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Abstract

Introduction To evaluate the intrarater reliability for
examining active range of motion (ROM) and isometric
strength of the shoulder and elbow among asymptomatic
female team handball athletes and a control group using a
manual goniometer and hand-held dynamometry (HHD).
Materials and methods 22 female team handball athletes
(age: 21.0 £ 3.7 years) and 25 volunteers (13 female, 12
male, age: 21.9 £ 1.24 years) participated to determine
bilateral ROM for shoulder rotation and elbow flexion/
extension, as well as isometric shoulder rotation and elbow
flexion/extension strength. Subjects were assessed on two
separate test sessions with 7 days between sessions. Rela-
tive (intraclass correlation coefficients (ICC) and standard
error of measurement (SEM) reliability were calculated.
Results Reliability for ROM and strength were good to
excellent for both shoulders and groups (athletes:
ICC = 0.94-0.97, SEM 1.07°-4.76 N, controls: ICC =
0.96-1.00, SEM = 0.00 N—4.48 N). Elbow measurements
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for both groups also showed good-to-excellent reliability
(athletes: ICC = 0.79-0.97, SEM = 0.98°-5.94 N, con-
trols: ICC = 0.87-1.00, SEM = 0.00 N-5.43 N).
Conclusions It is important to be able to reliably repro-
duce active ROM and isometric strength evaluations. Using
a standardized testing position, goniometry and HHD are
reliable instruments in the assessment of shoulder and
elbow joint performance testing. We showed good-to-ex-
cellent reproducible results for male and female control
subjects and female handball athletes, although the single
parameters in ROM and strength were different for each
group and between the shoulders and elbows.

Keywords Reliability - Hand-held dynamometry -
Goniometry - Shoulder - Elbow - Range of motion -
Strength

Introduction

The assessment of mobility is an important part in clinical
and physical examinations. The recognition of impairments
in joint range of motion (ROM) assists clinicians in their
diagnoses, measuring improvements or determining func-
tional limitations [1]. Muscle strength testing is widely
used by clinicians for both diagnostic purposes, as well as
determining a patient’s joint function prior to, during and
following an intervention [2, 3]. Muscle performance
testing is used in a variety of patients to detect the presence
of impairments and the ability to produce movements that
are required for function [4]. In addition, the establishment
of objective measurements of ROM and strength functions
is a fundamental tool for identifying risk factors of joint
disorders and pain, i.e. shoulder and elbow problems,
particularly in an active and athletic population [5-11].
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Therefore, it is necessary for clinicians and researchers to
have reliable examination tools to accurately and objec-
tively assess the functional status of a joint [1, 4, 6, 12, 13].
Methods in evaluation for shoulder and elbow ROM are the
visual observation, linear measures, inclinometry and
goniometry [14]. Goniometry has been used widely due to
its portability and low cost [15]. As a limitation, the clin-
ician is required to use both hands, making stabilization of
the extremity more difficult and increasing the risk of error
in reading the instrument. It also induces the need for a
second person as an assistant [16]. The assessment of ROM
and strength is considered to be integral components of
outcome measures of shoulder and elbow function besides
self-report outcome scores and subjective clinical exami-
nations [6, 17-19].

Manual muscle testing is one of the most commonly
used methods for assessing muscular strength [20].
Although isokinetic dynamometry is known as a criterion
standard in measuring muscle strength, upper extremity
muscles never generate isokinetic muscle actions in daily
life [20]. Besides these physiological considerations,
isokinetic testing is often not feasible because of the high
costs and the laboratory setting required [21]. Hand-held
dynamometry (HHD) has been described to be superior to
manual muscle testing in identifying differences or
impairments in muscle strength, such as those found after
an injury [22, 23]. Stark et al. [21] concluded in their
systematic review (19 studies) correlating the isokinetic
dynamometer with the HHD that HHD for upper extrem-
ities was valid for measuring muscle strength. Limitations
of HHD include tester strength [24, 25], lack of stabiliza-
tion [24, 25] and inconsistency with testing procedures
[25].

The purpose of this study was to examine the intrarater
reliability for measuring shoulder and elbow active ROM
using a clinical goniometer, as well as isometric strength
using a portable HHD. Two testing sessions were com-
pleted with 7 days between sessions. We determined reli-
ability (ICC, SEM) for the examination of asymptomatic
female team handball athletes and an asymptomatic control

group.

