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The importance of extrinsic
and intrinsic compensatory
mechanisms to body
posture of competitive
athletes a systematic review
and meta-analysis
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The aim of this systematic review (qualitative analysis) was to identify the variables of changes
induced by extrinsic (sport specific training) and intrinsic (individual anatomical predispositions)
compensatory mechanisms that impact on the physiological magnitude of spinal curvatures in the
sagittal plane and their deviations in the frontal plane. Furthermore, the aim of the quantitative
analysis was to verify and objectivize the impact of these variables on athlete’s body posture. A search
of electronic database (PubMed, EBSCO, MEDLINE) was conducted to identify all studies on sports
training and athlete’s spine and body posture from 2011 to 2021. In the sagittal plane, the pooled
proportion accounted for 44.97% (95% Cl 31.22-58.72%) for thoracic hyperkyphosis (TH), 4.98%

(95% Cl 1.60-8.36%) for lumbar hyperlordosis (hyperLL), and 12.35% (95% Cl 1.60-8.36%) for lumbar
hypolordosis (hypoLL). Furthermore, in the sagittal plane, the pooled mean of thoracic kyphosis angle
was 37.59° (95% Cl 34.45-40.73%), whereas lumbar lordosis angle was 29.79° (95% Cl 26.46-33.12%).
Professional athletes tend to have postural disturbances and/or spinal curvature disorders in the
sagittal and frontal planes. The meta-analysis indicated which intrinsic and extrinsic components
might induce spinal abnormalities.

Human posture changes during ontogeny and is affected by multiple factors including gender, age, somatic
parameters, lifestyle, muscular strength, and balance!~®. Nevertheless, a crucial indicator of the proper body
posture is the shape of the anteroposterior spinal curvatures i.e., kyphosis and lordosis, and the symmetry
between each other in the sagittal and frontal planes®*. Since it was acknowledged that physical activity impacts
on the spinal shape, athlete’s body posture has been the subject of interest of sport scientists®®. Despite the high
level of athleticism, different postural disturbances are frequently observed in athletes”!?. The currently available
scientific literature indicates that specialized athletic training contributes to inducing adaptations in physique
and posture among athletes’. As a result of high training loads and a focus on repetition of specific movements,
there is a tendency for muscular dystonia and spinal curvature disturbances!!, which can cause musculoskeletal
pain, increase the risk of injuries and traumas, decrease athletic performance, and affect the quality of life both
during the competitive period and after the end of the athletic career'>">.

The human body always strives to maintain the state of equilibrium and, for this purpose, it activates compen-
satory yet not always beneficial mechanisms. There are two important and closely related adaptation strategies:
intrinsic and extrinsic. The intrinsic compensatory mechanism is defined as self-activating changes in the mus-
culoskeletal system that are related to the individual anatomical structure, whereas the extrinsic compensatory
mechanism is responsible for the adaptation of the athlete’s body to specific movements resulting from a given
sport®. It should be noted that the athletes cannot influence individual genetic and anatomical predispositions',
thus the intrinsic adaptation strategy is one-sided. The opposite phenomenon is observed in relation to the
mechanism of extrinsic compensation, which is the result of a process that is strictly defined, repeatable, and
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dependent on the athlete (athletic training). The extrinsic adaptation strategy affects the athlete’s body in two
ways, i.e. (a) it can induce new musculoskeletal adaptations, and (b) it can aggravate existing adaptations.

The analysis of the available scientific literature indicates a significant trend of postural disturbances in
athletes™ 107121516 Thys, there have been several theories and hypotheses concerning the factors that might cause
disturbances in spinal curvatures, however, this problem remains unsolved. Some authors suggest that sport-
specific training is the main factor that induces spinal disturbances in the athlete’s body'%-1%15-18, whereas other
scientists observed no relationship between those components®!®1*%_ At the same time, studies have identified
different factors that might affect the athlete’s posture and indicated the need for deeper analyses.

Spinal curvatures have been the subject of the previous meta-analyses*??, yet, to the best of the authors’
knowledge, no study has analysed the effects of extrinsic and intrinsic compensatory mechanisms on magnitude
of spinal curvatures and athlete’s body posture. Given the abovementioned findings and the gap in the available
scientific literature, there is a need for additional research to evaluate the effect of various variables on athlete’s
spine that may help in the development of training programs and in the selection of the most appropriate training
methods to prevent spinal disorders, postural disturbances, musculoskeletal complaints, and exclusion from the
training process. Accordingly, the aim of this systematic review (qualitative analysis) was to identify the variables
of changes induced by extrinsic (sport specific training) and intrinsic (individual anatomical predispositions)
compensatory mechanisms that impact on the physiological magnitude of the spinal curvatures in the sagittal
plane and theirs deviations in the frontal plane. Furthermore, the aim of the meta-analysis (quantitative analysis)
was to verify and objectivize the impact of these variables on athlete’s body posture.

Methods
Study design. The methodology of this systematic review was planned according to the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines®.

Inclusion and exclusion criteria. In this systematic review, inclusion criteria for studies (a) cross-sec-
tional study, (b) measurement of spinal curvatures in at least one plane, (c) well-trained or elite male and/or
female athletes, (d) able-bodied athletes, and (e) symmetric or asymmetric sport. The exclusion criteria were
as follows: (a) no data on the angle of thoracic kyphosis and/or lumbar lordosis and/or trunk rotation, (b) the
assessment of the body posture and/or spinal curvatures performed with subjective methods e.g. specific test, (c)
poor methodological design or measurement of parameters, and (d) full-text not in English.

Literature search. A search of electronic databases (PubMed, EBSCO, MEDLINE) was conducted by two
authors (AZ, EG) to identify all studies on sport-specific training and athlete’s spine and body posture from
2011 to 2021. The following methods were used: (a) data mining, (b) data discovery and classification. As a pre-
requisite, all studies were performed in healthy populations including both adults and adolescents (> 11 years).
Search terms were combined by Boolean logic (AND/OR) in PubMed, EBSCO and MEDLINE databases. The
search was undertaken using the following 7 keyword combinations in English with the assumed hierarchy of
their importance: ‘body posture) ‘athletes, ‘postural disorders, ‘spinal deformities, ‘kyphosis, ‘lordosis, ‘scolio-
sis. Furthermore, two authors (AZ, EG) with expertise in the spinal curvatures and body posture reviewed the
reference lists of the included studies and screened Google Scholar to find additional studies. The correspond-
ing authors of the selected publications were also contacted directly if the crucial data were not available in the
original articles.

