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athletes and handball. Intermuscular ER/IR ratios showed 
gender, sports, and side differences.
Conclusion This normative database is necessary to help 
the clinician in the evaluation of RC strength in healthy and 
injured overhead athletes. In view of the preventive screen-
ing and return-to-play decisions in overhead athletes, nor-
malization to body weight and calculating intermuscular 
ratios are key points in this evaluation.
Level of evidence Diagnostic study, Level III.

Keywords Rotator cuff strength · Hand-held 
dynamometer · Normative database · Injury prevention

Introduction

The shoulder is at high risk of injury in overhead sports 
like handball, tennis or volleyball because it faces high 
loads and forces during throwing, serving and smashing. 
Most of the reported shoulder injuries are strains, implicat-
ing a process over time, with chronic overload leading to 
injury [20]. Chronic shoulder pain in the overhead athlete 
is often attributed to sport-specific adaptations, alterations 
in strength, flexibility and posture, not only in the gleno-
humeral joint, but also in other links of the kinetic chain [5, 
10, 12, 19, 22, 26]. These alterations change biomechanics 
and movement strategies during serving and striking, pos-
sibly leading to overload injuries in the shoulder.

During overhead throwing and serving, the shoulder is 
highly loaded with an enormous challenge for the eccen-
tric capacity of the external rotators (ER) during the decel-
eration phase. In specific sports such as tennis, it has been 
shown that elite players without shoulder injury have 
shoulder rotation muscle strength imbalances that alter the 
ratio between rotator cuff (RC) muscles [11]. Although 
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differences are in favour of the dominant side, the male 

Ethical Committee Approval number: B670201317814.

 * Ann M. J. Cools 
 ann.cools@ugent.be

1 Department of Rehabilitation Sciences and Physiotherapy, 
Faculty of Medicine and Health Sciences, University 
Hospital Ghent, De Pintelaan 185, 2B3, 9000 Ghent, 
Belgium

2 Department of Environmental Medicine, Karolinska Institute, 
Musculoskeletal and Sports Injury Epidemiology Center 
(MUSIEC), Stockholm, Sweden

http://crossmark.crossref.org/dialog/?doi=10.1007/s00167-015-3755-9&domain=pdf


3839Knee Surg Sports Traumatol Arthrosc (2016) 24:3838–3847 

1 3

these strength differences do not seem to affect the athletic 
performance immediately, detection and prevention with 
exercise programs at an early stage are recommended [18]. 
Decreased external RC strength has been shown to increase 
the risk of shoulder pain in baseball and handball players 
[6, 8].

Given the importance of appropriate RC strength and 
intermuscular balance, regular measurement of these vari-
ables is warranted, in order to define injury-prevention pro-
grams, or guide the return-to-play decisions after injury or 
surgery. Depending on the equipment used, measurements 
are performed in a concentric, eccentric or isometric mode. 
In the field of sports medicine, hand-held dynamometry 
(HHD) is gaining considerable interest over isokinetic test-
ing, since the equipment is not expensive and easy to use 
on the field or training area of the athlete. Although studies 
on shoulder measurements demonstrate conflicting results, 
in general reliability and validity are acceptable with ICC 
values >0.75 [25]. Higher estimates are reached for within-
session reliability and if means of trials are calculated [25]. 
Recently, a new protocol, testing eccentric RC strength 
using a HHD, was shown to have good-to-excellent intra- 
and interrater reliability, as well as good validity compared 
to isokinetic data [18].

One current limitation of HHD is the limited amount of 
normative reference values available. In particular, at this 
moment, no reference data exist for the novel protocol of 
eccentric RC testing in overhead athletes. In addition, the 
relationship of eccentric external rotation strength with iso-
metric internal rotation strength, measured with the HHD, 
is unknown. Therefore, the purpose of the study was to 
describe a reference database from a sample of overhead 
athletes for the eccentric ER strength, and accompanying 
isometric strength data and ER/IR ratios. Gender , age, and 
sports discipline differences were of interest. This is the 
first study providing reference values in that population.

