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ABSTRACT

BOETTCHER, C., M. HALAKI, K. HOLT, and K. A. GINN. Is the Normal Shoulder Rotation Strength Ratio Altered in Elite Swimmers?

Med. Sci. Sports Exerc., Vol. 52, No. 3, pp. 680–684, 2020. Introduction: It is commonly believed that the shoulder external rotation (ER) to

internal rotation (IR) strength ratio is decreased in swimmers due to predominant IR loading during the pull-through (propulsive) phase which

predisposes to shoulder pain. However, the evidence supporting this hypothesis is inconclusive. Therefore, the aim of this study was to exam-

ine shoulder rotation strength parameters in elite swimmers and investigate potential associations with shoulder pain. Methods: Sixty-eight

(40 men; age, 19.9 ± 3.2 yr) elite swimmers provided demographic and shoulder pain history data before measurement of shoulder rotation

strength. Mixed model analyses were used to examine differences in shoulder IR and ER strength normalized to body weight (BW) and

the shoulder rotation strength ratio. A multinomial logistic regression model was utilized to examine associations between shoulder rotation

strength parameters and shoulder pain. Results: Mean shoulder IR strength (BW) was approximately 0.29 for male swimmers and 0.26 for

female swimmers. Mean shoulder ER strength (BW) was approximately 0.19 for male swimmers and 0.18 for female swimmer. The shoulder

ER/IR strength ratio was approximately 0.70 bilaterally for all swimmers. There were no significant differences between dominant and non-

dominant shoulders in IR or ER strength normalized to BW (P ≥ 0.547). There were no associations between any shoulder strength parameters
and shoulder pain (r2 = 0.032, P = 0.107). Conclusions: Despite the high IR loading, optimal swimming technique does not alter the normal

ER/IR strength ratio at the shoulder. Elite swimmers who report current or a history of shoulder pain demonstrate normal shoulder rotation

strength ratios. The finding of symmetrical shoulder rotation strength points to side-to-side strength comparisons as a valuable clinical tool

in managing swimmers with unilateral shoulder pain. Key Words: SHOULDER INTERNAL ROTATION STRENGTH, SHOULDER

EXTERNAL ROTATION STRENGTH, SHOULDER ROTATION STRENGTH RATIO, SHOULDER PAIN

Shoulder pain is a significant burden to swimmers of all
ages and ability. It is the most common injury reported
in swimmers and the main cause of lost training hours

and, in some cases retirement, in elite swimmers (1). The frequency
with which it occurs is well illustrated by the term “swimmer’s
shoulder” being adopted as a common phrase for shoulder pain
in this population of athletes (2). As a consequence, much research
investigating potential contributing factors to swimmer’s shoul-
der has been conducted over many years (3). Despite these in-
vestigations, an examination of the literature would suggest
that the prevalence of shoulder pain in swimmers is not reduc-
ing and that ongoing research is warranted (1,4,5).

A potential causative factor of “swimmer’s shoulder” that has
received ongoing attention is shoulder rotation strength balance
(6–8). The majority of these studies indicate that the shoulder

external rotation (ER) to internal rotation (IR) strength ratio is
decreased in swimmers. The common explanation for this de-
creased shoulder ER/IR ratio is that, because IR is performed
during the pull-through (propulsive) phase of swimming
strokes, shoulder IR strength increases proportionately more
than ER strength in swimmers. It is believed that this rotation
strength imbalance then leads to changes in humeral head po-
sitioning resulting in shoulder pain due to impingement (9).

An examination of this body of research, however, indicates
that many of these studies have been performed on small cohorts
(10–12), amateur or low-level swimmers (13), and that an associ-
ation with shoulder pain has not been made (11,14,15). Further-
more, the one study that did examine shoulder strength in elite
swimmers, albeit on a very small group, found contradictory re-
sults, with a relative decrease in IR strength in the shoulders of
symptomatic swimmers (16). The conclusion, therefore, from a
recent systematic review examining the risk factors for shoulder
pain in swimmers was that there is insufficient evidence to make
a definitive conclusion about the contribution that shoulder
rotation strength imbalance might make to shoulder pain in
swimmers (17).

Consequently, the primary aim of the current study was to ex-
amine shoulder rotation strength in an elite swimming cohort in
order to determine if swimming results in changes in shoulder
rotation strength parameters compared with published normative
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data. This studywas performed on elite level swimmers to elim-
inate any potential effects of errors in swimming technique on
shoulder rotation strength. A secondary aim was to investigate
potential associations between rotation strength parameters
and past and/or current shoulder pain.

