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ABSTRACT

Background: Smartphone has been an essential part of everyone's life. In young adults, due to their developing musculoskeletal structures and
they are growing tendency to use smartphones, these exposures are causing repetitive strain injuries in their fingers and thumb. As a consequence of
the injury to the musculotendinous tissues, there is disruption of the joint proprioceptors located at the soft tissues of a joint, thus may lead to
reduced joint position sense.

Method: 58 young adults within the age group 19-34 years were categorized into 2 groups, smartphone addicts and non-addicts using Smartphone
addiction scale-short version. The proprioception of both the hands was assessed using pinch aperture proprioception.

Conclusion: The result showed that the dominant hand of smartphone addicts showed the highest measure of degree of error (3.22+1.72), which
may lead to impaired fine activities with the pinch grip.
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1.INTRODUCTION

Smartphones are an integral part of daily living. The 2017 Global
Mobile Consumer Survey stated that the maximum use of smartphones
is in the age group of 18years to 24 years.There has been an increase in
the use of smartphones for communication, gaming and internet
browsing."!

In young adults, because of their developing musculoskeletal
structures and they are growing tendency to use smartphones, these
exposures are causing repetitive strain injuries in their upper
extremities, especially fingers and thumb. The occurrence of hand,
wrist, forearm, arm, and neck musculoskeletal disorders (MSD) has
increased worldwide due to the continuous, forceful, low amplitude,
repetitive use of handheld devices (HHD). Continuous repeated thumb
and finger movements were also established as risk factors that could
contribute to the thumb and their muscle disorders such as extensor
pollicis longus tendinosis or myofascial pain syndrome in the hand."”

As a consequence of the injury to the musculotendinous tissues, there
is disruption of the joint afferent located at the soft tissues of a joint.
The primary ends of muscle spindles are responsible for the sense of
position and movement of our limbs in the absence of visual
information, and the secondary ends of spindles contribute to the sense
of position while the tendon organs give us a sense of tension. At some,
particularly the more distal joints, skin and joint afferents provide
additional information. Thus, proprioceptive deficits are likely to
occur and may manifest as reduced joint position sense. On the
contrary, proprioceptive feedback has a crucial role in manipulating
the finger and guiding them for performing various fine motor
activities from the starting to the endpoints. The pinch aperture
proprioception is important to perform a variety of tasks in the daily
living and occupational fields. In fact, many studies have proposed the
importance of proprioception in many manual tasks and its relevance
in grip force management skills.”"

Therefore, this study aimed to assess the effect of the overuse of
smartphones on the index finger and thumb proprioception using the
pinch aperture proprioception device. The device examines pinch
aperture proprioception between the index finger and the thumb in a
functional and clinically accessible way using the joint position
reproduction. The pinch grip represents the complex nature of the
grasping maneuvers involved in the majority of the manipulative tasks
we perform during ADLs such as buttoning a shirt, holding a key, using
a scissor, picking up small items, writing, and lifting objects with
different weights."”

2. MATERIALAND METHODOLOGY

Approval by the institutional review board was taken before the
research was initiated. All of the participants received informed
written consent. The research was carried out at the Research lab of K.

J. Somaiya College of Physiotherapy. It was a cross-sectional,
comparative study. 58 young adults were given to fill Smartphone
Addiction Scale- Short Version to find out the extent and severity of
addiction. Based on the scores, the adult female and male are classified
as 29 Group 1- smartphone addict (male SAS-SV score > 31 and
female SAS-SV score > 33) and 29 Group 2- smartphone non-addict.
Participants with current injury to the hand or upper extremity (less
than six months), and any degenerative, inflammatory,
musculoskeletal or neuromuscular conditions of the upper extremity
or hand that affect the use of the extremity in dailyliving activities were
excluded from the research.

2.1 Description of the Pinch aperture proprioception

The device used to test the proprioception of the pinchaperture
involves a modified goniometer mounted to a cardboard box (4 x 17 x
10 cm; height, length and width respectively). Two rounded pads are
attached to both ends of the goniometer arms, which act as index finger
and thumb positioning for the participants.”

