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Introduction

Thumb opposition is an important hand function.1,2 Thumb 
opposition is impaired in severe cases of carpal tunnel syn-
drome (CTS) and carpometacarpal joint osteoarthritis (CMJ 
OA) and is sometimes treated surgically.3-7 The Kapandji 
score is the most common method of evaluating thumb-
opposing motion, diagnosis, and treatment outcomes.8 
However, thumb opposition is a combination of 3 motions: 
abduction, pronation, and flexion.9-11 The Kapandji score is 
not suitable for the evaluation of thumb opposition, which 
allows for obtaining high scores by thumb flexion alone.12,13 
Specifically, thumb pronation is an important motion for 
thumb opposition; unlike abduction and flexion, it is diffi-
cult to quantify.

Previous studies have used computed tomography,14-16 a 
sensor-engineered glove,17 and gyroscopes18 for evaluation. 
However, these methods are not easily available in the clini-
cal setting because they are invasive, costly, and time-con-
suming and require special equipment. Recently, noninvasive, 

inexpensive, wearable sensors have been developed18 and are 
expected to become widely used, but they are not yet com-
monly used. Bunnell reported that when the thumb pronates, 
the plane of the thumbnail rotates 90° from a position at a 
right angle to the palm to a position parallel with it.1 There-
fore, we hypothesized that we could evaluate the pronation 
motion of the thumb by measuring the nail tip angle of 
thumb-ring finger opposition (T-R angle). Furthermore, we 
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Abstract
Background: This study aimed to devise the method for the evaluation of the thumb pronation angle and calculate its 
reference value. Methods: The study was conducted from October 2021 to March 2022, and 600 hands of 300 healthy 
volunteers were included in this study. The participants were divided into 6 age groups with 50 participants each. In study 
1, 12 participants from group 1 were randomly selected, which included 6 male and 6 female participants. We measured 
the thumb pronation angle using FASTRAK system and the nail tip angle of thumb-ring finger opposition (T-R angle) and 
also evaluated the relation between them. In study 2, we measured the T-R angle of 600 hands of 300 healthy volunteers. 
The T-R angle mean (SD) and 95% confidence interval (CI) of each age group were calculated as reference values. Results: 
The thumb pronation angle was correlated with the T-R angle. The T-R angle mean (SD) and 95% CI of the 6 groups were 
as follows: group 1, 142.5° (12.4) and 117.7 to 167.3; group 2, 139.9° (10.1) and 119.7 to 160.1; group 3, 142.3° (9.7) and 
122.9 to 160.5; group 4, 140.2° (12.6) and 115.0 to 165.4; group 5, 138.3° (11.9) and 114.5 to 162.1; and group 6, 135.4° 
(13.0) and 109.4 to 161.4. The 95% CI tended to decrease with an increasing age. Conclusions: The T-R angle was a 
suitable evaluation method for the thumb pronation angle, and it should be evaluated by age groups.
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thought that calculating the reference values of the T-R angle 
for each age group would improve the accuracy of the evalu-
ation method. This study aimed to prove that the T-R angle is 
a useful evaluation method of the thumb pronation angle dur-
ing thumb opposition and provide reference values for each 
age group.

Methods

This cross-sectional study was approved by the local ethics 
committee. Informed consent was obtained from all indi-
vidual participants included in the study. Two substudies 
were conducted in this study.

Participants

Between October 2021 and March 2022, 600 hands of 300 
healthy volunteers were included in this study. The partici-
pants were divided into 6 age groups with 50 participants 
each: group 1, 20 to 39 years old; group 2, 40 to 49 years 
old; group 3, 50 to 59 years old; group 4, 60 to 69 years old; 
group 5, 70 to 79 years old; and group 6, ≥80 years old). 
Each group had an equal number of male and female volun-
teers. The exclusion criteria were as follows: pain, defor-
mity, paralysis, sensory disturbance, contracture, a history 
of hand and finger trauma, and inability to follow the indi-
cated motions.

In study 1, we evaluated the relation between the thumb 
pronation angle and the T-R angle. From group 1, 12 par-
ticipants were randomly selected, which included 6 male 
and 6 female participants. The selection was based on the 
small effect of age-related change. The sample size was 
determined based on reports of previous pilot studies, as 
there have been no similar studies in the past.19

In study 2, we calculate the reference value of the T-R 
angle for each age group. A total of 600 hands of 300 healthy 
volunteers were included in the study. The larger the sample 
size, the better the calculation of normal regions. However, 
300 was set as the number of people for whom recruitment 
was feasible within the time frame.

