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A correlational study between smartphone size
and range of motion of the thumb
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Abstract
Introduction  A thumb working in extreme range of motion during manipulation of a smartphone
may contribute to the development of musculoskeletal disorders. This research was conducted to
determine the relationship of the range of motion of the thumb with the size, activities done, and
manner of manipulation of the smartphone.
Methods The passive range of motion of the carpometacarpal, metacarpophalangeal and
interphalangeal joints of the thumbs were measured with a goniometer and correlated with the
dimensions of the phone, type of activities done on the phone and type of manipulation using the
Spearman rho statistic.
Results There was moderate correlation between extension of the metacarpophalangeal and
interphalangeal joints of both thumbs and the width of the phone. Web browsing, texting and calling
showed a weak negative correlation with specific movements of some joints. Manipulation of the
phone using both thumbs showed a negative weak correlation with flexion of the right interphalan-
geal joint and left metacarpophalangeal and interphalangeal joints.
Conclusion There was weak correlation between size of the phone, type of activity and type of
manipulation and the range of motion of the thumb and its joints.
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         ith  the  growing  population and advances in
      technology, the use of  smartphones has been
constantly rising. Cellular phones today are more
than just for calling and texting. They have been
revolutionized to keep up with the advancing
technology. Smartphones are used by many people
in the country. There are different sizes of  phones

W with various features to fit the requirements of their
users.

The manipulation of a phone varies from person
to person. Hoober mentioned that the one-handed
use with the thumb manipulating the controls is the
most common way a person manipulates a
smartphone.1 According to Ladd the thumb requires
a breadth of motion to perform tasks that are
uniquely human, from forceful grasp to fine pinch.2

The thumbs are subjected to large amounts of  force,
and this allows us to do many things, such as grasp
and manipulate objects.3 The dimensions of
smartphones vary over time and as technology is
updated. Smartphones have become larger and
requires more than the normal range of motion of
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the thumb to manipulate. Thumb postures during
texting are affected by the size of  mobile phone.4 A
thumb working on extreme range of motion may
contribute to the development of musculoskeletal
disorders.5

Hypermobility and repetitive motion of the joint
can lead to several disorders. Hypermobility caused
by weakening of  ligaments, lesser strength to restrict
the joint, thinning of ligaments upon imposing high
load in pinch and grasp actions is also a predisposing
factor to developing osteoarthritis. Thus, this research
was conducted to determine the relationship between
the range of motion of the thumb and the size of the
smartphone. Generally, this study aimed to determine
the relationship between the size of  the smartphone,
activities done and manner of manipulation with the
range of motion of the first carpometacarpal, first
metacarpophalangeal and first interphalangeal joints
of  the thumb.

Methods
This was correlational study done in 2015 among
college students from a private university in Quezon
City to determine the relationship between the
subjects’  activities on the smartphone and
smartphone’s dimensions with the subjects’ first
carpometacarpal, first metacarpophalangeal and first
interphalangeal joints’ range of motion as measured
by a licensed physical therapist using a goniometer.
The study was approved by the Ethics Review
Committee.

College students currently enrolled in the third
or fourth year in a private university in Quezon City,
male or female, 18 to 25 years old who had been
using a smartphone for at least 12 months were
recruited. Those who felt pain in the thumb prior to
or at the time of  the study, or were diagnosed with
de Quervain’s tendinitis/tenosynovitis, carpal tunnel
syndrome, osteoarthritis of  the thumb and trigger
thumb were excluded.  Those who agreed to
participate and signed an informed consent were
further screened by the researchers. The qualified
students  were asked to f i l l  up a personal
demographic sheet that inquired about the subject’s
age, gender, course, year level, handedness, hand
used in manipulating the phone, use of  thumb in
manipulating the phone and number of hours of
use daily. The brand and model of  the phone used
by the subject was noted and the dimensions were

obtained from the off icial  website  of  the
manufacturer.

