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ABSTRACT

Introduction: Goniometric finger range of motion (ROM) is the most common outcome measure used for functional evaluation
of finger joints, but its reliability is not well-evaluated. This study aimed to investigate intra- and inter-rater reliability of gonio-
metric finger ROM using a written protocol for active, passive, and composite movements in healthy adults.

Methods: The design was a single-center, cross-sectional, reliability study. Participants were 20 healthy adults (mean * standard
deviation, 36.4 + 10.9 years). ROM for active, passive, and composite movements of the fingers was assessed by three occu-
pational therapists with at least 5 years clinical experience in the field of physical disabilities. To standardize the measurement
method used, we developed a written protocol, stabilized the wrist position, and trained the evaluators. Intraclass correlation
coefficient (ICC) values were used for the reliability analysis. ICC (1,1) was used for intra-rater reliability. ICC (2,1) was used for
inter-rater reliability. Hand-shaped heatmaps were used to summarize the reliability data.

Results: Most of the results (88.7%) showed moderate to good intra-rater reliability (ICC > 0.50), while inter-rater reliability
showed less (69.0%). Both intra- and inter-rater reliability showed no trends between dominant and non-dominant hands, type
of movement, finger, or joint.

Conclusions: Intra-rater reliability was relatively high and using a written protocol was beneficial. Inter-rater reliability tended to
be lower, and differences in the physical structure of both raters and participants may have affected inter-rater reliability values.
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What is already known about this topic: What does the study add:

* Goniometric finger range of motion (ROM) is the most common e Relative intra-rater reliability was relatively high and using a
outcome measure used for functional evaluation of finger joints. written protocol was beneficial.

e However, the intra- and inter-rater reliability of finger ROM is e Differences in the physical structure of raters and participants
not well-evaluated. may have affected inter-rater reliability values.

e The results of ROM cannot be interpreted in terms of absolute
reliability at 2-degree and 5-degree increments.

Introduction Range of motion (ROM) is one measure used for functional
evaluation of the finger joints (1). When restrictions occur due
to disease or disability, ROM is useful for understanding the
patient’s joint condition, observing changes over time, and
evaluating the outcome of an intervention (2). ROM assess-
ment is also frequently used during post-stroke upper limb

The fingers are indispensable for performance of tasks.
These sophisticated body parts have motor (e.g., grasping and
releasing) and sensory (e.g., touching and adjusting) functions.

Received: February 2, 2024 rehabilitation (3). There is a consensus that ROM should be
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Published online: October 8, 2024 review found that ROM is not only a traditional tool. It remains

a first choice for measurement of outcomes associated with
the body function categories of the International Classification
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There are only a few standardized protocols available for
finger ROM measurement (e.g., “Methods for Indication and
Measurement of Joint Range of Motion” by the Japanese
Orthopaedic Association and the Japanese Society of
Rehabilitation Medicine (5), Measurement of Joint Motion: A
Guide to Goniometry, fifth edition by Norkin and White (6)).
However, other than definition of the basic and moving axes,
some procedures of measurement are not consistent among
references. Therefore, repetition of measurements and
limb positions can vary across examiners. In clinical settings,
examiner bias can be high because therapists commonly use
the goniometer manually. Although several previous studies
have been reported on the reliability of finger ROM measure-
ment using goniometers, most of them were limited to the
certain fingers/joints (5-9) and movement type (10).

Sato et al (11) examined intra- and inter-rater reliability of
finger ROM at 2- versus 5-degree intervals. They found that
the error was smaller for the 2-degree interval measurement
than for the 5-degree interval measurement. This result sug-
gested that smaller angle changes can be captured using a
goniometer with smaller measurement intervals. Therefore,
it is necessary to verify intra- and inter-rater reliability for all
fingers, joints, and types of movement (active, passive, and
composite). Thus, the purpose of this study was to investi-
gate the intra- and inter-rater reliability of goniometric finger
ROM using a written protocol for active, passive, and com-
posite movements in healthy adults.

Methods
Research design

We used an observational, descriptive study design
to examine the intra- and inter-rater reliability of a new
protocol for goniometric measurement of finger motions.
The risk of bias of the present study was assessed using
the COSMIN checklist (Reliability: relative measures) in the
supplementary tables. The Kitasato University School
of Medicine and Hospital Ethics Committee (2020-027)
approved this study.

Participants

The participants were recruited from among the staff mem-
bers of the hospital where the first author was employed. The
exclusion criteria were as follows: (1) history of musculoskele-
tal condition, such as arthritis, orthopedic conditions involving
the upper limbs, (2) neurological, (3) psychiatric conditions, and
(4) an unstable general condition due to other complications.

