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Biometric analysis hand parameters in young
adults for prosthetic hand and ergonomic
product applications
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Abstract: This study aimed to evaluate the superficial anatomy, kinesiology, and functions of the hand to reveal its
morphometry and apply the findings in various fields such as prosthetic hand and protective hand support product design.
We examined 51 young adults (32 females, 19 males) aged between 18-30. Hand photographs were taken, and measurements
were conducted using Image] software. Pearson correlation analysis was performed to determine the relationship between
personal information and the parameters. The results of the measurements showed the average lengths of finger segments:
thumb (49.5+5.5 mm), index finger (63.9+4.1 mm), middle finger (70.7+5.2 mm), ring finger (65.5+4.8 mm), and little finger
(53.3+4.3 mm). Both females and males, the left index finger was measured longer than the right index finger. The right ring
finger was found to be longer than the left in both sexes. Additionally, length differences between fingers in extended and
maximally adducted positions were determined: thumb-index finger (56.1+6.2 mm), index-middle finger (10.7+4.1 mm),
middle-ring finger (10.8+1.4 mm), and ring-little finger (25.6+2.7 mm). Other findings included the average radial natural
angle (56.4°+10.5°), ulnar natural angle (23.4°t7.1°), radial deviation angle (65.2°£8.2°), ulnar deviation angle (51.2°£9.6°),
and grasping/gripping angle (49.1°+5.8°). The average angles between fingers in maximum abduction positions were also
measured: thumb-index finger (53.4°+6.5°), index-middle finger (17.2°+2.6°), middle-ring finger (14.3°+2.3°), and ring-little
finger (32.1°7.0°). The study examined the variability in the positioning of proximal interphalangeal joints during maximum
metacarpophalangeal and proximal interphalangeal flexion, coinciding with maximum distal interphalangeal extension
movements. The focal points of our observations were the asymmetrical and symmetrical arches formed by these joints. This
study provides valuable hand parameters in young adults, which can be utilized in various applications such as prosthetic
design, ergonomic product development, and hand-related research. The results highlight the significance of considering

individual factors when assessing hand morphology and function.
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Introduction

The human hand is a remarkable organ that possesses

unique characteristics in terms of its neural, muscular, and
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skeletal structure, allowing for a wide range of complex fin-

vital role in our daily activities, enabling us to perform tasks
such as buttoning a shirt, using a smartphone, or conducting
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surgical procedures with precision and dexterity [5, 6]. How-
ever, due to its frequent use, the hand is also prone to inju-
ries and various forms of physical loss, such as amputations
resulting from high-energy traumas, accidents, diseases, or
congenital anomalies [7-12].

Hand loss not only affects the functional capabilities of
individual fingers but also compromises the overall bilateral
hand dexterity [13]. Consequently, individuals with hand loss
experience significant challenges and limitations, affecting
their quality of life and impeding their participation in social
and occupational activities [14]. Prosthetic hands have been
developed to address these challenges and enhance the well-
being of individuals with hand loss, enabling them to regain
their independence and engage in daily activities [15].

However, there are significant issues that need to be ad-
dressed in protective hand support products and prosthetic
hand design, as they often present challenges and limitations
that hinder their usability. High cost, bulky and heavy de-
signs, limited range of motion, skin irritation, and discom-
fort due to excessive sweating are some of the limitations
associated with traditional prosthetic hands [13, 15].

Recently, three-dimensional (3D) printing technology
has gained popularity as cost-effective and lightweight al-
ternatives in prosthetic hand development. Utilizing 3D
technology allows for the production of customizable and af-
fordable support products and prosthetic hands [15, 16]. An
important criterion in prosthetic hand design is anatomical
compatibility. Anthropometric measurements of the hand
provide critical data for the ergonomic and functional design
of protective products and prosthetic hands, ensuring natu-
ral appearance and preserved mobility [17, 18]. The lack of
personalized design, discomfort during use, pain and pres-
sure sensations during movement, increased weight and size
compared to a natural hand, and limited range of motion
are common reasons why individuals discontinue prosthetic
hand use.

