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Headline

Shoulder pathologies are common in rugby codes, can im-
pact player ability, game day and training availability and

may result in persistent pain and motor deficits increasing
the likelihood of reoccurrence (8). Shoulder injury risk is sig-
nificantly increased during tackling and defending, and when
required to cope with higher speeds and collision forces in un-
stable positions (4).

Insufficient muscular strength has been described as a risk
factor for injuries (16). In particular, deficits in both multi-
joint and single-joint upper body strength have been linked to
a higher risk sustaining an upper body/shoulder injury. The
bench press (BP) and chin up (CHIN) are commonly used to
assess multi-joint upper body strength, while shoulder inter-

Fig. 1. Isometric I testing position

Fig. 2. Isometric internal rotation testing position

nal rotation (IR), external rotation (ER), and the IYT test
can be used to isolate the single-joint strength capacities of
the shoulder and help determine shoulder function (1, 5, 7).
Furthermore, functional upper body tests such as the Closed
Kinetic Chain Upper Extremity Stability Test (CKCUEST)
can assess possible deficits in strength and muscular power, in
addition to evaluating proprioception and motor control, both
of which have been linked to shoulder injury risk (13, 14, 17).

Given the load-dependant muscular activation of the pri-
mary agonists and synergists (i.e. the rotator cuff muscles
and the deltoid muscle) during multi-joint upper body push-
ing and pulling exercises (11, 18), congruent/similar physical
capacities might be expected in those muscle groups. It is
currently unknown how multi-joint upper body strength is re-
lated to single-joint upper body strength and function. Un-
derstanding the relationship of multi-joint and single-joint up-
per strength and function can help practitioners to inform the
decision-making process of future interventions.

Aim
The purpose of the present study was to compare the relation-
ship between upper body multi-joint strength (BP and CHIN),
upper body single-joint strength (IR/ER, IYT) and an upper
body closed kinetic chain stability test (CKCUEST).

Methods
Athletes. Twenty-eight male Rugby Union players (23.9 ± 2.6
y; 187.9 ± 6.2 cm; 107.1 ± 12.9 kg; 4-6 h.week-1 skill practise
+ 1 Game ; 4 h.week-1 resistance training) provided informed
consent to participate in this study.

Design
Single group, cross-sectional study. Data was collected over
the course of two weeks as part of regular performance and
wellness monitoring. All participants performed one familiari-
sation session for the isometric strength tests and the CK-
CUEST test prior to testing. All measures were collected be-
fore skill practises and resistance training sessions.

Methodology
1RM testing protocols.Standardised test procedures were
used to quantify BP and CHIN 1RM, respectively, as pre-
viously described in other studies (4, 13).

Isometric testing protocols.After a standardised warm-
protocol all participants were instructed to gradually build
up force over 2-seconds before holding a maximal voluntary
isometric contraction (MVIC) over 3-second. Each test was
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repeated 3 times with a 30-second passive rest between each
trial. Only the trial with the highest force output was used
for further analysis.

For the IYT testing protocol, the same testing procedure
and equipment (Pasport PS-2141, Pasco Scientific, Roseville,
California, USA) was used as described in Ashworth et al. (1)
(Figure 1).

For the IR and ER testing protocol, participants lay supine
on the floor with their legs extended. IR and ER strength were
measured using the Groinbar (Vald Performance, Newstead,
Australia) sampling at 400Hz. Reliability of the Groinbar has
been previously established (16). The shoulder was abducted
to 90° with the elbow in 90° of flexion. For the IR strength
testing (Figure 2), participants were pushing with the palm
of the hand against the force transducer, while for the ER
strength testing (Figure 3) participants were pushing with the
back of the hand against the force transducer. Participants
always started with IR and alternated with ER between each
trial.

Closed Kinetic Upper Extremity Stability Test protocol. The
CKCUEST was performed as previously described in other

Fig. 3. Isometric external rotation testing position

Fig. 4. Closed Kinetic Upper Extremity Stability Test

studies and only the best trial with highest repetitions was
used for further analysis (18) (Figure 4).

