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Shoulder Muscle Imbalance as a Risk for Shoulder Injury
in Elite Adolescent Swimmers: A Prospective Study

by
Joffrey Drigny'?3, Antoine Gauthier®*, Emmanuel Reboursiere!, Henri Guermont?,
Vincent Gremeaux®°, Pascal Edouard®”’$

Muscle strength imbalances between the internal and external rotators of the shoulder are frequent in swimmers,
but their role in shoulder injury remains unknown. We aimed to evaluate the association of shoulder rotator strength and
injury in elite adolescent swimmers. Eighteen adolescent swimmers performed preseason isokinetic tests of the internal
and external rotator muscles in concentric (con) and eccentric (ecc) modes. Conventional (conER:conlIR and eccER:eccIR)
and functional ratios (eccER:conIR and eccIR:conER) were calculated. Thirteen swimmers completed a weekly
questionnaire about swimming habits and shoulder injuries throughout the season. Preseason testing showed a significant
negative association between the functional eccER:conlR ratio and years of practice (p < 0.05). Over the season, 46% of
athletes experienced at least one shoulder injury. At the end of the season, peak torques increased for both internal and
external rotator muscles strength, but only concentrically, resulting in a decrease in the eccER:conIR functional ratio (p
< 0.05). The receiver operating characteristic curve analysis highlighted good predictive power for the preseason
functional eccER:conlR ratio, as values below 0.68 were associated with a 4.5-fold (95% CI 1.33-15.28, p < 0.05) increased
risk of shoulder injuries during the season.

Key words: swimming, sports injury prevention, isokinetic testing, strength imbalance.

Introduction mechanics consisting of specific repetitive motion.

Shoulder pain is the most frequent Indeed, swimming propulsion mainly relies on
musculoskeletal complaint in swimming, affecting repetitive adduction and medial rotation of the
from 40 to 91% of athletes (Matzkin et al., 2016), shoulders, often leading to muscular imbalances
and 20-35% of competitive swimmers experience a between strong internal rotators (IR) and relatively
time-loss injury each year (Gaunt and Maffulli, weaker external rotators (ER) (Batalha et al., 2013).
2012). Adolescent swimmers are exposed to an Assessing  rotator muscle imbalance in
increased risk of injury when transitioning from swimmers thus appears highly relevant and
one to two practices daily with a high training feasible in clinical settings using isokinetic testing,
volume (Bak, 2010; Wolf et al., 2009). The high which is an objective, useful and reliable tool to
injury rate in swimmers could be due to swimming quantify muscular strength and imbalances
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(Batalha et al., 2013; Collado-Mateo et al., 2018;
Olivier and Daussin, 2018). Strength imbalances
are evaluated using the conventional ratio,
calculated as the ratio between ER and IR peak
torques (PTs) in a concentric (conER:conlR) or
eccentric contraction mode (eccER:eccIR). For
injury prevention, the ER:IR ratio should be
between 0.66 and 0.75 (Ellenbecker and Davies,
2000), and consequently, external rotators must
have at least 2/3 of the internal rotator strength.
More recently, the functional ratio, which is
calculated as the ratio between the ER PT during
an eccentric action and the IR PT during a
concentric action (eccER:conIR), has been
considered to be more appropriate to evaluate the
eccentric action of the antagonist muscles,
contributing to dynamic glenohumeral joint
stability. This ratio has been studied mainly in
overhead sports (Andrade et al., 2013; Guney et al.,
2016), in which ratios above 1.0 are considered
reference values (Andrade et al.,, 2013). In high-
level front-crawl swimmers, Olivier et al. (2008)
showed a significantly lower conventional
concentric ratio when compared to nonswimmers
(conER:conIR 0.52 vs. 0.75). In adolescent
swimmers, Batalha et al. (2013) studied changes in
the conventional concentric ratio after 32 weeks of
training and reported a significant decrease in
conER:conIR from 0.79 to 0.71. Some studies have
shown that athletes with shoulder instability or
impingement had a lower functional eccER:conIR
ratio (Giiney et al., 2014; Saccol et al., 2010) and that
it could be the origin of shoulder injuries, in
general and in swimmers (Bradley et al., 2016).
Moreover, Bak and Magnusson (1997) also
reported functional ratios below 1.0 in
asymptomatic swimmers (eccER:conIR = 0.86). The
other functional work ratio is calculated as
eccIR:conER, which reflects the action of arm
cocking in overhead throwing, and eccIR:conER
>1.61 has been described as an injury risk in
handball (Edouard et al., 2013).

