-59, 61,
62] while fifteen studies [42—-44, 46-52, 56, 59, 60, 62, 63]
investigated the effects of strengthening. The majority of
the studies (7=21) focused on chronic treatment effects
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while only 2 studies explored acute effects. These were
quantified via the Cobb angle, kyphosis angle, lordosis
angle, head tilt angle, neck flexion angle, hip extension
angle, acromion process vertical distance and assessed
with marker-based camera (three-dimensional) motion
capture systems, radiography, the spinal mouse system,
steel ruler, photographs, flexible rulers, inclinometers and
goniometers. Most studies (#=17) included participants
without pain. While patients were generally excluded, six
studies included participants with unspecific back (n=2)
[54, 59] or neck (n=4) [51, 52, 60, 63] pain. Table 1 pro-
vides information about the studies’ characteristics.

Methodological Quality, Risk of Bias and Certainty About
the Evidence

For stretching studies, the average risk of bias was rated
as fair with a PEDro score of 4.1+1.3 (range: 3 to 8
points). The same applied to strengthening studies, which
averaged 4.3t1.4 points (range: 2 to 7). Almost all stud-
ies used random group allocation, reported statistical
between-group comparisons and provided both, point
measures and measures of variability. In contrast, blind-
ing of the participants was only reported in one study,
and not at all for therapist blinding. Also, very few studies
(n=2) declared application of the intention-to-treat prin-
ciple (see Table 2).

Visual inspection of funnel plots suggested absence of a
publication bias (Figures A-C in Supplemental material).
These results were confirmed by Egger’s regression tests
(t=2.26, p=0.16, 95% CI -0.32—-0.99) for chronic stretch-
ing, (t=-0.88, p=0.206, 95% CI -2.40-0.64), strengthen-
ing, and (t=0.76, p=0.532, 95% CI -2.06—2.84) chronic
stretching vs. strengthening.

With regard to the stretching studies, the certainty
about the evidence was downgraded by 1 level (high to
moderate) due to (1) risk of bias classified as fair via the
PEDro score. For the strengthening studies, due to (1)
risk of bias and (2) heterogeneity, certainty was down-
graded by 2 levels (high to low) but upgraded one level
due to the large effect size. Therefore, in sum, for both
stretching and strengthening, the certainty about the evi-
dence was moderate.

Quantitative Synthesis

Stretching

Neither acute stretching (d=0.013, -3.33, 3.36 95% CI,
p=0.97, 1?=0.01, 2 studies, 3 ES) nor chronic stretching
(ES=-0.19, 95%CI -0.47 to 0.1, p=0.16, 1°=0.0, 8 stud-
ies, 15 ES) had an effect on posture. Likewise, subgroup
analyses showed no impact of stretching in any of the
tested body regions (pelvis/lumbar spine: ES=-0.04, 95%
CI-0.17 to 0.09, p=0.43, 1°=0.0, 5 studies, 7 ES; thoracic/
cervical spine: ES=-0.44, 95% CI -1.03 to 0.16, p=0.101,