Materials and methods
Participants

22 female handball athletes (age: 21.0 & 3.7 years, body
height: 1.7 & 0.1 m, body mass: 69.1 & 6.2 kg, body mass
index 22.8 & 1.6 kg m~?) of a local 2nd-league team and
25 asymptomatic volunteers (13 women, 12 male; age:
21.9 £ 1.2 years, body height: 1.76 & 0.1 m, body mass:
68.2 + 14.1 kg, body mass index 21.7 £ 2.2 kg m™?)
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participated following written informed consent. Each
candidate underwent a bilateral clinical analysis for pre-
existent neck, shoulder and elbow pathologies. Subjects
were excluded based on the following criteria: persistent or
recurrent pain, subjective limitations in any ROM and
discomfort which lead to interruptions for training or
activity.

Instruments

Shoulder and elbow flexibility were measured with a
standard baseline goniometer. Technical accuracy was
provided with 1° discrimination and a range of 180°. Iso-
metric muscle strength was determined with the
IsoForceControl EVO2 hand-held dynamometer (Medical
Device Solutions AG, Oberburg, Switzerland). This
dynamometer is capable of measuring up to 400 N.

Procedures

After a supervised standardized warm-up consisting of
multi-planar shoulder movements and bi-planar elbow
exercises for 2 min, the participants completed all mea-
surements bilaterally. Active shoulder ROM and isometric
strength measurements consisted of internal rotation (IR)
and external rotation (ER), while elbow ROM and strength
measurements consisted of flexion (FLEX) and extension
(EXT). All ROM and isometric strength measurements
were conducted by one experienced examiner with support
from an assistant familiar with the complete protocol. All
assessments were performed bilaterally in the same order
over three trials with 1 week between the two testing ses-
sions. All participants refrained from performing any
overhead throwing activities during the testing period [9].

For shoulder ROM measurements the participants were
in a supine position with 90° of shoulder abduction, 90° of
elbow flexion and a neutral wrist position. The assistant
stabilized the test shoulder as described by Wilk et al. [16]
to prevent any accessory movement [9, 16]. The
goniometer was positioned with the fulcrum over the lat-
eral humeral epicondyle, the stationary arm vertically and
the moveable arm over the ulnar styloid process (Figs. 1, 2)
[6].

Separate calculations were completed for glenohumeral
internal rotation deficit (GIRD, difference between IR
throwing arm and IR non-throwing arm, described in
negative values) and external rotation gain (ERG, differ-
ence in ER between limbs, describes in positive values).

For assessment of elbow ROM, the subjects were also in
a supine position with the humerus stabilized against the
side of the subject’s body. The goniometer was positioned
with the fulcrum over the lateral humeral epicondyle, the
stationary arm aligned with the midline of the humerus and
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Fig. 1 Active shoulder external rotation ROM

Fig. 2 Active shoulder internal rotation ROM

Fig. 3 Active elbow extension ROM

the moveable arm aligned with the radial styloid process
(Figs. 3, 4).

To measure shoulder strength, each subject was again
placed supine with their shoulder in 90° of abduction,
elbow in 90° of flexion and neutral wrist position, with an

Fig. 4 Active elbow flexion ROM

Fig. 5 Examination for isometric shoulder strength in external
rotation

assistant stabilizing the shoulder. The strap of the HHD
was then held by the test hand of each subject as they
isometrically contracted into either internal or external
rotation against the counter force applied by the investi-
gator holding the HHD (Figs. 5, 6).

Determination of the isometric elbow strength was made
with the subject seated and their humerus resting at 90° of
forward flexion and stabilized against the examination
table by the assistant (Figs. 7, 8).

The strap of the HHD was held by the test hand of each
subject as they isometrically contracted into either flexion
or extension. All contractions lasted for 10 s for a total of
three trials per movement. These trials were then averaged
and used for analysis.

