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Introduction

Physiotherapists commonly assess and treat upper extremity 
disorders. Passive joint mobilisation or manipulation has been 
shown to be effective in disorders such as adhesive shoulder 
capsulitis, non-specific shoulder pain or dysfunction (Ho et 
al 2009), shoulder impingement syndrome (Kromer et al 
2009), lateral epicondylalgia (Bisset et al 2005), and carpal 
tunnel syndrome (O’Connor et al 2003). Measurement 
of passive movement is indicated in order to assess joint 
restrictions and to help diagnose these disorders. Passive 
movement, either physiological or accessory, can be 
reported as range of motion, end-feel, or pain and is an 
indication of the integrity of joint structures (Cyriax 1982, 
Hengeveld and Banks 2005). Passive physiological range of 
motion may be measured using vision or instruments such 
as goniometers and inclinometers.

An essential requirement of clinical measures is that they are 
valid and reliable so that they can be used to discriminate 
between individuals (Streiner and Norman 2008). Inter-
rater reliability is a component of reproducibility along with 
agreement and refers to the relative measurement error, ie, 
the variation between patients as measured by different 
raters in relation to the total variance of the measures 
(Streiner and Norman 2008). Agreement, on the other 
hand, provides insight into the ability of a clinical measure 
to yield the same value on multiple occasions and reflects 
absolute measurement error (De Vet et al 2006). High inter-
rater reliability for measurements of upper extremity joints 
is a prerequisite for valid and uniform decisions about joint 
restrictions (Bartko and Carpenter 1976).

Many studies investigating the reliability of passive 
movements of human joints have been conducted. However, 
relatively few reviews have summarised and appraised 
the evidence. For example, seven systematic reviews have 
been published on passive spinal movement (Haneline et 
al 2008, Hestbæk and Leboeuf-Yde 2000, May et al 2006, 
Seffinger et al 2004, Stochkendahl et al 2006, Van Trijffel 
et al 2005, Van der Wurff et al 2000). In general, inter-rater 
reliability was found to be poor and studies were of poor 
methodological quality. To date, no systematic appraisal of 
studies on inter-rater reliability of measurement of passive 
movement in upper extremity joints has been conducted. 
Therefore, the research question for this systematic review 
was:

What is the inter-rater reliability for measurements of 
passive physiological or accessory movements in upper 
extremity joints?

Method

Identification and selection of studies

MEDLINE (PubMed) was searched by two reviewers 
(RJvdP, EvT) independently for studies published between 
January 1 1966 and July 1 2009. Search terms included 
all relevant upper extremity joints and all synonyms for 
reliability and rater (see Appendix 1 on eAddenda for 
detailed search strategy). Additional searches in CINAHL 
(1982 to July 1 2009) and EMBASE (1996 to July 1 2009) 
were performed by one reviewer (RJvdP). In addition, 
reference lists of all retrieved papers were hand searched 
for relevant studies.
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The titles and abstracts were screened by two reviewers 
(RJvdP, EvT) independently. When relevant, full text 
papers were retrieved. Studies were included if they met all 
inclusion criteria (Box 1). No restrictions were imposed on 
language or date of publication. Abstracts and documents 
that were anecdotal, speculative, or editorial in nature, 
were not included. Studies investigating active movement 
or restriction in passive movement due to pain or ligament 
instability as well as animal or cadaver studies were not 
considered for inclusion. Studies of people with neurological 
conditions in which abnormal muscle tone may interfere 
with joint movement, or of people after arthroplasty were 
also excluded. Disagreements on eligibility were first 
resolved by discussion and decided by a third reviewer (CL) 
if disagreement persisted.

