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ABSTRACT

Objective: This study aimed to validate a software application (app) developed by the authors to streamline and enhance the accuracy of
disability assessments, specifically for musculoskeletal system disabilities in the upper extremities.

Methods: A software was developed under a TUBITAK-funded project to aid in the disability assessment process. This tool, designed for
Windows operating systems and developed in Visual Basic (VB.NET), was tested using archive data from 50 patients, focusing on upper
extremity physical evaluations. Statistical analysis, including the Shapiro-Wilk and Independent t-test/Mann-Whitney U-tests, was con-

ducted using IBM SPSS Statistics to compare the app-assisted and manual assessment methods regarding time and rating’.

Resulls: Significant time-saving was observed with the app-assisted method, which was 328.3 seconds faster on average than the manual
method. The average rating difference between the 2 methods was minor (0.40 points, 0.92% difference) and not statistically significant
(P=.931). The app-assisted method showed efficiency in disability assessment with comparable accuracy to the manual methods.

Conclusion: This application was developed for physicians who examine patients with musculoskeletal system disabilities in the upper
extremities for the Health Board. Our results show that the application reduces the average evaluation time by 5 minutes while maintain-
ing accuracy comparable to the manual method. It could be a helpful tool for physicians in a clinical setting.

Level of Evidence: Level IV, Diagnostic Study.

Introduction

According to the World Health Organization (WHO),
the term disability encompasses challenges in bodily
structure or function, mental functioning, activity
limitations like vision or mobility issues, and par-
ticipation restrictions affecting daily life activities
such as work, social interactions, and healthcare
access.! World Report on Disability by WHO and
the World Bank estimates that more than a billion
people in the world today experience disability.? The
2022 Population and Housing Survey by the Turkish
Ministry of Family and Social Services found that
6.9% of the population aged 3 and above, totaling
4876000 people, reported having at least one dis-
ability.® This survey included 6 disability groups
(vision, hearing, speech, walking, carrying-holding,
and learning), and it was found that the number of
patients with disabilities in walking or carrying-
holding within the musculoskeletal system (MSK) is
3239000, constituting 66% of the disabled popula-
tion. A 2022 report by the Turkish Statistical Institute
(TURKSTAT) also noted that in 2021, 854000 indi-
viduals were on disability pension.* These statistics
underscore the profound social and economic impact

of disabilities and the necessity of accurate evalua-
tion for various purposes.

A Health Board (Saglik Kurulu) report provides infor-
mation about the chronic illnesses of disabled indi-
viduals and shows the percentage of disability. In
Tiirkiye, for adult disabled individuals, these reports
are given by the joint assessment of relevant branches
in Health Boards. The disability rating obtained
by the health council provides different rights to
patients depending on whether they are severely dis-
abled and fully or partially dependent.® The disabil-
ity rating, which is the most crucial part of disability
reports, grants significant rights to disabled individu-
als. According to regulations implemented in Tiirkiye,
to benefit from disability rights, the disability rating
must be 40% or higher.® Therefore, accurate calcula-
tion of disability ratings not only protects the rights of
disabled citizens but also should reduce legal issues
that service providers may face in case of a dispute.
The aim of this study was to test a software applica-
tion (app) developed by the authors to streamline and
enhance the accuracy of disability assessments, spe-
cifically for musculoskeletal system disabilities in the
upper extremities.
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Material and methods