However, it is unclear whether this
muscular imbalance causes shoulder injuries in
swimmers (Bradley et al., 2016) or is simply a
physiological adaptation to training. In this
context, we aimed to evaluate the association
between preseason isokinetic shoulder strength
testing and shoulder injuries in elite adolescent
swimmers. A secondary objective was to
characterize the individual variables associated
with a muscle imbalance.
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Methods

We conducted a prospective cohort study
to investigate the in-season changes of shoulder IR
and ER PTs and ratios and the incidence of
shoulder injury among adolescent swimmers. This
study was conducted in a University Hospital
Center. The protocol was approved by an
independent ethics committee for research
(CERSTAPS, 2016-05-11-16), and the informed
consent of each of the participants, or their legal
representatives in the case of minors, was obtained.
The protocol was conducted according to the
Declaration of Helsinki.

Participants

The study population was all swimmers
from an adolescent elite group, defined as national-
level competitors (in their age categories), training
twice daily. Swimmers were included on a
voluntary basis. Exclusion criteria were swimmers
with a current or recent (<1 month) shoulder injury
with time lost from sport participation and those
unable to perform the isokinetic test. For the
prospective follow-up, we excluded swimmers
who were wunable to participate in the
computerized follow-up or those who ended the
season for a reason other than a shoulder injury.
Among the 25 swimmers in the whole group, 18
participants (10 males, 8 females) were included,
and their characteristics are described in Table 1;
39% reported a shoulder injury in the previous
season. They were mainly sprinters (56% as
defined by their best performance for a less than
200 m-distance) and front-crawl swimmers (44%).
Thirteen participants were followed during the
whole season. Their characteristics are reported in
Table 1 and did not have significant differences
from the whole group (n = 18). Among the 5
swimmers who did not participate, one had a
severe lower limb injury (ACL rupture), 2
swimmers pursued their careers abroad, and 2
swimmers did not wish to continue the follow-up.
Measures
Shoulder isokinetic strength data collection

The shoulder isokinetic strength profile
was assessed using a Con-Trex® isokinetic
dynamometer (Con-Trex M]; CMV AG,
Diibendorf, Switzerland). The PT (Nm) and range
of motion (°) were recorded. The testing apparatus
was set up as described in the owner’s manual, and
participants were placed in a seated position, with
45° of shoulder abduction in the scapular plane,
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according to the position described by Davies
(1987). The ROM for testing was 70° (20° for
internal rotation and 50° for external rotation). All
swimmers had a familiarization set of 3
submaximal repetitions under all conditions before
recording. Data were collected from the first set of
5 maximal repetitions at 60°-s! in the concentric
mode (con) and then the second set of 4 maximal
repetitions at 60°s?! in the eccentric mode (ecc),
with constant verbal stimulation. The participants’
arms were passively weighted to provide gravity
compensation data, and corrections were
incorporated (Edouard et al., 2009). The studied
variables were PT, which is the maximum torque
of force normalized to body weight (Nm/kg), the
conventional conER:conlR ratio and eccER:eccIR
ratio at 60°-s!, and the functional eccentric-to-
concentric ratios eccER:conlR and eccIR:conER at
60°-s1, for both the dominant and non-dominant
sides.
Prospective injury data collection