This study aims to address these issues and develop user-
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Fig. 1. The functional anatomy of the

hand; from left to right: adduction of the

fingers — maximum abduction of the fingers
)+ — radial deviation of the wrist — ulnar
deviation of the wrist — maximum flexion
of metacarpophalangeal and proximal
interphalangeal joints and maximum
extension of the distal interphalangeal joint
facing the scaphoid bone.
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Fig. 2. Material designed for photo shoots and used during photo
shoot.

friendly hand support products and prosthetic solutions, it
is essential to conduct morphometric measurements that
uncover the limitations of existing designs and facilitate im-
provements in prosthetic functionality and design.

Materials and Methods

This study was ethically approved by the Non-Invasive
Clinical Research Ethics Committee of the Faculty of Medi-
cine at Ege University, with decision number 70198063-
050.06.04 dated October 3, 2016. The work as photoan-
thropometric image analysis was carried out in the Digital
Imaging and 3D Modeling Laboratory of the Department of
Anatomy at Ege University.

Subject

A total of 51 healthy young adults, with an age average of
18-30, were randomly included in the study. Only individu-
als with no functional impairments or deformities in their
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forearms and hands were included. Information was also
collected from participants through a survey, which included
past upper extremity injuries, surgeries, job positions, in-
strument/sport engagements, dominant hand, hand used for
writing, and demographic information.

A device made of glass and wood was designed for the
measurements (Fig. 2). The wooden part included a section
for the volunteers to place their elbow, allowing photographs
to be taken while maintaining the anatomical position of the
forearm-wrist-hand. A vertical line was drawn on the glass
part.

Details of photograph

Photographs were taken using a Nikon DX AF-NIKKOR
camera (Nikon) along with a tripod. Length and angle mea-
surements were made from the photos taken with various

—— Thumb
— Index finger
Middle finger
—— Ring finger
Little finger
13
i
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4
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Fig. 3. Schematic view of calculation the lengths of each finger on the

hand.
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hand and finger positions in the frontal plane. The photos
were evaluated using the Image J 2D computer program, and
the data was recorded.

Measurements for the study were made at the same time
of day, in the same environment, using the same measuring
tools (camera-meter-digital scale) by the same person. In
each length measurement, a conversion from pixels to mil-
limeters was made using the formula 0.08618x measured
length in pixel value.

Measurements techniques

The measurements of the volunteers were made based on
the following nine parameters in total.

1. Calculation of finger length: the length of each finger
from the first proximal fold to the peak of the distal phalanx
was measured and recorded (Fig. 3). Length of left (LTL) and
right (LTR) thumbs; index fingers length, left (LIL), right
(LIR); middle fingers length, left (LML), right (LMR); ring
fingers length, left (LRL), right (RR); and little fingers length,
left (LLL), right (LLR).

2. Measurement of differences between the lengths of the
distal phalanxes (DP) (Fig. 4).

3. Radial natural angle (RDA): this is the angle between
the line drawn from the thenar region to the median line
while the fingers are in maximum adduction (Fig. 5A, B).

4. Ulnar natural angle (UDA): this is the angle between
the line drawn from the hypothenar region to the parallel
line towards the median line while the fingers are in maxi-
mum adduction (Fig. 6A, B).

5. Radial deviation (radial abduction) angle (RD): this is
the angle between the line taken from the thenar region and
the parallel line drawn to the median error when the wrist is
at maximum radial deviation (Fig. 5C, D).

6. Ulnar deviation (ulnar abduction) angle (UD): this is

—— The distance between the thumb and the index finger

—— The distance between the little finger and the ring finger

—— The distance between the ring finger and the middle finger
The distance between the index finger and the middle finger

Fig. 4. Schematic view of calculation
of the difference in length between the
fingers.
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Fig. 5. View of the radial natural angle
and radial deviation angles. (A) Minimum
radial natural angle. (B) Maximum radial

natural angle. (C) Minimum radial
deviation angle. (D) Maximum radial

deviation angle.

the angle between the line taken from the hypothenar region
and the parallel line drawn to the median error when the
wrist is at maximum ulnar deviation (Fig. 6C, D).