Study Assessments

In study 1, we measured the thumb pronation angle and the 
T-R angle. The thumb pronation angle was measured using 
FASTRAK system (Polhemus Inc, Colchester, Vermont). It 
is a 3-dimensional motion-tracking system for spatial anal-
ysis. This system can measure and record the position and 
orientation of the sensors, with the sampling ratio set at 120 
Hz in a constant magnetic field. To determine the location 
and angular orientation of each sensor relative to the source, 
the source emits an electromagnetic field that is detected by 
sensors with a root mean square accuracy of 0.76 mm for 
the x, y, or z positions and 0.15 for the receiver orientation 

within 300 mm. A sensor was attached to the thumbnail sur-
face to mark the long axis of the thumb. The forearm and 
palm were banded at 90° of forearm supination to a wooden 
jig. The starting point was set at the height where the ulnar 
edge of the thumb coincided with the palmar surface. To 
measure the variability (maximum to minimum) of the T-R 
angles, participants were asked to perform 30 oppositions in 
which the thumb and ring fingertip of the phalanges touched 
at random. The middle, ring, and little fingers were flexed 
together to avoid the effect of rotation of the ring finger. 
Measurements were taken at the point at which the thumb 
and ring tip of phalanges touched (Figure 1). The thumb 
pronation angle was measured using FASTRAK, and at the 
same time, a photograph was taken with the ring fingernail 
plane as the front plane. The T-R angle is the angle between 
the long axis of the nail surface of the thumb and the long 
axis of the nail surface of the ring finger, and it was mea-
sured twice by 1 examiner using ImageJ (Figure 2). The 
average value was calculated. Another examiner measured 
the angle twice and evaluated the reliability of the measure-
ments.

In study 2, we measured the T-R angle for each age 
group. The T-R angles of 600 hands of 300 healthy volun-
teers were measured. The examiner demonstrated and 
explained the procedure, and the participants were asked to 
perform 1 maximum thumb-ring finger opposition without 
using a jig. As in the previous experiment, the middle, ring, 
and little fingers were flexed together to avoid the influence 
of the ring finger rotation movement. Measurements were 
taken at the position where the thumb and ring finger apexes 
touched. The measurement methods and reliability were the 
same as in study 1. In addition, the angle of the palmar 
abduction of the thumb and flexion angles of the metacar-
pophalangeal joints (MPJ), interphalangeal joints (IPJ) of 
the thumb, and MPJ, proximal interphalangeal joints (PIPJ), 
and distal interphalangeal joints (DIPJ) of the ring finger 
were measured using a goniometer when performing 
thumb-ring finger opposition.

Statistical Analyses

In study 1, Spearman correlation coefficient was used to 
evaluate the correlation between the thumb pronation angle 
and the T-R angle.

In study 2, the T-R angle of the 600 hands of 300 volun-
teers was presented as mean (standard deviation [SD]) and 
95% confidence intervals (CIs) by each age group. In addi-
tion, the trend between the T-R angle and age was examined 
by the linear trend test. Similarly, the angle of the palmar 
abduction of the thumb and flexion angles of the MPJ, IPJ of 
the thumb, and MPJ, PIPJ, and DIPJ of the ring finger were 
presented as mean (SD). The Spearman correlation coeffi-
cient was used to evaluate the correlation between the T-R 
angle and the angle of each joint of the thumb and ring finger. 
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In each study, the inter-rater reliability of T-R angle measure-
ments was evaluated using the intraclass correlation coeffi-
cient (ICC). An ICC value of 1 was considered perfect, 
greater than 0.80 was considered very good, greater than 0.60 
was considered good, and greater than 0.40 was considered 
moderate reliability.20 A 2-sided test result of P < .05 was 
considered statistically significant. All results were analyzed 
using SAS version 9.4 for Windows (SAS Institute, Cary, 
North Carolina).