During the 2016-17 season, all swimmers
had to complete a weekly computerized
questionnaire. All shoulder injuries were
documented (type and duration), including time
loss and treatment. A significant shoulder injury
was defined as one that interfered with training or
progress in training, consistent with the literature
about swimming injuries (Gaunt and Maffulli,
2012; Walker et al., 2012). We used the National
Collegiate Athletic Association Injury Surveillance
System (NCAA-ISS) definition and collected data
on injuries that occurred as a result of swimming
participation, required medical attention and
resulted in significant participation time lost for 1
or more calendar days beyond the day of injury
(Dick et al., 2007).
Design and procedures

The evaluations were carried out twice at
a 40-week interval: (1) at the beginning of the
competitive season (preseason visit), and (2) at the
end of the competitive season (postseason visit). At
the preseason visit, all 18 swimmers completed a
self-administered questionnaire about their
sociodemographic  status, training habits,
swimming performance and previous injuries. A
standardized clinical examination including
specific physical examination tests of the shoulder
was performed by a sport medicine physician (JD).
The shoulder strength profile was assessed by
isokinetic testing as described above. The follow-
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up was carried out over 38 weeks (October 2016 to
July 2017). At the postseason visit, all swimmers
included in the follow-up had the same
evaluations as those at the preseason visit, with the
same examiner (JD).
Statistical analyses

Means and standard deviations (SD) were
calculated for all variables. The normal
distribution of the data was checked by the
Kolmogorov-Smirnov test. A 2-way ANOVA was
used to determine the effect of swimmers’
characteristics on the preseason PT, ratios and in-
season changes. Regression analysis with an F-test
and the r-squared (r? statistic was used to
determine the effect of age or experience variance
on PT or ratio parameters. ANCOVA was used to
estimate differences between IR and ER on the in-
season changes. To assess the predictive accuracy
of muscular imbalances, we used the receiver
operating characteristic (ROC) analysis (Hanley
and McNeil, 1982). The optimal threshold values
(criteria) were associated with a greater Youden
index (J = sensitivity + specificity - 1), and a chi-
squared test with Yates correction was used to
determine the relative risk (RR) of shoulder injury.
Statistical analyses were performed with IBM SPSS
Statistics for Windows, Version 20.0. (Armonk, NY:
IBM Corp.).

Results

Shoulder strength profile in swimmers (n = 18)

The isokinetic PTs and ratios from
preseason testing are presented in Table 2. Both
conlR and eccIR PTs were significantly greater in
male than in female swimmers (t: 2.42-2.90, p <
0.05). The years of practice explained a significant
proportion of variance in the PTs under all
conditions (conlR, conER, eccIR and eccER) (12 =
0.40-0.59, p < 0.01) and in the functional
eccER:conlR ratio (r2= 0.25, p <0.05) (Figure 1).
In-season changes in shoulder strength in
swimmers (n=13)

Participants had a mean of 6.7 + 1.1 weekly
swimming sessions, corresponding to an average
total of 34.3 + 5.7 km per week, and they had 1.5 +
0.3 weekly dry-land sessions. Swimming sessions
were based on elite competitive swimming
practices. A standardized resistance training
session consisted of a 10-min dynamic warm-up, a
pyramidal weight set on the squat, bench press,
and pull-down/seal row exercises successively and
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finally a core strengthening exercise routine.

For the 13 swimmers included in the
follow-up, in-season changes between preseason
and postseason testing for the PT and ratio
parameters are presented in Figure 2. The conIR
and conER PTs significantly increased (t = -2.57 to
-3.83, p < 0.05) during the season without a
difference between IR and ER PTs gains in both the
dominant (F[2.24] = 0.05, p = 0.82) and non-
dominant arm (F[2.24] = 0.19, p = 0.66). The
conventional conER:conlIR and eccER:eccIR ratios
did not change significantly during the season. No
change was found in the eccentric mode. At the
end of the season, both functional ratios showed a
significant ~decrease in  eccER:conlR  and
eccIR:conER ratios compared to those from the
preseason (t=2.59, p <0.05).