7. Grip/grasp angle (TA): the first line starts from the
bend of the proximal phalanx of the fifth finger and ends
at the bend of the proximal phalanx of the fourth and third
fingers. This line can be practically obtained by joining the
points where we measure the lengths of the little finger, ring
finger, and middle finger. The second line starts from the
bend of the proximal phalanx of the second finger and ends
at the proximal phalanx of the third finger (Fig. 7).

8. Angle of fingers in maximum abduction (MAX): The
angles where the line passing through the middle of each
finger in maximum abduction (median line) intersects are
calculated (Fig. 8A-E).

9. Interdigital angle facing the scaphoid bone (SCAP):
Except for the thumb, in maximum flexion of the metacar-
pophalangeal joints, the longitudinal axes of the fingers pass
through the scaphoid bone. These are the angles formed be-
tween these axes (Fig. 9A-C).

Statistical evaluation of data

Descriptive statistics for study data were evaluated using
tables and graphics in the IBM SPSS Statistics 21.0 program
(IBM Co.). A normality test was applied to the data trans-
ferred to the SPSS program and it was determined that the

Fig. 6. View of the ulnar natural angle
and ulnar deviation angles. (A) Maximum
ulnar natural angle. (B) minimum ulnar
natural angle. (C) Minimum ulnar
deviation angle. (D) Maximum ulnar
deviation angle.

Fig. 7. Calculation method of grip/grip angle.

data did not distribute normally, and the Mann-Whitney
test was applied from non-parametric tests. Right and left
measurement values were interpreted using the Wilcoxon
signed ranks test. Results were evaluated at a significance
level of P<0.05 with 95% reliability. The relationship between
all measured values and age, height, and weight values were
evaluated with the pearson correlation analysis.
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Fig. 8. The angles between the fingers in maximum abduction. (A) Minimum and maximum values of angle occured between the thumb and
the little finger. (B) Minimum and maximum values of angle occured between the thumb and the third finger. (C) Minimum and maximum
values of angle occured between the second and the third finger. (D) Minimum and maximum values of angle occured between the third and the
fourth finger. (E) Minimum and maximum values of angle occured between the third and the little finger.
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Results

The most common ages of the volunteers aged 18-30 were
19 (37.2%) and 18 (13.7%). The heights were measured as
163+6 cm (150-175 cm) in females and 177+5 cm (165-187
cm) in males. Length values were examined in 4 groups. The
weight values were measured as 57.6£10.5 kg in females and
63.7+9.9 kg in males. Weight values were examined in 11

https://doi.org/10.5115/acb.23.310

Fig. 9. The minimum and maximum
values of the interdigital angles of the
fingers brought towards the scaphoid
bone and the schematic view of the
hand. (A) The angle between the 2nd
and the 3rd fingers. (B) The angle
between the 3rd and the 4th fingers.
(C) The angle between the 4th and the
Sth fingers.

subgroups.

Finger length measurements are presented in Table 1. No
significant difference was found between the right- and left-
hand finger length difference measurements in both sexes.
Both females and males, the left index finger was measured
longer than the right index finger. The right ring finger was
found to be longer than the left in both sexes. In males, the
index finger was found to be longer on the right than the left.