Methodological quality of included studies (risk of bias).  The methodological quality of the included
studies was evaluated by the Joanna Briggs Institute (JBI) Critical Appraisal Checklist for analytical cross-sec-
tional study?’. The JBI is known as the newest and the most preferred tool for assessing the methodological
quality (risk of bias) of analytical cross-sectional studies*. The checklist consists of 8 questions (see Table 1).
Each study was read and scored ‘Yes, ‘No, ‘Unsure], or ‘Not applicable’ If the criterion was fulfilled, a ‘Yes’ was
assigned to the article, which simultaneously received a score of one, whereas if the criterion was not fulfilled,
a ‘No; ‘Unclear;, or ‘Not applicable’ was assigned to the article, and the article received a zero score. Each study
was read and ranked by two independent investigators (AZ, EG). Moreover, an independent co-author (AM)
was designated to resolve all discrepancies that could occur among investigators during the assessment. The sum
of the awarded points (out of a possible 8 points) indicated the methodological quality (risk of bias), with the
higher values representing better quality in the included publications.

Selection of articles for the meta-analysis. Based on the reports of other authors?® dealing with meta-
analysis, the quality of the included studies was assessed using the Newcastle-Ottawa Scale (NOS) for cohort
studies®. NOS assesses each study according to the following categories: selection of the study groups, compara-
bility of the groups, and ascertainment of the outcome of interest. Selection of the study groups is performed by
evaluating the representativeness of the exposed cohort, the selection of the non-exposed cohort, ascertainment
of exposure, and demonstration that the outcome of interest was not present at the start of the study*. Compa-
rability of the groups is assessed by evaluating the cohorts based on the design or analysis. Ascertainment of the
outcome of interest includes evaluation of outcome parameters, and the length and adequacy of follow-up. A
study can be awarded a maximum of one star for each item within the selection and outcome categories, and a
maximum of two stars can be given for comparability®.
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Statistical analysis. The statistical analysis was conducted on meta-analyses of proportions to combine
data or meta-analyses of means to combine data. The studies were weighted by the inverse variance method for
pooling. Between-study heterogeneity was explored using forest plots and was evaluated statistically using I,
which represents the percentage of between-study variation that is due to heterogeneity rather than to chance?.
I? of 0% indicates the absence of heterogeneity, while values of 50% or above suggest considerable heterogeneity?®.
We used a random-effects model since it is more conservative and the observed heterogeneity was>50%. Sta-
tistical analysis was carried out using PQStat Software (2021, PQStat v.1.8.2.208). We did not use either funnel
plots or formal statistical tests to explore publication bias as the number of articles used for analysis was not
adequate for interpreting funnel plots. Moreover, funnel plots can be misleading for exploration of publication
bias, particularly when the number of studies is relatively small®.

Results

Study selection and characteristics. Figure 1 presents the flow of the systematic review. Thirty three
full-text articles were assessed to determine eligibility, while seventeen studies met the inclusion criteria and
were subjected to detailed analysis and assessment of their methodological quality (see Table 1).

Over three-fourths of the reports that were assessed for their methodological quality were considered to
have 8/8 points of eligibility to be included in the systematic review. Two publications®® were considered to have
6/8 points of eligibility and one® scored 5/8 points of eligibility. The initial agreement of the two independent
investigators (AZ, EG) was 90%. All discrepancies among the investigators were resolved by the expert evalua-
tion by an independent co-author (AM).

Seventeen full-text articles were finally included in the systematic review (see Table 2), while ten publications
were included in various meta-analyses.

Characteristics of the studies included in the meta-analysis. Quality assessment of the included
studies using the NOS is shown in Tables 3 and 4. The studies included in the meta-analysis had an overall good
quality for ascertainment of the outcome of interest and selection of the studies. Frequent causes of scoring low
on the quality assessment were (a) studies derived from high-risk populations, and (b) lack of description of the
outcome of individual cases.

Based on the analyzed data, several meta-analysis models were built (Figs. 2A-C, 3A,B). PQStat software
(version PQStat V 1.8.4) was used to create all models.

In the first random model, they were used to classify the proportion of thoracic hyperkyphosis (TH) in the
sagittal plane (Fig. 2A). Statistical analysis of the research results for hyper TH in the sagittal plane allowed for
a significant heterogeneity between the 11 studies included in the analysis. The analysis found that I*> was above
50% for almost all analyzed results. Therefore, it was decided to use the model for random effects. Based on the
acquired knowledge, in the present paper, a meta-analysis of proportions was used and forest plots were presented
to illustrate the proportion of hyperTH in the sagittal plane. The results for each of the 11 studies included in the
meta-analysis are presented as proportions and 95% Cls, together with pooled results for all studies, with the size
of the boxes proportional to that of the study sample. Data were reported for 502 athletes. Of these athletes, 248
had hyperTH in the sagittal plane. The analysis led to the conclusion that the pooled proportion of hyperTH in
the sagittal plane accounted for 44.97% (95% CI 31.22-58.72%) (Fig. 2A). It was found that for 6 reports (Rajabi
et al.'’, Muyor et al.’®, Grabara!!, and Gines-Diaz et al.” (show jumping)), the incidence of hyperTH was higher
than the pooled proportion of hyperTH in the sagittal plane, especially in the report by Rajabi et al."”.

The second random model classified the proportion of lumbar hyperlordosis (hyperLL) in the sagittal plane
(Fig. 2B). Statistical analysis of the research results for hyperLL in the sagittal plane allowed for a significant
heterogeneity between the 10 studies included in the analysis. The analysis found that I was above 50% for
almost all analyzed results. Therefore, it was decided to use the model for random effects. Based on the acquired
knowledge, in the present paper, a meta-analysis of proportions was used and forest plots were presented to
illustrate the proportion of hyperLL in the sagittal plane. The results for each of the 10 studies included in the
meta-analysis are presented as proportions and 95% Cls, together with pooled results for all studies, with the
size of the boxes proportional to that of the study sample. Data were reported for 465 athletes. Of these athletes,
38 had hyperLL in the sagittal plane. The analysis led to the conclusion that the pooled proportion of hyperLL
in the sagittal plane accounted for 4.98% (95% CI 1.60-8.36%) (Fig. 2B). It was found that for 5 reports (Muyor
et al.” (females), Grabara'!, Sanz-Mengibar et al.®, and Gines-Diaz et al.”), the incidence of hyperLL was higher
than the pooled proportion of hyperLL in the sagittal plane, especially in the report by Gines-Diaz et al.”.