METHODS

Sixty-eight (40 men and 28 women) Australian swimmers
16 yr and older who were competing at an elite level were re-
cruited for this study. The athletes were considered elite if they
had qualified to compete in a minimum of two open-age na-
tional championships. This cohort included 39 of the Australian
swimming team who competed at the 2013 World Champion-
ships. Remaining participants were recruited from the Australian
Institute of Sport (n = 9) and New SouthWales Institute of Sport
(n = 20) swimming programs. All participants provided basic
demographic data (age, sex, height, weight, hand dominance),
as well as swimming event (sprint or distance) and self-
estimated average weekly training load (the kilometers swum
on average per week for the previous year). In addition, partic-
ipants were asked if they were currently experiencing shoulder
pain while swimming, if they had ever experienced shoulder
pain which swimming, and the shoulder(s) affected. This
study was approved by the Australian Institute of Sport Ethics
Committee (approval number: 20130413), and consent was
obtained from each subject and guardian, if applicable, before
data collection.

Bilateral measurements of maximal shoulder IR and ER
strength were measured as the maximum force recorded using
a hand-held dynamometer (Chatillon DFX II; Ametek Inc.), in
the one testing session, by the same two Sports Physiotherapists
(Fig. 1). Test order was block randomized by side (dominant;
nondominant). Testing was performed with the participants
standing, shoulder in the neutral position, elbow by the side
but not touching the body and flexed to 90°. The dynamometer
was placed proximal to the ulnar styloid process on the dorsal
side of the forearm for ER and the palmar side for IR measure-
ments. Participants were asked to brace themselves by placing
their feet shoulder width apart and bending their knees in order
to avoid losing balance during testing. A break test was used
with the force being applied gradually and increased over ap-
proximately a 5-s period until the subject could no longer re-
sist the applied force. This procedure has demonstrated good
to excellent intertester reliability (18). Three strengthmeasure-
ments were recorded and the highest used for analysis.

The normality of the distribution of the data was checked and
confirmed using probability plots. Each shoulder was coded as
0, no pain; 1, current pain; 2, a history of pain. Mixed-model
analyses were used to evaluate differences in IR and ER strength
normalized to bodyweight (BW) and ER/IR strength ratios using
the following fixed factors: dominance, dominant and nondomi-
nant; sex, male and female; and pain status, 0: no pain, 1: current
pain 2: a history of pain in each shoulder. Bonferroni post hoc test
was used to identify significant differenceswhen significantmain
or interactions effects were found. Independent predictors of pain

(no pain, current presence of shoulder pain or a history of shoul-
der pain) were examined using a multinomial logistic regression
model with a criterion of P < 0.05 using the following predictors:
IR and ER strength normalized to BW and ER/IR strength ratio.
Significance was set at P < 0.05. Statistica (Version 10; Statsoft
Inc, USA) was used for all statistical analyses.

RESULTS

The average age of the swimmers examinedwas 19.9 ± 3.2 yr.
Themajority (88%) of elite swimmers examinedwere right-hand
dominant. Twenty (29%) competed in sprint events, 31 (46%)
in distance events and 17 (25%) in both sprint and distance
events. Sixteen swimmers (24%) estimated their annual train-
ing load to be between 30 and 40 km·wk−1 with 7 (10%) train-
ing <30 km·wk−1 and 45 (66%) >40 km·wk−1. Seventeen
(25%) swimmers reported shoulder pain during competition
and training at the time of testing with a further 35 (51%)
reporting a previous history of shoulder pain. Sixteen (24%)
swimmers reported neither current shoulder pain nor a history
of shoulder pain.

Shoulder rotation strength data are illustrated in Figure 2
and summarized in Table 1. Results of the mixed model anal-
yses for the shoulder rotation strength normalized to BW data
indicated significant main effects for sex: male > female for IR
(P = 0.002) but not for ER (P = 0.427) strength. Hand domi-
nance was not significant (P ≥ 0.547), pain status was not sig-
nificant (P ≥ 0.755), and there was no significant interaction
effect of sex and hand dominance (P ≥ 0.295), of sex and pain
status (P ≥ 0.401), nor of sex, hand dominance and pain status
(P ≥ 0.394) for either IR or ER. The ER/IR strength ratio was
greater in women than men (P = 0.003) and again, hand

FIGURE 1—Shoulder rotation strength testing setup.
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dominance was not significant (P = 0.665), pain status was not
significant (P = 0.657) nor was the interaction of sex and hand
dominance (P = 0.568), of sex and pain status (P = 0.103), nor
of sex, hand dominance and pain status (P = 0.508).