www.acbjournal.org
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Table 1. Measurements values of the distances and angles of fingers by sex
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Measurements Details Female Male P-value Total P-value
Length of finger (mm) Thumb finger L 48.8+4.4 (39.3-55.5) 54.3+6.0 (44.0-68.0)  <0.001* 50.9+5.7 (39.3-68) 0.001*
R 46.7+4.6 (37.2-53.2) 50.6+5.9 (44.4-62.8) 482454 (37.2-62.8)
Index finger L 62.2+3.3 (56.2-69.1) 68.2+2.9 (63.6-73.5) 0.014* 64.5+4.3 (56.2-73.3)  <0.001*
R 61.443.1 (55.8-684)  66.5+2.8 (61.8-71.1) 634439 (55.8-71.1)
Middle finger L 67.9+4.8 (52.1-76.3) 75.5+3.3 (69.6-79.9) 0.294 70.745.5 (52.1-79.9) 0.573
R 67.9+3.4 (62.4-76.5) 75.3+3.7 (69.4-80.5) 70.7+5.1 (62.4-80.5)
Ring finger L 62.5+3.2 (57.9-68.8) 69.8+3.0 (64.8-74.4) 0.005* 65.2+4.7 (57.9-74.4) 0.018*
R 63.0+3.3 (56.9-70.1)* 70.6%3.1 (66.1-76.0)* 65.8+4.9 (56.9-76.1)
Little finger L 50.2+3.0 (44.0-54.7) 56.8+2.6 (51.5-61.5) <0.001* 52.6+4.3 (44.0-61.5) 0.006*
R 51.4+2.8 (45.0-56.5)* 58.5+2.6 (54.0-63.0)* 54.1+4.4 (45.0-63.0)
Distances between the fingers ~ Thumb finger L 54.0+4.5 (46.1-62.0) 59.9+4.7 (52.7-68.0) 0.131 56.2+5.4 (46.1-68.0) 0.500
in the most distal part R 52.6+4.7 (40.1-62.3) 62.0+6.2 (53.2-74.2) 56.1+7.0 (40.1-74.2)
(DP-mm) Index finger L 9.6+1.7 (6.7-14.2) 11.1+2.5 (7.2-16.0) 0.874 10.1+2.2 (6.7-16.0) 0.008*
R 10.7+7.3 (5.4-49.0) 12.2+2.7 (8.1-17.8)* 11.2+6.0 (5.4-49.0)
Middle finger L 10.8+1.3 (8.5-14.0) 11.6£1.6 (9.3-15.5)* 0.922 11.1£1.5 (8.5-15.5) 0.005*
R 10.8+1.3 (8.6-13.4) 10.2+1.4 (7.6-11.9) 10.6+1.4 (7.6-13.4)
Ring finger L 25.6+3.4 (20.7-39.1) 27.0+2.3 (23.1-31.7) 0.029* 26.1£3.1 (20.7-39.1) 0.122
R 24.6+2.6 (19.1-30.7) 26.0+1.7 (23.3-29.5) 25.142.4 (19.1-30.7)
Angles () Radial natural L 23.5+7.7 (5.3-49.5) 26.3+3.8 (17.7-31.6)* 0.112 24.5+6.6 (5.3-49.5) 0.003*
R 21.3+8.6 (9.5-59.3) 24.1+5.4 (16.0-35.3) 22.347.6 (9.5-59.3)
Ulnar natural L 23.5+7.7 (5.3-49.5)* 26.3+3.8 (17.7-31.6)* 0.043* 24.5+6.6 (5.3-49.5) 0.044*
R 21.3+8.6 (9.5-59.3) 24.1 +5.4 (16.0-35.3) 22.347.6 (9.5-59.3)
Radial deviation’s L 63.3+7.3 (46.7-75.3) 66.1+8.7 (53.8-86.6) 0.180 64.4+7.9 (46.7-86.6) 0.190
R 64.7548.57 (369-82.3)  68.148.3 (52.5-82.7) 66.0+8.5 (36.9-82.7)
Ulnar deviation’s L 48.8+10.3 (31.0-73.0) 52.9 £10.5 (31.3-69.0) 0.112 50.3+10.5 (31.0-73.0) 0.658
R 51.4+8.6 (32.7-70.6) 53.3+9.2 (32.8-67.1) 52.1+8.8 (32.8-70.6)
Gras/grip L 50.7+6.1 (38.8-62.4) 47.4+4.6 (39.9-58.3) 0.360 49.5+5.8 (38.8-62.4) 0.390
R 50.1+6.3 (40.0-65.1) 46.7+4.0 (37.5-53.4) 48.8+5.7 (37.5-65.1)
Values of the fingers with MAX1-3 IL 55.1+7.4 (37.1-69.8) 54.9+6.0 (42.6-66.8) <0.001* 55.0+6.8 (37.1-69.8) 0.140
maximum abduction MAX1-3 R 50.846.6 (39.3-65.9) 53.1+5.4 (45.5-64.7) 51.746.2 (39.3-65.8)
(MAX) MAX2-3 L 18.1+2.8 (13.2-27.1) 16.7+2.0 (13.5-20.1) 0.060 17.5+2.6 (13.2-27.1) 0.610
MAX2-3 R 16.7+2.4 (11.8-22.6) 17.1+2.9 (12.1-22.6) 16.8+2.6 (11.8-22.6)
MAX3-4 L 13.942.3 (10.4-19.6) 13.4+1.8 (10.2-16.2) 0.010* 13.7+2.1 (10.2-19.6) 0.170
MAX3-4 R 15.3+2.7 (10.8-20.3) 14.0+2.0 (11.3-17.3) 14.8+2.5 (10.8-20.3)
MAX3-5 L 31.8+3.2 (26.0-37.2) 30.943.3 (23.6-36.1) 0.001* 31.5+3.2 (23.6-37.2) 0.570*
MAX3-5 R 33.6%3.9 (26.3-42.4)* 31.4+3.3 (24.1-37.9) 32.8+3.8 (24.1-42.4)