The third random model classified the proportion of hypoLL in the sagittal plane (Fig. 2C). Statistical analy-
sis of the research results for hypoLL in the sagittal plane allowed for a significant heterogeneity between the
10 studies included in the analysis. The analysis found that I* was above 50% for almost all analyzed results.
Therefore, it was decided to use the model for random effects. Based on the acquired knowledge, in the present
article, a meta-analysis of proportions was used and forest plots were presented to illustrated the proportions of
hypoLL in the sagittal plane. The results for each of the 10 studies included in the meta-analysis are presented
as proportions and 95% ClIs, together with pooled results for all studies, with the size of the boxes proportional
to that of the study sample. Data were reported for 465 athletes. Of these athletes, 93 had hypoLL in the sagittal
plane. The analysis led to the conclusion that the pooled proportion of hypoLL in the sagittal plane accounted
for 12.35% (95% CI 1.60-8.36%) (Fig. 2C). It was found that for 3 reports (Mueor et al.'® (masters), Grabara,'!
(males) and Sanz-Mengibar et al.%), the incidence of hypoLL was higher than the pooled proportion of hypoLL
in the sagittal plane, especially in the report by Grabara!! (males).

The fourth random model classified means of thoracic kyphosis angle (ThK) (°) in the sagittal plane (Fig. 3A).
Statistical analysis of the research results for mean ThK Angle (°) in the sagittal plane allowed for a significant
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Figure 1. PRISMA flow diagram detailing the study inclusion process®.

heterogeneity between the 16 studies included in the analysis. The analysis found that I> was above 50% for
almost all analyzed results. Therefore, it was decided to use the model for random effects. Based on the acquired
knowledge, in the present article, a meta-analysis of means was performed and forest plots were used to illustrate
mean ThK Angle (°) in the sagittal plane. The results for each of the 16 studies included in the meta-analysis are
presented as means and 95% Cls, together with pooled results for all studies, with the size of the boxes propor-
tional to that of the study sample. Data were reported for 691 athletes. The analysis led to the conclusion that
the pooled mean ThK Angle (°) in the sagittal plane accounted for 37.59 (°) (95% CI 34.45-40.73%) (Fig. 3A). It
was found that in the case of 7 reports, the mean was higher than the pooled mean ThK Angle (°) in the sagittal
plane, especially in the report by Muyor et al.'® (elite athlets).

The fifth random model classified mean LL Angle (°) in the sagittal plane (Fig. 3B). Statistical analysis of
the research results for mean LL Angle (°) in the sagittal plane allowed for a significant heterogeneity between
the 15 studies included in the analysis. The analysis found that I* was above 50% for almost all analyzed results.
Therefore, it was decided to use the model for random effects. Based on the acquired knowledge, in the present
article, a meta-analysis of means was used and forest plots were presented to illustrate mean LL Angle (°) in the
sagittal plane. The results for each of the 15 studies included in the meta-analysis are presented as means and
95% ClIs, together with pooled results for all studies, with the size of the boxes proportional to that of the study
sample. Data were reported for 601 athletes. The performed analysis led to the conclusion that the pooled mean
LL Angle (°) in the sagittal plane accounted for 29.79 (°) (95% CI 26.46-33.12%) (Fig. 3B). It was found that in
the case of 4 reports, the mean was higher than the pooled mean LL Angle (°) in the sagittal plane, especially in
the report by Yang et al.%.

Discussion
A careful examination of the current scientific studies on the effect of sport-specific training on the magnitudes
of spinal curvatures and athlete’s body posture has yielded partially inconsistent findings. However, this sys-
tematic review found athletic training to be the most frequent variable that impacts on the athlete’s spine and
body posture.

The majority of the studies have found a directly proportional relationship between spinal curvature abnor-
malities or disorders and sport-specific training®®!»'2!¢-18_On the contrary, four investigations conducted by
Muyor et al.>'°, Yang et al.”, and Grabara'® did not report any effect of athletic training on the magnitude of
spinal curvatures. The inconsistences in the results of the cited studies can be explained mainly by differences
in the characteristics of participants, which is presented in the qualitative analysis of this systematic review

Scientific Reports |

(2022) 12:8

nature portfolio

808 | https://doi.org/10.1038/s41598-022-12979-8



www.nature.com/scientificreports/

Author Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Sum
Muyor et al.”? Y Y Y Y Y Y Y Y 8/8
Rajabi et al.”” Y Y Y Y Y Y Y Y 8/8
Muyor et al.’ Y Y Y Y U U Y Y 6/8
Longworth et al.’® Y Y Y Y Y Y Y Y 8/8
Grabara® Y Y Y Y Y Y Y Y 8/8
Grabara'! Y Y Y Y N NA Y Y 8/8
Yang et al.? Y Y Y Y Y Y Y Y 8/8
Grabara' Y Y Y Y Y Y Y Y 8/8
Zaina et al.'® Y Y Y Y Y Y Y Y 8/8
Trexler et al.* N Y Y Y N NA Y Y 5/8
Sanz-Mengibar et al.® Y Y Y Y N NA Y Y 6/8
Grabara'® Y Y Y Y Y Y Y Y 8/8
Gines-Diaz et al.’” Y Y Y Y Y Y Y Y 8/8
Saréevi¢ et al.*! Y Y Y Y Y Y Y Y 8/8
Sainz de Baranda et al.® Y Y Y Y Y Y Y Y 8/8
Bankosz et al.'? Y Y Y Y Y Y Y Y 8/8
Park et al.? Y Y Y Y Y Y Y Y 8/8

Table 1. The assessment of the methodological quality of the included studies (risk of bias) using the JBI
method for analytical cross-sectional study. QI were the criteria for inclusion in the sample clearly defined,
Q2 were the study subjects and the setting described in detail?, Q3 was the exposure measured in a valid
and reliable way?, Q4 were objective, standard criteria used for measurement of the condition?, Q5 were
confounding factors identified?, Q6 were strategies to deal with confounding factors stated?, Q7 were the
outcomes measured in a valid and reliable way?, Q8 was appropriate statistical analysis used?, Y yes, N no, U
unsure, NA not applicable.

including (i) extrinsic compensatory mechanisms such (a) type of sport, (b) training experience, (c) duration
and/or intensity of sports trainings, and (d) training loads, and (ii) intrinsic compensatory mechanisms, such
as (a) gender, (b) age, and (c) joints mobility.