Statistical analysis
Descriptive statistics were calculated across participants
for the dependent variables (active ROM and absolute

isometric strength). Differences between groups (control
vs. handball) were tested using a general linear model and
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Fig. 6 Examination for isometric shoulder strength in internal
rotation

Fig. 8 Examination for isometric elbow strength in extension

were considered statistically significant at p values <0.05.
Partial eta-squared (1%) values were also provided to rep-
resent the level of clinical significance, if ;12 > 0.10.
Intraclass correlation coefficient (ICC) and standard
error of measurement (SEM) were used to describe test—
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retest reliability [20]. Interpretation of ICC values was
based on guidelines provided by Portney and Watkins,
where a value above 0.75 was classified as good or
excellent reliability [26]. ICC values may be influenced by
inter-subject variability of scores, because a large ICC may
be reported despite poor trial-to-trial consistency if the
inter-subject variability is too high [26, 27]. However, the
SEM is not affected by inter-subject variability [27].
Therefore, SEM was reported in conjunction with the
ICC’s using the formula: SEM = SD+v/1 — r [26].

95 % limits of agreement (LOA) were calculated using
the formula:

95 % limits of agreement = mean difference &+ 2 SD
[28].

Finally, one-way ANOVAs were conducted to deter-
mine if significant differences existed between test
sessions.

All statistical analyses were performed using SPSS
version 22.0 for Windows (SPSS Inc., Chicago, IL, USA).

Results

There were no significant differences between groups for
any anthropometric data. Reliability data are shown
(Tables 1, 2).

The intrarater reliability varied from 0.94 to 0.97 (SEM
1.07 N-4.76 N) for the shoulder joint samples from the
handball athletes and 0.96-1.00 (SEM 0 N-4.48 N) from
the control group. The ICC and SEM for the elbow joint
samples differed between 0.79 and 0.97 (SEM 0.98°-
5.94 N) for the athletes and 0.87-1.00 (SEM 0 N-5.43 N)
for the volunteer subjects. The test-retest results were
highly reliable for both samples. Based on the recom-
mendation (ICC > 0.75) of Portney and Watkins [20], all
parameters showed good reliability. The SEM differed in
similar ranges in both groups. For female handball players,
we found the lowest SEM with 0.98° in elbow ROM
extension (throwing arm). In contrast, the highest SEM was
calculated in elbow strength extension (non-throwing arm)
with 5.94 N. Comparable results were observed for the
control subjects. The lowest SEM was 0° and O N for five
different parameters (Table 1); in contrast, elbow flexion
strength of the throwing arm had the highest SEM
(5.43 N). There were no significant differences between
testing sessions (Tables 1, 2). 75 % of the parameters (12/
16) showed larger limits of agreement in the handball
sample than in the control sample (Tables 1, 2).

Overall (about all parameters), we could not find a group
effect regarding intrarater reliability. For comparing abso-
lute numbers concerning ROM and strength at the shoulder
and elbow joint for athletes and control subjects, we
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Table 1 Comparison of measurements [° and N] obtained from the two testing sessions for healthy subjects

control subjects (n = 25; 13 women, 12 male)

Elbow or Session one, Session two,  ICC (95 % CI) ANOVA, SEM Difference
Shoulder action mean £+ SD mean £+ SD p —
Mean 2 SD Limits of agreement (LOA)
Upper limit, Lower limit,
mean 4+ 2 SD  mean - 2 SD
Throwing arm
Flex elbow, N 165.7 £55.8 1632 +£52.7 0.99 (0.99-1.00) 0.143 543 2.50 165 19.0 —14.0
Ext elbow, N 121.5 £48.8 121.5 £ 483 1.00 (0.99-1.00) 0.999 0 0.00 134 13.4 —134
Flex elbow,° 140.6 £ 590 140.8 £5.78 0.96 (0.92-0.98) 0.681 1.17  —-0.19 4.48 4.29 —4.67
Ext elbow,° 8.47 + 4.48 8.34 £ 435 0.87 (0.70-0.94) 0.838 1.59 0.13 6.14 6.27 —6.01
IR shoulder, N 96.1 + 35.8 95.8 + 36.0 0.99 (0.99-1.00) 0.802 3.59 028 11.2 11.4 —10.9
ER shoulder, N 120.0 +46.3 115.6 £43.3 0.99 (0.97-1.00) 0.001 4.48 433 11.1 15.4 —6.77
IR shoulder,°® 441 £7.72 438 £6.76 0.96 (0.91-0.98) 0.631 1.45 0.28 5.74 6.02 —5.46
ER shoulder,® 94.3 £ 10.5 92.8 £ 10.3 0.98 (0.94-0.99) 0.010 1.47 1.51 5.40 6.91 —3.89
Non-throwing arm
Flex elbow, N 1549 £ 554 1544 £52.0 1.00 (0.99-1.00) 0.767 0 045 149 15.4 —14.5
Ext elbow, N 114.1 £51.0 113.8 £48.1 1.00 (0.99-1.00) 0.840 0 0.27 132 13.4 —12.9
Flex elbow,° 141.3 £ 521 140.6 £ 4.62 0.95 (0.88-0.98) 0.169 1.10 0.63 4.42 5.05 -3.79
Ext elbow,°® 8.43 + 3.44 8.55 +£4.59 0.88 (0.72-0.95) 0.829 1.39 —0.12 5.48 5.36 —5.60
IR shoulder, N 83.4 + 30.7 81.9 +£28.7 1.00 (0.99-1.00) 0.073 0 1.53 8.16 9.69 —6.63
ER shoulder, N 110.0 £39.7 110.1 &+ 38.0 1.00 (0.99-1.00) 0.905 0 —-0.14 11.7 11.6 —11.8
IR shoulder,°® 43.0 £ 7.86 439 £ 7.86 0.98 (0.94-0.99) 0.055 .11 —-0.92 4.56 3.64 —5.48
ER shoulder,® 90.8 + 11.1 90.9 + 10.9 0.98 (0.96-0.99) 0.840 1.56  —0.12 5.88 5.76 —6.00