Materials and methods

Participants

The study sample consisted of 201 healthy overhead ath-
letes (101 male, 100 female) who volunteered to participate 
in the study. Eleven participants were left handed, 190 were 
right handed. They were recruited based on their sports 
participation in volleyball, tennis and handball. Inclusion 
criteria were (1) between 18 and 50 years old and (2) mini-
mal 3 h/week active in volleyball, tennis or handball on a 
competitive level. Subjects were excluded if they had any 
history of shoulder dislocation or surgery, or if they expe-
rienced shoulder pain with time-loss in sports participation 
the past 6 months. Inclusion and exclusion criteria were 

assessed with a questionnaire. Prior to participation, sub-
jects read and signed the informed consent form. Anthro-
pometric data of the subjects are summarized in Table 1. 
Subclassification of the participants based on gender, sports 
discipline and age is clarified in Table 2. Age classification 
was based on age categories of 8 years each: 18–25, 26–33, 
34–41 and 42–50 years. Since the two oldest age categories 
had only small samples, they were merged for further anal-
ysis into one category of age 34–50 years, resulting in three 
age categories for the whole sample. The investigation was 
approved by the Ethical Committee of Ghent University 
(B670201317814).

Testing procedure

After a standardized warm-up procedure consisting of 
multiplanar shoulder movements, supervised by the test-
ers, the testing procedure started. The procedure consisted 
of five sets of tests: (1) eccentric testing of the ER in an 
abducted position from 90° of ER to 0° of ER, (2 and 3) 
isometric strength testing of both IR and ER with the 
shoulder abducted 90° (90–0 position), and (4 and 5) iso-
metric strength testing of both IR and ER with the shoul-
der in 90° of abduction with 90° of external rotation (90–90 
position). For all measurements, the MicroFET© hand-
held dynamometer (HHD) was used (MicroFET 2, Hoggan 

Table 1  Anthropometric data of the study participants

Means ± standard deviations are displayed for all variables

OSP overhead sports participation

* Significant gender differences p < 0.001; ♦ significant gender dif-
ferences p < 0.01

Males (n = 101) Females (n = 100)

Age (years) 27.3 ± 8.3 27.8 ± 8.5

Height (m)* 1.83 ± 0.06 1.69 ± 0.07

Mass (kg)* 80.4 ± 11.2 65.8 ± 9.3

BMI♦ 24 ± 2.8 22.9 ± 2.7

OSP (h/week) 5.8 ± 3.9 5.4 ± 1.8

OSP (years) 13.5 ± 7.3 13 ± 6.5

Table 2  Classification of participants based on gender, sports disci-
pline and age male/female

Age category Handball Tennis Volleyball Total

18–25 22/19 11/10 20/27 53/56

26–33 8/10 8/7 13/6 29/23

34–50 2/3 13/16 4/2 19/21

Total 32/32 32/33 37/35 101/100
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Health Industries Inc., Biometrics, The Netherlands). 
Measurements were recorded in Newton (N). The order of 
the tests was randomized between sides and between the 
procedures, in order to control the procedure for learning 
effects and fatigue. Each test was repeated three times with 
a pause in between trials of 20 s [9, 11, 18].

For the eccentric strength measurement, the protocol of 
Johansson et al. [18] was used. The subject was in a seated 
position, feet at shoulder width, the lower back supported 
against a chair, and held the elbow and shoulder at a posi-
tion of 90° of abduction and 90° of external rotation (90–
90) with support from the examiners hand and forearm. 
The HHD was positioned at a point 2 cm proximal of the 
processus styloideus ulnae and placed on the dorsal side of 
the forearm. On the counting of the investigator, controlled 
by a metronome, the subject performed a maximal external 
rotation force, while the investigator pushed the arm from 
maximal external rotation (90–90) to 90° of abduction in 
neutral rotation (90–0) over a 3-s period. This procedure 
shows good-to-excellent intra- (ICC = 0.88, SEM = 11.1, 
%SEM = 9.2, MDC = 33.7) and interrater (ICC = 0.71, 
SEM = 14.1, %SEM = 12, MDC = 39.1) reliability, as 
well as good-to-excellent concurrent validity, when com-
pared to the Biodex Isokinetic measurement [18].

