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Abstract
Background: Reproducible measurements of the range of motion are an important prerequisite
for the interpretation of study results. The digital inclinometer is considered to be a useful
instrument because it is inexpensive and easy to use. No previous study assessed inter-observer
reproducibility of range of motion measurements with a digital inclinometer by physical therapists
in a large sample of patients.
Methods: Two physical therapists independently measured the passive range of motion of the
glenohumeral abduction and the external rotation in 155 patients with shoulder pain. Agreement
was quantified by calculation of the mean differences between the observers and the standard
deviation (SD) of this difference and the limits of agreement, defined as the mean difference ±
1.96*SD of this difference. Reliability was quantified by means of the intraclass correlation
coefficient (ICC).
Results: The limits of agreement were 0.8 ± 19.6 for glenohumeral abduction and -4.6 ± 18.8 for
external rotation (affected side) and quite similar for the contralateral side and the differences
between sides. The percentage agreement within 10° for these measurements were 72% and 70%
respectively. The ICC ranged from 0.28 to 0.90 (0.83 and 0.90 for the affected side).
Conclusions: The inter-observer agreement was found to be poor. If individual patients are
assessed by two different observers, differences in range of motion of less than 20–25 degrees can
not be distuinguished from measurement error. In contrast, acceptable reliability was found for the
inclinometric measurements of the affected side and the differences between the sides, indicating
that the inclimeter can be used in studies in which groups are compared.
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Background
Measurement of the range of motion of the shoulder joint
plays a vital role in the understanding of the nature and
the expected course of shoulder pain, as well as in the
evaluation of treatment effects. Systematic reviews evaluating the efficacy of medication, steroid injection or physical therapy for shoulder disorders show that in most
randomised clinical trials a measurement of range of
motion was included [1-4]. The degree of external rotation and glenohumeral abduction is relevant for the evaluation of treatment effects, especially in patients with
adhesive capsulitis [4].
Reproducible measurements of the range of motion are an
important prerequisite for the interpretation of study
results. Visual inspection, goniometric measurements,
inclinometry and high-speed cinematography are examples of methods that have been used to quantify the range
of motion. For this purpose the digital inclinometer is
considered to be a useful instrument because it is inexpensive and easy to use [5]. A few studies have assessed the
reproducibility of inclinometric assessment of the range
of motion of the shoulder joint [6-10]. The first study
showed that two trained physical therapists could obtain
reproducible measurements for the assessment of external
rotation and glenohumeral abduction of the shoulder
joint [6]. However, only a small sample of healthy subjects was included. Three later studies that included
patients reported poor reproducibility of range of shoulder motion [7,9,10]. One of these studies, however, was
conducted in a very specific group of patients with reflex
sympathetic dystrophy [7]. In addition, in all these studies
the measurements were done by physicians (e.g. rheumatologists or surgeons) from a single practice. Hoving et al
showed that physical therapists achieved higher reliability
than rheumatologists, especially for external rotation, but
the physical therapists from the study that Hoving referred
to assessed only 6 patients [8,9].
Therefore, the purpose of our study was to evaluate the
inter-observer reproducibility of the external rotation and
glenohumeral abduction measurements by physical therapists in a large sample of patients from many different
practices and with different degrees of shoulder pain,
using the Cybex Electronic Digital Inclinometer-320 (EDI
320).

Methods
Patients
Within the framework of a study on inter-observer agreement on the diagnosis of shoulder disorders, which
involved history taking and physical examination [11], an
evaluation was made of the inter-observer reproducibility
of external rotation and glenohumeral abduction measurements by physical therapists, using the EDI 320 incli-
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nometer. During a 20-month period, consecutive patients
with shoulder complaints who consulted one of the 20
participating general practitioners, one the 2 participating
physicians in an orthopaedic practice, or one of the 20
participating rheumatologists in a secondary care rheumatology clinic, were considered for participation in the
study. Patients were eligible for participation if they met
the following inclusion criteria: aged between 18 and 75
years, ability to co-operate (no dementia, sufficient
knowledge of the Dutch language) and informed consent
given. Patients with shoulder problems due to neurological, vascular or internal disorders, systemic rheumatic diseases, prior dislocations or fractures were excluded. The
study was approved by the local institutional review
board of the VU University Medical Center.
Measurements
Two observers (MPJ & AFW), both experienced physical
therapists, independently measured the range of motion
of the shoulder joint using the Cybex Electronic Digital
Inclinometer-320 (EDI 320) (Cybex Inc, Ronkonkoma,
NY). This device is gravity dependent and indicates range
of motion on a 360° scale.The EDI 320 consists of a handheld unit and portable display unit with an integral
rechargeable power source. The EDI 320 recorded gross
movement and then calculated the differential range of
motion by subtracting the initial position reading from
the final position reading. The EDI 230 can be used to
measure single joint motions of the elbow, forearm, wrist,
thumb, fingers, shoulder, scapula, hip, knee and ankle,
and combined motions of the spine and shoulder.