The multinomial logistic regression analyses revealed no
significant associations between pain status (no pain, current
shoulder pain or a history of shoulder pain) and any of the
shoulder strength parameters measured (Cox and Snell Pseudo
r2 ≤ 0.032, P ≥ 0.107).

DISCUSSION

The shoulder rotation strength (BW) and strength ratios in
the large elite swimming cohort examined in this study do
not support the theory that the shoulder IR loading predomi-
nant during swimming will necessarily result in differentially
greater increases in shoulder IR strength compared with ER
strength, that is, decreased shoulder ER/IR strength ratios. In
the current study the elite swimming athletes had a shoulder
ER/IR ratio of approximately 0.7, males; 0.68, bilaterally; and

females, 0.73 (dominant side) and 0.76 (nondominant side).
These ratios were not affected bywhether the swimming athletes
were experiencing shoulder pain during competition and/or
training at the time of testing or whether they had a previous his-
tory of shoulder pain. These values are consistent with those re-
ported in a large group of physically active college students age
17 to 21 yr using a similarmethodology to the current study (19).
Calculation of the ER/IR strength ratio from the mean strength
(BW) values reported in this normative study indicate a shoulder
ER/IR strength ratio in healthy age-related men of 0.72 and in
women of 0.74 (19). It would seem that a normal shoulder
ER/IR strength ratio is maintained in elite swimmers, presum-
ably using optimal swimming technique, despite high training
and competition loading.

Could the role of the rotator cuffmuscles to stabilize the shoul-
der joint explain why swimming does not lead to a decreased
shoulder ER/IR ratio? Aswell as high IR loading swimming also
requires high shoulder extension loading during the propulsive
pull-through phase. Shoulder extension from elevation is pro-
duced by latissimus dorsi, teres major, and notably, the sternal
head of pectoralis major during the early stage of pull-through.
Contraction of latissimus dorsi results in activation of the ante-
rior rotator cuff (subscapularis which is a shoulder internal rota-
tor) in a stabilizing role to counterbalance potential posterior
translation of the humeral head (20). Contraction of pectoralis
major on the other hand, results in activation of the posterior ro-
tator cuff (infraspinatus and supraspinatus which are shoulder
external rotators) to counterbalance potential anterior humeral
head translation (21). Therefore, strength increases in both ante-
rior (internal rotators) and posterior (external rotators) rotator
cuff muscles can be expected during the swimming strokewhen
their stabilizer, as well as their rotation torque producing func-
tions are considered.

The results of this study add to the growing evidence that
most shoulder rotation parameters are not altered as a result
of swimming with optimal technique. A recent study on a
large cohort of elite swimmers has indicated that average hu-
meral torsion values and passive shoulder IR range of motion
are also within normal limits in these athletes (22).

The mean shoulder IR and ER strength (BW) values re-
corded for the male elite swimmers in the current study are
similar to those reported in healthy age related individuals
whose shoulder rotation strength was measured isometrically

FIGURE 2—ER strength vs IR strength for both left and right shoulders
for all elite swimmers with pain status indicated. Trend line provided for
all swimmers regardless of pain status.

TABLE 1. Shoulder rotation strength profile of elite swimming cohort.

Side Dominant Nondominant All

Variables Sex Male Female All Male Female All All

Mean strength (BW) ± SD IR Pain status No pain 0.28 ± 0.04 0.25 ± 0.04 0.27 ± 0.04 0.28 ± 0.04 0.27 ± 0.04 0.27 ± 0.04 0.27 ± 0.04
Current pain 0.31 ± 0.04 0.24 ± 0.03 0.28 ± 0.05 0.31 ± 0.06 0.22 ± 0.06 0.24 ± 0.07 0.26 ± 0.06
Previous pain 0.28 ± 0.02 0.26 ± 0.06 0.27 ± 0.04 0.29 ± 0.03 0.25 ± 0.04 0.27 ± 0.04 0.27 ± 0.04
All 0.29 ± 0.03 0.26 ± 0.04 0.27 ± 0.04 0.28 ± 0.04 0.25 ± 0.05 0.27 ± 0.05 0.27 ± 0.04