The software was developed as part of a TUBITAK-funded project
(Project ID: 123E439) using the Visual Basic (VB.NET) program-
ming language in Visual Studio 2019 and compiled in .exe format for
standalone use on Windows-based operating systems. The guidelines
for scoring upper extremity disabilities were taken from the official
documentation.” After the initial testing was done with hypotheti-
cal patient scenarios, Ethics Committee approval was obtained from
Istanbul Physical Medicine Rehabilitation Training and Research
Hospital (Approval No: 2024-06, Date: 23.01.2024). Informed con-
sent was obtained to use patient data. History and physical examina-
tion data from 50 patients were used in this study in a retrospective
manner. Patient upper extremity physical examination results were
recorded in a range-of-motion (ROM) template in each encounter,
together with any related addendums such as the presence of amputa-
tions and arthroplasties. One of the authors (GG), who is experienced
in MSK disability assessment, retrospectively evaluated these records
and calculated disability ratings both manually and via the app, with
the assessment durations also recorded.The Shapiro-Wilk test was
conducted to assess the normality of the time measurements for both
the app-assisted and manual methods. An independent t-test was used
for normally distributed values, and a Mann-Whitney U-test was used
for non-normally distributed values. A P-value of less than .05 was
accepted as significant. All statistical calculations were performed in
IBM SPSS Statistics Version 20.0 (IBM SPSS Corp.; Armonk, NY, USA).

HIGHLIGHTS

This study aims to evaluate a software application designed to improve the
accuracy and efficiency of disability assessments for musculoskeletal system
disabilities in the upper extremities, addressing the critical role of Health
Board reports in Tiirkiye.

The results showed that while the app-assisted method significantly reduced
assessment time by an average of 328.3 seconds compared to the manual
method (P <.001), there was no statistically significant difference in disability
ratings between the two methods (P = .931), with only a 0.92% difference in
ratings.

+  The results from this study indicate that the app-assisted method significantly
improves the efficiency of disability assessments without compromising the
accuracy of ratings, offering a reliable alternative to the manual process.

Results

The Shapiro-Wilk test for performed time measurements and rat-
ings, which showed that ratings were normally distributed (P=.93)
whereas time measurements were non-normally distributed (P
< .0001). Time measurements showed a significant difference
between the app-assisted and manual methods (Figure 1). For the
app-assisted method, the average time was 104.8 seconds, with a
SD of 83.8 seconds. The times ranged from 17 to 480 seconds. In
contrast, the manual method had a notably higher average time of
433.1 seconds (SD=335.1), with a range from 68 to 1380 seconds.
The app-assisted method was on average faster by 328.3 seconds
than the manual method. The Mann-Whitney U-test was utilized
to compare the app-assisted and manual time measurements which
revealed a significant difference between the 2 methods (P < .001).
The app-assisted ratings had an average of 43.4, with a SD of 22.7.
These ratings ranged from a minimum of 8 to a maximum of 90.
On the other hand, the manual ratings exhibited a slightly higher
average of 43.8 (SD=23.5), with the range of ratings extending from
8 to 99. The absolute average difference in ratings between the 2
methods was 0.40, which corresponds to a percentage difference of
0.92% (Figure 2). The independent samples t-test was performed to
compare manual and app ratings, which were not found to be statis-
tically different (P=.931).

Discussion

Disability and impairment are common issues worldwide. In the
United States, nearly 1 in 5 Americans report a disability,® and
approximately 1.5 billion people worldwide are reported to live
with a physical, mental, sensory, or intellectual disability.® Similarly,
the assessment of disability is also a common problem for both the
patients and the assessing physicians. In Tirkiye, physicians are
frequently asked to assess the disability of the presenting patient
regardless of their training and background in the matter."” The
physician or specialist may not have received formal education on
how to evaluate disability,'* yet— he/she may find himself in a situa-
tion where he needs to evaluate a complex disability in a matter of
minutes.
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Figure 1. Scatter plot comparison of rating time: manual assessment versus app-based assessment.
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Figure 2. Scatter plot comparison of ratings: manual method versus app-based method

An ideal assessment system should be able to accurately identify
patients’ disabilities while leaving minimal room for malingering and
exaggerated reports of symptoms. In that sense, it should probably
be a combination of objective findings, subjective symptoms, and
work-specific disabilities. There are different methods of disability
evaluation such as independent medical evaluation (IME), functional
capacity evaluation (FCE), and work capacity evaluation (WCE).