Each observer measured both shoulders of each patient
once. Passive glenohumeral abduction was measured first,
followed by measurement of the passive external rotation.
Within one hour the second observer repeated the measurements of the first observer. In order to prevent the
occurrence of systematic differences between the observers, due to repeated testing, the sequence of the observers
was randomly allocated. The patients did not receive any
therapy between the two measurements.
Prior to the study, the performance of all measurements
were standardised, to make sure that the physiotherapists
assessed the patients in the same way. For the measurement of passive glenohumeral abduction, the patients was
seated upright, and the position of 0° was defined as the
upper arm in a neutral position. While palpating the
lower angle of the scapula with the thumb, the examiner
elevated the upper arm of the patient until the scapula
began to rotate or pain limited further motion. This range
of motion was recorded in degrees.
For the measurement of passive external rotation, the
patient was in a supine position, with the shoulder in 0°
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of abduction and rotation, the elbow flexed at 90° and the
forearm in a neutral position. This position was defined as
the position of 0°. The observer then performed external
rotation until pain limited the range of motion or the
extreme of the range was reached. This range of motion
was recorded in degrees.
Prior to the measurements, demographic characteristics
(age, gender) and clinical characteristics (e.g. previous
episodes of shoulder problems, duration of complaints,
sleep disturbances) of the patients were recorded by
means of a structured questionnaire. In addition, all
patients recorded the severity of pain during the day and
at night in the preceding week on a 100 mm visual analogue scale (VAS), ranging from 0 'no pain' to 100 ' very
severe pain'.
Assessment of reproducibility
The reproducibility of the measurements of the affected
side and the contralateral side, and the difference in range
of motion between the sides was calculated. The difference between the sides was quantified by subtracting the
results of the affected shoulder from those of the contralateral shoulder. The difference between the sides is an
important outcome, since in clinical practice a conclusion
on abnormal range of motion of the affected shoulder is
usually drawn after comparison of the measurements of
the affected shoulder with those of the contralateral
shoulder. In this manner, differences in mobility between
subjects due to age, gender or other factors [12] can be
taken into account.

For the quantification of reproducibility, we distinguished
two different types of measures of reproducibility with
different interpretations: measures of agreement and
measures of reliability. Measures of agreement refer to the
absolute measurement error (presented in the units of
measurement of the instrument) that is associated with
one mesaurement taken from one individual patient [13].
Measures of agreement provide insight into the the ability
of two or more observers to achieve the same value. Measures of reliability refer to the relative measurement error,
i.e. the variation between patients in relation to the total
variance of the measurements (see below). They provide
information on the ability of two or more observers to differentiate between subjects in a group [13,14].
Agreement
The inter-observer agreement was quantified by calculating the mean difference between the two observers (A-B)
and the standard deviation (SD) of this difference. Subsequently, the 95% limits of agreement were calculated
according to the method of Bland & Altman [15], defined
as the mean difference between the observers ± 1.96*SD
of this difference. These limits represent the range in
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which 95% of the differences between the two observers
fall. If the values of observer A would be extracted from
observer B (B-A instead of A-B), the limits of agreement
would stay the same, but the signs (+ / -) of the mean differences and the upper and lower limits of agreement
would be opposed. In this situation, the choice of extracting B-A or A-B is arbitrair. Therefore, the signs are irrelevant and should be ignored when interpreting the results.
For the interpretation of the measurement error, the largest limit of agreement (either upper or lower limit) is most
relevant.
Furthermore, plots of the differences between observers
against the corresponding mean of the two observers for
each patient were constructed to examine homoscedasticity, as proposed by Bland and Altman [15]. In addition,
the frequency of agreement of the observers within 5° and
10° was calculated. Although no clear criteria for the
acceptable degree of inter-observer agreement are available, based on our clinical experience, we decided prior to
the study that differences exceeding 10° were determined
as being unacceptable because they are likely to affect
decisions on patient management.
Reliability
The intra-class correlation coefficient (ICC) was derived
from a random-effects two-way analysis of variance. By
means of analysis of variance the variation in measurements is partitioned into the potential sources of variation: observer differences, patient differences and random
error. The ICC is defined as the ratio of the variance
between patients over the total variance [16]. The values
of the ICC can theoretically range from 0 to 1, with a
higher value indicating that less variance is due to other
factors such as differences between observers. An intraclass correlation coefficient of at least 0.70 is considered to
be satisfactory for group comparisons, and a value of
0.90–0.95 for individual comparisons [17].