Values are presented as mean+SD (range). L, left; R, right; DP, differences between the lengths of the distal phalanxes; MAX, angle of fingers in maximum

abduction. The statistical values greater than *P>0.05.

In females, a significant difference was found on the left side
(62.5%) in the comparison between the little finger and ring
finger length difference on the right and left.

Significant differences (P=0.003) were found in the com-
parison of the right and left side RDA in males. A significant
statistical difference was found in the comparisons of the
UDA on the right- and left-hand in both females and males.
The Pearson correlation was used to evaluate the relation-
ship between age, height, and weight results and the 9 pa-

rameters measured. According to the results we obtained
from the correlation, as the age increases in females, LTL-
LTR, RDAL, MAX2-3L, SCAP3-5R, and SCAP4-5L values
increase. In males, however, there is an increase in LIL-LIR,
LLL, LMR, and SCAP3-5R.

Correlation related to findings about height indicate that
as height increases in females, values of LIL-LIR, LMR,
LRL-LLR, LLL-LLR, TDPL-TDPR, SCAP3-5L, SCAP45-
SCAP4-5R increase. In males, all finger lengths, both left
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Fig. 10. View of the variable arches of proximal interphalangeal joints during the maximum metacarpophalangeal and proximal interphalangeal

flexion with maximum distal interphalangeal extention movements. (A) Asymmetrical arches of proximal interphalangeal joint on the right and
left sides. (B) On the right hand the 2nd, 3rd, and 4th arches represent the upper level while the arch of the little finger is found lower, on the left
side the 2nd and the 3rd arches are at the same level and at the top while the 4th and the Sth are at the same level but lower (shematic view). (C)
Asymmetrical arches of proximal interphalangeal joint on the right and left sides. (D) On the right hand the arch of the 3rd interphalangeal joint
is located at the top, while the arch of the little finger is found at the lower, on the left hand although the arch of the 3rd interphalangeal joint is
located at the top, the arches of 4th and 5th are lower (shematic view). (E) Symmetrical arches of proximal interphalangeal joint on the right and
left sides. (F) Both on the right and the left hands the arch of the 2nd interphalangeal joint is located at the top while the arches of the 3rd and

4th are lower.

and right, as well as TDPL and IDPR, increased with height.
When comparing the values of weight results with the 9
parameter values, it was found in females that as weight in-
creases, values of LIL, LIR, LTL-LTR, SCAP2-4R, SCAP2-
5L-SCAP2-5R, SCAP3-5R increase. In males, values of LIL,
LMR, LRL-LRR, LLL-LLR, TDPL, and MAX3-2L were
found to increase with weight.

Dominance of the left hand was found to be higher in
males than females. Comparing with parameters, only in
males was the value of MAX2-3R found to be associated with
the dominant hand. The angle of MAX2-3R is larger in peo-
ple with dominant left hands (21.20°+2.26°>16.54°+2.33°).