2.2 Description of the method

Then participants were asked to position their index finger and thumb
tips along the perpendicular pads attached to the modified goniometer.
The participants put their test hand on the table and were instructed to
hold the wrist in a neutral position allowing for free movement of their
index and thumb fingers. The test started with the examiner telling the
subjects to close their eyes and move the tool to the starting point along
with the participant's fingers, which is 30° pinch aperture; the examiner
then adjusted the goniometer's arms to a 15 © pinch aperture (target
point). Finally, the subjects were directed to actively move the
goniometer arms back from the starting point to the previously
memorized target point (i.e., from 30 ° to 15 °) after 2 memorization
tasks. On the data record sheet, the researcher wrote down all the actual
target angles that the participants achieved during all 3 experiments.
The primary outcome is the degree of error as compared to the actual
target angles from the trials of the subjects."”’

In the smartphone addict group, the sample population consisted of 26
females and 3 males, and 25 females and 4 males in the non-
smartphone addict group.

Table 1: Demographic data

Addicts Non-addicts
1.Gender-  Female [89.66% 86.21%
(26/29) (25/29)
Male 10.34% 13.79%
(3/29) (4/29)
2.Age (Mean/SD) 21.59/1.452  |21.10/1.496
3.SAS-SV score 34.85/4.567 |22.72/6.066
(Mean/SD)
Female
Male 38/3.606 24.75/4.573
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3. RESULT

The data thus collected of 58 subjects, was statistically analyzed
using GraphPad Instat3 software. Parametric test i.e. One-way
Analysis of Variance -Paired t-test was used for the comparison of
data between smartphone addict and non-addict groups for the data
which passed the normality tests. Non-parametric test i.e. Mann-
Whitney test was used for the data which did not pass the normality
test. These tests were performed at a 5% significance level. The
results are summarized in Table 2. The analysis suggests that there is
affection of thumb and index finger proprioception in the dominant
hand of the smartphone addicts as compared to the smartphone non-

Table 2: Summary of Statistical Analysis

addicts (p value=0.0089). Although, there is no significant affection
of index finger and thumb proprioception in the non-dominant hand
among the two groups (p value=0.4456). Also, there is significant
affection of thumb and index finger proprioception of the dominant
hand as compared to the non-dominant hand in the smartphone
addict population (p value=0.0016). There is no significant affection
of thumb and index finger proprioception of the dominant hand as
compared to the non-dominant hand in the non-smartphone addict
population (p value=0.0856). Thus, to summarize the dominant hand
of smartphone addicts showed the highest measure of degree of error
(3.22+1.72).

Sr no. [Comparison Mean Standard Deviation Test P-value Significance

1 Comparison between dmt hand of|Grp 1: 3.22 Grp 1: 1.72 Mann- 0.0089 Significant
Grp 1 and 2 Grp 2:2.24 Grp 2: 1.087 Whitney

2 Comparison between non-dmt  |Grp 1: 1.93 Grp 1: 1.14 Paired t-test [0.4456 Not significant
hand of Grp 1 and 2 Grp 2: 1.88 Grp 2: 1.28

3 Comparison between dmt and Dmt: 3.22 Dmt: 1.72 Mann- 0.0016 Significant
non-dmt hand in Grp 1 Non-dmt: 1.93 Non-dmt: 1.44 Whitney

4 Comparison between dmt and Dmt: 2.24 Dmt: 1.087 Mann- 0.0856 Not significant
non-dmt hand in Grp 2 Non-dmt: 1.88 Non-dmt: 1.276 Whitney

*Grp: Group; Dmt: Dominant; Non-dmt: Non-dominant

4.DISCUSSION

The above results are in accordance with the disruption of
proprioceptive receptors in index finger and thumb joints. They can be
divided into slow and fast types. The fast receptors can react quickly to
external stimuli and issue nerve impulses; these include the Pacinian
corpuscles, whose main function is to sense movement during the
process of acceleration or deceleration motion, and the start or end of
the movement. Over time, the slow receptors continue to sense stimuli,
including Ruffini corpuscles, Unmyelinated nerve endings, Golgi
tendon organs, and muscle spindles, whose main function is to sense
the change of position and correct positioning of joints.""

