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ABSTRACT.  
Objectives: To assess interobserver reproducibility (agreement and reliability) of visually 
estimated shoulder range of motion (ROM) and to study the influence of clinical 
characteristics on the reproducibility. 
Design: Test-retest analyses. 
Setting: Various health care settings in the Netherlands. 
Participants: Consecutive patients with shoulder complaints (N=201) referred by 20 
general practitioners, 2 orthopedic physicians, and 20 rheumatologists. 
Interventions: Not applicable. 
Main Outcome Measures: Independent visual estimation by 2 physiotherapists of the 
ROM. Agreement was calculated as the mean difference in visual estimation between 
examiners ±1.96 × standard deviations of this mean difference. The intraclass correlation 
coefficient (ICC) was calculated as a measure of reliability, based on a 2-way random 
effects analysis of variance. 
Results: The lowest level of agreement was for visual estimation of active and passive 
elevation (limits of agreement, -43.4 to 39.8 and -46.7 to 41.5, respectively, for the 
difference between the affected and contralateral sides), for which the level of agreement 
was most clearly associated with pain severity and disability. The ability to differentiate 
between subjects was acceptable for all movements for the difference between the 
affected and contralateral sides (ICCs, >.70) except for horizontal adduction (ICC=.49). 
Conclusions: Interobserver agreement was low for the assessment of active and passive 
elevation, especially for patients with a high pain severity and disability. Except for 
horizontal adduction, visual estimation seems suitable for distinguishing differences 
between affected and contralateral ROM between subjects. 
 
COMPLAINTS OF SHOULDER DYSFUNCTION are often associated with restricted range 

of motion (ROM).1-4 The difference between the affected and the contralateral sides is related to the 
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ability to perform the activities of daily life, such as dressing, washing, and lifting above shoulder 
level.4-6 Measurement of the ROM plays a vital role in diagnosis,7-9 assessment of the severity of 
disability, and the assessment of treatment outcome in clinical practice and research.9 

Several methods are available for quantifying ROM, such as goniometry, inclinometry, and 
even high-speed cinematography. High reproducibility is an important prerequisite if measurements 
are to be useful for discriminative and evaluative purposes. The reproducibility of the various devices 
used to assess shoulder ROM has been evaluated in several studies.10-19 Although in clinical practice 
ROM assessment is often based on visual inspection of the movement, insight into the reproducibility 
of the visual estimation of shoulder ROM is limited.20,21

The level of reproducibility of ROM measurement may be influenced by many factors such as 
the instruments and procedures applied, the joint examined, or the type of movement tested.22 

Recently, we23 showed that the interobserver agreement on the diagnostic classification of shoulder 
disorders was associated with severe pain, chronic complaints, and bilateral involvement. It is unclear 
whether the reproducibility of ROM measurements might also be influenced by clinical characteristics 
of the patients. 

Our first objective in this study was to evaluate, in a large population of patients, interobserver 
reproducibility (agreement and reliability) with regard to active elevation and several passive shoulder 
movements. Our second objective was to evaluate whether clinical characteristics are associated with 
the level of interobserver reproducibility. 

METHODS  

Participants  
Consecutive eligible patients with shoulder complaints were invited to participate in this study 

by 20 general practitioners, 2 physicians working in an orthopedic practice, and 20 secondary care 
rheumatologists. Patients were eligible for participation if they gave informed consent, were between 
18 and 75 years of age, and were able to complete questionnaires (eg, no dementia). Patients with 
shoulder problems resulting from neurologic, vascular, or internal disorders; systemic rheumatic 
diseases; fractures; or dislocations were excluded. The study was approved by the local institutional 
review board of the VU University Medical Center. 

Design  
Within the framework of a study on interobserver agreement of the diagnosis of shoulder 

disorders, which involved history taking and physical examination,23 we evaluated the interobserver 
agreement on visual estimation of ROM of the shoulder joint. After history taking, 2 examiners (MPJ, 
AFW), both physiotherapists with 3 and 10 years of clinical experience, respectively, independently 
assessed each patient’s shoulder ROM. In their work as physiotherapists, both examiners use visual 
inspection on a regular basis to diagnose and treat musculoskeletal problems. A second physical 
examination was performed within 1 hour after the first examination. To prevent the occurrence of 
systematic differences between examiners because of repeated testing, the sequence of the examiners 
was randomly allocated. During the preparatory phase of the project, we standardized all 
measurements to prevent large ranges in the estimation of the ROM due to large differences in the 
physical examination. Furthermore, during this phase we also investigated whether the 
physiotherapists assessed the ROM with the patients’ arms in similar fixed positions or whether there 
were different interpretations between the physiotherapists. To verify the visual estimation of ROM, 
different joint positions were assessed visually and compared with goniometric measurement in the 
training phase. 