Numerous authors have suggested that sport-specific training contributes to the depth of the anteroposterior
spinal curvatures. Most of the studies have indicated the deepening of the thoracic kyphosis®3!1617 whereas sev-
eral investigations have found flattening of the thoracic and/or lumbar spine>*!!. In the present meta-analysis,
the conducted quantitative synthesis confirmed a general tendency for imbalances between thoracic and lumbar
curvatures in professional athletes. Furthermore, it allowed for indicating which of the analyzed reports was
closest to the statement about the effect of extrinsic compensatory mechanisms (athletic training). As reported
in the studies by Grabara'!, Gines-Diaz et al.”, Muyor et al."’, and Rajabi et al."?, extrinsic compensation might
significantly contribute to disturbances in the athlete’s body posture i.e., thoracic hyperkyphosis'"'’, lumbar
hypolordosis”!!, as confirmed by the results of the meta-analysis (Figs. 2A-C, 3A,B].

Rajabi et al.'” and Barikosz'? suggested that training experience and duration of a sports training impact on
spinal imbalances, especially by deepening of the kyphosis in the thoracic segment of the spine. On the contrary,
the studies by Yang et al.”’, Sanz-Mengibar et al.® and Gines-Diaz et al.” did not report any relationships between
the magnitude of spinal curvatures and duration and/or intensity of training sessions and suggested the need
for further research. Muyor et al.”? indicated that it is higher weekly training loads (rather than the duration of
training sessions) that impact on the depth of thoracic kyphosis. These results were also confirmed by Grabara®,
who reported a significant correlation between the increase in the depth of thoracolumbar segment curvature
and duration of training sessions. The conducted meta-analysis corresponds with the uncertainty of the cited
studies®”?* and indicates the complexity of the phenomenon of body posture variability that seems to depend
both on the kind of sport and training experience. At the same time, there is the need to indicate the importance
of neurophysiological mechanisms to postural control in athletes, which were found to impact significantly on
intrinsic postural regulation®®. Furthermore, the findings of our meta-analysis directly indicate the sports in
which athletes are characterized by greater values of thoracic kyphosis and/or lumbar lordosis angles (extrinsic
adaptation mechanism).

The systematic review suggested that spinal curvatures imbalances could be induced by sports training during
the somatic development'®. Furthermore, anatomical differences in pelvic inclination between genders seem to
significantly contribute to anteroposterior spinal curvatures’, what might be a result of result from the body’s
intrinsic adaptation strategies. Garbara!! and Gines-Diaz’ reported a tendency for the increase in the magnitude
of lumbar curvature in female athletes, whereas the studies of Muyor et al.” and Grabara'! indicated that male
adolescent athletes tend to show deepened thoracic curvature but at the same time, they stressed the need for
deeper analyses. As regards the intrinsic adaptation strategies, joint mobility might contribute to spinal curvature
disorders as its could impact on the pelvic inclination'®. As was reported in the study by Muyor et al.”?, athletes
with greater hamstring flexibility had a significantly greater pelvic tilt and deepened lumbar lordosis, whereas
those with lesser flexibility showed a lumbar hypolordotic spine'. Similar conclusions were presented by Yang
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Participants characteristics

Spinal curvatures: the main findings

Institute of Health, MD,
USA, Version 1.37)

Research tool to assess
Author Study group Control group spinal curvatures Sport The sagittal plane The frontal plane
Elite cyclists: thoracic
hyperkyphosis (58.3%)
nP=120 luyrlr)lbary}[:yperlordosis
Elite athletes: Spinal M (1di (1.7%)
nM =60 elite group/age; . pina’ Mouse Lclag, . .y . .
Muyoret al.'” 22.95+3.38 Not applicable Fehraltdorf, Switzer- Cycling lumbar hypolordosis (10%) | Not applicable
M' - X land) Master cyclists: thoracic
aster athletes: hyperkyphosis (53.3%
nM =60 age; 34.27 +3.05 yperkyphosis (53.3%)
lumbar hypolordosis
(23.3%)
. nF=37 Jage: A non-invasive flexible Years of training contrib-
Rajabi et al."” nF=37 /age; 19.03£1.24 | 051 2gZ’ ruler (flexicurve) tool Ice hokey uted to deepening of the Not applicable
e (50 cm) (Rumold, UK) thoracic kyphosis
Male athletes: thoracic
hyperhyphosis ((37.5%)
tumbar hyperlordosis
nP=40 . . (4.2%)
_ . Spinal Mouse (Idiag, .
Muyor et al.’ 1;2/[7; 141/25211: ~16/ Not applicable feh;)altdorf, Switzer- Tennis E?;g‘zghYPOIOIdOSIS Not applicable
age; 15.65+1.14 an Female athletes:
thoracic hyperkyphosis
(6.2%)
lumbar hypolordosis (6.2%)
Ballet dancers:
i nE=30/ age Orthopaedic System Scoliosis (30%)
Longworth et al.’® nF=30/age; 12+2.6 12425 & Baseline Scolimeter Ballet Not applicable Risk of the development of
- 5280 scoliosis- 12.4 higher than
non-dancers
The sum of angles of anter-
oposterior curvatures and
the angle of lumbar lordosis
MORA System (CQ were smaller than in their | Several scapula and pelvic
Grabara® nF =125/ age; 12-15 nF=135/age;12-15 Electronic System, Handball non-training peers asymmetries were found in
Poland) Length of training contrib- | athletes
uted to the increase of the
thoracolumbar segment
curve
Female athletes: thoracic
hyperkyphosis (56%)
lumbar hyperlordosis
(23%)
nE=57/age;14-17 Volleyball Male athletes: thoracic
Grabara'! M= 104§ e 14- 17 nMF=162/age;14-17 Rippstein plurimeter Handball hyperkyphosis (61.5%), Not applicable
= age 14~ Basketball lumbar hypolordosis (53%)
Male volleyball athletes
had the greatest thoracic
hyperkyphosis compared to
the other sports
Elite athletes:
Radiographic spinal Lumbar lordosis was found
n=21 examination (a picture to be increased
Yang et al.?* nF=8nM=13/ age; nMF=45/age; 22.5+2.7 | archiving and com- Weight lifting | Athletes with greater lum- | Not applicable
21.0+4.6; munication system/LG bar lordosis had anatomical
Infinity Inc) changes in the lumbar
spine(spondylolis) (28.6%)
Athletes; Higher right
Athletes: shoulder (37%)
nM =104/age;14-16 M= 114 male/age; Increase in the magnitude | Higher left scapula (45%);
Grabara'” nCG =114 male/age; 14 1_ 6 8 Moire apparatus Volleyball of thoracic kyphosis Right scapula protruding
14-16 B Decrease in the magnitude | (81%); Right scapula further
of lumbar lordosis form the spine (46%);
Scapula symmetry (36%)
Swimming was found to
contribute to the trunk
nP=112 nMF =217 students; Swimming was found to asymmetries
Zaina et al.'® nF =62, nM =50/ age; nF=106,nM =111/ Bunnell scoliometer Swimming increase the risk of hyper- | Female athletes had higher
12,5 age; 12.5 kyphosis and hyperlordosis | risk of trunk asymmetries
and scoliosis than male
athletes
Whole-body DXA scans
nE=15/age The angle tool of Image]
Trexler et al.*® 18740 9g Not applicable software (National Gymnastics Not applicable Mild scoliosis (20%)