A licensed physical therapist measured each
subject’s passive range of  motion (ROM) of  the
carpometacarpal (flexion, extension, abduction,
adduction), metacarpophalangeal (flexion, extension),
and interphalangeal joints (flexion, extension) of each
hand with a gionometer.6 The values were recorded
on a data sheet. According to a previous study, a
goniometer has inter-tester and intra-tester reliabilities
(r) of  .86 and .89, respectively.7

The demographic characteristics of  the subjects,
activities using the smartphones, dimension of  the
smartphones and subjects’ first carpometacarpal, first
metacarpophalangeal and first interphalangeal joints
range of motion were analyzed through descriptive
statistics:  mean and standard deviation. The
relationship between the subjects’ first carpometacarpal
(CMC), first metacarpophalangeal (MCP), first
interphalangeal (IP) joints range of motion and
subjects’ activities on the smartphones and the
smartphones’ dimensions were analyzed using
Spearman rho (r) correlation statistics. All statistical
levels of significance were set at p < 0.05.

Results
Majority of 34 subjects included in the study were
women. Nine out of 10 subjects were right-handed
and manipulated their phones with the same hand
using the right thumb or both thumbs. Around 70%
used their phones from 4 to 12 hours daily for texting,
calling and surfing the internet. Their characteristics
are shown in Table 1. As seen in Table 2, the right
thumb and its joints, which is dominant in 90% of
subjects, has a wider range of  motion in five of  the
eight movements. The values are beyond the normal
set by Norkin.6 Table 3 shows that there is no
correlation between the range of motion of either
thumb and the dimensions of the smartphone and the
use of a casing except for moderate correlation between
extension of the MCP and IP joints of both thumbs
and the width of  the phone, and MCP flexion of  both
thumbs and the case.

Table 4 shows the relationship between phone
activity and range of  motion of  the thumb. Web
browsing showed a significant weak negative
correlation with extension, abduction and adduction
of  the right CMC joint. Texting and calling also
showed a significant weak negative correlation with
right CMC abduction. There was no correlation
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Table 1.  Characteristics of 34 subjects.

Variables

Age (yr, mean ± SD) 20 ± 1.13
Gender (females) 19 (55.9%)
Handedness (right handed) 31 (91.2%)
Hand manipulator (right hand) 31 (91.2%)
Smartphone height (mm, mean ± SD) 128.6 ± 15.37
Smartphone width (mm, mean ± SD) 64.4 ± 12.38
Smartphone depth (mm, mean ± SD) 9.5 ± 1.63
Casing (with casing) 12 (35.3%)

Time on the Phone (%)
22 - 24 hr   1 (2.9%)
19 - 21 hr   0
16 - 18 hr   1 (2.9%)
13 - 15 hr   2 (5.9%)
10 - 12 hr   8 (23.5%)
7 - 9 hr 10 (29.4%)
4 - 6 hr   7 (20.6%)
0 - 3 hr   5 (14.7%)

Phone Activity
Gaming 23 (67.6%)
Texting and calling 32 (94.1%)
Web browsing 30 (88.2%)
Picture taking 21 (61.8%)
Video recording 15 (44.1%)

Phone Manipulation
One thumb 32 (94.1%)
Both thumb 27 (79.4%)
Index finger 9 (26.5%)
Others 2 (5.9%)

Table 2.  Thumb range of motion and the participants.

Right Left
Range of motion (degrees ROM, (degrees ROM,

mean ± SD) mean ± SD)

Flexion 25.6 ± 8.61 23.1 ± 7.24
C M C Extension 21.2 ± 10.20 19.9 ± 10.74

Abduction 71.8 ± 5.73 73.5 ± 14.49
Adduction 32.3 ± 33.26 27.1 ± 31.91

M C P Flexion 69.1 ± 17.10 65.4 ± 18.26
Extension 14.8 ± 16.70 19.4 ± 19.83

 IP Flexion 86.2 ± 11.36 87.8 ± 17.80
Extension 15.0 ± 16.04 12.2 ± 16.10

Table 3.  Correlation of smartphone dimensions, casing and thumb rom.