Analysis
Group means and standard deviations (SD) were calculated
using standard statistical methods. The relationship between
absolute and relative global upper body strength properties
(BP and CHIN) and isolated upper body strength proper-
ties (IYT, IR/ER, CKCUES) was examined using the Pear-
son product correlation (r). The magnitude of the correla-
tion was described using Hopkins’ scale of magnitudes for lin-
ear trends (9). Threshold values for magnitude of correlation
were: <0.1 (trivial, practically zero), 0.1-0.3 (small, minor),
0.3-0.5 (moderate, medium), 0.5-0.7 (large, major), 0.7-0.9
(very large, huge) and 0.9-1.0 (nearly, practically or almost
perfect). 95% confidence intervals (CI) for r were calculated
using the Fisher z-transformation using a freely available, val-
idated spreadsheet (10). The strength of the relationship be-
tween global and isolated upper body strength properties was
expressed using the shared variance explained statistic (r2).

Results
Descriptive data for global and isolated upper body strength
properties for the whole cohort (n=28) as well as the forwards
(n=16) and backs (n=12) are presented in table 1. Pearson
product correlation, 95% CL and the shared variance between
global and isolated upper body strength properties are pre-
sented in table 2.

Discussion
The results of this study demonstrate, at best, a moderate
or medium relationship between selected absolute multi-joint
upper body strength properties and single-joint upper body
strength qualities (BP and T Right: r = 0.372, 95% CL =
-0.085 – 0.603; BP and IR left: r = 0.328, 95% CL = -0.560
– 0.149; CHIN and Y Right: r = 0.317, 95% CL = -0.063 –
0.617). A large or major negative relationship was observed
between CHINrel and ER right (r = -0.518, 95% CL = -0.746
- -0.180).

The low and clinically likely meaningless shared variance
(highest r2 = 13.8% from a positive correlation) between up-

Mean SD Mean SD Mean SD

Weight (kg) 107 13 96 9 115 9

ER Left (N) 183 41 175 27 189 49

ER Right (N) 194 39 181 32 204 42

IR Left (N) 180 42 178 31 182 49

IR Right (N) 192 41 187 24 196 51

I Left (N) 183 53 188 63 178 46

T Left (N) 150 31 141 31 157 31

Y Left (N) 154 41 153 43 154 41

I Reight (N) 184 43 189 50 180 39

T Right (N) 146 33 137 38 152 28

Y Right (N) 155 31 155 35 155 28

Bench Press (kg) 136 17 128 15 142 17

Bench Press relative (kg*kg
-1

) 1.29 0.20 1.35 0.22 1.24 0.17

Chin (kg) 137 13 134 13 139 12

Chin relative (kg*kg
-1

) 1.29 0.19 1.40 0.19 1.21 0.16

Tap Test (n) 29 6 31 8 27 4

Forwards (n=16)Total (n=28) Backs (n=12)

Table 1. Descriptive data. ER = External Rotation; IR =
External Rotation; I = Flexed Shoulder; Y = Shoulder 135°
Abduction; T = Shoulder 90° Abduction
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ER Left ER Right IR Left IR Right I Left T Left Y Left I Right T Right Y Right BP BPrel CHIN CHINrel TAP

Pearson Correlation (r ) 0.278 0.053 0.328 0.282 0.147 0.203 0.151 0.204 0.372 0.297 1 0.613 0.571 0.140 -0.103

Lower 95% CI -0.106 -0.326 -0.624 -0.101 -0.390 -0.184 -0.235 -0.183 -0.001 -0.085 0.312 0.252 -0.245 -0.458

Upper 95% CI 0.589 0.417 0.051 0.592 0.493 0.535 0.496 0.536 0.654 0.603 0.802 0.778 0.487 0.280

Shared Variance (r
2
) 0.077 0.003 0.108 0.079 0.022 0.041 0.023 0.042 0.138 0.088 0.376 0.326 0.020 0.011

Pearson Correlation (r ) -0.173 -0.481 0.130 0.024 0.060 -0.205 -0.047 0.155 -0.066 0.169 0.613 1 0.408 0.745 0.055

Lower 95% CI -0.512 -0.724 -0.255 -0.352 -0.320 -0.537 -0.412 -0.231 -0.428 -0.217 0.312 0.042 0.516 -0.324