The isometric testing was performed in a seated posi-
tion, with the arm supported in 90° of abduction and neu-
tral rotation (tests 2 and 3) or 90° of abduction with 90° or 
ER (tests 4 and 5). For each test, the participant was asked 
to perform the glenohumeral ER or IR against resistance 
of the HHD. A “make contraction” was used rather than a 
“break contraction”. Participants were asked to build their 
force gradually to a maximum voluntary effort over a 2-s 
period and hold the maximal voluntary effort for 5 s. The 
examiner kept the dynamometer in place, 2 cm proximal of 
the wrist, by matching the force exerted by the subject [24]. 
These procedures were found to have good test–retest relia-
bility [4], excellent intra- and interrater reliability and mini-
mal detectable changes between 11 and 22 N [9]. For the 
procedures ER and IR in 0° abduction, intrarater reliabil-
ity data are as follows: ICC = 0.96/0.99, SEM = 4.9/6.0, 
MDC = 11.5/14.0 and interrater reliability data are as fol-
lows: ICC = 0.96/0.98, SEM = 6.0/7.8, MDC = 16.6/21.5. 
For the measurements of ER and IR in 90° of abduction 
and 0° of ER, a pilot study performed prior to the inves-
tigation showed intrarater reliability data as follows: 
ICC = 0.94/0.97, SEM = 3.2/4.8, MDC = 12.8/13.5, and 
interrater reliability data are as follows: ICC = 0.95/0.96, 
SEM = 5.4/7.9, MDC = 11.9/20.6. For the measure-
ments of ER and IR in 90° of abduction and 90° of ER, 
intrarater reliability data are as follows: ICC = 0.95/0.99, 
SEM = 4.6/5.4, MDC = 10.7/12.5, and interrater reliabil-
ity data are as follows: ICC = 0.94/0.98, SEM = 5.0/7.6, 
MDC = 13.7/21.0.

Statistical analysis

Sample size calculation was based on the age categories. 
The MDC of the eccentric strength testing protocol [18] 
was used as effect size. A sample of 40 athletes in each age 
category was calculated to be necessary to have a power of 
0.80 and a significance level of 0.05.

Means and standard deviations were calculated across 
subjects for the dependent variables. The eccentric and iso-
metric strength data were expressed in Newton (N), and 
also normalized to body weight (N/kg). In addition to the 
strength data, muscle strength ratios were calculated, in 
particular: (1) isometric ER/IR ratio at 90–0, (2) isometric 
ER/IR ratio at 90–90, (3) functional eccER/isomIR ratio 
at 90–0 and (4) functional eccER/isomIR ratio at 90–90. 
All dependent variables demonstrated a normal distribu-
tion (Kolmogorov–Smirnov test) and parametric tests were 
applied.

To assess relative reliability, intraclass correlation coef-
ficients (ICC3,k) were calculated over the three trials per-
formed, since measurements were performed by one indi-
vidual, with the corresponding 95 % confidence intervals 
(95 % CI). Single-measure ICCs were interpreted.

Differences in eccentric and isometric strength and in 
the ER/IR ratios were analysed with a general linear model 
two-way analysis of variance (ANOVA) for repeated meas-
ures, in which the within-subject factor was side (two lev-
els) and the between-subject factors were gender (two lev-
els), sports discipline (three levels) and age category (three 
levels).

In the ANOVA, four-way interactions (side × gen-
der × sports discipline × age category) were of interest. 
In case of absence of significant four-way interactions, 
three- and two-way interactions among the variables of 
interest were examined. In the absence of any interaction 
effects, main effects (for side, gender, sports discipline, or 
age category) were analysed. Alpha was set on 0.05 for the 
ANOVA. Post hoc analyses were performed using a Bon-
ferroni procedure when a significant difference was found 
with ANOVA. For the factors gender and side, no post hoc 
tests were performed, since these factors have only two lev-
els. All statistical analyses were performed using the IBM 
SPSS Statistics, version 21 (IBM Corporation, Armonk, 
NY, USA).

Results

The results of the reliability study are summarized in 
Table 3. These results confirm the good-to-excellent reli-
ability of these procedures, established by Cools et al. [9].

Tables 4 (males) and 5 (females) show the results of 
the five eccentric and isometric strength measurements 



3841Knee Surg Sports Traumatol Arthrosc (2016) 24:3838–3847 

1 3

(a) for the whole group, (b) divided by sports discipline 
and (c) divided by age category. In Tables 6 (males) and 
7 (females), the isometric ER/IR and eccER/isomIR ratios 
are displayed.