Descriptive statistics (mean £ SD) and reliability analysis calculated for each parameter based on means of three trials

Flex flexion, Ext extension, IR internal rotation, ER external rotation

separated the sample of volunteers into males and females
and analysed the female data as shown in Table 3.

We found significant differences in the throwing arm
elbow isometric strength between the handball athletes
(flexion 150.0 & 19.3 N, extension 116.2 £ 21.3 N) and
control subjects (flexion 117.0 & 24.3 N, extension
82.3 £ 18.2 N). There was also a significantly higher
amount of throwing arm isometric strength for shoulder
external and internal among the athletes (athletes IR
92.6° + 20.0°, ER 105.9° 4 19.2°; controls IR
71.9° £ 16.4°, ER 82.8° £ 16.5°) (Table 3). For the non-
throwing arm, we determined significant differences in all
parameters except for ER ROM at the shoulder between the
groups. Although only elbow extension and elbow ROM
were significantly larger in the control group (Table 3).
There were no significant differences for the calculated
parameters GIRD, ERG, or total ROM in either arm
between groups (Table 3). We found significant differ-
ences for all strength parameters between groups. The
largest difference (r]2 = 0.533) was observed for elbow
extension strength (controls: 72.5 + 14.5 N vs. handball:
112.1 £ 20.4 N). In contrast, only 50 % (4/8) of flexibility

parameters showed significant differences. 75 % (3/4) of
these parameters were found in the throwing arm.

Discussion

This study investigated the parameters for intrarater relia-
bility of measuring active ROM and strength in the
shoulder and elbow using standardized positions among
female handball athletes and a group of controls. The study
revealed good-to-excellent reliability for active shoulder
internal and external ROM as well as elbow flexion and
extension ROM, measured with a goniometer. The study
also established good-to-excellent reliability for isometric
shoulder IR and ER strength as well as elbow flexion and
extension strength, using a HHD.

Cools et al. [6] measured reliability in shoulder external/
internal rotation strength and passive ROM among
asymptomatic individuals with two examiners at a single
time evaluation. They concluded that different patient’s
positions and technical equipment might influence the
outcome measures of the assessment for shoulder external
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Table 2 Comparison of measurements [° and N] obtained from the two testing sessions for team handball players

Female team handball players (n = 22)