Results

Study 1: Relation Between the Thumb Pronation 
Angle and the T-R Angle

The participants were 6 male and 6 female patients, with a 
mean (SD) age of 28.4 (4.6) years. The thumb pronation angle 
was moderately positively correlated with the T-R angle (ρ = 
0.65, P < .01) (Figure 3). The ICCs for the intraclass and 
interclass reliability of the T-R angle were 0.93 (95% CI, 0.91-
0.94) and 0.91 (95% CI, 0.89-0.93), respectively.

Study 2: Reference Value of the T-R Angle for 
Each Age Group

This study included 600 hands of 300 healthy volunteers 
(150 men and 150 women) with a mean (SD) age of 58.7 

Figure 1.   Measurement of the thumb pronation angle and the nail tip angle of thumb-ring finger opposition.
Note. (a) A sensor was attached to the thumbnail surface to mark the long axis of the thumb. (b) The forearm and palm were banded at 90° of forearm 
supination to a wooden jig. The starting point was set at the height where the ulnar edge of the thumb coincided with the palmar surface. (c) Perform 
30 thumb-ring finger oppositions at random.

Figure 2.  Measurement of the T-R angle.
Note. A photograph was taken with the ring fingernail plane as the front 
plane. T-R angle is the angle between the long axis of the nail surface of 
the thumb and ring finger; it was measured using ImageJ. T-R angle = 
nail tip angle of thumb-ring finger opposition.
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(18.6) years. The T-R angle mean (SD) and 95% CI of the 6 
groups are shown in Table 1. A negative linear trend with age 
was found (test for linear trend, P < .001) (Figure 4). In the 
correlation analysis between the T-R angle and angle of each 
joint of the thumb and ring finger, only the flexion angle of 
the thumb MPJ showed a weak negative correlation (ρ = 
−0.23, P < .001) (Table 2). The ICCs for the intraclass and 
interclass reliability of the T-R angle were 0.98 (95% CI, 
0.97-0.98) and 0.98 (95% CI, 0.97-0.98), respectively.

Discussion

Currently, the most commonly used evaluation method of 
thumb opposition in clinical practice is the Kapandji 
score3,7,21; however, high scores can be obtained even in 
patients with severe CTS who have atrophy of the thenar 
muscle. Thus, the Kapandji score is not suitable for the 
evaluation of thumb pronation.18,22

In study 1, we examined whether the T-R angle is suit-
able for the evaluation of the thumb pronation angle to 
establish a method that can easily evaluate it in clinical 
practice. According to a previous report that observed 
changes in the position of the nail surface relative to the 
palm during thumb pronation,1 the FASTRAK sensor was 
attached to the thumbnail surface to measure the thumb pro-
nation angle. FASTRAK is a 3-dimensional motion-track-
ing system for spatial analysis and has been used to measure 
the thumb pronation angle in the past.23

In this study, the maximum value of the thumb rotation 
angle was almost 80°, which was not largely different from 
past reports, that is, when the thumb pronates, the plane of 
the thumbnail rotates 90° from a position at a right angle to 
the palm to a position parallel with it.1 The angle of prona-
tion was slightly lower because this study assumed the posi-
tion of the thumb and ring phalanx to be touched; thus, the 

measurement may have been taken before the thumb was 
fully rotated.

Cheema evaluated the pronation angle of the first meta-
carpal during opposition of the thumb, index, middle, ring, 
and little fingers and reported that the angle of pronation 
increased from the index finger to the small finger.14 Given 
this, the maximum angle of pronation of an individual can be 
assessed by measuring the angle of opposition to the little 
finger; however, there was concern that the range of motion 
of the CMJ of the little finger would greatly affect the angle 
of opposition to the nail surface. Therefore, we proposed the 
T-R angle as an evaluation method, in which the ring finger 
was flexed together with the middle and little fingers to mea-
sure as large pronation angle as possible to avoid the influ-
ence of the CMJ rotation motion of the ring finger.

In addition, the long axis line of the ring nail was used as the 
axis for the measurement by taking a photograph of the frontal 
aspect of the ring nail, and changes in the nail surface of the 

Table 1.  T-R Angle Grouped According to Age.