Page 5 of 13

(2024) 10:65

Warneke et al. Sports Medicine - Open

sbuiswey
1919Woluob pue J3|nJ 3|gIxal Puisn (3533 sewloy| pay Xe[2I Ploy S QL X§ Saljl[ewiouge [einysod Uo uoljeulojul oN [¥5]
-Ipow) uonisod BuIA| e Ul JusWINSEaW 3|Bue SISOPIO| JequinT - 21NdY 01:9D ‘019 ‘uted 3oeq dY1D3ads-UoU Y3m S[eNpIAIpUL 07 =U REERERIEIEN]
19z131B1p [ed1URYD sbulliswey saljljewouqe
-awl0J323)9 Ue buisn uonisod juaq |erjed pue uonisod usq SGLX0L |ein3sod Uo UORBULIOMUl OU ‘sBuLiisuey 3ybi3 yim syuedidiled
pJeMIO) ||} B Ul JUsWINSeaw 9jbue uoisuaixs diy 13 Jequin - Ajiep ‘ssm ¢ 079D '61 DI ‘slenpialpul 2ai-uied e =u  [€5] P19 I
SOl ‘suonnadal 0| S3|2SNW J9PINOYS
sydesbojoyd wespboud wesboud
Kel-x eIA uoisod Bulpuels e Ul UOIXa|4 [BIIAISD0IURID pUe puiures d1DWOoS| BulydIRAIS uIW O Sal}[ewouge [ein3sod uo uolleulojul ON
3|bue Jap|noys premioy ‘3jbue UoIXa y2au ‘3|bue 3|1} pesH SM/G 'SHM HOIM/G ‘SHOIM 8 GL:HLS ‘S 1:SS ‘Uled ¥oau Yyum S|enplAlpul ‘0s =u  [7G] e 19 997
S9|2SNW J9PINOYS S9|2SNW J9PINOYS
Sylewpue| € buisn Wa3sAs elawied sdal QL X¢ SOZ-GLXE ainysod peay piemioy yum syuedidipied [19]
@z eiA uopisod Bujpuels e Ul JUSWINSeIW 3|bUe pesy piemio SM/XE "SHM 7 SIM/XE ‘SHIIM 7 | 1:31S ‘01:SS ‘uled 323U Y3M S[enplAlpul |Z=U 99713 997
wa31sAs S3SIDI9XD / 'sdalQZ-S | 2inysod peay plemioy Yum syuedidipied
eJawed g elA uoiisod Bulpuels e Ul 9jbue [eigauanoluel) AM/XE ‘SHM { - G1 9D 'GLD| ‘SlenplAlpul 9af-uted gg =u  [0S] | 12 Wiy
sydeibolpel Bujuiesy joy | S1ISOYdAY 212BI0Y] 9AISSIIXD UM Siuedidfiied [8¥] e
auds [e1a1e| e1A uolyisod Bulpuess e ur ajbue sisoydAy qgod NOOM/XT 'SHM T | - 670D ‘7S D ‘slenplalpul 9ai-uted €01 =U 19 UeWZIRY
sydeiboipel Buluiesyjoy | S1ISOydAY 21DRIOY] 9AISSIIXD YiIm Siuedidiiied l6¥] e
auds [eJa1e| eiA uolyisod Bulpuels e ul ajbue sisoydAy qgod SNM/XE ‘SIM $7 - 8¥:DD LG D] ‘S|enplAlpul 93J)-uled p=U 19 UBWIZIEY
SI0SU)Xa Yoeg
uoljen|eAs welbousabiusoi [elaie| ela uolisod buipuels suonnadal o1 AoUa1DYyap-Uab0.3S Yim syuedpdinied /%]