Box 1. Inclusion criteria

Design
Repeated measures between raters•	

Participants
Symptomatic and asymptomatic individuals•	

Measurement procedure
�Performed passive (ie, manual) physiological or •	
accessory movements in any of the joints of the 
shoulder, elbow, or wrist-hand-fingers
Reported range of motion or end-feel•	
Used methods feasible in clinical practice •	
(considering instruments, costs, amount of training 
required)

Outcomes
Estimates of inter-rater reliability•	

Assessment of characteristics of the studies

Description: We extracted data on participants (number, 
age, clinical characteristics), raters (number, profession, 
training), measurements (joints and movement direction, 
position, movement performed, method, outcomes reported), 
and inter-rater reliability (point estimates, estimates of 
precision). Two reviewers (RJvdP and EvT) extracted data 
independently and were not blind to journal, authors, or 
results. When disagreement between reviewers could not be 
resolved by discussion, a third reviewer (CL) made the final 
decision.

Quality: No validated instrument is available for assessing 
methodological quality of inter-rater reliability studies. 
Therefore, a list of criteria for quality was compiled derived 
from the QUADAS tool, the STARD Statement, and criteria 
used for assessing studies on reliability of measuring passive 
spinal movements (Bossuyt et al 2003a, Bossuyt et al 
2003b, Van Trijffel et al 2005, Whiting et al 2003). Criteria 
were rated ‘yes’, ‘no’, or ‘unknown’ where insufficient 
information was provided (Box 2). Criteria 1 to 4 assess 
external validity, Criteria 5 to 9 assess internal validity, and 
Criterion 10 assesses statistical methods. External validity 
was considered sufficient if Criteria 1 to 4 were rated ‘yes’. 
With respect to internal validity, Criteria 5, 6, and 7 were 
assumed to be decisive in determining risk of bias. A study 
was considered to have a low risk of bias if Criteria 5, 6, and 
7 were all rated ‘yes’, a moderate risk if two of these criteria 
were rated ‘yes’, and a high risk if none or only one of 
these criteria were rated ‘yes’. After training, two reviewers 
(RJvdP, EvT) independently assessed methodological 
quality of all included studies and were not blind to journal, 

authors, and results. If discrepancy between reviewers 
persisted after discussion, a decisive judgement was passed 
by the third reviewer (CL).

Data analysis

Data were analysed by examining ICC and Kappa (95% 
CI). ICC > 0.75 indicated an acceptable level of reliability 
(Burdock et al 1963, cited by Kramer and Feinstein 
1981). Corresponding Kappa levels were used as assigned 
by Landis and Koch (1977) where <0.00 = poor, 0.00–
0.20 = slight, 0.21–0.40 = fair, 0.41–0.60 = moderate, 
0.61–0.80 = substantial, and 0.81–1.00 = almost perfect 
reliability. In addition, reliability was analysed relating 
it to methodological quality and risk of bias. Reliability 
from studies not fulfilling Criteria 5 or 6 could have been 
underestimated, while reliability from studies not fulfilling 
Criterion 7 could have been overestimated. Negative scores 
on combinations of Criteria 5–7 could have led to bias in 
an unknown direction. Where one or more of these three 
criteria were unknown, no statement was made regarding 
the presence or direction of potential bias. Finally, because 
of clinical and methodological heterogeneity between 
studies, we did not attempt to statistically summarise data 
by calculating pooled estimates of reliability.

Results

Flow of studies through the review

Searching MEDLINE yielded 326 citations of which 26 
papers were retrieved in full text. CINAHL (95 citations) and 
EMBASE (34) yielded no additional relevant articles. Hand 
searching supplied another 20 potentially relevant studies. 
Of these 46, 25 studies were excluded (see Appendix 2 on 
eAddenda for excluded studies). In total, 21 studies fulfilled 
all inclusion criteria (Figure 1).