The results of the ANOVA for repeated measures statis-
tical analysis and the post hoc tests, when appropriate, are 
summarized in Table 8.

Our results show significant side, gender and sports dis-
cipline differences in the eccentric RC strength. In general, 
strength differences are in favour of the dominant side. 
Male athletes are stronger than female athletes; however, 
when normalized to body weight, gender differences are 

Table 3  Intraexaminer reliability (ICC3,k) with their 95 % CI for the 
eccentric and isometric testing of the rotator cuff strength

ER external rotation, IR internal rotation, Ecc eccentric, Isom isomet-
ric, 90–0 90° abduction 0° of external rotation, 90–90 90° abduction 
90° of external rotation (ABER)

Position Non-dominant Dominant

Ecc ER 90–90 to 90–0 0.89 (0.87–0.91) 0.86 (0.83–0.89)

Isom ER in 90–0 0.92 (0.87–0.93) 0.91 (0.89–0.93)

Isom IR in 90–0 0.94 (0.92–0.95) 0.86 (0.83–0.89)

Isom ER in 90–90 0.88 (0.85–0.90) 0.86 (0.83–0.89)

Isom IR in 90–90 0.87 (0.84–0.90) 0.92 (0.91–0.94)

Table 4  Descriptive analysis (means and SDs) of the results of the eccentric and isometric strength for the male subjects (n = 101)

Absolute (N) as well as normalized (N/kg) strength data are displayed

Males Ecc ER Isom ER 90–0 Isom IR 90–0 Isom ER 90–90 Isom IR 90–90

ABS NORM ABS NORM ABS NORM ABS NORM ABS NORM

D ND D ND D ND D ND D ND D ND D ND D ND D ND D ND

(a) Across all sports disciplines and ages

 Mean 171.0 163.6 2.2 2.1 145.2 140.3 1.8 1.8 165.4 153.2 2.1 1.9 106.2 101.6 1.3 1.3 183.3 151.5 2.3 1.9

 SD 24.9 29.6 0.4 0.4 28.3 29.8 0.4 0.4 29.6 31.2 0.4 0.4 19.8 23.8 0.3 0.3 45.8 36.9 0.6 0.5

Sports Ecc ER Isom ER 90–0 Isom IR 90–0 Isom ER 90–90 Isom IR 90–90

ABS NORM ABS NORM ABS NORM ABS NORM ABS NORM

D ND D ND D ND D ND D ND D ND D ND D ND D ND D ND

(b) Divided per sports discipline

 Handball (n = 32)

  Mean 178.3 172.5 2.2 2.2 152.9 145.6 1.9 1.8 172.7 161.5 2.2 2.0 109.7 105.9 1.4 1.3 200.4 168.1 2.5 2.1

  SD 22.7 29.1 0.4 0.4 28.4 30.6 0.4 0.5 30.6 28.7 0.4 0.4 20. 23.4 0.3 0.4 51.3 40.8 0.7 0.6

 Tennis (n = 32)

  Mean 169.2 160.8 2.2 2.0 138.9 134.8 1.8 1.7 164.7 149.6 2.1 1.9 108.4 101.7 1.4 1.3 179.2 147.7 2.3 1.9

  SD 26.8 30.3 0.4 0.4 31.1 31.2 0.3 0.4 27.5 33.2 0.3 0.4 20.1 23.5 0.3 0.3 37.7 32.7 0.4 0.4

 Volleyball (n = 37)

  Mean 166.4 158.2 2.1 2.0 144.1 140.6 1.8 1.8 156.0 149.7 2.0 1.9 101.3 97.8 1.3 1.22 172.0 140.4 2.1 1.8

  SD 24.3 28.6 0.4 0.4 24.7 27.9 0.3 0.4 30. 30.8 0.3 0.4 19.0 24.2 0.3 0.3 44.0 32.3 0.5 0.4

Age category Ecc ER Isom ER 90–0 Isom IR 90–0 Isom ER 90–90 Isom IR 90–90

ABS NORM ABS NORM ABS NORM ABS NORM ABS NORM

D ND D ND D ND D ND D ND D ND D ND D ND D ND D ND

(c) Divided per age category

 18–25 (n = 53)

  Mean 170.3 163.6 2.2 2.1 145.0 139.6 1.9 1.8 160.9 149.2 2.1 1.9 106.2 102.0 1.4 1.3 181.9 150.7 2.3 1.9