ER Pain status No pain 0.19 ± 0.03 0.18 ± 0.02 0.19 ± 0.03 0.19 ± 0.02 0.19 ± 0.03 0.19 ± 0.02 0.19 ± 0.03
Current pain 0.19 ± 0.04 0.18 ± 0.03 0.19 ± 0.03 0.18 ± 0.05 0.18 ± 0.02 0.18 ± 0.03 0.18 ± 0.03
Previous pain 0.19 ± 0.02 0.19 ± 0.03 0.19 ± 0.02 0.19 ± 0.02 0.17 ± 0.02 0.18 ± 0.02 0.19 ± 0.02
All 0.19 ± 0.03 0.18 ± 0.03 0.19 ± 0.03 0.19 ± 0.03 0.18 ± 0.03 0.19 ± 0.03 0.19 ± 0.03

Mean ratio Ext/Int Rot strength ratio ± SD Pain status No pain 0.69 ± 0.10 0.72 ± 0.10 0.70 ± 0.10 0.70 ± 0.11 0.72 ± 0.10 0.70 ± 0.10 0.70 ± 0.10
Current pain 0.62 ± 0.14 0.76 ± 0.13 0.67 ± 0.14 0.59 ± 0.24 0.85 ± 0.19 0.79 ± 0.22 0.75 ± 0.2
Previous pain 0.68 ± 0.08 0.74 ± 0.09 0.7 ± 0.08 0.67 ± 0.10 0.69 ± 0.06 0.68 ± 0.09 0.69 ± 0.08
All 0.68 ± 0.09 0.73 ± 0.09 0.7 ± 0.09 0.68 ± 0.11 0.76 ± 0.14 0.71 ± 0.13 0.71 ± 0.11
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in a similar position as the current study (19). Westrick et al.
(19) reported shoulder IR strength values in these male control
participants of 0.27 BW bilaterally and shoulder ER strength
values of approximately 0.20 BW with similar standard devia-
tions to the current study. Statistical analysis using the mean
and standard deviation data reported by Westrick et al. indicate
that the female elite swimmers in the current study were signif-
icantly stronger by approximately 20% compared with age-
matched female control participants, but this strength (BW)
increase was similar in both shoulder IR (0.26 BW compared
with 0.21 BW) and ER (0.18 BWcomparedwith 0.15 BW) (19).

Not only were normal shoulder rotation strength (BW) and
rotation strength ratios maintained in this large cohort of
swimming athletes who were competing at an elite level but
also regression analysis did not reveal any significant associa-
tion between shoulder pain and rotation strength. Neither
shoulder rotation strength (BW) nor shoulder rotation strength
ratios were associated with shoulder pain in the 76% of the
elite swimming athletes who reported either current shoulder
pain or a history of shoulder pain during training and/or com-
petition at the time of testing. This result is in accord with pre-
vious smaller studies that have also reported no relationship
between shoulder pain and rotation strength parameters in
swimming athletes (14,15). Therefore, in swimming athletes
who are able to compete while experiencing shoulder pain,
the results of this study do not support the theory that swim-
ming leads to increased shoulder IR strength and, conse-
quently, a decreased ER/IR strength ratio, predisposing them
to shoulder problems. Further research is required to deter-
mine if changes in the shoulder rotation strength ratio are asso-
ciated with shoulder pain that prevents swimming athletes
from competing in their sport.

No significant differences between dominant and nondomi-
nant shoulders were found in shoulder IR or ER strength (BW)
or the shoulder ER/IR strength ratio in the elite swimming cohort
examined in this study (Table 1). This finding of similar bilateral
shoulder rotation strength is consistent with the bilateral demands

swimming places on the upper limbs and supports the results of
previous studies on swimmers, which also reported symmetrical
shoulder ER/IR strength ratios (6,23,24). These results suggest
that the detection of side-to-side differences in shoulder rotation
strength and/or rotation strength ratios in swimmers is a signif-
icant finding, which has implications for the prevention and
treatment of “swimmer’s shoulder.” For example, for swim-
mers with unilateral shoulder pain, shoulder IR and ER strength
(BW) on the nonpainful side could be used to set valid rotation
strength rehabilitation goals and to provide motivational feed-
back during rehabilitation.

The results of this study relate to shoulder rotation strength
measurements performed in standing with the arms by the
side, a position commonly used to measure shoulder rotation
strength, and which allowed comparison with a large age-
matched control group in whom shoulder rotation strength
was measured in a similar manner. Further research is required
to determine if rotation strength parameters measured in more
elevated shoulder positions differ between swimming athletes
and age matched control subjects.

The current study, to our knowledge the largest study inves-
tigating shoulder strength parameters in elite swimmers, indi-
cates that shoulder rotation strength ratios are within normal
limits in these athletes. It would seem, therefore, that optimal
swimming technique does not predispose to the development
of proportionately greater increases in shoulder IR strength
(BW) compared with ER strength (BW) when measured with
the arm by the side.
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