e Ul UO[IBUI|DUI [BIDBS PUE SISOPIO| Jequun| ‘sisoydAy d1oeioy | SNM/XG ‘SIeIK 7 - 879D 'ZED)| ‘SlenplAlpul 99l)-uled 09=U  EUIS 19 10}
uolezi|igess Jejndeds
Buulesy Jo uiw og 21nys0d peay piemioy yim syuedidiiied
UO[1BUIIOJUI J3Y3IN} OU JUsWaINSeaw a|bue [ed|AIa) SM/XE'SHM 17 - /9D ‘80| ‘uled 323U YIM S[eNPIAIPUL G =U  [€9] |8 32 W
S9PSNW Jap S9ISNW JIP|NOYS
WI)SAS BISWED PISEG-IMIBW BIA PAINSEIUW  -|NOYS J0J UONIRdal §X | 235 - 21n3s0d J1ap|Noys/peay premioy Yyim syuedpiped [9¥]
uonisod Bujpuels Ul 9jbue JI9P|NOYS pue 3|BUE [BIgR1ISA0IURID SM/XE 'SIM Q| SIM/XE ‘SH99M (| /19D '/ 1'D)] ‘SjenplAlpul 99l)-uled €=U ‘e 12 UBSSeH
sbulswey
W215As deD)OA BIA SJUSUISAOW BujuuNi Ul UOIS SQEXE saljewlouge |einisod Uo uoljeullojul oN [S¥] e
-U31X3 99Uy WNWIXew pue uoixal diy wnwixeul Yim 31 JIAjI9d - 21NdY 91:9D '8l D] ‘s|enplAlpul 9a-uled €=U SpUOUIWRH
uoeWIOUI Aep Jad uiw 09 S1ISOYdAY D1DBIOY] 9AISSIOXD UM Syuedidiiied ] e
J2YmNy ou 43|nJ 3|qIxa|y e Buisn Juswainseaw ajbue sisoydAy SM/XE ‘SHM § - Z1:DD ‘71D ‘s|enplAipul 9ai-uted 7 =U 13 YaKipiwe
snaploquioyl ‘snizadel| oUW S1|e10303d
Sylewpue [ed sda1 0z-01L X € SSL-01XZ1-9 21n350d 1ap|NOYS piemIo) Yiim syuedidiiied [SZNERE
-lwoyeue ¢ yum sydesboioyd Bulpuels ‘9jbue 1ap|noys piemio SM/E 'SHM 9 NOIM/E ‘SHIIM 9 019D '01:gD ‘0L:YLS ‘01:SS S|enpiAlpul 9a1-uted oy =u  |UIdssoyifeH
w154 SI0SU)IXa Yoeg
2J3WERD pUR WI1sAs asnow [euids eia bulpuels buunp ainisod Ul 0§-0z 13s/sda10 | Sal}l[ewiouge [einsod uo uoljeulojul oN [ev]
peay ‘Uoleul|DUl [BIDES ‘SISOPIO| Jlequun| ‘SISOYdAY DIDBIOY]  YM/X| 1SeD) 1B ‘SYIuow 9 - €1:9D ‘€10 ‘S|lenpIAlpul 931-Uled 9z =u  “|B 13 epNYN4
JoulWw sijei0303d
deno-qg ‘Bupyjiem/bunis ‘uonoesold SGLX0L 2in3s0d Jap|Noys papunol yum syuedidiiied (L]
‘buiddy Jousjue ‘uonelol premdn /jeussiul ‘uoiyisod JapiNoys - AM/XG M| €O ‘ELAN+SS '€ L:AW ‘€L iSS 's|enplAlpul 9a-uted gG=u €39 lued
awodIno Buiuayibuans buiyolens syuedpiyied Apms