Continued
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Participants characteristics Research tool to assess Spinal curvatures: the main findings
Author Study group Control group spinal curvatures Sport The sagittal plane The frontal plane
Thorasic hyperkyphosis
(16.6%)
Lumbar hyperlordosis
. SR (12.5%)
nP=47 Unilevel inclinometer - .
Sanz-Mengibar etal® | nM=23/age; 18.3£5.1, | Not applicable (ISOMED, Inc., Port- | Artisticgym- | fyp 0%‘“’21"51.5 (2.08%) Not applicable
nF=24/age; 11.8:+2 land, OR, USA) nastics ypolorodosis (16.6%)
Functional thorasic hyper-
kyphosis (62.5%)
Lumbar kyphotic attitude
(39.6%)
Increase in the magnitude
Grabara'® :éf;l 42% +0.58 Not applicable Moire apparatus Handball %fetc};(;:;zl;:nkt}l;peh;sgni tude | Not applicable
of lumbar lordosis
Dressage riders: hyperky-
phosis (38.46%), hyperlor-
dosis (53.84%)
Show jumping riders:
hyperkyphosis (50%),
hyperlordosis (50%)
aP=23 Female athletes had
1DR=13 increased lumbar curvature
nM=3.nF=10/ Unilevel inclinometer in the‘standing position
Gines-Diaz et al.” age;14.8+1.83 Not applicable l(irslgl\g)%[))’ Inc, Port- ?}fzzsé‘lﬁ;&in fr?:ra}lg:al :ysp;eril:ﬁhotlc Not applicable
nSJR =10 show jumping G H jumping | MOIPROLYpeE, sag
riders: nM =5, nF=5 / oniometer integrative morpl'}otype
age: 1424253 and hyperkyphotic dorsal
ge 1% oE S morphotype were found in
dressage and show jump-
ing riders
Greater values of thoracic
curvature in slump sitting
position were found in
show jumping athletes
Strong correlation was
Football found between AIS and
Scoliometer Basketball sacroiliac joint dysfunction
. nP=98 AMF=98/ age: PALM Palpation meter | Volleyball (SJD)
Sarevic et al.*! nF=57,nM=41/ age; 11.69+1 97g ? (Performance Attain- Dancing Not applicable 54% athletes with AIS had
11.47+2.10 e ment Associates, St. Martial arts SJD
Paul MN) Handball Athletes with AIS had 4.4°
Others smaller difference in pelvic
position in the sagittal plane
Thoracic hyperkyphosis
(64.9%)
Lumbar hyperkyphosis
(68.9%)
Sainz de Baranda et al.® | nM =74/ age;12.1+£1.8 | Not applicable gxslgvMeiallx)l)chnometer E?II{H;C hokey ;[;170 gao/z;c Hyperkyphosis Not applicable
Functional Thoracic Hyper-
kyphosis (41.8%)
Functional Lumbar Hyper-
kyphosis (66.2%)
Questionnaire; Moire Dominance of kyphotic . L
Bankosz et al.'? nF =22/ age;17 +4.5 Not applicable apparatus (CQ Elek- Table tennis bDody P Oséur}f nat hletes . Sl'? rr;e spmlallasymrnetrfles “?i
tronic System) eepened t oracic curve in the trontal plane were foun
the sport-specific position
61% of athletes had scoliosis
Scoliosis was significantly
higher with: age, body
LBP Questionnaire height, body mass, body fat
Goniometer (Sammsons No correlation was fouqd
Preston Rolvan Boling- between longer total train-
brook, IL, JS A) 8 ] ing duration and Cobb’s
Park et al. nF=28/age;16.1 £3.0 Not applicable Radiograph Rhythmic Not applicable i}nngh. oint flexibili
Isometric Testing gymnastics otal 1p—J0}nt exibi 1t¥
Machines (F110-150 was poorer in athletes with
David Health Solutins, ;\?01219515 .
Helsinki, Finland) o differences in isokinetic
strength of the lumbar
muscles were found between|
scoliosis and non-scoliosis
athletes

Table 2. The summary of the studies from 2011 to 2021 evaluating the effects of sport-specific training on
the magnitude of spinal curvatures and athlete’s body posture (sagittal and frontal planes). nP number of

participants, nF number of females, #M number of males, #DR number of dressage riders, nSJR number of
show jumping riders, nMF number of males and females.
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Article/plane Athletes | N-control | N-hyper TH | N-normal TH | N-hypo TH | N-hyperLL | N-normalLL | N-hyperLL
Rajabi et al.”? 37 37 29 8 0 0 0 0
Muyor et al.’
(elite athlets ) 60 0 ¥ 2 0 1 3 6
19
Muyor et al. 60 0 32 28 0 0 46 14
(masters)
9
Mucor et al. 24 0 9 15 0 1 20 3
(male)
9
Mucor et al. 16 0 1 15 0 1 15 0
(female)
Grabara!! (female) | 57 63 32 20 0 13 28 0
Grabara!! (male) | 104 99 64 40 0 0 38 55
Sanz;Mengibar 47 0 8 39 1 6 34 3
etal.
Gines-Diaz et al’ 10 0 5 5 0 5 5 0
(show jumping)
Gines-Diaz et al.”
(dressage riders) 13 0 5 8 0 7 6 0
Sainy deBaranda |, 0 28 45 1 1 66 7

Table 3. General characteristics of articles that were used to build meta-analysis models of proportions to
combine data: the sagittal plane. TH thoracic kyphosis, LL lumbar lordosis.