Evaluator

Finger ROM was assessed by three occupational thera-
pists (TN, CM, HT) with >5 years of clinical experience in the
field of physical disabilities (Rater A/B/C, mean years of expe-
rience: 8.3 years).

Procedure

We developed a measurement protocol manual that was
based on “Joint Range of Motion Indication and Measurement

Intra- and inter-rater reliability of goniometric finger ROM

Methods” by the Japanese Orthopaedic Association and
Japanese Society of Rehabilitation Medicine (5) and Meas-
urement Evaluation for PT/OT: ROM Measurement, Second
Edition (2). To ensure uniformity of the measurement method
used, raters received a 15-minute course on the contents of
the written protocol and trained for 15 minutes individually
using the measurement manual.

Each participant was seated in a chair facing the table with
the assessed side of the arm placed on the table. The forearm
position was O-degree rotation with a 20-degree wrist dorsi-
flexion. A sheet of paper with a diagram of the basic fixed axis
was placed under the arm as a guide (Fig. 1A). The goniome-
ter was placed from the dorsal side of the hand with the long
handle (with fixed axis) on the basic axis and the short handle
(with meter printed) on the moving axis (Fig. 1B). The thumb
was measured first, followed by the index, middle, ring, and
little fingers. Measurement of each finger followed the order
of metacarpophalangeal (MP), proximal interphalangeal
(PIP), and distal interphalangeal (DIP) joints.

First, active (voluntary) movement was measured with
the accompanying verbal instruction, “Please bend XX joint
of your XX finger utmost, without moving your wrist.” If other
fingers were flexed at the same time, the raters instructed
the participant to “try to move only your XX (targeted) fin-
ger.” Second, passive ROM was measured in the same order,
with the instructions, “Please relax and let me bend your XX
finger’s XX joint to the maximum.” While measuring the MP
joint, extreme flexion of the interphalangeal (IP) joint was
avoided, and it kept its natural orientation. The MP and DIP
joints were straightened (0-degree flexion/extension) during
PIP joint measurement. When the DIP joint was measured,
the MP joint was straightened (0-degree flexion/extension)
with the PIP joint flexed at 70-90 degrees.

Last, active composite movements of all finger flexion
positions were performed following the same orders. The
instructions were, “Please bend all fingers utmost without
moving your wrist.” The thumb was placed closely over the
basal phalange of the index finger to avoid interfering with
ROM of the other fingers. If the goniometer could not fully
contact the joint, we allowed measurement on a line parallel
to the basic axis and axis of movement.

All three raters measured all participants twice with at
least 24-hour interval to test intra-rater reliability. For inter-
rater reliability, the dates of assessment were distributed so
a participant was not assessed by more than one rater on the
same day. Before each assessment, it was confirmed with the
participants that there had been no injury or change in hand
function since the last assessment. Assessment was con-
ducted individually in a separate room to ensure the other
raters were blinded, and discussion or comparison between
rates was strictly prohibited.

Data analysis

Intraclass correlation coefficients (ICCs) were used for the
relative reliability analysis (ICC (1,1) for intraclass reliability, ICC
(2,1) for inter-rater reliability) (12). R (version 4.0.2) was used
for the statistical analysis. We used heatmaps to summarize
the reliability data because the study included a large num-
ber of values, based on 366 ICC calculations. Heatmaps were
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(A) (B)

FIGURE 1 - Goniometric measurement of finger range of motion. A) Alignment of wrist during finger measurement. The axis of movement
and basic axis of wrist dorsiflexion are shown on a sheet placed on a desk, so that the 20-degree dorsiflexion fixation is not displaced during
measurement. The paper with both the fixed and moving axes was placed under the arm to stabilize the 20-degree dorsiflexion of the me-
asured arm. B) Placement of goniometer on finger. The goniometer was placed from the dorsal side of the hand with the long handle (with
fixed axis) on the basic axis and the short handle (with meter printed) on the moving axis. Note: Numerical values are measured to the first

digit in 2-degree increments.

also of great value for presentations based on the shape of the
hand. However, because heatmaps alone did not include all
necessary information, we provide ICC precision data for more
in-depth interpretation (Supplementary Table). In addition,
minimal detectable change (MDC) was calculated for abso-
lute reliability. The standard error of measurement (SEM) was
used to calculate an MDC value with the following formula:
MDC,, = 1.96*,/ (2)*(SEM). A SEM value was calculated as
\/_szr (square root of the error variance) (13).