Elbow or Session one,  Session two, ICC (95 % CI) ANOVA, p SEM Difference
Shoulder action mean £ SD mean £+ SD
Mean 2 SD Limits of agreement (LOA)
Upper limit, Lower limit,
mean + 2 SD  mean — 2 SD
Throwing arm
Flex elbow, N 150.0 £ 19.3 1487 £ 17.6  0.95 (0.87-0.98) 0.476 4.13 1.31 169 18.2 —15.6
Ext elbow, N 1162 £21.3 117,1 £ 184 0.93 (0.83-0.97) 0.709 525 —-0.84 20.8 20.0 —-21.6
Flex elbow,° 139.2 £3.23 1394 £3.52 0.82 (0.57-0.93) 0.675 143 —-024 534 510 —5.58
Ext elbow,° 8.11 £234  8.05+229 0.82(0.57-0.93) 0.878 0.98 0.06 3.66 3.72 —3.60
IR shoulder, N 92.6 +£20.0 914+ 189 0.94 (0.87-0.98) 0.546 4.76 1.19 182 194 —17.0
ER shoulder, N 1059 £ 19.2 1074 £ 19.0 0.95 (0.89-0.98) 0.401 427 —1.51 165 15.0 —18.0
IR shoulder,® 498 £ 644 507 £5.93 0.97 (0.93-0.99) 0.043 1.07 -085 3.7 2.85 —4.55
ER shoulder,® 942 +9.87 93.8+941 0.95(0.88-0.98) 0.705 2.16 0.35 8.5 8.85 —8.15
Non-throwing arm
Flex elbow, N 141.1 £ 19.0 141.0 £ 184 0.97 (0.93-0.99) 0.929 3.24 0.13 129 13.0 —12.8
Ext elbow, N 112.1 £204 112.6 £ 192 0.91 (0.79-0.96) 0.859 594 044 228 224 —23.2
Flex elbow,° 140.3 £ 3.68 140.7 £3.20 0.79 (0.49-0.91) 0.563 1.58 —-036 580 544 —6.16
Ext elbow,°® 7.58 +£3.02 8.08 £2.34 0.80 (0.52-0.92) 0.301 120 —-050 442 392 —4.92
IR shoulder, N 844 4+ 167 845+ 158 0.95(0.89-0.98) 0.969 3.63 —0.06 14.1 14.0 —14.2
ER shoulder,N 1059 £+ 22.1 108.1 £ 20.8 0.96 (0.91-0.98) 0.224 429 =218 163 14.1 —18.5
IR shoulder,® 51.1 £ 685 513 +£6.30 097 (0.92-0.99) 0.605 1.14 —-027 4.88 4.6l —5.15
ER shoulder,® 85.8 £ 109  86.6 £9.85 0.96 (0.90-0.98) 0.398 208 —0.76 824 748 —9.00

Descriptive statistics (mean £ SD) and reliability analysis calculated for each parameter based on means of three trials

Flex flexion, Ext extension, IR internal rotation, ER external rotation

and internal rotation [6]. Kolber et al. [1] described inter-
changeable results when using goniometry and a digital
inclinometer. Kolber et al. [4] also reported a high range of
reliability for evaluating healthy male and female, using a
HHD. Most previous studies have been focused on shoul-
der passive ROM. However, our results show similar reli-
ability to those of Kolber et al. [29] and Fieseler et al. [9]
for measuring active shoulder ROM. Our reliability is also
consistent with other studies using passive motion [1, 4, 6].
Because different subject positions have been shown to
influence ROM during evaluation, we attempted to stan-
dardize our tests using a supine position for shoulder ROM
and strength, and elbow ROM as well as sitting for elbow
strength. According to the work from Cools et al. [6], we
kept the subject’s position constant for practical utility,
which has been an important condition to reveal repro-
ducible results. Owing to technical difficulties of requiring
both hands for goniometry and HHD, we conducted the
whole study with one examiner and an assistant, who only
needs to be familiar with the purpose of the study and the
stabilization techniques. According to Wilk et al. [16] and
based on our good reliability, the positioning and
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stabilization techniques we used should be considered in
the prevention and evaluation of various shoulder and
elbow pathologies among athletes and non-athletes alike.
There is no research available that has used a time interval
similar to ours of 7 days in between test sessions. Although
previous research has investigated male team handball
players [9], this is the first study to investigate the relia-
bility in shoulder and elbow joint active ROM and iso-
metric strength among female handball athletes.

There is a similar lack of research investigating the
reliability of shoulder and elbow strength measurements
using a HHD. Gajdosik et al. [30] showed fair-to-excellent
reliability when measuring very young children (age
28-50 months). Similarly, Rex Wong et al. [31] and Ver-
meulen et al. [32] reported good reliability, but tested a
non-throwing adult population. Therefore, our results are
the first to show that using HHD can produce reliable
results for isometric strength among female athletes.