Description of studies

The included studies are summarised in Table 1. Thirteen 
studies investigated inter-rater reliability of measurement of 
passive shoulder movements (Awan et al 2002, Chesworth 
et al 1998, De Winter et al 2004, Hayes et al 2001, Hayes 
and Petersen 2001, Heemskerk et al 1997, Lin and Yang 
2006, MacDermid et al 1999, Nomden et al 2009, Riddle 
et al 1987, Terwee et al 2005, Tyler et al 1999, Van Duijn 
and Jensen 2001), two investigated elbow movements (Patla 
and Paris 1993, Rothstein et al 1983), four investigated 
wrist movements (Bovens et al 1990, Horger 1990, LaStayo 

Box 2. Criteria for assessing methodological quality

1.	 Was a representative sample of participants used?
2.	 Was a representative sample of raters used?
3.	� Is replication of the measurement procedure 

possible?
4.	� Was clinical information from participants available to 

raters and comparable to clinical practice?
5.	� Were participants’ characteristics stable during the 

study?
6.	 Were raters’ characteristics stable during the study?
7.	 Were raters blinded to each other’s results?
8.	 Can non-random loss to follow-up be ruled out?
9.	� Was an estimate of intra-rater reliability validly 

determined and was it above 0.80?
10.	�Were appropriate measures (Kappa, ICC) used for 

calculating reliability?
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and Wheeler 1994, Staes et al 2009), one investigated 
phalangeal joint movements (Glasgow et al 2003), and one 
investigated thumb movements (De Kraker et al 2009). In 
all except two studies (Bovens et al 1990, De Kraker et 
al 2009), physiotherapists acted as raters. There were no 
disagreements between reviewers on selection of studies.

Quality of studies

The methodological quality of included studies is presented 
in Table 2. One study (MacDermid et al 1999) fulfilled all 
four criteria for external validity and four studies satisfied 
three criteria. Two studies (Glasgow et al 2003, Nomden 
et al 2009) fulfilled all three criteria for internal validity 
representing a low risk of bias, while six studies satisfied 
two criteria. Criteria on internal and external validity could 
not be scored on 52 (28%) occasions because of insufficient 
reporting. Twenty (10%) disagreements occurred between 
reviewers which were all resolved by discussion.

Inter-rater reliability by joint

The inter-rater reliability for measurement of physiological 
range of motion is presented in Table 3, accessory range of 
motion in Table 4 and physiological end-feel in Table 5.

Shoulder (n = 13): One study (MacDermid et al 1999) 
fulfilled all criteria for external validity and another  
(Nomden et al 2009) fulfilled all criteria for internal  
validity. ICC for measurement of physiological range of 
motion using vision ranged from 0.26 (95% CI –0.01 to 0.69) 
for internal rotation (Hayes et al 2001) to 0.96 for abduction 
(Nomden et al 2009). In seven studies (Chesworth et al 1998, 
De Winter et al 2004, Heemskerk et al 1997, Lin and Yang 
2006, MacDermid et al 1999, Nomden et al 2009, Tyler et al 
1999) acceptable reliability (ICC > 0.75) was reached. The 
highest reliability occurred in Nomden et al (2009) and was 
associated with a low risk of bias for patients with shoulder 
pathology using trained, experienced physiotherapists of 
which one was a specialist in manual therapy. In general, 
measuring passive physiological range of motion using 
instruments, such as goniometers or inclinometers, resulted 
in higher reliability than using vision. Of the four studies 
classified as having a moderate risk of bias (Awan et al 
2002, De Winter et al 2004, Terwee et al 2005, Van Duijn 
and Jensen 2001), one (De Winter et al 2004) reported 
acceptable reliability for measuring abduction (ICC 0.83) 
and external rotation (ICC 0.90) using an inclinometer. The 
externally valid study by MacDermid et al (1999) reported 
acceptable reliability (ICC 0.86, 95% CI 0.72 to 0.92 and 
ICC 0.85, 95% CI 0.73 to 0.91) for measuring external 
rotation in symptomatic individuals by two experienced 
physiotherapists with advanced manual therapy training. 
In the one study investigating accessory range of motion 
of the glenohumeral joint (inferior gliding), reliability was 
found to be unacceptable (ICC 0.52) (Van Duijn and Jensen 
2001). Overall, measurements of range of motion were more 
reliable than measurements of end-feel. Kappa for end-feel 
ranged from 0.26 (95% CI –0.16 to 0.68) in full shoulder 
abduction to 0.70 (95% CI 0.31 to 1.0) in abduction with 
scapula stabilisation (Hayes and Petersen 2001). No specific 
movement direction was consistently associated with high 
or low reliability.

