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Abstract

Background: The universal goniometer is a simple measuring tool. With this review we aimed to investigate the
reliability and validity of the universal goniometer in measurements of the adults’ elbow.

Methods: Preferred Reporting Items for Systematic reviews and Meta-Analysis guidelines were followed and our study
protocol was published online at PROSPERO. A literature search was conducted on relevant studies. Methodological
quality was assessed using the Quality Appraisal of Diagnostic Reliability (QAREL) scoring system.

Results: Out of 697 studies yielded from our literature search, 12 were included. Six studies were rated as high quality.
The intrarater reliability intraclass correlation coefficient ranged from 0.45 to 0.99, the interrater reliability ranged from
intraclass correlation coefficient 0.53-0.97. One study providing instructions on goniometric alignment did not find a
difference in expert versus non-expert examiners. Another study in which examiners were not instructed found a higher
interrater reliability in expert examiners. One study investigating the validity of the goniometer in elbow measurements
found a maximum standard error of the mean of |1.5° for total range of motion.

Discussion: Overall, the studies showed high intra- and interrater reliability of the universal goniometer. The reliability
of the universal goniometer in non-expert examiners can be increased by clear instructions on goniometric alignment.
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example an unrestricted elbow extension can rule out

Background . .
g a fracture without an X-ray.'”!" The degree of limita-

A patient’s ability to perform daily activities such as
eating, combing hair, writing and using a PC is highly
dependent on the range of motion (ROM) of the elbow.
A restricted elbow ROM can result in a serious disabil-
ity. According to literature on the elbow ROM, in a
healthy person values for flexion lie between 130° and
154° and extension between —6° and 11°. Pronation
varied from 75° to 85° and supination from 80° to
104°."7 A decrease in ROM can be an indicator of
chronic and progressive pathology, such as heterotopic
ossifications, osteoarthritis, loose bodies, chondromala-
cia, valgus extension overload syndrome and osteo-
chondritis dissecans.®® But also in traumatic injuries
assessment of elbow ROM can be important, for

tion in elbow ROM can also be used as an indicator of
the impact of the disease in daily activities. Daily activ-
ities can be performed with an elbow extension
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restriction of 30° and minimal flexion of 130°, in com-
bination with 50° of pronation and supination;'? how-
ever, some activities as handling a cell phone require
more mobility.'*!'* Probably the most important reason
to measure the elbow ROM is to closely monitor dis-
ease progression or treatment effectiveness.

The universal goniometer (UG) is a simple measur-
ing tool, which is frequently used by many different
health care professionals such as physiotherapists, gen-
eral practitioners and orthopaedic surgeons. Other less
studied modalities to measure the elbow ROM include
the use of photography, movies, a smartphone applica-
tion and visual estimation.'>2° To appreciate the ‘true
value’ of measurements, using the UG, it is important
to know its validity and intra- and interrater reliability.

General assumption is that the reliability of the UG
is higher when used by an experienced tester and inter-
rater variations are smallest when a standardized mea-
suring method is used.?’** Many physicians and
physiotherapists use the UG without using an identical
measuring protocol if any available.

This systematic literature review investigated the
reliability and validity of the UG in the measurement
of elbow ROM in adults.

Methods

This systematic review was conducted according to the
Preferred Reporting Items for Systematic reviews
and Meta-Analysis (PRISMA) statement.”® The study
protocol was published online at the PROSPERO
International prospective register of systematic reviews
(http://www.crd.york.ac.uk/PROSPERO) under regis-
tration number CRD42016043760.

Search strategy

A comprehensive electronic literature search was con-
ducted in collaboration with an experienced clinical
librarian on relevant articles published from the earliest
year until October 2017 in the following databases:
EMBASE, MEDLINE ovid, Web of science, Scopus,
Cochrane, PubMed publisher, Cinahl EBSCO and
Google scholar. The search terms (and synonyms) were
‘elbow’, ‘goniomet’, ‘range of motion’, ‘accuracy’, ‘reli-
ability’, ‘validity’ and ‘inter/intra observer’. The refer-
ence lists of included articles were manually checked
for potentially relevant articles.

Only studies investigating the reliability and/or val-
idity of the UG in elbow measurements in human
adults were included. ROM included flexion, extension,
pronation, supination and/or carrying angle. Exclusion
criteria were a language other than English or Dutch,
subjects under the age of 18, animals, full text not avail-
able, a different measuring tool than the UG.