Results
Complete data on the inclinometric measurements were
available for 155 of the 201 patients included. No inclinometric measurements were available for 46 patients, for
the following reasons: no measurements were performed
because of high pain intensity (30 patients), lack of time
(3 patients), difficulties during the measurement procedure (e.g. difficulties with the test position or inability to
relax)(8 patients), and errors in the registration of the
measurement results (5 patients). The main characteristics
of participants and non-participants are presented in
Table 1. Diagnosis are not presented, because in our previous study we found only a moderate inter-observer
agreement between the two observers (60% agreement,
kappa 0.45) [11]. Compared to the participating patients,
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Table 1: Main characteristics of the participants and the non-participants

Patients recruited by (%):
- general practitioner
- physician in orthopaedic practice
- rheumatologist in secondary care rheumatology clinic
Female (%)
Mean age in years (SD)
Previous episode(s) of shoulder pain (%)
Duration of current episode (%):
- < 3 months
- 3 – 6 months
- 6 – 12 months
- > 12 months
Mean pain score* (SD):
- at night
- during the day

Participants

Non-participants

(n = 155)

(n = 46)

39
18
43
65
47 (12.6)
41

30
11
59
65
48 (12.1)
35

26
17
24
33

30
13
13
44

48 (31)
51 (26)

63 (25)
63 (26)

* Scores on a visual analogue scale ranging from 0 'no pain' to 100 'very severe pain' (in mm).

Table 2: Mean, standard deviation (SD) and range of the glenohumeral abduction and the external rotation according to observer A
and B, followed by the mean differences between both observers, and the frequency of agreement within 5 and 10 degrees.

Tested movements

Glenohumeral abduction
- affected side
- contralateral side
- contralateral – affected
External rotation
- affected side
- contralateral side
- contralateral – affected

Observer A (in
degrees)
Mean (SD)

Observer B (in
degrees)
Mean (SD)

Observer A-B (in
degrees)
Mean (SD)

Upper and lower
limit of agreement

69.5 (17.6)
79.8 (7.6)
10.3 (16.3)

68.8 (16.3)
78.9 (8.4)
10.2 (14.2)

0.8 (10.0)
0.9 (9.6)
0.1 (10.1)

58.4 (24.1)
72.8 (11.2)
14.4 (20.5)

63.0 (24.0)
79.4 (11.7)
16.4 (20.8)

-4.6 (9.6)
-6.6 (9.5)
-2.0 (10.1)

the severity of complaints of the non-participants was
indeed higher, expressed by a higher mean pain intensity.
Reproducibility
Agreement
Table 2 summarises the results of the inter-observer agreement. The observers had quite similar measurements of
glenohumeral abduction, but observer A measured a consistently smaller range of external rotation than observer
B. For the affected side, the limits of agreement were 0.8 ±
19.6 for glenohumeral abduction and -4.6 ± 18.8 for
external rotation. The percentage agreement within 10°
for these measurements were 72% and 70% respectively.