Results
Participant demographic characteristics

Twenty healthy adults were included in this study; no par-
ticipants met the exclusion criteria and no data were miss-
ing. The mean * standard deviation age of the participants
was 36.4 + 10.9 years (33.8 + 8.3 years) for males and 40.3
+ 13.1 years for females, 40% were female, and 90% were
right-handed (Tab. 1).

TABLE 1 - Demographic characteristics of participants (N = 20)

Characteristics N (%)
Gender, N (%)

Male 12 (60)
Female 8 (40)
Age, mean (SD) 36.4 (10.9)

Dominant hand, N (%)
Right 18 (90)
Left 2 (10)

SD = standard deviation.

© 2024 The Authors. Published by AboutScience - www.aboutscience.eu

Relative intra- and inter-rater reliability

Figure 2-5 presents the results for the heatmap of intra-
rater reliability of each rater and inter-rater reliability among
the three raters. A darker red color indicated a higher ICC
value; a lighter color indicated a lower ICC value. Both intra-
and inter-rater reliability values showed no trends between
dominant and non-dominant hand, type of movement, fin-
ger, or joint. Rater C’s heatmap tended to be lighter than that
of rater A or B. Reliability results varied among the different
raters. Compared with intra-rater reliability (Figure 2-4), ICC
values for inter-rater reliability were generally low (Figure 5).
Detailed ICC information, including precision data, is pre-
sented in the supplementary tables.

Absolute intra- and inter-rater reliability

Both intra- and inter-rater reliability values showed no
clear trends between dominant and non-dominant hand,
type of movement, finger, or joint. Absolute reliability
varied depending on the different evaluators, but in many
cases MDC fitted between 10 and 15. Compared with
intra-rater reliability, MDC values for inter-rater reliability
were generally high. Detailed MDC and SEM information,
including precision data, is presented in the supplemen-
tary tables.

Discussion

This study examined the intra- and inter-rater reliability
of goniometric finger ROM measurements with ICC using a
written protocol for various type of movements in healthy
adults. Koo and Li (12) define moderate reliability (ICC 0.5-
0.75), good reliability (ICC 0.75-0.90), and excellent reliability
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FIGURE 2 - Intraclass correlation coefficient (ICC) values for intra-
rater A reliability. Darker red color indicates higher ICC, lighter color
indicates lower ICC. The number represents the type of finger. Detai-
led ICC information and standard error of the measurement (SEM),
including precision data, are presented in the supplementary tables.
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FIGURE 4 - Intraclass correlation coefficient (ICC) values for intra-
rater C reliability. Darker red color indicates higher ICC, lighter co-
lor indicates lower ICC. The number represents the type of finger.
Detailed ICC information and standard error of the measurement
(SEM), including precision data, are presented in the supplemen-
tary tables.
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FIGURE 3 - Intraclass correlation coefficient (ICC) values for intra-
rater B reliability. Darker red color indicates higher ICC, lighter co-
lor indicates lower ICC. The number represents the type of finger.
Detailed ICC information and standard error of the measurement
(SEM), including precision data, are presented in the supplemen-
tary tables.
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FIGURE 5 - Intraclass correlation coefficient (ICC) values for inter-
rater reliability. Note: Darker red color indicates higher ICC, lighter
color indicates lower ICC. The number represents the type of
finger. Detailed ICC information and standard error of the measu-
rement (SEM), including precision data, are presented in the sup-
plementary tables.
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(ICC 20.90). This study had a certain degree of reliability in
intra-rater reliability. Whereas the ICC tended to have lower
inter-rater reliability than intra-rater reliability, the results
supported previous studies.

Relative intra-rater reliability

Heatmap analysis revealed a constant dark red color that
indicated the presence of a relatively high intra-rater reliabil-
ity. There were only a few differences in reliability, depending
on the type of movement (active, passive/composite), dom-
inant or non-dominant hand, and each finger and each joint.
Lewis et al (10) examined intra-rater reliability of the MP, PIP,
and DIP joints of the middle finger of the dominant hand in
20 healthy adults. The raters were 10 therapists using Rolyan
goniometers to measure both active and passive movement.
The ICC values ranged from 0.43 to 0.99. The rater with the
highest reliability had ICC values of 0.84-0.99; the rater with
the lowest reliability had ICC values of 0.43-0.84. In this
study, rater A had the highest reliability (ICC 0.66-0.90 for
active composite movement). Thus, the results of this study
had acceptable reliability. A certain degree of intra-rater reli-
ability was achieved because we developed a measurement
protocol and used raters who were trained to ensure good
reproducibility.