Study selection

Two authors (SFR and WCHJ) independently screened
all titles and abstracts yielded by the search to identify
relevant studies meeting the inclusion and exclusion
criteria. The authors were not blinded for author and
affiliation names of these studies. Then both authors
assessed the full text of the selected articles.
Afterwards, the reviewers compared their results, in
case of differences they discussed until agreement was
reached.

Quality assessment

The quality of the included articles was assessed by two
authors (SFR and KLMK) using the QAREL scoring
system.>* This tool scores the articles in their sampling
bias: (1) the representativeness of subjects and raters,
(2) rater blinding, (3) order of examination, (4) suitabil-
ity of the time interval, (5) applied and interpreted
appropriately and (6) statistical analysis. The maximum
score is 11. A study was considered having a high qual-
ity when it scored >60% and low quality when scored
<60%. This cut-off point has been used in several pre-
vious studies.?”

Data extraction

The following data were extracted from all of the
included articles by three authors independently
(SFR, ELZ and KLMK): (1) population (healthy sub-
jects or symptomatic patients); (2) number of subjects
included; (3) movement measured (flexion, extension,
pronation, supination or carrying angle); (4) active or
passive ROM; (5) if bony landmarks were used or
defined prior to the measuring; (6) validity; (7) intra-
and interobserver reliability and (8) information about
the examiner (profession and/or level of experience in
goniometry).

Data analysis

Data analysis was performed by two independent
authors (SFR and ELZ) using Microsoft Excel 2010
(Microsoft Corp. Washington, USA). Intraclass correl-
ation coefficient (ICC) less than 0.40 was considered
poor, between 0.40 and 0.59 fair, between 0.60 and
0.74 good and >0.75 excellent.?®

Results
Study selection

A total of 1386 articles were found. After removal of
duplicates 697 articles remained. The titles of the 697
articles were screened and 60 articles were selected as
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potentially relevant. After reviewing abstracts and/or
full text, 48 articles were excluded for various reasons,
such as review articles, subjects were children, full text
not available, a language other than English or Dutch
or the use of a measuring device other than the UG.
Twelve articles were finally included for data extrac-
tion. 67212936 Eioyre 1 shows the PRISMA flow
chart.

Quality assessment

The QAREL checklist
(score > 60%) in six out of 12 studies;
other studies were of low quality. Most of the studies
rated as low quality did not blind (or did not mention
to blind) the raters to the findings of other raters®®3% 34
or their own prior findings.*%*'-%3* An overview of all
the QAREL scores is presented in Table 1.

showed a high quality
721293136 o)

Included studies

Three studies
patients,>!=31-3¢

tested the UG on symptomatic
seven studies used healthy volun-
teers,”*72% 3 two studies included both healthy sub-
jects and symptomatic patients.”*® Together a
number of 376 participants were included. A study by
Low>* only included one subject; however, this study
used 50 raters. Rothstein et al.*® used 12 raters with 12
subjects, all other studies used five or less raters with 23
up to 50 subjects. The number of measurements in all
studies was two or three, the interval varied from

consequently to four weeks apart. The age varied
from 18 to 85 years. Nine studies tested elbow flexion,
eight studies extension, five studies pronation and
supination. Chapleau et al.® also added the carrying
angle. Nine studies performed the measurements
during active ROM, two during passive ROM?'-*¢
and one study measured both active and passive.” In
one study the arms of the subjects were in a fixed pos-
ition.** In four studies the bony landmarks used for the
measurements were defined.®”**3> Two studies investi-
gated the difference between expert and non-expert
examiners. Armstrong et al.>' found no differences
between expert and non-expert examiners; Blonna
et al.?’ found a slightly lower reliability in non-expert
examiners. Cimatti et al.*® compared injured to non-
injured subjects, showing similar interrater reliability
for pronation and supination. Characteristics of
included studies are presented in Table 2.