Elbow (n = 2): Neither of the studies fulfilled all criteria 
for external or internal validity. Rothstein et al (1983) 
demonstrated acceptable reliability for measuring range of 
flexion (ICC from 0.85 to 0.97) and extension (0.92 to 0.95) 
using different types of goniometers in patients with elbow 
pathology. The reliability of measurements of physiological 
range of motion reported by Rothstein et al (1983) was 
substantially higher than the reliability of measurements of 
end-feel of flexion (Kappa 0.40) and extension (Kappa 0.73) 
reported by Patla and Paris (1993).

Wrist-hand-fingers (n = 6): One study (Glasgow et al 2003) 
satisfied all criteria for internal validity. Almost perfect 
reliability (ICC 0.99, 95% CI 0.98 to 1.0), associated with a 
low risk of bias, was reported for measurements of passive 
torque-controlled physiological range of finger and thumb 
flexion/extension using a goniometer in patients with a 
traumatic hand injury (Glasgow et al 2003). Three studies 
(Bovens et al 1990, Horger 1990, LaStayo and Wheeler 1994) 
investigated the reliability of measurements of physiological 
range of motion at the wrist of which the latter two reported 
acceptable ICC values for wrist extension (ICC 0.80 to 
0.84) and flexion (ICC 0.86 to 0.93) using goniometers. In 
contrast, Bovens et al (1990) reported poor reliability for 

Titles and abstracts screened (n = 455)
MEDLINE (n = 326)•	
CINAHL (n = 95)•	
EMBASE (n = 34)•	

Papers excluded after screening 
of titles/abstracts and removal of 
double citations (n = 429)

Papers excluded after evaluation of 
full text (n = 25)

Evaluating active range of •	
motion only (n = 8)
Full text missing (n = 5)•	
Evaluating joint stability (n = 4)•	
Evaluating intra-rater reliability •	
only (n = 2)
Including patients with •	
neurological deficit (n = 2)
Using instruments not feasible  •	
in practice (n = 2)
Review study (n = 2)•	

Potentially relevant papers retrieved for 
evaluation of full text (n = 46)

MEDLINE (n = 26)•	
Hand searching (n = 20)•	

Papers included in review (n = 21)
MEDLINE (n = 11)•	
Ha•	 nd searching (n = 10)

Figure 1. Flow of studies through the review
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Table 2. Methodological quality of included studies by joint.

Study External validity Internal validity Statistical methods
1     2     3     4 5     6     7     8     9 10

Shoulder

	 Awan et al (2002) N     U     Y     N Y     U     Y     Y     N U
	 Chesworth et al (1998) Y     N     Y     Y N     U     Y     Y     N Y
	 De Winter et al (2004) Y     U     Y     U Y     Y     U     N     N U
	 Hayes et al (2001) Y     U     Y     U N     U     Y     Y     N Y
	 Hayes & Petersen (2001) N     Y     Y     Y U     U     Y     Y     N U
	 Heemskerk et al (1997) N     U     N     N U     N     Y     Y     N U
	 Lin & Yang (2006) Y     U     Y     U U     U     Y     Y     N Y
	 MacDermid et al (1999) Y     Y     Y     Y U     U     Y     Y     N U
	 Nomden et al (2009) Y     Y     Y     U Y     Y     Y     Y     U Y
	 Riddle et al (1987) Y     Y     U     N U     U     Y     Y     N Y
	 Terwee et al (2005) Y     Y     Y     N Y     U     Y     Y     U Y
	 Tyler et al (1999) N     U     Y     N Y     U     U     Y     Y Y
	 Van Duijn & Jensen (2001) N     Y     Y     N Y     U     Y     Y     N N