Upper Extremity Module
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Independent medical evaluation (IME) not only consists of medical
diagnoses and results of physical examination but also incorporates
analysis of job tasks and assessment of ability to perform a specific
job task. Functional capacity evaluation (FCE) and WCE, as stated in
the name, are even heavier on the functional and work-related issues

and as such are typically performed by physical therapists or occu-
pational therapists.®
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Figure 3. Main screen of the app with the most relevant features highlighted.
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Figure 4. Example of how a detailed report can be generated and can be saved as a
text file for later reference.

The legal basis for calculating disability ratings in Tirkiye is deter-
mined by the Regulation on Disability Assessment for Adults (Official
Gazette of the Republic of Tiirkiye, 20 February 2019, number: 351).
The method for calculating individual disability ratings by relevant
branches is detailed in Appendix-2 of this regulation.’* Appendix-2
consists of 181 pages.” At a quick glance, it is observed that almost
half of the guide is devoted to calculating disability ratings for the
musculoskeletal system (pages 102-181). Compared to other special-
ties, the calculation of ratings in the sections related to the musculo-
skeletal system is quite complex. For instance, the Ear-Nose-Throat
(ENT) section consists of only 15 pages (pages 1-15), whereas the
subsection on “Disability Ratings for Upper Extremity Issues” alone
comprises 33 pages (pages 118-150).

In the authors’ opinion, a combination of complex assessment sys-
tems, specialists undertrained in disability assessment, and short out-
patient encounters can lead to mistakes, which can harm the patient,
the physician, and the institution. Yet the evidence is lacking partly
due to lackluster documentation of MSK disability ratings. There are
only a few studies conducted on patient applications to the Health
Board in Tiirkiye.

In a 2016 study titled “Evaluation of Reasons for Application to the
Health Board,” Benli et al*® reported that 976 out of 2637 patients
(37%) who applied to a single center in 2014 had complaints related
to the musculoskeletal system. In a 2021 study by Adar et al,° the
severe disability rating was reported as 30.8% for individuals aged
0-17, 26.7% for those aged 18-64, and 71.5% for those over 65. Similar
to Benli et al, 34.5% of the reports involved individuals receiving their
disability rating from physical medicine and rehabilitation and ortho-
pedics. Sari et al** reported in their 2022 study that 1059 out of 1703
patients (62.8%) who applied to the Health Board had at least one
pathology affecting the musculoskeletal system. The percent of appli-
cations being related to the musculoskeletal system both indicates

the volume encountered in these specialties and gives an idea about
the benefits of any improvements in the process. Yet, despite these
general statistics, due to assessments being made on paper, there is
a lack of detailed data on the number, type, and reasons for disabled
individuals applying to the Health Board in Tiirkiye.* To our knowl-
edge, this is the first application in Tirkiye to provide computer
assistance to the physician with such capabilities. The application
we developed is easy and intuitive to use and presents the user with
clear and retraceable information on each segment of the calculation
process (Figure 3). This software also has the capability to report on
the details of the final ratings, and has the ability to save information
as anonymized .txt files with date and time stamps (Figure 4); how-
ever, this feature should be used while keeping in mind the necessary
ethical committee approvals for saving clinical patient data.

Our results suggest that this application decreases the average time to
evaluate a disability by 5 minutes while giving similar results as man-
ual scoring. The application is available at https://github.com/disabi
lityrateapp/UpperExtremityDisabilityRateApp and the source code is
freely available, under the AGPL-3.0 license, from the authors. The
software itself is intuitive; nevertheless, a focused manual will be
published online and in journal article format in the near future.

This application was developed for physicians who examine patients
with musculoskeletal system disabilities in the upper extremities for
the Health Board (Orthopedics and Traumatology/Physical Medicine
and Rehabilitation). Our results show that it reduces the average eval-
uation time by 5 minutes while maintaining comparable accuracy to
the manual method and could potentially be a helpful tool for physi-
cians in a clinical setting.
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