In summary, Schrama et al. [20] concluded in a recent
review article that intrarater reliability of muscle strength
testing with HHD was only acceptable for elbow mea-
surements in asymptomatic individuals. There has been a
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Table 3 Descriptive statistics (mean = SD; 95 % confidence interval) calculated for each sample
Female control (n = 13) Handball (n = 22) Control vs. handball
Mean £ SD (95 % CI) Mean £ SD (95 % CI) p 112
Throwing arm
Flex elbow, N 117.0 £ 24.3 (105.0 to 129.0) 150.0 £+ 19.3 (140.8 to 159.2) <0.001 0.374
Ext elbow, N 82.3 £ 18.2 (70.9 to 93.7) 116.2 £+ 21.3 (107.5 to 125.0) <0.001 0.411
Flex elbow,°® 143.7 £+ 4.88 (141.5 to 145.9) 139.2 £+ 3.23 (137.5 to 140.9) 0.002 0.246
Ext elbow,® 10.5 £ 4.69 (8.60 to 12.4) 8.11 + 2.34 (6.64 to 9.58) 0.050 0.111
IR shoulder, N 71.9 £ 16.4 (61.3 to 82.2) 92.6 £ 20.0 (84.5 to 100.37) 0.003 0.231
ER shoulder, N 82.8 £ 16.5 (72.5 to 93.2) 105.9 £ 19.2 (97.9 to 113.8) 0.001 0.282
IR shoulder,°® 44.9 £ 8.52 (40.8 to 49.0) 49.8 £ 6.44 (46.7 to 53.0) 0.060 0.103
ER shoulder,® 96.8 £ 9.70 (91.2 to 102.3) 94.2 £ 9.87 (89.9 to 98.4) 0.453 0.017
Non-throwing arm
Flex elbow, N 107.3 £+ 22.4 (95.9 to 118.8) 141.1 £ 19.0 (132.3 to 149.9) <0.001 0.406
Ext elbow, N 72.5 £ 14.5 (62.1 to 82.9) 112.1 £+ 20.4 (104.1 to 120.1) <0.001 0.533
Flex elbow,°® 141.6 £+ 5.24 (141.2 to 146.1) 140.3 £ 3.68 (138.4 to 142.2) 0.034 0.128
Ext elbow,® 10.2 £ 2.34 (8.58 to 11.7) 7.58 £ 3.02 (6.36 to 8.79) 0.013 0.174
IR shoulder, N 59.2 £ 12.5 (50.5 to 67.8) 84.4 + 16.7 (77.8 to 91.1) <0.001 0.411
ER shoulder, N 79.4 £ 19.3 (67.5 to 91.3) 105.9 £ 22.1 (96.8 to 115.1) 0.001 0.281
IR shoulder,® 43.8 £ 7.68 (39.7 to 47.8) 51.1 £ 6.85 (47.9 to 54.2) 0.007 0.204
ER shoulder,® 92.4 £+ 11.2 (86.2 to 98.6) 85.8 + 10.9 (81.0 to 90.6) 0.094 0.083
Calculated scores
GIRD,° 1.10 £ 6.00 (—2.28 to 4.48) —1.23 £+ 5.98 (—3.82 to 1.37) 0.274 0.036
ERG,° 4.33 £+ 4.36 (—0.81 to 8.75) 8.36 & 9.24 (4.97 to 11.8) 0.150 0.062
ROM-TA,° 141.6 £+ 14.8 (133.9 to 149.4) 144.0 £+ 13.2 (138.0 to 150.0) 0.630 0.007
ROM-NTA,° 136.2 £ 14.0 (129.2 to 143.2) 136.9 + 11.4 (131.5 to 142.2) 0.883 0.001

Analysis of variance between groups (female control vs. handball). Statistical significance was set at p < 0.05 and #> > 0.10 and marked in bold

SD standard deviation, IR internal rotation, ER external rotation, GIRD glenohumeral internal rotation deficit, ERG external rotation gain, ROM
internal rotation shoulder + external rotation shoulder, 7A throwing arm, NTA non-throwing arm

wide range of grades of ICCs for shoulder strength among
different studies, especially for athletes or patients with
pain [20]. These authors have also recommended future
research and pointed out that clinicians should not rely on
HHD measurements for evaluation of treatment effects in
patients with upper extremity disorders [20]. The results of
our study prove that reliable measurements for shoulder
and elbow ROM and strength among female athletes and
asymptomatic non-throwing individuals can be conducted.
Our results also underscore the need for consistent condi-
tions during evaluation like standardizing subject’s posi-
tion, proper stabilization techniques and defined time
intervals between measurement sessions.