Association of rotator strength and shoulder
injury

Among the follow-up group, 6 swimmers

(46%) sustained at least one shoulder injury during
the season. Five swimmers had a rotator cuff
tendinopathy (supra-spinatus muscle and long
head of the biceps muscle), and one swimmer had
a grade-two deltoid injury. The average time loss
was 3.8 £2.0 days. The ROC curves for the PT ratios
as predictors of the risk of shoulder injury showed
that the eccER:eccIR ratio (ROC-AUC analysis,
AUC = 0.79, 95% Confidence Interval [CI]: 0.20-
0.96, p < 0.05) and eccER:conlIR ratio (AUC = 0.79,
95% CI: 0.29-0.95, p < 0.05) had accurate predictive
ability to discriminate injury. After interpretation
of the Youden index, the muscular imbalance was
defined as eccER:eccIR < 0.66 (sensitivity = 0.86,
specificity = 0.83; ] = 0.49) and eccER:conIR < 0.68
(sensitivity = 1.00, specificity = 0.67, ] = 0.67). The
relative risks of shoulder injuries associated with
preseason muscle imbalances are presented in
Table 3. There was a significant relative risk (RR)
of 450 (95% CI: 1.33-15.28, p < 0.05) when the
participant had eccER:conIR < 0.68.

Characteristics of the swimmers in the initial group (n=18)
and swimmers included in the follow-up (n=13)

Table 1

Totaln=18 Follow-up n =13
Age (year + SD) 16.1+£23 16.3+1.7
Female (n and %) 8 (44%) 6 (46%)
Body weight (kg + SD) 62.1+12.8 58.3+10.0
Height (cm + SD) 172.5+11.3 169.23 +10.0
BMI (kg/m? + SD) 20.6 2.1 20.20+1.9
Right dominant arm (n and %) 17 (94%) 12 (92%)
Career lengths (year + SD) 82+29 74+24
Front-crawl specialist (n and %) 8 (44%) 6 (46%)
Symmetric stroke (n and %) 5 (28%) 3 (23%)
Sprint <200 m (n and %) 10 (56%) 7 (53%)
Swimming performance (FINA pts + SD) 5743 +79.4 564.92 +84.3
Previous year shoulder injury 7 (39%) 5 (38.5%)

SD: standard deviation; BMI: body mass index; FINA: Fédération Internationale de Natation
No significant differences were found between the total and follow-up groups.

Journal of Human Kinetics - volume 75/2020
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Table 2
Isokinetic variables of the peak torques and the ratios at the preseason visit with respect to sex
Total n=18 Male n=10 Female n=8
Dom Non-dom  Dom Non-dom Dom Non-dom
Peak Torque (Nm/kg)
conlR at 60°-s1 073+024 0.69+021 085+0.28 0.80+0.21 0.59£0.100  0.55+0.12
conER at 60°-s 047+0.13 045+0.11 051+0.14 050+0.17 0.41+£0.10 0.39 £ 0.06

eccIR at 60°-s1 0.81+£0.25 0.74+0.2 096+024 0.85+0.2 0.63£0.060  0.62+0.08

eccER at 60°-s 051+0.12 050+0.15 056+0.13 056+0.18 0.46+0.06 0.44 +0.08

Ratio (at 60°-s1)

Conventional conER:conlR 0.65+0.11 0.68+0.13 0.62+0.09 0.62+0.05 0.70+0.12 0.74+0.18

Conventional eccER:eccIR 0.65+0.11 0.68+0.11 059+0.09 0.62+0.09 0.73+0.08 0.71+£0.12

Functional eccER:conlR 0.72+0.11 0.75+0.18 0.70+0.11 0.69+0.11 0.78 £0.07 0.83 £0.22

Functional eccIR:conER 1.76 037 1.65+0.24 1.86+0.38 1.69+0.23 1.59+0.31 1.59+0.26

a: Significant difference between males and females (p-value < 0.05)
ER: external rotation, IR internal rotation, con: concentric, ecc: eccentric,
Dom: dominant, Non-dom: non-dominant