  SD 21.6 26.9 0.3 0.4 25.9 28.4 0.4 0.4 29.7 30.8 0.4 0.4 18.5 24.0 0.3 0.3 49.2 39.6 0.6 0.5

 26–33 (n = 29)

  Mean 174.0 165.7 2.2 2.0 146.6 142.8 1.8 1.8 172.0 156.9 2.1 1.9 107.8 102.0 1.3 1.3 189.4 153.1 2.3 1.9

  SD 27.4 29.7 0.4 0.4 32.9 30.8 0.4 0.4 30.4 28.5 0.3 0.3 22.7 23.8 0.4 0.3 46.3 34.0 0.6 0.5

 34–50 (n = 19)

  Mean 168.7 160.2 2.0 1.9 143.7 138.6 1.7 1.7 167.9 159.0 2.1 1.9 103.9 99.9 1.2 1.2 177.8 151.4 2.1 1.8

  SD 30.3 37.5 0.4 0.5 28.7 33.3 0.3 0.4 27.5 36.0 0.4 0.4 19.6 24.5 0.3 0.3 35.2 35.2 0.4 0.4
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absent. Handball and tennis players seem to have higher 
eccentric ER strength than volleyball players. Simi-
lar results were established for the isometric ER and IR 
strength in 90–0.

For the ER measurements in 90–90, a four-way interac-
tion was significant, meaning there are side, gender, sports 
discipline, and age-related differences. Again, handball 
players seem to be the stronger than tennis and volleyball 
players. Regarding age category, the “middle” age category 
between 26 and 33 years old are significantly stronger than 
the younger and older athletes.

The isometric ER/IR ratio in 90–0 showed gender and 
sports discipline differences, with higher values for the 
female athletes, in particular in handball players. The ER/
IR ratios in 90–90 showed no significant differences in the 
post hoc Bonferroni analysis, in spite of significant four-
way interaction effects.

The functional ratio eccentric ER/isometric IR showed 
significant gender × side two-way interaction effects for 
both positions 90–0 and 90–90, with lower values for the 
dominant side compared to the non-dominant side, and for 
the male athletes compared to the females.

Table 5  Descriptive analysis of the results of the eccentric and isometric strength for the female subjects (n = 100)

Absolute (N) as well as normalized (N/kg) strength data are displayed

Females Ecc ER Isom ER 90–0 Isom IR 90–0 Isom ER 90–90 Isom IR 90–90

ABS NORM ABS NORM ABS NORM ABS NORM ABS NORM

D ND D ND D ND D ND D ND D ND D ND D ND D ND D ND

(a) Across all sports disciplines and ages

 Mean 143.7 134.6 2.2 2.1 113.8 109.3 1.7 1.7 112.5 111.5 1.7 1.7 94.2 88.7 1.4 1.4 114.0 104.5 1.8 0.6

 SD 32.4 33.3 0.6 0.5 26.3 26.2 0.4 0.4 20.4 22.5 0.3 0.4 23.2 20.3 0.4 0.3 31.3 28.9 0.5 0.5

Sports Ecc ER Isom ER 90–0 Isom IR 90–0 Isom ER 90–90 Isom IR 90–90

ABS NORM ABS NORM ABS NORM ABS NORM ABS NORM

D ND D ND D ND D ND D ND D ND D ND D ND D ND D ND

(b) Divided per sports discipline

 Handball (n = 32)

  Mean 163.0 154.9 2.5 2.3 138.8 125.4 2.0 1.9 122.8 121.6 1.8 1.8 115.7 102.0 1.7 1.5 134.9 123.9 2.0 1.9

  SD 27.8 29.5 0.5 0.5 21.2 23.3 0.3 0.3 21.6 20.8 0.3 0.3 20.1 20.1 0.3 0.3 28.7 28.1 0.5 0.5

 Tennis (n = 33)

  Mean 144.8 126.4 2.3 2.0 104.8 99.3 1.7 1.6 108.3 105.7 1.7 1.7 87.5 83.2 1.4 1.3 107.7 99.1 1.7 1.6

  SD 29.8 25.9 0.5 0.5 25.2 24.8 0.4 0.4 19.9 20.8 0.4 0.4 15.8 15.8 0.3 0.3 29.1 25.6 0.5 0.4

 Volleyball (n = 35)