Relative inter-rater reliability

For inter-rater reliability, heatmap analysis revealed lighter
red color than intra-rater reliability that indicated inter-rater
reliability was relatively low compared with the ICC values
of intra-rater reliability. Similar results for low inter-rater
reliability for finger ROM measurements, compared with
intra-rater reliability, have been published (9,10,14). Lewis et
al (10) found that inter-rater reliability is lower than intra-
rater reliability with ICC values in the range of 0.35-0.85. They
also found that errors in ROM angle were due to biarticu-
lar muscles and short DIP joints. Ellis et al (14) found that
inter-examiner measurements are less reliable than intra-
examiner measurements for the comparative reliability of fin-
ger ROM measurements using goniometry and wire tracing.
They included the amount of force applied to the goniome-
ter, the accuracy of alignment during goniometer application,
and identification of anatomical landmarks as reasons for
inconsistent measurement outcomes with respect to errors
in goniometer measurements. Short et al (15) mentioned
that the size of the rater’s body (height difference) may affect
the interpretation of goniometer readings. In our study, the
maximum palm lengths of each rater varied from 19.5, 17.5,
and 16.3 cm (average 17.8 cm), and the hand size of each
participant also varied. Handling difficulties due to differ-
ences in the body structure of both raters and participants
may have affected measurement consistency.

Absolute reliability

Measurement error was considered as absolute relia-
bility. Even if the interpretation of relative reliability was
acceptable, the results of absolute reliability may not be clin-
ically acceptable. However, rather than clearly judging it to
be “clinically unusable,” we would like to recommend that

© 2024 The Authors. Published by AboutScience - www.aboutscience.eu
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medical professionals leave it to the “system” for interpreting
ROM. The Mayo Wrist Score (16) is a good example of a prac-
tice that takes this approach. In section 3 of the assessment
(regarding ROM), the assessment is based on an ordinal scale
in increments of approximately 25%, with emphasis on %
normal. Even if the ROM is clinically acceptable in terms of
relative reliability, medical clinicians should pay attention to
the results of this study, which show that the results cannot
be interpreted in terms of absolute reliability at 2-degree and
5-degree increments.

Strength of this study

The strength of our study is that we verified the reliability
of all active, passive, and composite movements of all joints
in all fingers of the participants” dominant and non-dominant
hands. In previous studies (7,8), the validation was limited
to certain fingers, joints, and types of movement, and this
study was the first to compare and validate the results by all
joints, fingers, and types of movement. In the clinical setting,
ROM should be measured at all affected joints and fingers,
and ROM of different types of movement would help define
the problem and plan the intervention. Therefore, the results
of this study contributed to the field of hand therapy by vali-
dating all fingers, all joints, and various types of movements.
The results also indicated that a certain degree of intra-rater
reliability was obtained.

As with other assessments (17,18), the creation of a man-
ual to reduce variation in measurement methods among
raters may have contributed to a certain reliability. In our
study, ROM was measured using a written protocol, and
multiple trainings were conducted among raters. These com-
ponents could have helped standardize the measurement
methods and improved reliability. ROM angle is significantly
affected by the position of the proximal joint. Thus, our man-
ual, with its concrete description of wrist position, could have
minimized rater bias and error.

Limitations and direction for future research

One of the limitations of this study is the sample size.
According to Borg et al (19), a sample size estimation for
a reliability study with three raters requires an ICC plan-
ning value of 0.8, a minimum acceptable reliability of 0.6, a
power of 80%, and an alpha equal to 0.05, with a necessary
sample size of 33 patients. However, the small variability
observed in ROM scores in this study may have mitigated
the impact of the small sample size on the reliability results.
For these reasons, future studies with larger sample sizes
are warranted to confirm our findings, particularly in cases
involving diseases or pathologies that result in limitations in
hand ROM.

The ROM measurement procedure was designed to
measure all types of movement of both the dominant and
non-dominant hands and to measure all fingers and joints
twice; 30 to 40 minutes were required to measure ROM for
each participant. This time constraint could have negatively
affected rater concentration and the ability to accurately
interpret the goniometer scale. Future research should be
modified to better reflect actual clinical settings.
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This study was a single-center study, and future validation
in multicenter studies are recommended. It is also possible
that differences in the physical structure of both the raters
and participants affected inter-rater reliability. Future vali-
dation studies should consider the effects of different body
structures of both raters and participants.

Conclusions

This study examined the intra- and inter-rater reliabilities
of finger ROM in healthy adults using a finger goniometer.
The results indicated that relative intra-rater reliability was
relatively acceptable and that inter-rater reliability tended to
be lower than intra-rater reliability. In clinical practice, having
the same rater is recommended to achieve a certain degree
of reliability, regardless of the type of movement or joint, and
to capture finger ROM changes over time.
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