As a limitation, we know that the end ROM measure-
ments taken during our flexibility tests were determined by
subjective criteria. Future studies should also examine the
reliability and validity of ROM and isometric strength
testing among populations with joint disorders, pain or
under high demands, such as athletes during competitive
seasons.

Conclusion

We demonstrated a clinically applicable and standardized
protocol for determining ROM and isometric strength in
the shoulder and elbow. We revealed good-to-excellent
reliability for shoulder and elbow ROM and strength in
female team handball athletes and control subjects using a
standard goniometer and HHD. Measurements for ROM
and strength are recommended in the supine position for
the shoulder and sitting for elbow strength because of the
practical applicability and trunk stabilization [6].

Acknowledgments We are grateful to the volunteers and the team
of SV Union Halle-Neustadt (2nd national female team handball
league), who made this study possible.

Compliance with ethical standards
The study has been performed without any source of support in the
form of grants, financial donations or other items.

All participants provided written consent.
The work is part of a study that was approved by the Research Ethics

@ Springer



1726

Arch Orthop Trauma Surg (2015) 135:1719-1726

Committee of the University of Medicine of the Federal University of
Halle—Wittenberg, Germany (study 2013-13).

References

10.

11.

12.

13.

14.

. Kolber MJ, Hanney WJ (2012) The reliability and concurrent

validity of shoulder mobility measurements using a digital
inclinometer and goniometer: a technical report. Int J Sports Phys
Ther 7:306-313

. Berryman Reese N (2012) Muscle and sensory testing, 3rd edn.

Saunders, St. Louis

. Quin L, Gordon J (2010) Documentation for rehabilitation: a

guide to clinical decision making, 2nd edn. Saunders, Maryland
Heights

. Kolber MJ, Beekhuizen K, Cheng MS, Fiebert IM (2007) The

reliability of hand-held dynamometry in measuring isometric
strength of the shoulder internal and external rotator musculature
using a stabilization device. Physiother Theory Pract 23:119-124

. Byram IR, Bushnell BD, Dugger K, Charron K, Harrell FE Jr,

Noonan TJ (2010) Preseason shoulder strength measurements in
professional baseball pitchers: identifying players at risk for
injury. Am J Sports Med 38:1375-1382

. Cools AM, De Wilde L, Van Tongel A, Ceyssens C, Ryckewaert

R, Cambier DC (2014) Measuring shoulder external and internal
rotation strength and range of motion: comprehensive intra-rater
and inter-rater reliability study of several testing protocols.
J Shoulder Elbow Surg 23:1454-1461

. Donatelli R, Ellenbecker TS, Ekedahl SR, Wilkes JS, Kocher K,

Adam J (2000) Assessment of shoulder strength in professional
baseball pitchers. J Orthop Sports Phys Ther 30:544-551

. Fieseler G, Jungermann P, Koke A, Irlenbusch L, Delank KS,

Schwesig R (2015) Range of motion and isometric strength in
shoulders of team handball sport athletes during playing season,
Part II: changes after mid-season. J Shoulder Elbow Surg
24:391-398

. Fieseler G, Jungermann P, Koke A, Irlenbusch L, Delank K-S,

Schwesig R (2015) Glenohumeral range of motion (ROM) and
isometric strength of professional team handball athletes, part I1I:
changes over the playing season. Arch Orthop Trauma Surg.
doi:10.1007/500402-015-2308-5

Hurd W1J, Kaplan KM, El Attrache NS, Jobe FW, Morrey BF,
Kaufman KR (2011) A profile of glenohumeral internal and
external rotation motion in the uninjured high school baseball
pitcher, part I: motion. J Athl Train 46:282-288

Shanley E, Thigpen CA, Clark JC, Wyland DJ, Hawkins RJ,
Noonan TJ, Kissenberth MJ (2012) Changes in passive range of
motion and development of glenohumeral internal rotation deficit
(GIRD) in the professional pitching shoulder between spring
training in two consecutive years. J Shoulder Elbow Surg
21:1605-1612