  Mean 125.1 122.7 1.9 1.9 103.2 103.9 1.6 1.6 107.1 107.7 1.6 1.6 80.8 81.8 1.2 1.2 100.7 91.9 1.5 1.4

  SD 28.6 34.6 0.5 0.6 19.9 23.6 0.4 0.4 16.3 23.0 0.3 0.4 17.4 18.9 0.3 0.3 25.8 23.3 0.5 0.4

Age category Ecc ER Isom ER 90–0 Isom IR 90–0 Isom ER 90–90 Isom IR 90–90

ABS NORM ABS NORM ABS NORM ABS NORM ABS NORM

D ND D ND D ND D ND D ND D ND D ND D ND D ND D ND

(c) Divided per age category

 18–25 (n = 56)

  Mean 135.5 130.7 2.1 2.0 112.5 107.1 1.7 1.7 111.1 110.5 1.7 1.7 91.0 85.7 1.4 1.3 112.1 100.7 1.7 1.6

  SD 30.9 35.8 0.5 0.6 26.8 25.9 0.4 0.4 20.7 22.8 0.3 0.4 22.9 19.0 0.4 0.3 32.1 27.8 0.5 0.4

 26–33 (n = 23)

  Mean 159.1 150.7 2.5 2.3 122.7 122.0 1.9 1.9 120.3 118.2 1.8 1.8 106.9 101.0 1.7 1.6 127.2 118.9 2.0 1.8

  SD 34.6 26.3 0.7 0.5 24.6 19.6 0.4 0.4 17.0 19.6 0.3 0.3 20.6 20.8 0.4 0.4 28.5 30.9 0.5 0.6

 34–50 (n = 21)

  Mean 148.7 125.6 2.2 1.9 107.6 100.9 1.6 1.5 107.7 106.7 1.6 1.6 88.6 83.2 1.3 1.2 104.9 99.0 1.6 1.5

  SD 28.0 27.8 0.5 0.4 25.4 29.1 0.4 0.4 21.6 23.8 0.3 0.3 22.8 18.5 0.4 0.2 28.3 25.1 0.5 0.4
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Discussion

The most important findings of the present study were 
gender, side and sports discipline differences in the eccen-
tric as well as isometric RC strength in overhead athletes. 
The purpose of this study was to use a large sample size 
of overhead athletes to establish normative reference values 
for assessing glenohumeral IR and ER eccentric and iso-
metric strength with a HHD. This protocol offers a prac-
tical, reliable and cost-effective alternative to more costly 
and time-consuming isokinetic testing when evaluating RC 
strength. HHD strength measurements have demonstrated 
high concurrent validity when compared with the estab-
lished standard, isokinetic measurement [7, 16, 18]. This is 
the first study exploring eccentric ER strength using a HHD 

on a group of overhead athletes from three different sports 
disciplines: handball, tennis and volleyball.

Strength results are in favour of male athletes and the 
dominant side, exhibiting higher strength values compared 
to the female athletes or the non-dominant side. The gender 
differences are in concordance with previous studies [2, 3, 
24]. However, when normalized to body weight, some of 
these differences disappear. Therefore, and confirmed by 
previous studies [13, 15, 24], it is advised in the screen-
ing of overhead athletes with comparison between genders, 
to normalize strength data to body weight. In addition, 
since side differences are apparent in all strength data in 
our study, this should be interpreted as being normal in a 
population of overhead athletes. In previous studies, there 
was no consensus regarding side differences in a normal 
overhead athlete’s population, with some studies showing 

Table 6  Results for the males 
(n = 101) for the ER/IR ratios

Males Isom ER/IR 90–0 Isom ER/IR 90–90 EccER/isomIR 90–0 EccER/isomIR 
90–90

D ND D ND D ND D ND

(a) Across all sports disciplines and ages

 Mean 0.89 0.93 0.59 0.69 1.06 1.09 0.97 1.12

 SD 0.15 0.14 0.12 0.15 0.19 0.20 0.20 0.23

Sports discipline Isom ER/IR 90–0 Isom ER/IR 90–90 EccER/isomIR 90–0 EccER/isomIR 
90–90

D ND D ND D ND D ND

(b) Divided per sports discipline

 Handball (n = 32)