Table 3
The relative risk of swimmer shoulder injury associated with muscular imbalances (n =13)
Accuracy o . . Confidence
(AUC-ROC) p-value Criteria Relative Risk Interval (95%)

Conventional ratios

0.64 0.20 <0.66 1.71 0.47 to 6.30
conER:conlIR at 60 °/s

0.792 0.04 <0.66 5.83 0.92 to 37.08
eccER:eccIR at 60 °/s
Functional ratios

0.792 0.03 <0.68 4.50v 1.33 to 15.28
eccER:conlR at 60 °/s

0.69 0.26 >1.37 3.75 0.38 to 36.76
eccIR:conER at 60 °/s

> 2 criteria 3.20 0.89 to 11.48

Global muscular imbalance
@ Significant accuracy with p-value<0.05 for tests of the null hypothesis that the AUC-ROC equals 0.50
b Significant relative risk when the confidence interval (95%) was above and did not contain the value 1
(p-value < 0.05). AUC: area under the curve; ROC: receiver operating characteristic;
ER: external rotation; IR: internal rotation; ecc: eccentric; con: concentric
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Conventional ratios conER:conlR 0.22 4.49 13.61 2.12 -27.2; 0.01 0.05
eccER:ecclR 0.09 1.49 8.03 -1.22 -0.80; 0.21 0.24
Functional ratios eccER:conlR 0.25 5.21 13.98 -2.28 -0.96; -0.35 0.04 *
ecclR:conER 0.02 0.32 1.13 0.57 -3.09; 5.35 0.58

Figure 1
Isokinetic peak torques (a) at the preseason visit with respect to the swimming career length in years and (b) the
regression analysis of the ratios with respect to the swimming career length in years (n=18)
con : concentric, ecc : eccentric, ER: external rotators, IR: internal rotators
B : regression beta coefficients, t: B associated t-value, CI: confidence interval; * p-value<0.05 1 p-value< 0.01
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Figure 2
Changes in in-season isokinetic peak torques (a) and ratios (b) in swimmers (n=13)
con : concentric, ecc : eccentric, ER: external rotators, IR: internal rotators
* p-value<0.05 1 p-value< 0.01
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Discussion

In our cohort, swimmers with a lower
preseason conventional eccentric eccER:eccIR ratio
and functional eccER:conlIR ratio had an increased
risk of shoulder injury during the season. A
preseason functional eccER:conlR ratio below 0.68
was associated with a significant 4.5-fold increased
risk of developing a shoulder injury (RR =4.50 p <
0.05).

The functional eccER:conlR ratio may be
an interesting and relevant variable for identifying
swimmers at higher risk for shoulder injury (with
a cut-off at 0.68 in our study). Previous authors also
conducted prospective studies and evaluated the
associations of preseason shoulder rotator
isokinetic measurements and injuries in overhead
athletes (Edouard et al., 2013; Wang et al., 2000).
Lower eccER:conIR functional ratios have also
been described as injury risk factors in elite
volleyball players (Wang et al., 2000) or handball
players (Edouard et al., 2013). It is also interesting
to note that the criterion of a functional
eccER:conIR ratio <0.68 is very close to that
adopted in the study of Edouard et al. (2013), in
which a threshold ratio of 0.67 was calculated from
the study of a control, non-athlete population.
Moreover, the conventional eccentric eccER:eccIR
ratio had the predictive ability to identify
swimmers at risk for shoulder injury, but the cut-
off (<0.66) failed to show statistically significant
results and was thus unlikely to be clinically
relevant and applicable in clinical practice.