This study examines the variability in the positioning of
proximal interphalangeal joints during maximum meta-
carpophalangeal and proximal interphalangeal flexion,

https://doi.org/10.5115/acb.23.310

coinciding with maximum distal interphalangeal extension
movements (Figs. 9-11). The focal points of our observations
were the asymmetrical and symmetrical arches formed by
these joints. Three distinct pattern were documented. In the
first case, depicted in Fig. 10A, the arches of the proximal
interphalangeal joints were asymmetrical on the right and
left sides. Specially, Fig. 10B showed that on the right hand,
the arches of the 2nd, 3rd, and 4th fingers were situated on a
higher level, whereas the arch of the little finger was located
lower. In contrast, on the left hand, the arches of the 2nd and
3rd fingers shared the same elevated level, while the 4th and
5th fingers formed an arch on a lower plane. The second pat-
tern, represented in Fig. 10C, maintained the asymmetrical
arrangement of the proximal interphalangeal joints on both
the right and left sides. However, in this case, as depicted
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Fig. 11. Variables little finger’s position during the metacarpophalangeal and proximal interphalangeal joints flexion and distal interphalangeal

joints extension. (A) Abnormal position of the little finger which tends to locate posterior to the 4rth finger on both sides. (B) Abnormal flexion

of the little finger, during the movement the distal interphalangeal joint is found flexion position on both sides but the on the right side is

observes more remarkable.

in Fig. 10D, the 3rd interphalangeal joint of the right hand
was positioned at the highest point, and the arch of the little
finger was at the lowest. On the left hand, although the 3rd
interphalangeal joint’s arch was also at the top level, the 4th
and 5th fingers’ arches were found to be lower. The other
pattern (Fig. 10E) illustrated symmetrical arches of the
proximal interphalangeal joints on both hands. As depicted
in Fig. 10F, on both hands, the 2nd interphalangeal joint’s
arch was at the highest point, while the arches of the 3rd and
4th fingers were situated lower. This particular configuration
resulted in irregular positioning of the fingers during move-
ment.

Our research delves into the peculiarities concerning the
positioning of the little finger during the flexion of metacar-
pophalangeal and proximal interphalangeal joints, as well
as during the extension of distal interphalangeal joints. Two
significant observations were drawn from this study (Fig.
11). Firstly, in Fig. 11A, an abnormal positioning of the little
finger tends to be situated posteriorly to the fourth finger
on both hands. The extent of the abnormality varied but
was consistently present on both sides. This characteristic
positioning during the flexion of the metacarpophalangeal
and proximal interphalangeal joints and the extension of the
distal interphalangeal joint may offer critical insights into
the range of variations in manual dexterity. Secondly, Fig.
11B brought to attention another irregularity. An abnormal
flexion of the little finger were identified during movement.
Particularly, the distal interphalangeal joint assumed a flexed
position on both sides. However, the deviation was markedly
pronounced on the right hand. The impact and implications
of these peculiarities on fine motor skills, grip strength, and
overall hand function require further investigation.

Discussion

Preserving the anatomical integrity and function of the
individual’s upper limbs essential in the use of prosthet-
ics and protective hand support products [19-21]. However,
35%-45% of prosthetic hand users often abandon the use of
products due to the design causing anatomical incompat-
ibility and insufficient comfort. Anatomical incompatibility
of the products, constant sensations of pressure, weight,
and pain cause the patient to abandon the prosthesis [20,
22]. Factors affecting anatomical compatibility include per-
sonal characteristics such as sex, age, weight, and height, the
health of the amputated stump area, features of the surgical
amputation technique (bone length, new attachment points
of muscles, muscle strength, and fat tissue distribution), and
the formations that cover and attach the prosthesis from the
outside (socket design and direct skeletal attachment) and
prosthetic components (control of prosthetic joint move-
ments, activity level) [23, 24].