Mean SD Mean SD
Article/plane ThK Angle (°) | ThK Angle (°) | LL Angle (°) | LL Angle (°)
Rajabi et al.'” 41.71 5.38 0 0
Muyor et al.'? (elite athlets ) 48.17 8.05 27.32 7.23
Muyor et al.' (masters) 47.02 9.24 25.3 6.29
Mueor et al.” (male) 43.83 7.87 27.58 7.01
Mueor et al.’ (female) 36.13 6.69 32.69 5.06
Grabara!! (female) 36.46 8.75 29.61 7.21
Yang et al.?’ 0 0 59.8 9
Grabara!! (male) 37.07 9.05 24.52 7.45
Grabara'’ 30.54 5.72 23.53 5.54
Grabara'® (3) 32.28 4.6 23.47 7.41
Grabara'® (2) 28.63 58 23.65 6.43
Grabara'® (1) 30.34 5.85 27.95 6.76
Sanz-Mengibar et al.® 35.68 8.63 29.16 10.85
Gines-Diaz et al.” (show jumping) | 43.8 7.51 432 10.88
Gines-Diaz et al.”(dressage riders) 39.23 9.43 40.46 9.76
Saintz de Baranda et al.® 38.5 7.9 28.7 7.4
Bankosz et al.'? 31.51 18.24 9.02 18.72

Table 4. General characteristics of articles that were used to build meta-analysis models of means to combine
data: the sagittal plane. ThK thoracic kyphosis angle, LL lumbar lordosis.

et al.?%, who suggested that the stiffness of the lower lumbar segments and limited spinal joint mobility contribute
to the depth of the lumbar lordosis. The abovementioned findings indicate the prevalence of postural disturbances
and spinal curvature disorders in professional athletes, which is consistent with the results of the conducted
meta-analysis (Figs. 2A-C, 3A,B]. Furthermore, both intrinsic and extrinsic compensatory mechanisms seem
to lead to disorders in the athlete’s spine.

Unfortunately, the currently available scientific studies that have examined athlete’s spinal curvatures in
the frontal plane did not provide enough data to conduct a meta-analysis. Nevertheless, based on the detailed
examination of the current scientific reports (Table 2) it is difficult to confirm the direct effect of sports training
on the development of scolioses in athletes. For instance, Longworth et al.'> found a relationship between the
incidence of scolioses and sport-specific training. On the contrary, other studies have indicated that scoliosis
can be induced by other factors®*-*2.