  Mean 0.89 0.91 0.57 0.65 1.01 1.05 0.97 1.10

  SD 0.15 0.12 0.11 0.10 0.19 0.23 0.15 0.23

 Tennis (n = 32)

  Mean 0.85 0.91 0.62 0.70 1.05 1.09 0.98 1.10

  SD 0.15 0.15 0.11 0.14 0.16 0.20 0.25 0.26

 Volleyball (n = 37)

  Mean 0.92 0.96 0.60 0.72 1.10 1.12 0.96 1.14

  SD 0.14 0.14 0.14 0.18 0.20 0.19 0.21 0.22

Age category Isom ER/IR 90–0 Isom ER/IR 90–90 EccER/isomIR 90–0 EccER/IsomIR 
90–90

D ND D ND D ND D ND

(c) Divided per age category

 18–25 (n = 53)

  Mean 0.91 0.94 0.61 0.7 1.02 1.08 0.98 1.16

  SD 0.14 0.12 0.13 0.15 0.17 0.23 0.19 0.27

 26–33 (n = 29)

  Mean 0.86 0.91 0.58 0.68 1.04 1.04 0.92 1.04

  SD 0.15 0.12 0.13 0.14 0.16 0.14 0.22 0.18

 34–50 (n = 19)

  Mean 0.87 0.89 0.59 0.68 1.16 1.17 1.02 1.11

  SD 0.15 0.19 0.1 0.17 0.23 0.19 0.20 0.16
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overall significant stronger RC muscles on the dominant 
side [11, 12, 24], while others state direction-dependent 
differences with stronger internal rotators but not necessar-
ily stronger ER on the dominant side [13, 14, 28].

The results of the study show some sports- and age-spe-
cific differences with respect to the eccentric as well as the 
isometric strength. Although detailed comparative studies 
regarding RC muscle strength between different overhead 
sports are lacking, some evidence suggests that volleyball 
players are susceptible to suprascapular nerve entrapment, 
leading to isolated strength deficits in the ER [23], possibly 
explaining the lower strength values in that group. Several 
studies show age-related sport-specific adaptations of the 

shoulder in tennis players [11, 12, 14] and handball play-
ers [1]. Cools et al. [11] concluded from their study that 
although normalized internal rotator strength significantly 
increased between 10- and 20-year-olds, normalized exter-
nal rotation strength remained unchanged. Andrade et al. 
[1] published strength values for handball players between 
13 and 36 years old. Although the authors showed gender- 
and age-related differences, comparison between our study 
and theirs is difficult due to different methods (isokinetic 
vs. HHD) and differences in age categories.

The unilateral functional ratio eccER/isomIR varied 
between 0.97 and 1.31, with differences based on gender 
and side. With the exception of the male eccER/isomIR at 

Table 7  Results for the females (n = 100) for the ER/IR ratios

Ecc eccentric, Isom isometric, ER external rotation, IR internal rotation, 90–0 90° of abduction 0° of external rotation, 90–90 90° of abduction 
90° of external rotation, ABS absolute strength data, NORM data normalized to body weight, D dominant, ND non-dominant

Females Isom ER/IR 90–0 Isom ER/IR 90–90 EccER/isomIR 90–0 EccER/IsomIR 
90–90

D ND D ND D ND D ND

(a) Across all sports disciplines and ages

 Mean 1.02 0.93 0.85 0.87 1.29 1.21 1.31 1.31

 SD 0.16 0.14 0.15 0.16 0.25 0.24 0.30 0.27

Sports Isom ER/IR 90–0 Isom ER/IR 90–90 EccER/isomIR 90–0 EccER/isomIR 
90–90

D ND D ND D ND D ND

(b) Divided per sports discipline

 Handball (n = 32)

  Mean 1.12 1.04 0.88 0.84 1.18 1.15 1.30 1.36

  SD 0.17 0.15 0.14 0.14 0.24 0.27 0.30 0.30

 Tennis (n = 33)

  Mean 0.97 0.95 0.85 0.86 1.31 1.26 1.21 1.27

  SD 0.14 0.15 0.15 0.14 0.25 0.23 0.24 0.23

 Volleyball (n = 35)