S3IPN1S PapPN|DU JO SDIASHRIDRIRYD) | dlqeL



Page 6 of 13

(2024) 10:65

Warneke et al. Sports Medicine - Open

‘Spuodas=s ‘salnuiw=ulw ‘suolyiadai=sdal ‘SYIIM=SYM ‘JIIM=)M

w3lsAs burinyded uonow =de)op ‘pasiaiadns dnoib uorzuaalalul=so| ‘buluies) swoy dnoub uolusAIUI=YD)|

‘s|gedijdde jou = - ‘paulquod=g) ‘dnoin [o)uo)=05) ‘uonezijiqo =g ‘buiuayibuans=y1s ‘buiyslans dneis=ss ‘asies 63| ybiens=yis

(J00}4 pue $53201d UOJUWIOIDE 1YBI USMIS] dUe)

NdL

%08-09 ‘AYIdNNg 3519A3Y

suoiiedal 0L X ¢

Jouju / Jofew s1jei01>ad

S0EXE

21n3s0d J3p|noys piemioy yim syuedidiiied

-SIP [BDI19A) J3|NJ [931S BIA PINSEIW 3|BUB IIPINOYS PIRMIO SNM/XQ ‘SHM 7 - :Aouanbaly ‘syeam 7 01:41S 01:SS ‘slenplaipul 9al4-uted gz =u [z9] 00
uoiysod BulA| e ul pauioyad sem JusWINSeaW uoisuaixe diy sioxaly diH Sal[ewWIOUQe
'Wo15As deDoly eJawed 0| e buisn (Juawainseaud 3eb djueuAp) Ha|1ad Ulwi zx 7 |ean3sod Uo uolrewllojul ou ‘sbupiswiey 3o yum syuedidnled [19]
JUSWAOW Buly|jem e uj 313 Jouaiue yead pue uoisuaixa diy 3ead - SIM/X/ ‘SHIIM (| 6€ DD ‘€D ‘s|enplAlpul 9aij-uted 78 =U EERERRIIYY
Saljewiouqe
WI9ISAS BISWED Paseq ploy s ol ‘sdaigl X ¢ |ean3sod Uo uolrewlojul ou ‘sbupswiey 3o yum syuedidnled [09]
-19sj1ew gz e buisn uomnisod buniis e ul a|bue |eigalaAoiuel) SM/XP'SHM 7 - G195 ‘Gl D] ‘uted ¥23uU YHM S|enpIAIpUl 0E =U RERER=NMIS
saljewiouge
sbulliswen sbulliswen |ean3sod Uo uolrewllojul ou ‘sbupiswiey 3o yum syuedidnied
-'s|rereg -:uoneing GLIDDSL [65]
J1919Woul|dul ue buisn uomisod Buipuels e ul 9jbue 313 JIA|d SNM/E ‘SHM 17 NOIMY/XE ‘SHoOM 7 Y1 ‘G 1:SS ‘Uled ¥deq dY1Dads-uou dIUOIYD YHUM S|eNPIAIPUL Sp=U  ‘|e 13 ISWeYS
Bulliswen Saljl[ewiouqe
Ja1pWwouldpul ue SOE XY |eJn3sod UO UORBUWIOMUI OU ‘sBuLiiswey 1ybi yum syuedidiied [85]
Buisn syuswaINseaW 3jbue S|SopIo| Jequun| pue 3|bue 113 dIA[Rd - NOIM/XE ‘SHIOM 1 ¥1:9D ¥ 1:D] ‘'Sslenplalpul 9ai1-ued gz =u ‘|e 12 essoy
JuaWwalinseaw adey
e Buisn anbjuyoay BISAIP BIA painseaw Jejndeds sy} Ussmiaq J1ofew sije10323d
9DURISIP 3U1 BIA paien|eAd ‘aduelsip Jejndeds [e10) ayy busn SOEXE aIn3sod Jap|noys/peay piemioy yum syuedidiied [/6]
uonisod Buipueis e uj JuawaINseaw uoisod Jsp|noys piemio - NOIM/X/ ‘SHIDIM 7 S1:DD 'ST:D| ‘S|lenpIAlpul 9314-Uted oy =U | 19 ASppoy
SNJeLISS JaMO| ‘snizadel|
WSISAS BISWIRD (J7 PISeq Jayiew e pue (sploy [96] foJ
19|NJ X3} & Buisn uoiIsod Bulpues e Ul PaINSeal 219M AIND J112WOSH) sdal 0| X € SWOIPUAS passold-1addn yum syuedidipied  -laesejuleyd
dpeIoyIpIul pue ‘sjbue Japjnoys Ya| pue 3ybu ‘sjbue [edialad) SM/XE'SHM 17 - 079D ‘610 ‘s|enplalpul 9aij-uted g =uU 13 jeieARUN
(€S 01 /D) WiA3sAS asnow [eulds sbulliswen
|BDIUBYD3WOID3]9 BuIsn (3531 YdN0} 903 Y1S) uomisod bumiis SOTXE Saljjewiouqe [einsod Uo ojul ON| [56]
pue BulA| e Ul paInseaul aineAInd sulds Jlequun| pue dIdeloy | - SOIM/XE ‘SHIIM 7| L€:1DD /7O ‘slenpiAlpul 9alj-uted gG=u  ‘|e 39 JoAN|N
awo2nQ Buiuayibuans Buiydans syuedpiyied Apms