Elbow

	 Patla & Paris (1993) N     U     Y     U Y     U     U     Y     U Y
	 Rothstein et al (1983) U     Y     U     N U     U     Y     Y     N U

Wrist-hand-fingers

	 Bovens et al (1990) N     U     Y     U Y     Y     U     Y     U U
	 De Kraker et al (2009) N     U     Y     U U     N     Y     Y     N U
	 Glasgow et al (2003) Y     U     Y     N Y     Y     Y     N     Y Y
	 Horger (1990) Y     Y     N     U U     U     Y     Y     N Y
	 LaStayo & Wheeler (1994) Y     Y     Y     N U     U     Y     Y     N Y
	 Staes et al (2009) N     U     Y     N U     Y     Y     N     N U

U = unknown because insufficient information provided

In general, reliability for measurements of passive 
movements of upper extremity joints were substantially 
higher than for measurements of passive segmental 
intervertebral and sacroiliac joints which rarely exceed 
Kappa 0.40 (Van Trijffel et al 2005, Van der Wurff et al 
2000). Seffinger et al (2004) attributed these differences 
in reliability to differences in size of joints. We think, 
however, that differences may be more linked to a joint’s 
potential physiological range of motion. For instance, 
measurement of large joints with limited range such as the 
sacroiliac joint is associated with poor reliability, whereas 
measurement of small joints with greater range, such as 
the atlantoaxial spinal segment and finger joints, has been 
shown to be reliable (Cleland et al 2006, Glasgow et al 
2003, Ogince et al 2007, Van der Wurff et al 2000). We 
also found that measuring large physiological ranges of 
motion, like that in the shoulder and in the wrist, frequently 
yielded satisfactory levels of reliability and note that these 
levels were predominantly as a result of using goniometers 
or inclinometers. In addition, findings from four studies 
(Chesworth et al 1998, Hayes and Petersen 2001, Patla 
and Paris 1993, Van Duijn and Jensen 2001) indicated that 
measuring end-feel or accessory movements of joints with 
large ranges of motion was associated with lower reliability. 
Staes et al (2009), on the other hand, reported better 
reliability for end-feel assessment of accessory intercarpal 
motion as compared to mobility classifications. With respect 
to spinal movement, Haneline et al (2008) similarly found 
somewhat higher reliability for measurement of end-feel. 
We hypothesise that measuring physiological movement 
for joints with large ranges of motion using goniometers 

measurements by physicians of physiological wrist extension 
using vision. Reliability for measuring physiological thumb 
abduction was reported to be higher using a pollexograph 
(ICC 0.59, 95% CI 0.42 to 0.89) than a goniometer (ICC 
0.37, 95% CI –0.42 to 0.79). Finally, measuring accessory 
movements of carpal bones against the capitate bone using 
a 3-point scale yielded fair to moderate reliability (weighted 
Kappa from 0.29 to 0.42) in healthy individuals and fair 
to almost perfect reliability (weighted Kappa from 0.33 to 
0.87) in post-operative patients (Staes et al 2009).

Discussion

This systematic review included 21 studies investigating 
inter-rater reliability of measurements of passive movements 
of upper extremity joints, of which 11 demonstrated 
acceptable reliability (ICC > 0.75). Reliability varied 
considerably with the method of measurement and ICC 
ranged from 0.26 (95% CI –0.01 to 0.69) for measuring the 
physiological range of shoulder internal rotation using vision 
to 0.99 (95% CI 0.98 to 1.0) for the physiological range of 
finger and thumb flexion/extension using a goniometer. In 
general, measurements of physiological range of motion 
using instruments were more reliable than measurements 
using vision. Furthermore, measurements of physiological 
range of motion were also more reliable than measurements 
of end-feel or of accessory range of motion. Overall, 
methodological quality of included studies was poor, 
although two high-quality studies reported almost perfect 
reliability (Glasgow et al 2003, Nomden et al 2009).

van de Pol et al: Reliability of measurement of passive joint movements
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Table 3. Inter-rater reliability (95% CI) for measurement of passive physiological range of motion by method of measurement, 
joint and movement direction.