Since the pain level of the non-participants was higher
than that of the participants (Table 1), patients with a

Agreement (%) within 5° and 10°
5°

10°

-18.8 – 20.4
-17.9 – 19.7
-19.6 – 19.8

43
43
48

72
72
75

-23.4 – 14.2
-25.2 – 12.0
-21.7 – 17.7

43
39
44

70
63
71

high pain intensity (pain score on the VAS during the day
> 65; n = 54) were compared with patients with moderate
pain intensity (pain score on the VAS during the day ≤ 65;
n = 101). The inter-observer agreement was not different
between these patient groups (data not shown).
Figures 1a and 1b show the differences between observers,
plotted against the mean value of both observers for
glenohumeral abduction and external rotation of the
affected side, respectively (each point represents one
patient). For both movements the error of measurement
was found to be independent of the magnitude of the
range of motion (homoscedasticity). This was also the
case for the contralateral side and for the differences
between the sides (data not shown).
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differences between observers (degrees)

Figure 1a Differences between observers, plotted against the mean value of both observers
for each patient for glenohumeral abduction affected size
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differences between observers (degrees)

Solid lines: mean differences; dashed lines: limits of agreement
Figure 1b Differences between observers, plotted against the mean value of both observers
for each patient for external rotation affected size

40
30
20
10
0
-1 0
-2 0
-3 0
-4 0
-40

-2 0

0

20

40

60

80

100

12 0

mean external rotation affected side (degrees)
Solid lines: mean differences; dashed lines: limits of agreement

Differences
and external
Figure
1 between
rotation observers,
of the affected
plotted
sideagainst the mean value of both obervers for each patient for glenohumeral abduction
Differences between observers, plotted against the mean value of both obervers for each patient for glenohumeral abduction
and external rotation of the affected side. Solid lines: mean differences; dashed lines: limits of agreement.
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Table 3: Results of the analysis of variance

Source of variation
Between patients
Tested movements
Glenohumeral abduction
- affected side
- contralateral side
- contralateral – affected
External rotation
- affected side
- contralateral side
- contralateral – affected

Between observers

F

P

F

P

ICC

10.5
1.8
8.2

<0.01
<0.01
<0.01

0.99
1.35
0.02

N.S.
N.S.
N.S.

0.83
0.28
0.78

24.0
4.8
15.7

<0.01
<0.01
<0.01

36.0
77.5
6.2

<0.01
<0.01
<0.05

0.90
0.56
0.88

Reliability
The results of the analysis of variance are presented in
Table 3. The ICC-values ranged from 0.28 to 0.90. For
both movements, the ICCs of the measurement of the
affected shoulder were higher than ICCs of the contralateral shoulder.

Discussion
This study investigated the inter-observer reproducibility
of the assessment of the passive range of motion of the
glenohumeral abduction and the external rotation of the
shoulder joint, using the EDI 320 digital inclinometer. A
large number of patients from different clinics with different levels of mobility and varying severity of shoulder
pain were examined. We chose to measure passive rather
than active range of motion because according to diagnostic quidelines the degree of passive external rotation and
glenohumeral abduction is important for the evaluation
of adhesive capsulitis.
The results showed that there was considerable variation
in measurement between the observers across the whole
range of values of the tested movements. In a maximum
of 75% of the various measurements, the differences
between observers did not exceed 10°. Although it is a
matter of clinical judgement, which other clinicians might
not agree with, it was decided that differences between
observers which exceed 10° are not acceptable for clinical
purposes. The limits of agreement show that if patients,
that are considered to be stable, are assessed by two different observers, the differences in the measured range of
motion between the observers can be as large as 20–25
points (referring to the largest of the upper and lower
limit of agreement). This means that if patients are
assessed e.g. before and after therapy by two different
observers, changes in range of motion of less than 20–25
degrees, can not be distuinguished from measurement
error.