Visual Estimation of ROM  
Each examiner made 1 assessment of the ROM of both shoulders of each patient. In 1990, the 

Dutch College of General Practitioners developed guidelines for diagnosis and management of 
shoulder pain,24 which are largely based on the concepts of Cyriax.8 The movements in this study are 
the movements described in these guidelines. 

Patients were seated during all tested movements. Their arms were stretched alongside the body 
with the thumbs directed forward; this was considered the starting position of 0° for the bilateral 
elevation. Each patient was asked to raise the stretched arms sideways in the frontal or coronal plane 
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as far as possible, which is referred to as active elevation. ROM of the active elevation ended when, 
according to the patient, further movement was impossible because of weakness or pain, or when the 
maximum ROM had been achieved. Then the examiner performed the same movement for each arm, 
during which the patient was asked to relax the arm; this was called passive elevation. The examiner 
moved the arm until pain limited the ROM or the maximum range (opportunity to note the end-feel) 
was reached. To assess the amount of passive scapulohumeral abduction, the examiner performed the 
same movement while palpating the lower angle of the scapula with the thumb, until the scapula began 
to rotate or pain limited any further motion. Passive scapulohumeral abduction was defined as the 
amount of movement existing between the scapula and the humerus during this movement.8

The starting position for assessment of the passive external rotation was with the upper arm in 
0° elevation, the elbow flexed, and the thumb up. With the elbow held in 90° flexion against the 
patient’s side, the examiner moved the arm in the transverse plane as far outward as possible while the 
patient was asked to relax. The examiner moved the patient’s arm until pain limited the ROM or the 
maximum range (opportunity to note the end-feel) was reached. 

With the arm straight, the arm was moved upward in the sagittal plane until 90° of anteflexion 
(arm straight forward) to reach the starting position of 0° for the evaluation of the range of passive 
horizontal adduction. Then the examiner moved the arm in the transverse plane toward the midline of 
the body as far as possible, while the patient was asked to relax that arm. Again, the examiner moved 
the arm until pain limited the ROM or the maximum range was reached. 

All ROM measurements were recorded in degrees (with increments of 5°). 

Additional Assessments  
During history taking, examiners recorded demographic characteristics (age, sex) and clinical 

characteristics (eg, duration of the shoulder complaints, bilateral involvement, pain at rest, sleep 
disturbances, aggravating factors). 

After the physical examination, both examiners independently estimated the severity of pain on 
a 100-mm visual analog scale (VAS) ranging from 0 (no pain) to 100 (very severe pain). Pain severity 
was also recorded when the physical examination of the shoulder was hampered by pain or insufficient 
relaxation. 

Before the diagnostic procedure was started, the participants completed several questionnaires. 
Examiners were blinded to the results, because the subjects’ answers might have influenced their 
assessments of the shoulder complaints. All patients recorded the severity of their pain in the past 24 
hours and in the preceding week, at night and during the day, on a VAS with a range as specified 
above. They also completed the Shoulder Disability Questionnaire (SDQ), which consists of 16 
questions pertaining to difficulties in performing various daily activities on the previous day.25,26 The 
total score ranges from 0 (no disability) to 100 (difficulty with all applicable items). 

Statistical Methods  
For each examiner, the mean, standard deviation (SD), and range were calculated for each ROM 

assessed and for the difference between both sides to show the difference between the affected and the 
contralateral sides. In clinical practice the difference between the affected and the contralateral sides is 
an important outcome, because it is independent of age and sex.26-29 

For the quantification of reproducibility, we calculated the absolute amount of measurement 
error (agreement) and the ability of examiners to differentiate between different subjects 
(reliability).30-32 

Agreement. The mean difference between the 2 examiners and the SD of this difference was 
calculated. When the mean difference deviates substantially from 0°, it indicates a systematic 
difference between the examiners. Although there are no clear criteria for the acceptable degree of 
interobserver agreement, we considered differences exceeding 10° to be low agreement. We then 
calculated the percentage of differences between the 2 examiners equal to or lower than 10°. 