Method of measurement Study Inter-rater reliability

Inclinometer
	 Shoulder
		  External rotation Awan et al (2002) ICC 0.41, 0.51

De Winter et al (2004) ICC 0.90
Heemskerk et al (1997) ICC 0.81 to 0.87

		  Internal rotation Awan et al (2002) ICC 0.50 to 0.66
		  Abduction De Winter et al (2004) ICC 0.83

Heemskerk et al (1997) ICC 0.27 to 0.84
		  Horizontal flexion Lin & Yang (2006) ICC 0.82 (0.54 to 0.94)
		  Horizontal extension Lin & Yang (2006) ICC 0.89 (0.69 to 0.96)

Goniometer
	 Shoulder
		  External rotation MacDermid et al (1999) ICC 0.85 (0.73 to 0.91), 0.86 (0.72 to 0.92)

Riddle et al (1987) ICC 0.88, 0.90
		  Internal rotation Riddle et al (1987) ICC 0.43, 0.55
		  Abduction Riddle et al (1987) ICC 0.84, 0.87
		  Horizontal abduction Riddle et al (1987) ICC 0.28, 0.30
		  Horizontal adduction Riddle et al (1987) ICC 0.35, 0.41
		  Flexion Riddle et al (1987) ICC 0.87, 0.89
		  Extension Riddle et al (1987) ICC 0.26, 0.27

	 Elbow
		  Flexion Rothstein et al (1983) ICC 0.85 to 0.97
		  Extension Rothstein et al (1983) ICC 0.92 to 0.95

	 Wrist-hand-fingers
		  Wrist Flexion Horger (1990) ICC 0.86 (0.78 lower limit)

LaStayo & Wheeler (1994) ICC 0.88 to 0.93
		  Wrist Extension Horger (1990) ICC 0.84 (0.75 lower limit)

LaStayo & Wheeler (1994) ICC 0.80 to 0.84
		  Wrist Abduction Horger (1990) ICC 0.66 (0.51 lower limit)
		  Wrist Adduction Horger (1990) ICC 0.83 (0.74 lower limit)
		  Thumb abduction De Kraker et al (2009) ICC 0.37 (–0.42 to 0.79)
		  Finger/thumb flexion and extension Glasgow et al (2003) ICC 0.99 (0.98 to 1.0)

Vision
	 Shoulder
		  External rotation Chesworth et al (1998) ICC 0.83 (0.70 to 0.90), 0.90 (0.83 to 0.95)

Hayes et al (2001) ICC 0.57 (0.26 to 0.87)
Nomden et al (2009) ICC 0.70
Terwee et al (2005) ICC 0.73 (0.22 to 0.88)

		  Internal rotation Awan et al (2002) ICC 0.51, 0.65 
Hayes et al (2001) ICC 0.26 (-0.01 to 0.69)

		  Abduction Hayes et al (2001) ICC 0.66 (0.37 to 0.90)
Nomden et al (2009) ICC 0.96
Terwee et al (2005) ICC 0.67 (0.35 to 0.81)

		  Horizontal adduction Terwee et al (2005) ICC 0.36 (0.22 to 0.48)
		  Flexion Hayes et al (2001) ICC 0.70 (0.42 to 0.92)
		  Elevation Terwee et al (2005) ICC 0.87 (0.83 to 0.90)