The incompatible results of the presented reports can be explained mainly by differences in the characteristics
of participants, including (1) extrinsic compensatory mechanisms, such as (a) type of sport, and (b) training
loadsand (2) intrinsic compensatory mechanisms, such as (a) body mass, (b) joint mobility and function, (c)
gender, and (d) age.
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Atticle N [N-hyper TH| Proportion|  SE 95%CI | +95%CI | Variance | Weight | Percentage Proporion Bandom afech Sappte P o T
Rajabi ct al. [20] 37 29 07838 | 00677 | 06179 | 09017 | 00046 | 192178 | 9.464% Rt 0 ——
Ia\ﬁ‘,‘l’:s‘;‘ - Ds]Elite] o 35 05833 | 00636 | 04488 | 07093 | 00041 | 194152 | 9561% et 200 ke i) —a—
[Musor et al. [18] 60 2 05333 | 00644 | 04000 | 06633 | 00041 | 193787 | 9.543% s &
(masters)
Rt 213 ——
Mucor et al. [19] 2 9 03750 | 00983 | 0.1830 | 05041 | 00098 | 174762 | 8.606%
(male) IR T E—
Mucor et al. [19]
(female) 16 1 0625 | 00605 | 0.0016 | 03023 | 00037 | 195620 | 9.633% [rmm— F—m
Grabara [9] (female) | 57 32 05614 | 00657 | 04236 | 06926 | 00043 | 193144 | 9511% - ——
Grabara [9] (male) 104 64 0.6154 0.0477 0.5149 0.7091 0.0023 20.1082 9.902%
e St 218 ——
Sanz-Mengibaretal. | 45 8 01702 | 00548 | 00765 | 03081 | 00030 | 198176 | 9.759%
22 SN I —
Gines-Diaz et l. [6] S "
ey 10 5 05000 | 01581 | 0.1871 | 08120 | 00250 | 138017 | 6.796% P—— | = |
GifesDisze el 13 5 03846 | 01349 | 01386 | 06842 | 00182 | 152296 75% . —a—
[6](dressage riders)
i " Contions e —
Saintzd: Darandact 74 28 03784 | 00564 | 02681 | 04987 | 00032 | 197498 | 9.725%
al. [21] T o1 oz w1 o1 o5 w07 s o9
Combined 502 248 04397 | 00702 | 03122 | 05872 Pesn 81
B g i
Asticle N N-hyperLL i SE 95%CI_| +95%ClL | Variance | Weight _|Percentage s i | ]
l;ﬁ:f:;’ a. i8] lite | gy 1 0.0167 00165 00004 | 0.0894 | 0.0003 541.1144 16.07% [
?ﬁ;’;’;:‘) a. (18] 60 0 00000 | 00115 | 00000 | 00596 | 00001 | $85.4252 | 17.386% [FRSTPSP  S—
x)‘::)’“ a9 2 1 00417 | o048 | ooom | 02112 | 00017 | 3087717 9.17% o 20 o) | +— @
[— —a
i‘g::;‘ a9 16 1 00625 | 00605 | 00016 | 03023 | 00037 | 1909504 | 5.671% SR
Grabara [9] (female) 57 13 02281 | 00556 | 01274 | 03584 | 00031 | 214.4272 6368% cn e THH
Grabara [9] (male) 104 0 00000 | 00067 | 00000 | 0.0348 | 00000 | 617.2734 | 18332% Soethonbrs. 218 — e
rsza;‘]z'M“’g‘b“""al' 47 6 0.1277 0.0487 00483 | 02574 | 00024 253.5274 7.529% [P —
(GinesDiazetel. [6] 10 s 05000 | 01581 | 01871 | 08120 | 00250 | 37.6204 1.118% e . 2019 e i)
(show jumping)
(GioesDiaz el 13 7 05385 | 01383 | 02513 | 08078 | 00191 | 483283 1.435% sEamesain B
[6](ckessage riders) -
! com
[s,“;‘]"z deBaandactal.|| 1 00135 | 00134 | 00003 | 00730 | 00002 | 560.7856 | 16921% .
2 TR a1 e w
Contbined 465 38 00498 | 00172 | 00160 | 0.0836 fremneEer
C Popason Random afct Sagots! Plne-hol
Article N |N-hypo LL| Proportion | SE | -95%CI | +95%CI | Vasiance | Weight | Percentage [ —
gﬁ:{t"s‘;‘ a. (18] lite 6 6 01000 | 00387 | 00376 | 02051 | 0.0015 | 469500 | 10381% [rpr— b
x:y;;:; a. 18] ) 14 02333 | 00546 | 01338 | 03604 | 0.0030 | 43898 | 9.706% e s
Mucor et al. [19] (male) 4 3 01250 | 00675 | 00266 | 03236 | 0.0046 | 410567 | 9.078% [FOUp | S S—
Mucor et al. [19] (female) | 16 0 00000 | 00410 | 00000 | 02059 | 0.0017 | 46.5584 | 10295%
Grabara [9] (female) 57 0 0.0000 0.0121 0.0000 0.0627 0.0001 50.1339 11.085% Gt g 1]
Grabara [9] (male) 104 55 05288 | 00489 | 04285 | 0.6275 | 0.0024 | 450551 | 9962% TR =
Sanz-Mengibar etal. [22] | 47 8 01702 | 00548 | 00765 | 03081 | 0.0030 | 438513 | 9.696%
(Gines-Diaz ctal[0] 10 0 00000 | 00628 | 00000 | 03085 | 0.003 | 421167 | 9312% St —
(show jumping) - )
oA —— ]
Gs‘“;s_‘D‘“ “.:‘- 13 0 00000 | 0.0496 | 00000 | 02471 | 0.0025 | 449253 | 9.933%
[s 1 g n ;“) . [SRPR R | B S—
aintz aranda et al.
2 2 o
o1 7 7 00946 | 00340 | 0038 | 01852 | 0.0012 | 47.7177 | 10.551% eoeas 2
Combined 465 %3 01235 | 00470 | 00314 | 02157
Gurtions e

Figure 2. Forest plot (random-effects model) showing the incidence of (A) hyper TH, (B) hyper LL, (C) hypo
LL in the sagittal plane for each of the included studies and the pooled incidence for all studies (created with:
PQStat software (version PQStat V 1.8.4).

In should be noted that studies that have examined adolescent athletes reported a high prevalence of trunk
asymmetries and adolescent idiopathic scolioses (AIS)>!*151630 Ag regards the cited reports, they might have
been due to intrinsic (low body mass, joints hypermobility/hypomobility, muscle imbalance, sacroiliac joint dys-
function) and extrinsic (high training loads in sport-specific training, symmetric/asymmetric sports techniques)
adaptation strategies™!*!>153%32 These findings are consistent with the studies by Grabara®, Barikosz et al.'?, Zaina
et al.’, who suggested that sport-specific training could be the major contributor to postural disturbances in the
frontal plane because of the body’s extrinsic adaptation strategy.

Longworth et al.'® did not report any relationships between scoliosis and training loads in adolescent athletes
but indicated that intrinsic factors might contribute to spinal aberrations in the frontal plane. Similar findings
were reported by Park et al.*> who compared the prevalence of scoliosis and training period in female adolescent
athletes and found no correlation between those components. However, the incidence of scoliosis was directly
proportional to the intrinsic variables such as age, body height and body mass.

The study by Sarcevi¢ et al.’! found a strong relationship between sacroiliac joint dysfunction and the inci-
dence of AIS in young athletes, whereas Sanz-Mengibar et al.® and Bafikosz et al.'? indicated gender as a relevant
variable to induce disorders in spinal curvatures of athletes. Based on the above studies, a tendency for trunk
asymmetries and spinal curvature disturbances were found in female athletes. Furthermore, Longworth et al.®
suggested that joints hypermobility, low body mass, and delayed maturation could activate body’s intrinsic
strategies, while Park et al.>* found that decreased total hip-joint flexibility and range of motion might induce
AIS in females.

Limitations and strengths.  While this systematic review and meta-analysis relevantly contributes to the
current body of literature, there are some limitations that need to be acknowledged. The main limitation of the
current study is the small number of studies that have investigated the athlete’s spinal curvatures in the frontal
plane, which did not allow for conducting a quantitative analysis. Furthermore, diverse research tools were used
to evaluate the magnitude of spinal curvatures in the sagittal plane, which makes generalization impossible. At
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A