(Panunuod) | 3jqelL



Warneke et al. Sports Medicine - Open (2024) 10:65 Page 7 of 13
Table 2 Quality assessment using the PEDro scale

Study 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. Score
Fani et al. [41] Y N Y Y N Y Y Y Y Y 8/10
Fukuda et al. [42] Y N N N N N N N Y Y 3/10
Hajihosseini et al. [43] Y N Y N N N N N Y Y 4/10
Hamidiyeh et al. [44] Y N N N N Y N N Y Y 4/10
Hammonds et al. [45] Y N N N N N N N Y Y 3/10
Hassan et al. [46] Y N Y N N N Y N Y Y 4/10
Im et al. [63] N N N N N N N N Y Y 2/10
Itoi & Sinaki [47] Y N N N N N N N Y Y 3/10
Katzman et al. [48] Y Y Y N N Y Y N Y Y 7/10
Katzman et al. [49] Y Y Y N N Y Y N Y Y 7/10
Kim et al. [50] Y N Y N N N N N Y Y 4/10
Lee & Lee [51] Y N Y N N N N N Y Y 4/10
Leeetal. [52] Y N Y N N N N N Y Y 4/10
Lietal. [53] Y N N N N N N N Y Y 3/10
Malai et al. [54] N N N N N Y N N Y Y 3/10
Muyor et al. [55] Y N Y N N N N N Y Y 4/10
Nitayarak & Charntaraviroj [56] Y Y N N N Y Y N Y Y 6/10
Roddey et al. [57] N N Y N N N Y N Y Y 4/10
Rossa et al. [58] N N Y N N N Y Y Y Y 5/10
Shamsi et al. [59] Y N Y N N N N N Y Y 4/10
Sikka et al. [60] Y N Y N N Y N N Y Y 5/10
Watt et al. [61] Y N N N N Y N N Y Y 4/10
Yoo [62] N N Y N N N N N Y Y 3/10
N=No, Y=Yes

Table 3 Meta-analytic results providing effect size, 95% Cl, significance and heterogeneity

Parameter Effect size (95% Cl) p-value Heterogeneity ()
Acute stretching® 0.01(-3.33t0 3.36) 097 0.01

Chronic stretching? -0.19 (-0.47 t0 0.10) 0.16 0.0

Chronic stretching (lumbar spine/pelvis) -0.04 (-0.17 t0 0.09) 043 0.0

Chronic stretching (thoracic/cervical) -044 (-1.03t00.16) 0.10 0.02

Chronic strengtheningb -0.87 (-1.58 t0-0.17) 0.02 04

Chronic strengthening (lumbar spine/pelvis) -0.23 (-1.5t00.98) 0.25 0.0

Chronic strengthening (thoracic/cervical spine) -1.04 (-1.69 to -0.40) 0.005 0.19

Chronic stretching? vs. strengthening 0.81(04to01.22) 0.004 0.02

2 negative values indicate beneficial impact of stretching on posture compared to the comparison group/control condition, ® negative values indicate beneficial
impact of strengthening on posture compared to the control condition, 95% Cl=95% confidence interval

1°=0.02, 4 studies, 8 ES; see Table 3; Fig. 2). The certainty
about the evidence was moderate.

Chronic Strengthening

No study examined acute strengthening effects. Chronic
strengthening had a large beneficial effect on posture
(ES=-0.87, 95% CI -1.58 to -0.17, p=0.02, 1°=0.4, 10 stud-
ies, 19 ES). According to the sub-analysis, no impact was
identified in the pelvis and lumbar spine (ES=-0.23, 95%
CI -1.45 to 0.98 p=0.25, 1°=0.00, 2 studies, 5 ES), while a
very large effect was found for the thoracic/cervical spine
(ES=-1.04, 95% CI -1.69, -0.40, p=0.005 1>=0.19, 10 stud-
ies, 14 ES; Fig. 3). The certainty about the evidence was
moderate.