Thumb range of motion Height Width Depth      Case
r p r p r p r p

Right CMC Flexion .02 0.92 .18 0.32 .16 0.36 -.04 0.84
Extension -.00 0.99 -.32 0.06 -.26 0.14 -.16 0.38
Abduction -.28 0.12 -.20 0.25 -.08 0.66 .17 0.33
Adduction .10 0.56 .08 0.63 .08 0.65 .35 0.05

MCP Flexion .16 0.36 .03 0.86 .20 0.25 .38 0.03
Extension .11 0.52 .46 0.01 -.03 0.88 .06 0.73

IP Flexion .16 0.37 -.06 0.74 .09 0.60 .15 0.39
Extension -.12 0.50 .45 0.01 .06 0.73 .03 0.89

Left CMC Flexion .05 0.78 .29 0.09 .01 0.96 .30 0.08
Extension .20 0.26 -.15 0.38 -.27 0.12 -.30 0.09
Abduction .09 0.61 .05 0.80 .11 0.53 -.21 0.24
Adduction .09 0.62 .08 0.66 .15 0.40 .13 0.47

MCP Flexion .10 0.57 .18 0.32 .09 0.61 .45 0.01
Extension .05 0.79 .45 0.01 -.00 0.99 .06 0.75

IP Flexion .20 0.24 .07 0.68 .11 0.54 .18 0.30
Extension .13 0.46 .47 0.01 .76 0.67 -.04 0.84

between the other joints of the right thumb and joints
of the left thumb with the different phone activities.
Table 5 shows the correlation between the type of
phone manipulation with range of motion of the
thumbs and forefinger. Manipulation of  the phone
using both thumbs showed a negative weak
correlation with flexion of the right IP joint.
Manipulation of the phone using both thumbs
showed a negative weak correlation with flexion of
the left MCP and IP joints. Manipulation of the
phone using the index finger showed a negative weak
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Table 4.  Correlation of phone activity and thumb range of motion.

Thumb range of motion Gaming Texting calling Web browsing Picture taking Video recording
    r    p    r    p    r    p    r    p    r   p

Right CMC Flexion -.003 0.99 -.02 0.91 .18 0.30 .09 0.62 .03 0.88
Extension -.09 0.58 -.08 0.66 -.42 0.02 .13 0.45 .24 0.17
Abduction -.18 0.29 -.41 0.02 -.37 0.03 -.01 0.97 .07 0.71
Adduction -.14 0.44 -.20 0.26 -.35 0.04 -.05 0.77 .12 0.49

MCP Flexion -.01 0.96 -.10 0.57 .03 0.86 .11 0.52 .08 0.67
Extension .19 0.29 .26 0.14 -.16 0.36 .36 0.33 .17 0.34

IP Flexion -.22 0.21 -.17 0.33 -.07 0.70 -.13 0.46 -.06 0.72
Extension .10 0.56 .03 0.86 .05 0.79 -.21 0.24 -.12 0.49

Left CMC Flexion .00 1.00 .15 0.40 -.10 0.56 -.08 0.65 -.15 0.39
Extension .15 0.39 -.31 0.08 -.24 0.17 -.17 0.34 -.01 0.95
Abduction .23 0.19 -.02 0.91 .08 0.67 .03 0.85 .14 0.42
Adduction -.16 0.35 -.13 0.47 -.32 0.06 -.221 0.21 .01 0.96

MCP Flexion -.14 0.42 .01 0.94 -.02 0.90 .04 0.82 .08 0.65
Extension -.03 0.86 .05 0.80 -.04 0.81 .28 0.11 .15 0.41

IP Flexion -.19 0.27 -.19 0.27 -.02 0.91 -.25 0.16 -.26 0.10
Extension .03 0.85 .07 0.68 -.05 0.76 -.01 0.94 -.03 0.86

Table 5.  Correlation of type of phone manipulation and thumb range of motion.