Statistical analysis of results

Our intention was to perform heterogeneity analysis
and, if applicable, meta-analysis on the included studies.
Most studies use the ICC to express the interrater and
intrarater reliability. There are several different methods
to compute the ICC, for example measuring ICC on
single or average values.>”*® We attempted to determine
the method of ICC calculation in every study; however,
this was not clear in all studies. Also, some studies pre-
sented an ICC range instead of a fixed number. Pooling
results is inappropriate in this case.* Besides statistical

Studies found after literature search in
electronic databases
n =1359

\ 4

Studies after correction of duplicates
n =697

Studies excluded (n=637)

A

A 4

Studies after screening of titles
n =60

Studies excluded (n=48)

Not concerning the elbow (n=2)
Other type of goniometer (n=16)
Review (n=4)

Other language (n=2)

A

Studies included after screening of
abstracts or complete article
n=12

A4

Descriptive studies without data (n=3)
Full text not available (n=11)
Concerning children (n=5)

Other (n=5)

Figure |. PRISMA flow chart of study selection.
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heterogeneity, clinically the studies were also very het-
erogeneous. Therefore, we decided to review the ICCs
narratively. The intrarater and interrater reliability of
included studies is summarized in Table 3.

Validity

One study investigated the validity of goniometric elbow
measurements.’ They compared the goniometric meas-
urements of the elbow by one examiner with radio-
graphic measurements of 51 healthy volunteers by two
examiners. They found maximal errors of the goniomet-
ric measurements of 10.3° for extension, 7.0° for flexion,
11.5° for total ROM and 6.5° for the carrying angle.

Intrarater reliability

Six studies investigated the intrarater reliability for flex-
ion,*¢721-3336 showing fair to excellent reliability.
Results for expert and non-expert raters’' and passive
and active measurements’ were similar. Zwerus et al.’
calculated a standard error of measurement (SEM) of 3°.

Five studies investigated the intrarater reliability for
extension,>*"!% showing fair to excellent reliability.
One study calculated a SEM of 2°.”

Four studies reported the intrarater ICCs for prona-
tion and supination, all showing excellent reliabil-
ity.?13133 Two studies used the SEM, showing 3° and
7°, respectively, for pronation and 3° and 4° for supin-
ation.”*! One study investigated the ICC in measure-
ments of the carrying angle, showing excellent reliability.®

Interrater reliability

Six studies investigated the interrater reliability for flex-
ion, showing fair to excellent reliability. Results for
expert and non-expert raters’” and passive and active
measurements’ were similar. Two studies reported a
SEM of 2° and 5°, respectively.”**

Five studies tested the interrater reliability in exten-
sion, showing fair to excellent reliability.”"23%-36
Results for expert and non-expert raters®” and passive
and active measurements’ were similar. Zwerus et al.’
reported a SEM of 2°.

Five studies investigated the interrater reliability of
pronation and supination,”?!** 32 all showing excellent
reliability. Results for injured and non-injured sub-
jects*® and passive and active measurements’ were simi-
lar. Zwerus et al.” reported a SEM of 3° for both
pronation and supination.

Discussion

The reliability and validity of the UG in measurements
of the elbow was systematically examined. Based on

12 included studies, the overall reliability of the UG
ranged among studies, from poor to excellent. There
was no clear difference between intra- and interrater
reliability. The most striking outlier included deviating
measurements of one expert rater for inter- and intrara-
ter reliability for flexion and extension in the study
by Armstrong et al?' without providing a clear
explanation.

The reliability for flexion, extension, pronation and
supination was similar. The hypothesis that the reliabil-
ity of the UG is higher in the hands of an expert exam-
iner seems partially true.® Amstrong et al.>' did not find
a difference in intrarater reliability in expert versus non-
expert examiners, but they did give all examiners spe-
cific directions about arm positions and goniometric
alignment. In the study from Blonna et al.,*’ the exam-
iners were free to use any bony landmarks they pre-
ferred. They found a lower interrater reliability in
non-expert examiners compared to expert examiners.
This suggests that the reliability of the UG in non-
expert examiners can be easily increased by clear
instructions on goniometric alignment.

Previous literature stated that the reliability of the
goniometer is higher when the same bony landmarks
are used.”” In this systematic review the studies using
bony landmarks may not show a higher reliability. It is
important to mention though that three out of four stu-
dies using the bony landmarks were of moderate quality.

Only one of the included studies in our systematic
literature review investigated the validity of the goni-
ometer.® They used radiography as reference test for
goniometric measurements and found a potential max-
imum error of 11.5%. When precise values of ROM of
the elbow are needed, they advised radiographic
measurements.