  Mean 0.97 0.98 0.83 0.91 1.37 1.23 1.41 1.32

  SD 0.12 0.15 0.16 0.18 0.24 0.21 0.33 0.26

Age category Isom ER/IR 90–0 Isom ER/IR 90–90 EccER/isomIR 90–0 EccER/isomIR 
90–90

D ND D ND D ND D ND

(c) Divided per age category

 18–25 (n = 56)

  Mean 1.02 0.98 0.84 0.88 1.28 1.21 1.32 1.31

  SD 0.16 0.16 0.14 0.16 0.25 0.23 0.32 0.26

 26–33 (n = 23)

  Mean 1.02 1.05 0.87 0.88 1.31 1.17 1.29 1.32

  SD 0.16 0.16 0.16 0.18 0.31 0.26 0.26 0.28

 34–50 (n = 21)

  Mean 1.00 0.95 0.87 0.86 1.31 1.27 1.29 1.32

  SD 0.15 0.11 0.16 0.14 0.21 0.24 0.30 0.29
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90°–90°, all ratios are above one, suggesting the eccentric 
strength of the ER, measured with a HHD, should be higher 
than the isometric IR strength, in both positions. In addi-
tion, side and gender differences were apparent, with lower 
values for the male athletes on their dominant side. These 
results might reflect an increased risk of injury in these 
subjects, given the fact that weakness in the external rota-
tor rotators was established to be a risk factor for throwing-
related shoulder pain [6, 8].

The isometric unilateral ER/IR ratios varied between 
0.59 and 1.02. These values are slightly higher compared 
to other studies determining normative reference values 
[17, 21, 24], suggesting that external rotator strength in our 
study population was relatively stronger compared to pre-
vious investigations. The level of athletic activity, as well 
as specific differences in the testing position and protocol, 
might account for these inconsistencies.

As with any investigation, there were some limitations. 
All measurement techniques and protocols performed in 
this study used field measurement tools. They are easy to 
transport, affordable for clinicians and can be used in a 
sport-specific setting such as a tennis court or training area. 
This is one of the strengths of the study, but also leads to 
a limitation. Clinical measurements often do not reach the 
same reliability, validity and accuracy compared with labo-
ratory investigations. Recently, a systematic review on the 
reliability of the HHD for upper-extremity strength assess-
ment concluded that only 48 % of the studies included 
demonstrated good intraexaminer reliability, with a cut-off 
value of 0.90 for the ICC [25]. Therefore, we encourage 
the clinicians to provide maximal standardization and reli-
ability in reproducing the tests in this study by limiting the 
testing to one examiner, blinding the results from the tester 
during testing, performing pilot studies to become familiar 
with the procedures if needed, and maximizing standardi-
zation in palpation, subject position, and task instruction 
during testing. In addition, it should be taken into account 
that reliability and validity of the results depend upon the 
strength of the assessor, with the condition that the asses-
sor always has to be stronger than the subject/patient. In 
hip strength assessments using HHD, systematic bias was 
demonstrated between testers of different sex, which was 
explained by differences in upper-extremity strength [27].

Another limitation is the calculation of eccentric ER to 
isometric IR strength, claiming to provide a “functional” 
ER/IR ratio. In general, based on isokinetic measurements, 
functional ratios are considered to be eccentric ER strength 
divided by concentric IR strength. However, up to date, con-
centric strength measurements have not been performed using 
a HHD, therefore providing eccentric to concentric ratios was 
not possible. The values of eccER/isomIR ratios should be 
considered as close to, but not identical to the reference val-
ues given based on concentric and eccentric RC testing.

Finally, the lack of a control group of non-athletic sub-
jects needs to be acknowledged as a limitation, as well 
as the fact that only three overhead-throwing sports were 
involved in this database. Future studies should consider 
applying the testing protocol on other sports with consider-
able load on the shoulder such as swimming, golf, hockey 
and gymnastics.

Regular evaluation of shoulder rotational strength is 
clinically important in view of injury-prevention and 
return-to-play decisions. This normative database may help 
the clinician in the evaluation of RC strength in healthy and 
injured overhead athletes.

Conclusion

This paper offers a normative database on isometric and 
eccentric RC strength measured with a HHD. In general, 
strength differences are in favour of the dominant side, the 
male athletes and handball. Intermuscular ER/IR ratios 
show gender, sports and side differences.
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