	 Wrist-hand-fingers
		  Wrist flexion Bovens et al (1990) r 0.59
		  Wrist extension Bovens et al (1990) r 0.09

Tape measure
	 Shoulder
		  External rotation Tyler et al (1999) ICC 0.80

Pollexograph
	 Wrist-hand-fingers
		  Thumb abduction De Kraker et al (2009) ICC 0.59 (0.42 to 0.89)
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or inclinometers, and measuring end-feel for joints with 
limited range of motion will lead to more reliable decisions 
about joint restrictions in clinical practice. Since few studies 
have investigated reliability of measurement of end-feel 
or accessory movements in upper extremity joints, future 
research should focus on the inter-rater reliability of these 
measures compared with measurements of physiological 
movements within the same sample of participants and 
raters.

In this review, we found studies investigating inter-rater 
reliability of upper extremity joint motion examination 
to have been poorly conducted. Only one study satisfied 
all external validity criteria and only two met all internal 
validity criteria. None of the included studies was both 
externally and internally valid. This finding is no different 
from that of reviews of reliability of measurements of spinal 
movement (Seffinger et al 2004, Van Trijffel et al 2005). 
The majority of the studies in our review met the criterion 
concerning blinding procedures. However, criteria about the 
stability of participants’ and raters’ characteristics during 
the study were often either unmet or unknown. Instability 
of the participants’ characteristics under investigation, in 
this case joint range of motion or end-feel, may be caused 
by changes in the biomechanical properties of connective 
tissues as a result of natural variation over time or the 
effect of the measurement procedure itself (Rothstein 
and Echternach 1993). Similarly, instability of the raters, 
in this case their consistency in making judgments, may 
be caused by mental fatigue. Instability of raters’ or 
participants’ characteristics can lead to underestimations of 
reliability, whereas a lack of appropriate blinding of raters 
can lead to overestimation. In the presence of all of these 

methodological flaws, direction of risk of bias is difficult to 
predict. Factors about internal validity are closely linked to 
issues of generalisation of results. For instance, performing 
several measurements on a large number of participants 
in a limited time period is not only susceptible to bias 
but also does not reflect clinical practice. Reliability of 
measurements varies across populations of participants and 
raters (Streiner & Norman 2008). In order to better reflect 
clinical practice, it is preferable to measure participants who 
would normally have their passive movements measured 
as part of the physiotherapy assessment, ie, consecutive 
patients with musculoskeletal conditions rather than healthy 
volunteers, as well as allowing raters access to information 
from the history and physical examination (Whiting et al 
2003). However, we had decided a priori to include studies 
of asymptomatic individuals because of the information on 
reliability they may provide. Seven of our included studies 
used healthy volunteers as participants.

We note that the majority of included studies calculated ICC 
for expressing reliability of measurement of range of motion 
between raters. ICC are the most appropriate parameter of 
reliability for continuous data reflecting the ability of raters 
to discriminate between individuals (De Vet et al 2006). 
For effect of intervention, however, insight into absolute 
measurement error is required and other parameters, such 
as the limits of agreement, are preferable for expressing 
agreement within raters on measurements across multiple 
occasions over time (Bland and Altman 1986, De Vet et 
al 2006). To date, such data with respect to measurement 
of passive movements of upper extremity joints are rarely 
available. Since reliable measures of passive movement do 
not necessarily also have low absolute measurement errors, 
they cannot necessarily be used to evaluate the effect of 
intervention.

Finally, with regard to physiological range of motion 
in the shoulder, we found large variation in reliability of 
measurement of external rotation and abduction range. 
Cyriax (1982) first described patterns of joint restrictions to 
distinguish between capsular and other causes, eg, external 
rotation being most limited followed by abduction followed 
by internal rotation indicates a capsular cause. This pattern, 
however, was not corroborated in patients with idiopathic 
loss of shoulder range of motion (Rundquist and Ludewig 
2004). In addition, almost complete loss of external 
rotation is the pathognomic sign of frozen shoulder (Dias 
et al 2005). Valid diagnosis of shoulder disorders based on 
pattern of passive external rotation and abduction loss of 
range requires further research.