Although there are many hands prosthetic and support
products design that can be made using user-friendly tech-
nology and materials, to meet the needs and expectations of
amputees, it is necessary to first examine the anatomical and
physical features of the hand [8, 12]. The individual not feel-
ing comfortable with the prosthesis, the presence of pain and
pressure in the socket in the movable/immobile state, the fact
that the prosthesis is heavier and larger than a normal hand,
it can make few movements and is slow, the individual quits
the use of the prosthesis after a while on the grounds that it
is not ergonomic [25-27]. In addition to their current pros-
thetics being heavy, the fact that only one or two movements
can be made reduces the patient’s movement limitations and
therefore they refuse to use the hand prosthetics they pur-
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chased [16, 28]. However, patients want a prosthetic structure
that can not only hold a glass with a lighter hand prosthe-
sis, but also perform different hand movements that will
perform many activities in daily life such as using a mobile
phone, opening a door with a key, spoon holding, capable
of lifting a bag, and capable of grasping objects of different
hardness without damaging them. In addition, it is desired
that hand products should be able to perform skills such as
carrying objects, folding clothes, chopping vegetables, which
are performed together with both hands as well as move-
ments performed with one hand [29, 30].

Average values of thumb, index finger, middle finger,
ring finger, and little finger lengths that we determined as
anthropometric measurement were found in many studies
being different, and regional characteristics (Table 2) [31, 32].
Anthropometric measurements ensure that the prosthetic
hand/hand support products are individualized and appro-
priate by considering the amputee individual’s body mea-

Table 2. Comparison of the morphometric results of finger lengths with the

findings in the literature

Finger lenght

Female Male

Right Left Right Left

Thumb (mm)
Taner et al. [36] - -
Onat et al. [37] 60.13+4.31 59.54+3.70
Our study 46.72+4.58 48.81+4.38

57.55+9.36 57.53%8.63
67.06+4.51 66.82+4.46
50.60£5.91 54.34+6.01
Index finger (mm)
Lippa [27] 67.54+4.20 68.39+4.24
Ertugrul and Otag [38] 72.32+5.36 72.18+5.18
Taner et al. [36] - -
Onat et al. [37] 67.03£4.06 67.24+4.13
Our study 61.43+3.14 62.21+3.32
Middle finger (mm)
Taner et al. [36] - -
Onat et al. [37] 76.81+4.19 73.73+4.52
Our study 67.89+3.42 67.88+4.37

73.04+4.63 74.24+4.53
73.38+4.26 73.56+4.48
65.28+7.49 65.64+7.71
72.89+4.57 73.63+4.72
66.55+2.80 68.22+2.90

69.98+8.43 71.23+8.38
80.47+4.73 80.87+4.86
75.34+3.74 75.55+3.33
Ring finger (mm)
Lippa [27] 70.69+4.29 70.88+4.27
Ertugrul and Otag [38] 74.46+5.53 73.88+5.59
Taner et al. [36] - -
Onat et al. [37] 68.50+4.32 67.81+4.49
Our study 63.03+£3.33 62.52+3.24

77.46x4.71 77.59+4.72
76.75+4.81 75.58+4.48
64.82+7.85 64.92+7.56
75.76+£4.63 74.99+4.65
70.57£3.12  69.77+3.03
Little finger (mm)

Taner et al. [36] - -

Onat et al. [37] 56.08+4.21 54.65+4.30

Our study 51.44+2.81 50.17+£2.96

53.49+7.77 53.55+6.59
62.02+4.28 61.04+4.21
58.71+2.17 56.82+2.60
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surements and proportions [33-35].

This comprehensive study offers critical insights into the
unique variability of hand measurements and joint position-
ing across a diverse demographic of young adults (Table 2)
[27, 36-38]. In exploring the strong correlation between age,
height, and weight with nine distinct parameters related to
finger lengths, interphalangeal joint positionings, and natu-
ral angles, we have underscored the nuaced ways in which
these demographic factors influence the biomechanics of the
hand. A prominent findings from our results is the varia-
tion in finger length across both males and females, with the
right ring finger being longer than the left. Interestingly, the
difference in finger length between the right and left hands
showed no significant difference across sex. However, males
tended to have a longer index finger on their right hand
compared to their left. In contrast, the females presented a
significant difference in the length comparison between the
little finger and ring finger on the right and left side, with
the left side (62.5%) showing a more substantial discrepancy.
For instance, with increasing age in females, we observed
increments in LTL-LTR, RDAL, MAX2-3L, SCAP3-5R, and
SCAP4-5L values. Similarly, males also demonstrated a cor-
relation with increase in LIL-LIR, LLL, LMR, and SCAP3-
5R values. This correlation continued with respect to height,
with certain hand parameters increasing as height did. In
particular, for females, LIL-LIR, LMR, LRL-LLR, LLL-
LLR, TDPL-TDPR, SCAP3-5L, SCAP45-SCAP4-5R values
increased with height, and similarly, in males, all finger
lengths, both left and right, as well as TDPL and IDPR, in-
creased with height. This implies that height could play a
vital role in dictating finger lengths and joint positioning.