Atticle N [Mean | SE | 95%CI | +95%ClL| Z P Variance | Weight | Percentage
Rajabi ct al. [17] 37 [41.71[ 088 | 39.98 | 4344 |47.16/<0.000001 | 0.78 | 00255 | 6.536%
Muyor ct al. [19] (elite athlets ) 60 [48.17 | 1.04 | 46.13 | 5021 (4635 <0.000001 | 1.08 | 00253 | 6.487%
Muyor et al. [19] (masters) 60 [47.02 | 1.19 | 44.68 | 49.36 [30.42( <0.000001 | 1.42 | 00251 | 6431%
Mucor et al. [9] (males) 24 [43.83 | 161 | 40.68 | 4698 (2728 <0.000001 | 258 | 00244 | 6249%
Mucor et al. [9] (females) 16 (36,13 [1.67| 32.85 | 3941 |21.60| <0.000001 | 2.80 |0.0243 | 6216%
Grabara [11] (females) 57 [36.46 | 1.16 | 34.19 | 3873 [31.46/<0.000001 | 134 | 00252 | 6444%
Grabara [11] (males) 104(37.07 | 0.89 | 3533 | 3881 [41.77)<0.000001 [ 0.79 | 00255 | 6.535%
Grabara [10] 104(30.54 | 056 | 2044 | 3164 [54.45/<0.000001 | 031 | 00258 | 6.615%
Grabara [18] (3) 21 (3228 |1.00| 3031 | 3425 [32.16/<0.000001 | 1.01 | 00254 | 6498%
Grabara [18] (2) 21 (28,63 |127| 26.15 | 3111 [22.62[<0.000001 | 1.60 | 0.0250 | 6.402%
Grabara [18] (1) 21 (3034|128 | 27.84 | 3284 [23.77)<0.000001 | 1.63 | 00250 | 6397%
Sanz-Mengibar et al. [6] 47 (3568|126 | 3321 | 3815 [28.34]<0.000001 | 1.58 | 00250 | 6.405%
Gines-Diaz et al. [7] (show jumping) | 10 | 43.8 [2.37| 30.15 | 4845 |18.44|<0.000001 | 5.64 | 00227 | 5.815%
Gines-Diaz et al. [7](dressage riders) | 13 | 39.23 [2.62| 34.10 | 4436 |15.00(<0.000001 | 6.84 | 00221 | 5.661%
Saintz de Baranda et al. [8] 74 | 385 |092| 3670 | 4030 [41.92]<0.000001 | 0.84 | 00255 | 6.526%
Baiikosz et al. [12] 22 [31.51|3.89| 23.89 | 3913 |8.10]<0.000001| 1512 | 00187 | 4.785%
Combined 691]37.60 | 1.60| 3446 | 40.73 |2349]<0.000001
B

1

Article N | Mean | SE |-95%CI[+95%CI| _Z p | Variance| Weight| Percentage i
Rajabi et al. [17)] 60 | 27.32 [0.93| 2549 | 20.15 | 29.27 [<0.000001| 0.87 |0.0245 | 7.062% {
Muyor et al. [19] (elite athletes) 60 | 253 [0.81] 23.71 | 2689 [ 31.16 [<0.000001| 0.66 |0.0246 | 7.099%
Muyor et al. [19] (masters) 24 | 2758 | 1.43| 2478 | 3038 | 19.27 [<0.000001| 2.05 |0.0238 | 6.865%
Mucor et al. [9] (males) 16 | 32.69 | 127| 3021 | 3517 | 25.84 [<0.000001| 1.60 |0.0240 | 6.938%
Mucor et al. [9] (females) 57 | 20.61 [095| 27.74 | 3148 |31.01 [<0.000001| 091 |0.0244 | 7.055%
Yaug <t al. [20] 21| 50.8 [196| 5595 | 63.65 | 30.45 [<0.000001| 3.86 |0.0228 | 6.582%
Grabara [11] (males) 104| 24.52 [0.73| 23.09 | 2595 | 33.56 [<0.000001| 0.53 [0.0247 | 7.121%
Grabara [10] 104 23.53 [0.54| 2247 | 24.59 | 43.31 [<0.000001| 030 [0.0248 | 7.163%
Grabara [18] (3) 21 | 2347 [ 1.62| 2030 | 2664 | 14.51 [<0.000001| 261 |0.0235 | 6.773%
Grabara [18] (2) 21 | 2365 [ 1.40| 2090 | 2640 | 16.86 [<0.000001| 1.97 |0.0238 | 6.878%
Grabara [18] (1) 21| 2795 | 1.48| 25.06 | 30.84 | 18.95 [<0.000001| 2.18 |0.0237 | 6.844%
Sanz-Mengibar et al. [6] 47| 29.16 | 1.58| 26.06 | 3226 | 18.42 [<0.000001| 250 |0.0235 | 6.791%
Gines-Diaz et al. [7] (show jumping) 10 | 43.2 344 3646 | 49.94 | 12.56 [<0.000001| 11.84 |0.0193 | 5.569%
Gines-Diaz et al. [7](dressage riders) 13 | 4046 [2.71| 35.15 | 45.77 | 14.95 |<0.000001| 733 [0.0211| 6.099%
Saintz de Baranda et al. [8] 22| 9.02 [3.99] 1.20 | 1684 | 226 | 002382 | 1593 |0.0179 | 5.162%
Combined 601 29.79 [ 1.70] 2646 | 33.12 | 17.53 [<0.000001

Figure 3. Forest plot (random-effects model) showing mean (A) ThK Angle (°), (B) LL Angle(°) in the sagittal
plane for each of oncluded studies and the pooled data for all studies (created with: PQStat software (version
PQStat V 1.8.4).

the same time, the current body of research that has evaluated the athlete’s spinal curvatures in the frontal plane
failed to provide enough data to conduct a quantitative analysis. The main strength of the presented paper is the
qualitative and quantitative analysis and synthesis of the latest reports that have examined the athlete’s body pos-
ture. Moreover, three-fourths of the included reports were considered to be perfectly eligible for including in this
study. In authors’ opinion, the novelty of the presented research problem and undertaking the aspects hitherto
unexplored in the scientific literature will help improve scientific methodology and optimize training programs
of professional athletes in terms of improved health, athletic development, and prevention of the exclusion form
the training process.

Conclusions
The present meta-analysis of the results of published scientific literature provides evidence that professional ath-
letes tend to have postural disturbances and/or spinal curvature disorders. At the same time, the study indicates
which intrinsic and extrinsic components might lead to spinal aberrations and points to extrinsic adaptations
as a primary compensatory mechanisms in well-trained able-bodied athletes.

To date, it remains unclear whether or not professional sport leads to the spinal curvature asymmetries and
scoliosis. However, as they are common in athletes, this issue needs further and deeper analyses.

Practical implications. The presented results indicate the necessity of performing investigations with
a protocol that assess athlete’s body posture both in the frontal and sagittal planes with the use of objective
research tools, which will allow to refer to angular values. Furthermore, authors should employ control groups
to reduce the risk of bias (Supplementary Information S1).

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.
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