The magnitude of the SD expresses the extent to which the examiners are able to achieve the 
same value.30,33 Subsequently, the 95% limits of agreement were calculated, defined as the mean 
difference between examiners ±1.96 × SDs of this mean difference. Only differences between 
examiners that exceed the limits of agreement can be interpreted as “real” differences above 
measurement error.34 
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Based on analysis of variance (ANOVA), the standard error of measurement (SEM) was 
calculated as an additional measure of agreement. The SEM was defined as √(σ2

pt+σ2
residual) with σ2

pt 
referring to the variance due to systematic differences between the examiners. We included σ2

pt 
because we were interested in absolute agreement between the examiners. 

Reliability. The intraclass correlation coefficient (ICC) was derived from a 2-way random-
effects ANOVA (model 2 according to the guidelines specified by Fleiss35). An ICC of at least .70 is 
considered satisfactory for group comparisons.36 

Influence of clinical characteristics on the level of agreement. 
To test whether the level of interobserver agreement was influenced by clinical characteristics, 

the limits of agreement were calculated for different predefined subgroups: bilateral involvement (yes, 
no) and duration of complaints (≤6mo, [ table 1 ] >6mo). For continuous variables, such as pain 
(patient’s score for the past 24h, mean VAS score of the 2 examiners) and disability (SDQ score), the 
25th and 75th percentiles were used to form 3 subgroups: low, moderate, and high severity of pain or 
disability. Because sound comparison of ICC values is only possible in subgroups with a similar level 
of heterogeneity,32 subgroup analysis was performed only for the limits of agreement. 

RESULTS  
Table 1 shows the characteristics of the study population. The duration of shoulder complaints 

varied considerably. Sleep disturbances and pain at rest were reported frequently. Furthermore, 38% of 
the patients were unable to perform their normal daily activities. 

Reproducibility of the Visual Estimation of ROM  
The results of the interobserver agreement and reliability with regard to the visual estimation of 

ROM are presented in table 2. The lowest level of agreement was found for the visual estimation of 
active and passive elevation (-43.4 to 39.8 and -46.7 to 41.5, respectively, for the difference between 
the affected and contralateral sides). This was also reflected in a higher SEM. For the passive external 
rotation, relatively large systematic differences were found for the affected and contralateral sides, but 
no significant systematic differences were found for the difference between the affected and 
contralateral sides. 

For all assessments, higher level of interobserver agreement was found for the contralateral side, 
expressed by smaller limits of agreement. Furthermore, the percentage of differences within 10° was 
higher for most movements of the contralateral side. 

The ICCs were below .70 for the visual estimation of ROM during horizontal adduction. For the 
other movements, ICCs of at least .70 were found for the difference between the affected and 
contralateral sides. 

Influence of Clinical Characteristics on the Level of Agreement  
In table 3, the influence of pain (mean VAS score of the examiners) and disability (SDQ total 

score) on the limits of agreement are presented for the assessment of the difference between the 
affected and contralateral sides. Subgroup analysis showed that for high pain severity (mean pain 
score, >72) and a high level of disability (SDQ score, >87), the limits of agreement were larger than in 
the subgroups with moderate and low severity of complaints, especially in active and passive 
elevation. Similar results were found for the assessment of pain by the patient (data not shown). We 
found no effect on the limits of agreement for duration of complaints or bilateral involvement. 

DISCUSSION  
In this study, the lowest level of agreement was the visual estimation of active and passive 

elevation, movements for which the level of agreement was most clearly associated with the severity 
of pain and disability. The ability to differentiate between subjects was acceptable for all movements 
for the difference between the affected and contralateral sides, except for passive horizontal adduction. 

We found relatively large systematic differences between the 2 examiners for the 
scapulohumeral abduction and external rotation. Croft et al21 found that differences in the physical 
examination technique can account for systematic differences between the examiners for the external 
rotation. We found relatively large systematic differences for external rotation in our results of the 
affected and the contralateral sides, compared with the assessment of the difference between the 
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affected and the contralateral sides. Therefore, these systematic differences might also be explained by 
differences in the physical examination technique, such as the amount of force applied or the degree of 
fixation of the trunk. There is no apparent explanation for the systematic differences found for 
scapulohumeral abduction. 