Stretching vs. Strengthening

No study comparing acute stretch and strengthening
interventions was found. For chronic interventions, a
large effect in favour of strengthening exercise (d=0.81,
0.4, 1.22 95% CI, p=0.004, 1°=0.02, 6 studies, 9 ES) was
detected. Since all studies but one focused on the tho-
racic/cervical spine region, no sub-analysis of body loca-
tions was possible.

Discussion

Stretching of tight or shortened skeletal muscles repre-
sents one of the most popular strategies used to tackle
muscle imbalance and postural impairments [26]. As
early as 1997, Spring et al. [64] recommended it as the
gold standard of posture treatment and twenty years
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Forest Plot

Studies Effect Weight

Fani et al. [41]

Protraction/ UCS -0.349 5.854

Internal rotation/ UCS -0.934 5.282

Upward rotation/ UCS -0.690 5.569

Anterior tipping/ UCS -0.562 5.695

Hajihosseini et al. [43]

Shoulder angle/ UCS - -1.228 3.603

Li et al. [53]

Standing lumbar angle/ LCS 0.015 9.217

Standing pelvic inclination/ LCS -0.358 9.056

Muyor et al. [55]

Standing thoracic spine/ LCS 0.062 13.908

Standing lumbar spine/ LCS 0.059 13.909

Standing pelvic inclination/ LCS -0.017 13.915

Roddey et al. [57]

Forward head/ UCS -0.211 6.388

Forward head/ UCS -0.446 5.328

Rossa et al. [58]

Pelvic tilt/ LCS 0.003 6.462

Shamsi et al. [59]

Pelvic tilt/ LCS -0.149 6.942

Watt et al. [61]

Peak anterior pelvic tilt angle/ LCS 0.017 19.939

ES=-0.187, p=0.16

Favors stretching

Effect Size

Favors control

Fig. 2 Forest plot for chronic stretching interventions on posture. Negative values illustrate effects favoring stretching compared to control. The effect

size includes the 95% confidence interval

later, the application of stretch was still described a via-
ble method preventing hypertonia-induced muscular
imbalance [65]. While recent reviews did not consider
stretching as a stand-alone intervention [18, 66], With-
ers et al. [28] were only able to include one stretching
study in their meta-analysis. Summarizing the effects
of 12 chronic stretching studies, our systematic review
is the first to extensively examine the foundation of
this approach. Of note, in contrast to popular beliefs in
practice, moderate-certainty evidence does not support

the use of stretching when aiming to tackle imbalance-
related posture deficits (e.g. hyperkyphosis or forward
head posture). However, our analysis revealed a large
effect of strengthening which also was superior in direct
comparison to stretching. This finding confirms earlier
speculations by Gonzalez-Galvez et al. [18] who reported
combined stretching and strengthening to improve spinal
posture, but suggested that only strengthening may be
effective. As a consequence, exercise therapy for posture
can be substantially economized by forgoing stretching
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Forest Plot

Studies Effect Weight
Fukuda et al. [42] |

Kyphosis/ UCS : -0.431 0.833
Lordosis/ LCS l -0.060 0.836
Sacral inclination/ LCS -0.136 0.836
Spinal inclination/ LCS l -0.135 0.836
Head posture/ UCS ! -0.110 0.836
Hajihosseini et al. [43]

Foward shoulder angle/ UCS —— -1.749 0.735
Hamidiyeh et al. [44] :

Kyphosis angle/ UCS —— -0.315 0.823
Im et al. [63] :

Cervical angle/ UCS | : -2.974 0.552
Itoi & Sinaki [47] :

Thoracic curve/ UCS ! -0.152 0.911
Lumbar lordosis/ LCS " -0.377 0.910
Sacral inclination/ LCS . -0.248 0.911
Katzman et al. [48] :