In the present study, inclinometric measurements could
often not be performed at all because of the high severity
of shoulder pain, resulting in a large number of non-participants (n = 46). However, one could argue that if
patients are not able to perform this kind of test because
of their pain, there is no need to measure the range of
motion anyway. In addition, in our study population no
association was found between the level of pain and the
inter-observer differences. We believe that our study provides a reasonably valid estimate of the reproducibility of
inclinometric measurements of patients with shoulder
pain, based on one measurement of each range of motion.
Contrary to those of the glenohumeral abduction, the
measurements of the external rotation showed systematic
differences between the observers, which is consistent
with the findings of Croft et al. [18]. Although several factors might contribute to the systematic differences, differences in defining the limits of motion might explain the
results. For glenohumeral abduction the limits of motion
are determined by rotation of the scapula, whereas pain
and reaching the extreme of the range of motion are the
criteria for the limits of motion of external rotation. It was
suggested that the amount of passive force applied is one
of the reasons why passive movements are more difficult
to reproduce than active movements [19]. However,
Tousignant et al also found systematic differences in their
study on reliability of the EDI-320 for measurement of
active neck flexion and extension [20].
In contrast to the level of poor agreement, acceptable reliability was found for most inclinometric measurements
for use for group comparisons (ICC above 0.70), but not
for individual comparisons (ICC between 0.90–0.95).
These findings are in accordance with the findings of
Green et al. [8], who also reported acceptable reliability
for the measurement of glenohumeral abduction and
external rotation by physical therapists using an inclinomPage 6 of 8
(page number not for citation purposes)
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eter. Tousignant et al found comparable ICCs for measurement of active neck flexion and extension with the DI
320 [20].
Several other studies have evaluated observer variation in
the measurement of range of motion of the shoulder joint
based on various other measurement methods [18-30].
The results vary considerably across studies and estimates
are difficult to compare due to differences in patient
groups, raters, and measurement methods.
In general, is seems that most methods are reliable
enough to use for group comparisons, but not for individual comparisons (ICCs between 0.70 and 0.90). This
means that most instruments can be used in studies. Several authors suggested that visual estimation may be as
reliable as measurement instruments, such as an inclinometer or a goniometer [7,21,24]. In our patient group
reliability obtained with inclinometer measurements was
higher than reliability obtained with visual estimation in
a previous study on the same subjects (ICC for abduction
was 0.83 compared with 0.71; ICC for external rotation
was 0.90 compared with 0.78 for the affected side, data
submitted for publication).
As in our study, most other studies that presented data on
agreement found large measurement errors, especially for
the assessment of external rotation. For example, large
standard errors of measurement were found in the studies
of Geertzen et al. [7] (approximately 25°), and Triffitt et
al. [10] (approximately 25–30°).
Poor inter-observer agreement, but acceptable reliability
of measurements may seem to be a puzzling result. ICCs,
however, are strongly influenced by the heterogeneity of
the population studied. In a patient group with large differences between patients, it is more easy to distinguish
between patients than in a patient group with small differences between patients. Therefore, it is possible that an
instrument is able to discriminate adequately between
groups of patients despite a large measurement error in a
heterogeneous patient population [13]. For the measurement of individual patients in clinical practice, or to assess
intra-individual changes in range of motion over time, the
measurement error of the observers, using the inclinometer, or most other instruments, seems to be too large. For
the purpose of comparing groups in studies, the inclinometer seems to be a useful instrument, and is probably better than visual estimation. Finally, reproducibility is a
function of the instrument that is used, the measurement
conditions, the movements tested, the observers and the
study population. Which method of assessment of range
of motion is preferable should therefore be evaluated
within one single study.
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Investigators should quantify the reproducibility of their
assessments before commencing a clinical trial, since the
level of reproducibility has considerable impact on the
power of a clinical trial. In general, intra-observer reproducibility is better than inter-observer reproducibility
[18,19,25,29], so it is recommended that in clinical trials
the same observer should be responsible for the measurement of treatment outcome for each patient. Reproducibility of measurements may also be improved by using the
mean value of multiple measurements. Further psychometric studies should examine the validity of the EDI 320.

Conclusions
In conclusion, the inter-observer agreement was found to
be poor. If patients are assessed by two different observers,
differences in range of motion of less than 20–25 degrees,
can not be distuinguished from measurement error. In
contrast, acceptable reliability was found for the inclinometric measurements of the affected side and the differences between the sides, indicating that the inclimeter can
be used in studies.
Since the measurements were already standardised and
the observers trained prior to the study, the best way to
reduce variation in measurements would seem to use the
mean value of multiple measurements at each time point,
preferably done by the same observer.
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