Until now, the literature on rotator muscle
imbalance and its association with shoulder injury
in swimmers was mainly based on conventional
concentric ratios (Bak, 2010; Batalha et al., 2013;
Bradley et al., 2016). However, external rotators are
less likely to be involved in their concentric mode
as external rotation is the least used motion in
swimming and is mostly involved in the non-
propulsive phase (Manske et al.,, 2015). Thus, the
main function of the ER muscles in the propulsion
phase is to limit the anterior translation of the
humeral head by contracting eccentrically to
counteract the propulsive internal rotation
(Gaudet et al., 2018). Electromyographic studies on
swimming strokes found the highest activity of
external rotator muscles (teres minor) during the
pull-through phase (Pink et al, 1993) and
consequently, when operating in an eccentric
mode. The high eccentric demands on the ER
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muscles have been implicated in the impairment of
control of glenohumeral-joint  translation,
ultimately predisposing the shoulder to injury
(Bradley et al., 2016; Ramsi et al., 2004), and an
analysis of muscular recruitment in swimmers
demonstrated a decrease and a delay in the
activation of m. infraspinatus in swimmers with
impingement syndrome (Scovazzo et al, 1991).
However, to our knowledge, this is the first study
to prospectively analyze the predictive impact of
the muscle imbalance on the risk of shoulder injury
in swimmers.

Moreover, our results highlight that the
functional eccER:conIlR and eccIR:conER ratios
decreased during the season, mainly due to the
increase in concentric strength of both internal and
external rotators, which was not associated with a
similar increase in eccentric strength. This can be
interpreted as a worsening of the functional
eccER:conlR ratio, with post-season mean values
(0.62 £0.10) that were lower than the preseason cut-
off found to indicate the risk of injury (0.68). This
suggests that high-level swimming training
induces insufficient eccentric strengthening
compared to concentric strengthening that may
expose the shoulder to instability and injury
(Gaudet et al., 2018), which worsen during the
competitive season. On the other hand, the
conventional conER:conIR and eccER:eccIR ratios
did not significantly change during the season.
These results are not consistent with the finding
from Batalha et al. (2013) who found a decrease in
the conER:conIR ratio from 0.79 to 0.71 during a
competitive season in adolescent swimmers.
However, in our sample, swimmers already had
lower conventional ratios in the preseason tests
(0.65+0.11).

Both IR and ER PTs were positively
associated with age in all modes (ecc and con) and
highly related to sport participation, as the
normalized PT was stable in the control population
between 13 and 36 years (Andrade et al., 2013). We
also confirmed that swimmers are exposed to
muscular imbalances, with a mean conventional
conER:conlR ratio of 0.65 and a mean functional
eccER:conlR ratio of 0.72. The literature supports
that conventional conER:conIR ratio values below
0.66 characterize muscle imbalances which
increase the risk for injury or instability
(Ellenbecker and Davies, 2000) and that functional
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eccER:conlR ratios above 1.0 should be targeted in
swimmers (Bradley et al., 2016).

The present study shows that there was a
significant negative correlation between the years
of practice and the functional eccER:conlR ratio
and a statistical trend toward significance for the
conventional conER:conlR ratio. This suggests that
shoulder rotator muscle imbalances may worsen as
the years of practice increase and could increase
the risk of shoulder injury over time (in addition to
age per se). As shoulder pain increases with the
years of practice (Dischler et al, 2018), we
hypothesized that a specific prevention program
aiming to reduce muscle imbalance could be
targeted at young swimmers undergoing high-
volume training (Batalha et al., 2018). Further
studies with a long-term follow-up are needed to
confirm these hypotheses. Moreover, although
isokinetic evaluation is not currently a standard
evaluation in swimming, it is the first step in
optimizing the follow-up of swimmers. In
swimmers, especially those with muscular
imbalances, a specific land-based eccentric
program targeting the external rotators (Tessaro et
al., 2017) could limit the risk of injury.

These results are presented with caution as
this is a preliminary trial of this approach, and
there are several limitations to this study. First, the
number of participants included in the current
study was limited, and further studies are needed
to confirm the results for larger samples. Second,
this is a monocentric study, as we included
swimmers from a single swimming club, but the
swimmers’ characteristics and training habits were
consistent with national trends for elite adolescent
swimmers. Thirdly, functional ratios were
calculated with successive sets of either concentric
rotations

or eccentric internal/external
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