Group

Age T-R angle (°)

Range Mean (SD) Mean (SD) 95% CI

1 20-39 29.9 (5.6) 142.5 (12.4) 117.7-167.3
2 40-49 44.2 (2.8) 139.9 (10.1) 119.7-160.1
3 50-59 54.5 (2.5) 142.3 (9.7) 122.9-160.5
4 60-69 64.5 (3.2) 140.2 (12.6) 115.0-165.4
5 70-79 74.3 (2.6) 138.3 (11.9) 114.5-162.1
6 ≥80 84.6 (3.1) 135.4 (13.0) 109.4-161.4
Total 58.7 (18.6) 139.8 (11.9) 116.0-163.6

Note. T-R angle = nail tip angle of thumb-ring finger opposition; CI = 
confidence interval.

Figure 4.  Box plots of the T-R angle for each age group.
Note. T-R angle = nail tip angle of thumb-ring finger opposition.

Figure 3.  Relationship between the thumb pronation angle and 
T-R angle.
Note. T-R angle = nail tip angle of thumb-ring finger opposition.



Taniguchi et al	 5

thumb could be evaluated consistently. The ICC for intraclass 
and interclass reliability of this measurement method was 
greater than 0.80 (very good). There was a moderate positive 
correlation between the T-R angle and the thumb pronation 
angle, indicating that the measurement of the T-R angle is suit-
able for the evaluation of the thumb pronation angle.

In study 2, the 95% CI of the T-R angles for each age 
group was calculated as reference values. Although the par-
ticipants were healthy volunteers with no hand complaints, 
all groups had a large range of reference values for the T-R 
angle, approximately 40° to 50°. This was thought to be 
influenced by individual differences in joint conformity and 
joint laxity.24,25

The T-R angle trended to decrease with an increasing 
age. Signori evaluated thumb opposition motion using a 
sensor-engineered glove and found that the performance 
decreased with age.17 Normal age-related muscle loss (sar-
copenia)26 and joint degeneration24 were also reported, 
which we attributed to this. Thus, the T-R angle should be 
evaluated according to age.

In addition, a weak negative correlation was observed only 
for the flexion of the MPJ of the thumb in correlation with the 
range of motion of each finger joint, but the correlation coef-
ficient was low, indicating no influence. This result proves 
that this evaluation method can evaluate thumb pronation 
motion alone without being affected by other motions. Fur-
thermore, this result is a more effective evaluation method of 
thumb pronation motion compared with the Kapandji score, 
in which a high score is obtained only for thumb flexion.

This evaluation method can evaluate the thumb prona-
tion angle easily in a clinical environment because it 
requires only T-R angle measurement, without the invasive-
ness, cost, labor, and special equipment, which have been 
problems in the past.

This study had some limitations. First, the race and 
region of the study participants are limited, and reference 
values by race should be examined. Second, the study has a 
relatively small number of participants: the greater the 
number of participants, the more accurate the reference 
value; thus, it is necessary to further increase the number of 
participants. Finally, the study participants did not undergo 
radiograph imaging or nerve conduction study. Therefore, 
some patients with potential thumb CMJ OA or CTS were 
among the enrolled participants. However, because they 
were judged to be healthy based on medical consultation 
and examination findings, we believe that the number of 
such patients is small, and none of the participants had 
severe conditions. Because the incidence of various dis-
eases increases with age, it is necessary to consider age-
related changes in the reference values for each age group, 
and the method of selecting participants was considered 
appropriate.

Conclusions

Our study demonstrates that the T-R angle can be used to 
evaluate the thumb pronation motion, and it should be eval-
uated by age groups.
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Table 2.  Correlation Between the T-R Angle and Angle of 
Each Joint of the Thumb and Ring Finger (n = 600).

Angle (°), 
mean (SD) ρ P value

T-R angle 139.8 (11.9)  
Thumb – Palmar abduction 44 (6.4) 0.08 .061
Thumb – MPJ flexion 29 (10.4) −0.23 <.001**
Thumb – IPJ flexion 50 (17.2) −0.12 .005*
Ring finger – MPJ flexion 39 (9.4) −0.07 .104
Ring finger – PIPJ flexion 69 (10.8) −0.11 .007*
Ring finger – DIPJ flexion 54 (11.6) −0.01 .84

Note. Data are Spearman correlation coefficients (ρ). T-R angle = nail 
tip angle of thumb-ring finger opposition; MPJ = metacarpophalangeal 
joints; IPJ = interphalangeal joints; PIPJ = proximal interphalangeal 
joints; DIPJ = distal interphalangeal joints.
*P < .01. **P < .001.
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