Cobb angle kyphosis/ UCS - ! 2472 0.908
Katzman et al. [49] :

Cobb angle kyphosis/ UCS = ; -3.789 0.872
Kim et al. [50] :

Cervical angle/ UCS + -1.038 0.837
Nityarak &Charntaraviroj [56] :

Cervical angle/ UCS -0.736 0.873
Shoulder angle right/ UCS -0.843 0.871
Shoulder angle left/ UCS —— -1.256 0.862
Midthoracic curve/ UCS —I— -0.352  0.878
Sikka et al. [60] )

Cervical angle/ UCS —il— -0.133 0.853

= ES=-0.87, p=0.02
| I l 1 T |
5 -4 -3 -2 -1 0 1
Favors strengthening Effect Size Favors control

Fig. 3 Forest plot for chronic strengthening interventions on posture. Negative values illustrate effects favoring strengthening compared to control. The
effect size includes the 95% confidence interval
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tight muscles, and instead focusing on strengthening
weakened muscles.

From a physiological point of view, it has been argued
that chronic stretching of a tight or shortened muscle
would lower its stiffness or tone. While stretching of
two to eight minutes acutely reduced muscle stiffness
[67-71], a rapid return to baseline occurred after a short
recovery of only up to 20 min. This is highly plausible
considering the mechanical role of the titin filament. The
protein, which is attached to the myosin filament and the
z-disk, has substantial elastic properties and after being
lengthened (e.g., during a stretch), it helps to restore
the original passive resting length. Acting as a molecu-
lar spring [72-74], it hence regulates the mechanical
behavior of the muscle fiber [75]. Data collected in rab-
bits revealed that titin contributes up to 60% of the total
passive stiffness of a skeletal muscle [76]. Experimentally
disrupting the filament decreased passive tension by 50
to 100% [77]. Considering the elastic properties of titin
and its role in passive muscle tension, the acute reduc-
tions in stiffness after stretching as well as the fast res-
toration of baseline values seem logical. Interestingly, the
evidence of potential stiffness changes following chronic
stretching treatments seems controversial. While in 2018,
Freitas and colleagues [78] found stretch-mediated stiff-
ness reduction in response to weekly volumes of up to
20 min over up to eight weeks unlikely, more recent liter-
ature found opposing results [79]. Yet, even if long-term
stretching could reduce muscle stiffness, the causal rela-
tionship between decreasing stiffness of shortened mus-
cles and improvements in posture remains speculative,
calling for further exploration. While there is currently
no evidence for positive chronic effects of stretching on
posture, this might potentially be due to a lack of inves-
tigations that use sufficient stretching volumes meaning
further research is necessary. Irrespective, it needs to be
acknowledged that only two studies were available on
acute stretch application. Additional research evaluating
the immediate impact on posture is therefore warranted
as well.

Besides reduced stiffness, another suggested effect of
chronic stretching is an increase in muscle length. As
such, one might expect the formation of new serial sar-
comeres within the muscle-tendon-unit [80, 81]. Indeed,
Williams and Goldspink et al. [82] observed a higher
sarcomere number following long-term immobiliza-
tion of animal limbs. However, on the one hand, immo-
bilization cannot be readily compared to stretching and,
on the other hand, the applicability of animal findings
to humans is disputed [80]. Interestingly, titin does not
only regulate the resting tension of the skeletal mus-
cle but also appears to play an important role in struc-
tural adaptations. Van der Pjil et al. [83] described the
importance of titin unfolding at high muscle lengths for
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sarcomerogenesis and with this, longitudinal (and paral-
lel) hypertrophy. Even though viable, observations indi-
cating a possible influence of chronic stretch training on
structural properties were, to the best of our knowledge,
exclusively made in animals [84, 85]. However, again, no
transfer of longitudinal hypertrophy effects to humans
was found [86]. Before 2020, stretch-induced chronic
structural stretching adaptations were classified unlikely
[78, 86], but within the past 5 years, evidence emerged
that large stretching volumes (=15 min per day, 26 weeks
intervention period) have the potential to induce muscle
hypertrophy, and with this, changes in tissue morphol-
ogy [87, 88]. As, to date, no evidence could be found for
longitudinal hypertrophy, it could be speculated that the
studies matching the inclusion criteria of this system-
atic review did not perform stretching with the required
stretching duration and/or intensity [87-89].