Table 4. Inter-rater reliability (95% CI) for measurement of 
passive accessory range of motion by joint and movement 
direction.

Accessory motion Study Inter-rater 
reliability

Shoulder

	 Inferior glide Van Duijn & 
Jensen (2001)

ICC 0.52

Wrist-hand-fingers

	 Wrist capitate Staes et al 
(2009)

Kw 0.29 to 0.42, 
0.33 to 0.87

Table 5. Inter-rater reliability (95% CI) for measurement of physiological end-feel by joint and movement direction.

End-feel Study Inter-rater reliability

Shoulder

	 External rotation Chesworth et al (1998) ICC 0.34 (0.05 to 0.57) to 0.91 (0.84 to 0.95)
Hayes & Petersen (2001) K 0.47 (0.08 to 0.87)

	 Internal rotation Hayes & Petersen (2001) K 0.41 (0.03 to 0.80)
	 Abduction Hayes & Petersen (2001) K 0.70 (0.31 to 1.0)
	 Horizontal adduction Hayes & Petersen (2001) K 0.40 (0.01 to 0.79)
	 Full abduction Hayes & Petersen (2001) K 0.26 (–0.16 to 0.68)

Elbow

	 Flexion Patla & Paris (1993) K 0.40
	 Extension Patla & Paris (1993) K 0.73
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Limitations of this review

This review has limitations with respect to its search 
strategy, quality assessment, and analysis. Only 11 included 
studies originated from our electronic search. A reason for 
this low electronic yield may be the inconsistent terminology 
used in reliability research. In our experience, reliability 
studies were poorly indexed in databases. In addition, our 
search strategy may have been too specific. Although much 
effort was put into reference tracing and hand searching, it 
is possible that eligible studies were missed. Furthermore, 
unpublished studies were not included. Publication bias can 
form a real threat to internal validity of systematic reviews 
of reliability studies because they are more likely to report 
low reliability.

Additionally, quality assessment was performed by using 
criteria derived mainly from the quality assessment of 
diagnostic accuracy studies. No evidence is available on 
whether these items can be applied to reliability studies. 
Empirical evidence of bias, especially concerning blinding 
of raters and stability of characteristics of participants and 
raters, is lacking. Another method for scoring methodological 
quality may have resulted in different conclusions.

Finally, our analysis was based on point estimates of 
reliability. Including interpretation of the precision of these 
estimates would have provided a more detailed perspective. 
However, only a limited number of included studies presented 
95% CI. In the majority of these cases, CI were quite wide 
suggesting low sample sizes. None of our included studies 
reported an a priori sample size calculation.

Recommendations

We conclude that inter-rater reliability of measurements of 
passive movements in upper extremity joints varies with the 
method of measurement. In order to make reliable decisions 
about joint restrictions in clinical practice, we recommend 
that clinicians measure passive physiological range of 
motion using goniometers or inclinometers. Future research 
should focus on comparing inter-rater reliability of end-feel 
and accessory movements with passive physiological range 
of motion assessment, using symptomatic individuals. In 
addition, more research is needed on the elbow and wrist 
joints. Careful consideration should be given to ensuring 
stability of participants’ and raters’ characteristics during 
the study and a priori sample sizes should be calculated. 
Following the STARD statement will also improve the 
quality of reporting of reliability studies (Bossuyt et 
al 2003a, Bossuyt et al 2003b). Finally, new intra-rater 
reliability studies determining the absolute measurement 
error (agreement) when measuring passive range of motion 
in upper extremity joints will provide insight into the 
amount of change in range needed to indicate an effect of 
intervention beyond this error. n

eAddenda: Appendix 1, Appendix 2 available at JoP.
physiotherapy.asn.au
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