Thumb range of motion One thumb    Both thumbs Index finger    Others
r p r p r p r p

Right CMC Flexion -.26 0.14 .03 0.85 .06 0.74 .08 0.62
Extension .19 0.27 .09 0.63 .14 0.44 -.01 0.95
Abduction -.14 0.43 -.04 0.82 -.20 0.26 .04 0.82
Adduction .27 0.12 -.16 0.35 -.02 0.89 .20 0.26

MCP Flexion -.12 0.52 -.25 0.15 -.31 0.08 .36 0.04
Extension -.07 0.68 .28 0.11 .09 0.61 .23 0.19

IP Flexion .06 0.75 -.42 0.01 -.22 0.21 -.20 0.26
Extension -.04 0.80 .05 0.79 .10 0.56 -.07 0.68

Left CMC Flexion -.12 0.51 -.03 0.85 -.11 0.52 .24 0.17
Extension -.01 0.97 -.06 0.75 .12 0.49 -.16 0.38
Abduction .01 0.97 .22 0.20 .15 0.42 -.13 0.48
Adduction -.09 0.61 -.26 0.14 -.22 0.22 .07 0.70

MCP Flexion -.03 0.86 -.36 0.03 -.31 0.08 .42 0.01
Extension -.11 0.53 .03 0.88 -.01 0.98 .21 0.22

IP Flexion -.01 0.94 -.37 0.03 -.34 0.04 -.04 0.84
Extension -.07 0.68 .03 0.86 -.103 0.56 -.21 0.24
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correlation with flexion of the left  IP joint.
Manipulation using one or both thumbs or the index
finger did not correlate with other movements of
either right or left thumbs.

Discussion
Our results showed that the right thumb and its joints,
which was dominant side in 90% of  subjects, had a
wider range of motion in five of eight movements.
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There was no strong correlation with either size of
the phone, type of  activity or type of  manipulation
and the range of motion of the thumb and its joints.

Previous studies have suggested that handheld
devices that promote the use of single thumb while
performing tasks on the device7 and that a thumb
that works on extreme ROM has a higher chance of
developing musculoskeletal disorders.5 Previous
studies of  hypermobility have focused on general
joints and used scales to diagnose hypermobility on
their subjects.

Other studies also failed to include different device
sizes and failed to measure specific thumb motions.
In this study, the researchers used a standard
goniometer to measure the passive range of motion
of  the subject’s thumb joints and check for
hypermobility. Furthermore, movement of  thumb
towards flexion, extension, abduction and adduction
occur simultaneously when manipulating the
smartphone and it is the reason why it is difficult to
measure the kinematics of  the thumb.8 Inward
movements require a large degree of flexion of the
IP and MCP joints, pushing the thumb to its limit of
range of motion and resulting in an increase in
passive joint forces.9, 10

Our findings on the type of  activities and ROM
are different from those of Gustafsson.4 According
to her study, upon entering SMS message, thumbs
are placed in abduction. When the young adults enter
a SMS messages using their own phone versus a
standard phone that was used on her study, their
thumbs were less abducted. Hypermobility has been
noted in people with bigger and wider phones. This
may be due to the increased rotational motion of the
joint due to a longer distance from the pivot to the
application of  the force. Working at extreme range
of motion may cause recurrent minor injuries that
stretch the normal capsuloligamentous restraints,
eventually resulting in hyperlaxity of the joints.

The researchers were aware of  the difûculty in
measuring thumb movement due to the complexity
of  its function. Among the factors investigated in the
study, the researchers did not include the
measurement of  the case thickness of  the subject’s
smartphone. Other factors that might have contributed
to the increase in the thumb’s range of  motion that
were not included and assessed were: the
compensatory motions that the subjects were doing

in order to accomplish their usual smartphone
activities, the posture of  the subject while using their
smartphones as to whether the subjects were sitting
or standing. Thumb movement and postures among
the males and females were not compared. The range
of motion of the thumb was not measured during
mobile phone use. The study was only focused on
thirty four subjects. Lastly, the range of  motion of
the thumb was not compared between smartphone
and non-smartphone users.

In summary, there was weak correlation between
size of  the phone, type of  activity and type of
manipulation and the range of motion of the thumb
and its joints.
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