When looking at the relationship between height and
finger lengths, it was seen that as height increases, finger
lengths also increase in both females and males. A difference
was found at the 0.05 significance level in the comparison of
right- and left-hand lengths of fingers. It was observed that
the left index finger length was longer than the right finger
in both females and males. In both sexes, it was observed
that the LRR was longer than the left. When we examined
the distance length difference between fingers, it was found
that the TDPL-TDPR and the RDPL-RDPR was almost
twice. Thanks to the placement of the thenar muscles that
form the bulge on the thenar side of the hand and the local-
ization of the thumb (Fig. 5), the RDA was found to be larger
than the UDA in both hands (Fig. 6). In the angle compari-
son analyses, no significant statistical difference was found
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in both females and males (P>0.05).

In this study, in addition to the evaluation of length and
angle measurements related to hands and fingers, the study
also focused on the differences and asymmetry of the arc
structure of the hand, which was not examined in another
research. Significant findings were obtained in the biomet-
rics of the hand. Interestingly, hand dominance showed a
marked effect on the interphalangeal joint positions. We
observed a higher dominance of the left hand in males than
females. In males, the value of MAX2-3R was found to be
associated with the dominant hand, with a larger angle of
MAX2-3R observed in individuals with left-hand domi-
nance. Finally, our observations on the variability in the
positioning of proximal interphalangeal joints during maxi-
mum metacarpophalangeal and proximal interphalangeal
flexion (Figs. 6, 9) along with maximum distal interphalan-
geal extension movements (Figs. 5, 8) shed light on three dis-
tinct patterns of asymmetrical (Fig. 10A-D) and symmetrical
arches (Fig. 10E, F) formed by these joints. These variations
could potentially influence the dexterity and functional ca-
pability of the hand.

Firstly, the observed variability in the positioning of
proximal interphalangeal joints during various movements
might reflect the natural morphological diversity among in-
dividuals. This diversity could arise from differences in age,
sex, occupation, and habitual use of the hands, among other
factors. Understanding this variability is critical, as it could
influence everything from how we assess and diagnose joint
abnormalities to how we design tools, equipment, and de-
vices that are ergonomically suited for different hands.

Secondly, the observed asymmetry in joint positioning
between the left and right hands could have implications for
hand dominance and the differential development of motor
skills between hands. These differences could also be related
to handedness, where one hand is more skilled and coordi-
nated for tasks requiring fine motor control.

Thirdly, the abnormal positioning and flexion of the little
finger, especially during complex movements, could be in-
dicative of potential underlying musculoskeletal disorders or
conditions. Conditions such as arthritis, joint hypermobil-
ity, or even neurological conditions could potentially lead to
such observable variations in joint behavior.

However, it is essential to note that while these interpreta-
tions provide a broad overview of the potential significance
of these findings, additional research is needed to more
definitively understand the implications and causes of these
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observed variations. A more thorough investigation might
include a larger sample size, more diverse participant charac-
teristics, or longitudinal studies tracking changes over time.

The use of anatomical measurements will strengthen our
knowledge/engineering technologies infrastructure that
enhances the ability of scientists to produce knowledge, con-
sciously use technology, and convert technological develop-
ments into health, economic, and social benefits. Scientists
will be involved in the study and the findings of the ana-
tomical study will be shared. The data obtained in this study,
knowledge accumulation, comparison, and archiving are
extremely important as they aim to prepare the groundwork
for our future studies.
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