In agreement with the results of Boström et al,13 we found that the lowest level of interobserver 
agreement was for elevation. How can this low level of interobserver agreement for elevation be 
explained? During elevation, several anatomic structures are susceptible to compression. Compared 
with the other movements, we found that elevation was more frequently associated with pain and, 
furthermore, patients considered movements above shoulder level to be the main aggravating factor 
(data not shown). Therefore, it seems reasonable that as a consequence of the pain experienced during 
elevation and fear of overloading the shoulder, the results of the elevation might vary more than the 
results of other movements. 

Given the large limits of agreement for elevation, one could question whether an effect of 
repeated examination might also explain the results. Several patients reported that, because of the 
physical examination performed by the first examiner, pain intensity during the second examination 
was increased. In another analysis, an effect of repeated examination was found for the elevation but 
not for the other movements; this would indicate a tendency toward more restriction during the second 
examination, especially in patients with more severe pain (data not shown). 

In this study, the level of agreement was not influenced by bilateral involvement or chronic 
complaints but was dependent on the severity of pain and disability. The limits of agreement were 
relatively large for patients with severe pain or disability. For example, if the active elevation of a 
patient with a low level of pain is measured by 2 examiners, there is a 95% probability that the 
difference between the 2 examiners will be between -13.9° and 14.0° as a sole effect of measurement 
error. For a patient with a high level of pain, this range is -74.6° and 60.9° (see table 3). Only 
differences that exceed the limits of agreement can be interpreted as “real” differences above 
measurement error. 

[ TABLE 2 ]  
 
As a consequence of the influence of pain and disability, it is difficult to compare the results on 

reproducibility of different studies with varying populations. It has been suggested that quantification 
of the ROM using a goniometer, inclinometer, or some other device would be more reliable than 
visual estimation of the ROM.22 However, several studies37-42 using different devices (eg, visual 
estimation, inclinometer, FASTRAK system) recently reported levels of agreement and reliability that 
were similar to our findings. A comparative study would be needed to draw conclusions about the 
value of visual estimation of the ROM compared with the use of a measurement device. 

Another implication of our results is that it seems attractive to test ROM until pain is present to 
avoid overloading the affected shoulder. However, it has been shown that this strategy is less 
reproducible than testing to the point of maximum elevation.2 This finding was based on a small study 
population and more research is needed to determine whether this is beneficial in improving the 
reproducibility. Based on our findings— that is, that repeated physical examination did increase the 
pain experienced by patients—and the fact that high pain severity increases the differences between 
examiners, we recommend that the physical examination be restricted to only a few movements in 
patients with a high pain severity. 

[ TABLE 3 ]  
Our study shows that by using visual estimation, one can adequately discriminate between 

groups of patients with different ROMs for most movements, except for passive horizontal adduction. 
However, for discrimination between individual patients in clinical practice, the reliability of all 
measurements was somewhat low. 

To be useful for outcome assessment in clinical practice or research, an instrument should have 
high responsiveness, which is strongly determined by the level of agreement.43 The limits of agreement 
should be smaller than the minimal clinically important difference that one wants to detect. This 
judgment should be made separately for each application of the method. Given the large limits of 
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agreement, the value of active and passive elevation as an outcome measure can be questioned when 
different examiners are involved in the assessment. However, often only 1 examiner per patient will be 
involved in the assessment of outcome. Unfortunately, practical reasons made it impossible to 
investigate the level of intraobserver reproducibility in this study. Generally, the intraobserver 
reproducibility will be higher than the interobserver reproducibility.12,13,15 Future studies should 
investigate whether patient characteristics also have a considerable effect on the level of intraobserver 
agreement. Furthermore, it would be useful to investigate the responsiveness of visual estimation of 
the shoulder ROM.

CONCLUSIONS  
Interobserver agreement was low in the assessment of active and passive elevation, movements 

for which the magnitude of the limits of agreement clearly increased with higher severity of pain and 
disability. Thus the value of visual estimation as an outcome measure can be questioned when 
different examiners are involved. Except for horizontal adduction, visual estimation of the ROM 
seems to be a suitable method for distinguishing differences between the affected and contralateral 
ROM of subjects. In future studies, the value of visual estimation should be compared with other 
measurement methods, and the responsiveness should be assessed. 

TABLES 
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