The proprioceptive feedback has a crucial role in manipulating objects
between fingers during the everyday task of positioning of the arm,
hand and fingers as well as guiding the movement from the starting to
the ending points. A study on grip force control states that
proprioception has a vital role in controlling the magnitude of grip
forces and the stability of joints by updating anticipatory or online
commands."”’

According to this study, young adults with smartphone addiction have
affection of proprioception in the dominant hand as compared to the
dominant hand of non-smartphone addicts. This is attributed to the
increase in the use of smartphones with sustained gripping and
repetitive movements which leads to repetitive strain injury in the
fingers and thumb. There is increased static loading and end range
motion of the thumb during texting which predisposes to tendinosis of
extensor pollicis longus muscle and bursitis.” The high-stress
repetitive activities at the saddle joint of the thumb may cause
inflammation and edema in the joints which predisposes to thumb
osteoarthritis.” This leads to impairments in theintrafusal fibers of
spindle muscles and in the tendon organs which leads to the affection
of proprioception of the pinch grip in young smartphone addicts."”
Also, the receptors and end organs within the capsule are damaged due
to lax capsule and ligaments, caused by loss of cartilage and bone
height and the release of lytic enzymes around the joint leading to
decreasing proprioception perception.”

Moreover, the smartphone addicts showed a significant difference in
the degree of error in joint reposition in their dominant hands as
compared to their non-dominant hands. The primary causes may be
due to enlargement of flexor pollicis longus (FPL) tendons on the
dominant side compared with the non-dominant side of smartphone
users and non-users. In addition, median nerve cross-sectional area
(CSAs) also were significantly large on the dominant side of the high-
smartphone-user group compared with the non-dominant side as
showed in a study by Esra et al. This could be on the basis of the nature
of smartphones users often hold the device with a single hand, which
forces only their dominant hands' thumb to use the keys. Therefore, in
high-smartphone users who have a habit of using single-handed
smartphones, there is a possibility of enlargement of the FPL and
median nerve. Nevertheless, previous studies have shown that pinch
and tendon forces alter the tendon trajectory and add pressure to the

carpal tunnel, which can be an underlying mechanism for the enlarged
median nerves as well."!"!

On the other side, the degree of error of the dominant and non-
dominant hand of the non-smartphone addicts showed no significant
difference. This helps justify that there is relevant significant affection
of the dominant hand as compared to the non-dominant hand in the
smartphone addicts.

The pinch aperture proprioception in the non-dominant hands of the
smartphone addicts and non-addicts showed a similar measure of
degree of error. Due to the given nature of smartphones, users often
hold the device with a single hand, which forces only their dominant
hands' thumb to use the keys.!"!

Ultimately, due to musculoskeletal deficits leading to impaired
proprioception of thumb and index finger affects the performance of
fine motor activities in day to day life and also in the occupational
fields.

5. CONCLUSION

This study shows that smartphone addiction can result in the affection
of proprioception of index finger and thumb, which, in turn, leads to the
affection of pinch grip activities. Therefore, smartphone addiction has
an impact on the joint position sense of pinch grip movement of male
and female young adults, which, in the long run, may result in impaired
daily activities. It also shows the hand functions can also be affected
after sustained smartphone use.

6. SUGGESTIONS

* Similarstudies can be carried out in multi-centric areas.

» The effect of gender on proprioception in smartphone addiction
can be assessed.

* Long term effect of smartphone use on proprioception can be
assessed.

¢ Complex and novel devices can be used to assess the
proprioception of thumb and index finger in smartphone addicts.
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