Upper 95% CI 0.213 -0.132 0.479 0.393 0.423 0.181 0.331 0.499 0.314 0.509 0.802 0.677 0.874 0.419

Shared Variance (r
2
) 0.030 0.231 0.017 0.001 0.004 0.042 0.002 0.024 0.004 0.029 0.376 0.166 0.555 0.003

Pearson Correlation (r ) 0.181 -0.004 0.162 0.116 0.078 0.022 0.145 0.156 0.094 0.317 0.571 0.408 1 0.575 -0.239

Lower 95% CI -0.205 -0.376 -0.224 -0.268 -0.303 -0.353 -0.241 -0.230 -0.289 -0.063 0.252 0.042 0.258 -0.561

Upper 95% CI 0.519 0.369 0.504 0.468 0.438 0.391 0.491 0.499 0.451 0.617 0.778 0.677 0.78 0.147

Shared Variance (r
2
) 0.033 0.000 0.026 0.013 0.006 0.001 0.021 0.024 0.009 0.100 0.326 0.166 0.331 0.057

Pearson Correlation (r ) -0.277 -0.518 -0.036 -0.137 -0.026 -0.366 -0.088 0.063 -0.319 0.106 0.140 0.745 0.575 1 -0.036

Lower 95% CI -0.589 -0.746 -0.403 -0.485 -0.395 -0.650 -0.446 -0.317 -0.618 -0.278 -0.245 0.516 0.252 -0.403

Upper 95% CI 0.107 -0.18 0.341 0.248 0.350 0.008 0.294 0.426 0.061 0.460 0.487 0.874 0.778 0.341

Shared Variance (r
2
) 0.077 0.268 0.001 0.019 0.001 0.134 0.008 0.004 0.102 0.011 0.020 0.555 0.331 0.001

BP

BPrel

CHIN

CHINrel

Table 2. Overview of the Pearson product correlation, 95% CI and the shared variance (r2). ER = External Rotation; IR
= External Rotation; I = Flexed Shoulder; Y = Shoulder 135° Abduction; T = Shoulder 90° Abduction; BP = Bench Press
1RM; BPrel = relative Bench Press; CHIN = Chin Up 1RM, CHINrel = relative Chin Up.

per body multi-joint and single-joint physical capacities and
function indicates a marginal and negligible carryover effect
between those respective tasks. Participants possessed similar
multi-joint upper body strength abilities compared to other
male professional Rugby code athletes (2, 3, 5) and norma-
tive values of single-joint capacities and function tended to be
higher compared to previous reports (1, 17).

While the focus of the current and previous training block
of the tested participants was to develop upper body strength
through compound movements, based on the observed results,
there is scope to include additional single-joint exercises to op-
timise the athlete’s development. Future longitudinal research
needs to determine which capacity (i.e. multi-joint or single-
joint strength) or function (i.e. CKCUEST) has the strongest
relationship with future injury to inform subsequent interven-
tions.

Interestingly, and contrary to the authors expectation, sev-
eral negative correlations between multi-joint upper body
strength measures and single-joint capacities were found. The
larger or major negative correlation between CHINrel and ER
right (r2 = 26.8%) and the moderate or medium negative cor-
relation between BPrel and ER right (r2 = 23.1%) as well as
CHINrel and T left and T right, respectively (r2 = 13.4%; r2

= 10.2%) represent an inverse relationship between synergistic
muscle groups. At this point one could only speculate about
this finding’s possible clinical implication. Further research is
needed to evaluate the effects of upper body strength inter-
ventions on this relationship and how side-to-side differences
might affect injury risk.

Practical Applications
• Multi-joint and single-joint strength and function represent

distinct capacities.
• Practitioners need to be aware of the specific adaptations

to upper body compound lifts with a negligible transfer to
single-joint capacities.

Limitations
• Participants were tested on different days throughout this

period. Therefore, fatigue levels could not be standardised
due to variance in practise schedule.

• Training load was different between participants but not
within participants during this period.

• These observations are population specific. It remains un-
clear if they are generalisable to other athletic populations.

• The strength values are reported as force outputs (N)
rather than joint torques (Nm) because it was not possi-
ble to measure limb lengths for all players at the time of
testing.
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