Contrarily to stretching, we found a large beneficial
influence of strengthening on posture. However, the
underlying mechanisms are a matter of debate. Sur-
prisingly, there is a lack of conclusive research on resis-
tance training-induced changes of the muscle’s passive
mechanical properties [90]. In 1998, the hypothesis of
increases in passive muscle stiffness as an adaptation to
resistance training arose [91], leading to the recommen-
dation to strengthen lengthened or weak muscle groups
in muscle imbalance. The authors argued that hypertro-
phy would be associated with a larger number of paral-
lel titin-myosin filaments, which, in agreement with the
above-described evidence, would lead to a higher rest-
ing tension [91]. Indeed, in a ten-week strength training
study, the authors reported a 30%-increase in passive
tension without decreases in extensibility of the muscle.
In another study, isometric resistance training led to an
increase in core stiffness [92]. However, a recent system-
atic review found no stiffness changes in the long-term
as a response to resistance training [93]. Of note, the
review only included measurements with ultrasound
elastography which allows assumptions on compressive
tissue stiffness. Assuming specific resistance training
adaptations occur following induction of tensile/short-
ening stress to the muscle, it seems necessary to distin-
guish between compressive and tensile or strain stiffness.
Research on foam rolling effects revealed that decreases
in compressive stiffness could be detected using elas-
tography and indentometric methods, while this was
not the case for tensile stiffness using passive resis-
tive torque during stretch [94, 95]. As a consequence,
it may be assumed that stiffness changes are specific to
the applied stimulus (compression in foam rolling, but
stretch-shortening in resistance exercise). Following this
theory, it would still be possible that resistance training
does only modify tensile stiffness, which would also align
with the role of titin as a serial agent for passive tension
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regulation. In sum, more research is warranted in order
to gain further insight into the mechanisms of strength-
ening-induced improvements of posture.

Implications

Our findings have implications for clinical practice. As
indicated, stretching is highly popular among therapists
aiming to treat muscle imbalance and frequently recom-
mended in the scientific literature [26, 64, 65]. Yet, the
available evidence speaks strongly against this approach.
In line with earlier speculations of Gonzalez-Galvez et
al. [18], beneficial exercise effects seem rather attribut-
able to strengthening, while stretching programs are
ineffective. Consequently, when aiming to counteract
muscular imbalances and to improve spinal and lumbo-
pelvic posture, no evidence-based recommendation for
the implementation of stretching can be given. Interest-
ingly, we found a beneficial influence of strengthening for
the thoracic and cervical spine region, while no changes
were detected in the lumbar and pelvic region. On the
one hand, effect sizes were in fact trivial to small for
the lumbar spine and pelvis. On the other hand, with a
total of only 5 ES from two studies, this region is under-
researched. Future investigations, besides aiming to bet-
ter understand the physiological adaptions of stretching
and strengthening with regard to passive tissue proper-
ties (muscle, tendons, fascia) [90] and neuromuscular
aspects [10], should be geared to provide more data on
exercise treatments in the lumbar spine region.

Conclusion

The common recommendation of stretching tight or
shortened skeletal muscle to improve muscle imbal-
ance and posture lacks scientific evidence (moderate
certainty). In contrast, our review reinforces the role of
strengthening weak antagonists which, however, was only
effective in the thoracic and cervical but not in the lum-
bar spine (moderate certainty). Further well-designed
RCTs, e.g. applying high stretch durations and experi-
mental studies elaborating the underlying physiological
mechanisms, are required to conclusively judge the role
of treatments aiming to modify postural abnormalities.
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