Several previous studies investigated the reliability of
the UG in measurements of joints other than the elbow.
For example, in a study by Brosseau et al.*’ an excellent
intrarater reliability of the UG for knee flexion was
found. They also stated that a difference of more than
5.5° in knee flexion is necessary to determine progres-
sion/change in the ROM. Kim and Kim*' investigated
the reliability of the UG in hip and shoulder measure-
ment and found high test-retest reliability even in
unskilled examiners.

In this digital era it is important to realize that a lot
of research has been performed comparing the UG with
other devises and methods such as an internet goniom-
eter, a digital goniometer and VDO clip-based goniom-
etry.'> 2944 To maximize homogeneity this review
focused on the UG. A future systematic review can be
performed including and comparing these devises. It
might be interesting to compare these devises and mea-
suring methods with radiographic measurements to
objectify their validity.
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In all systematic reviews, there is a risk of overlook-
ing papers. To minimize this risk an extensive search
with sensitive search criteria and synonyms was per-
formed, in collaboration with an experienced librarian.
Also the included papers were scanned for other suit-
able studies.

Another limitation is the diversity and heterogeneity
of the included articles. To avoid this clinical heterogen-
eity strict inclusion criteria were applied. Nonetheless,
there was a high diversity in study methods, such as
blinding or not blinding the examiners from their own
or other measurements. There was a high difference in
interval of measurements, which can influence the out-
comes. Furthermore, four articles did not clarify whether
the examiners were expert or non-expert examiners,
which makes it more difficult to interpret the outcomes.
Finally only five studies were of high quality; the other
seven studies were of moderate of low quality.

The strength of this article is that it gives a clear
overview of the research performed and their outcomes.

Conclusions drawn from this literature review are
also limited because of the use of ICCs to assess reli-
ability. It would be favourable to use a different
approach to assess the agreement between two quanti-
tative methods of measurement, because it possibly
draws a misleading conclusion and is hard to transfer
to an individual patient.

The ICC is in the general literature defined as a ratio
of variance of interest over total variance (composed of
variance of interest and error variance). In reliability
studies for ROM measurement, the variance among
patients is often considered as the variance of interest.**
Because the ICC uses variance between subjects’” ROM
measurements to calculate reliability, a large variation
between subjects will lead to a higher ICC, even though
the measurement error is similar.*> This could possibly
draw a misleading conclusion of good reliability. For
example, this could have been the case with the higher
ICCs for measurements in injured subjects compared
to non-injured subjects and/or the higher ICCs in non-
experts compared to expert examiners.?'*° Furthermore,
ICCs are not presented as metric units and can therefore
not be directly applied on an individual.

There are several ways to avoid the aforementioned
problems induced by the use of ICC. Some authors
already made efforts to use other ways to assess the
reliability such as the SD, SEM and SDD.’3!:3*
Contribution of variance caused by subjects
(Vargupjeer), o0ccasion  (Vargecasion) OF measurement
error (Vare,or) can be determined using variance
components analysis, in order to calculate the
SEM and the smallest detectable difference (SDD).
SEM can be calculated wusing the following
formula: SEM=\/(Varoccasion+Varerror) and SDD
using the following formula: SDD=V2%1.96%*

\/(Varoccasion—f—Varcrmr). These measurements focus
on the variance of different sources of error instead of
the ratio of variances (ICC) and are presented in the
metric unit of the measurements (degrees, in our case),
which makes it easier to interpret for the use in clinical
practice.*%

Bland and Altman (B&A) proposed an alternative
analysis, based on the mean difference and limits of
agreement.’’ B&A plot analysis evaluates a bias
between mean differences and estimates an agreement
interval in which 95% of the differences between two
measurements fall. Based on this plot (presented in a
certain unit or percentage), the clinician can decide
whether the limits are acceptable or not. Therefore,
we suggest the use of SEM/SDD supplemented with
B&A analysis for future research on the reliability of
goniometric measurements.

Conclusion

Twelve studies reported on the reliability of the UG in
measurements of the elbow were included. Overall, the
studies showed at least a fair intra- and interrater reli-
ability of the UG. The reliability of the UG in non-
expert examiners can be increased by clear instructions
on goniometric alignment. For future research, it would
be favourable to use another statistical approach to
substitute or supplement to ICCs.
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