Mullaney MJ, McHugh MP, Johnson CP, Tyler TF (2010) Reli-
ability of shoulder range of motion comparing a goniometer to a
digital level. Physiother Theory Pract 26:327-333

Muir SW, Corea CL, Beaupre L (2010) Evaluating change in
clinical status: reliability and measures of agreement for the
assessment of glenohumeral range of motion. N Am J Sports Phys
Ther 5:98-110

Clarkson HM (2005) Joint motion and function assessment: a
research based practical guide. Lippincott Williams & Wilkins,
Philadelphia

@ Springer

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Gajdosik RL, Bohannon RW (1987) Clinical measurement of
range of motion. Review of goniometry emphasizing reliability
and validity. Phys Ther 67:1867-1872

Wilk KE, Reinold MM, Macrina LC, Porterfield R, Devine KM,
Suarez K, Andrews JR (2009) Glenohumeral internal rotation
measurements differ depending on stabilization techniques.
Sports Health 1:131-136

Ginn KA, Cohen ML, Herbert RD (2006) Does hand-behind-back
range of motion accurately reflect shoulder internal rotation?
J Shoulder Elbow Surg 15:311-314

Roddey TS, Cook KF, O’Malley KJ, Gartsman GM (2005) The
relationship among strength and mobility measures and self-re-
port outcome scores in persons after rotator cuff repair surgery:
impairment measures are not enough. J Shoulder Elbow Surg
14:955-98S

Rudiger HA, Fuchs B, von Campe A, Gerber C (2008) Mea-
surements of shoulder mobility by patient and surgeon correlate
poorly: a prospective study. J Shoulder Elbow Surg 17:255-260
Schrama PP, Stenneberg MS, Lucas C, van Trijffel E (2014)
Intraexaminer reliability of hand-held dynamometry in the upper
extremity: a systematic review. Arch Phys Med Rehabil
95:2444-2469

Stark T, Walker B, Phillips JK, Fejer R, Beck R (2011) Hand-
held dynamometry correlation with the gold standard isokinetic
dynamometry: a systematic review. PM R 3:472-479

Bohannon RW (2005) Manual muscle testing: does it meet the
standards of an adequate screening test? Clin Rehabil 19:662-667
Schwartz S, CohenME Herbison GJ, Shah A (1992) Relationship
between two measures of upper extremity strength: manual
muscle test compared to hand-held myometry. Arch Phys Med
Rehabil 73:1063-1068

Bohannon RW (1999) Inter-tester reliability of hand-held
dynamometry: a concise summary of published research. Percept
Mot Skills 88:899-902

Wang CY, Olson SL, Protas EJ (2002) Test-retest strength reli-
ability: hand-held dynamometry in community-dwelling elderly
fallers. Arch Phys Med Rehabil 83:811-815

Portney LG, Watkins MP (2009) Foundations of clinical research:
applications to practice, 3rd edn. Pearson Prentice Hall, Upper
Saddle River

Weir JP (2005) Quantifying test-retest reliability using the intr-
aclass correlation coefficient and the SEM. J Strength Cond Res
19:231-240

Bland JM, Altman DG (1986) Statistical methods for assessing
agreements between two methods of clinical measurement.
Lancet 8:307-310

Kolber MJ, Fuller C, Marshall J, Wright A, Hanney WJ (2012)
The reliability and concurrent validity of scapular plane shoulder
elevation measurements using a digital inclinometer and
goniometer. Physiother Theory Pract 28:161-168

Gajdosik CG (2005) Ability of very young children to produce
reliable isometric force measurements. Pediatr Phys Ther
17:251-257

Rex Wong YC, Cameron D, Bohannon RW (1998) Elbow and
hand muscle strength are not affected by head-neck position.
Isokinet Exerc Sci 7:43-47

Vermeulen HM, de Bock GH, van Houwelingen HC, van der
Meer RL, Mol MC, Plus BT, Rozing PM, Vlieland TV (2005) A
comparison of two portable dynamometers in the assessment of
shoulder and elbow strength. Physiotherapy 91:101-112


http://dx.doi.org/10.1007/s00402-015-2308-5

	Intrarater reliability of goniometry and hand-held dynamometry for shoulder and elbow examinations in female team handball athletes and asymptomatic volunteers
	Abstract
	Introduction
	Materials and methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Participants
	Instruments
	Procedures
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgments
	References




