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[Abstract]

Digital therapeutics utilizing artificial intelligence and motion recognition technology are gaining attention as alternatives for
treating musculoskeletal disorders. However, challenges remain, particularly regarding the accuracy of recognizing complex human
movements, and related research is limited. This study developed a prototype digital therapy for patients with shoulder pain and
evaluated its effectiveness. The evaluation focused on functional suitability and performance efficiency based on SIO/IEC 25000
standards. The prototype received “PASS” ratings for motion recognition delay rate. Further comprehensive quality assessments
and long-term evaluations of effectiveness and safety are necessary. Additionally, data security and privacy measures must be
established for clinical application. Future research is expected to demonstrate usability and clinical effectiveness and provide

evidence for integration into real-world medical systems.
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Table 1. Comparison of existing treatments and digital therapeutics[2]

Category

Existing Treatments

Digital Therapeutics

Commonalities . A
per medical necessity

Treatment efficacy must be validated through clinical trials, and medical treatment is provided as

Side Effects

Possibility of toxicity and side effects

Lower likelihood of toxicity and side effects

Cost period, etc

High cost due to raw materials, development

Lower cost due to development and welfare
benefits

Medication Compliance Difficult to manage

Real-time management possible

Differences

Patient Status Monitoring settings is difficult

Observation of patient status outside of clinical

Real-time monitoring using digital devices

Data patient data

Difficult to collect, manage, and analyze

Data collection, management, and analysis are
easier, enabling real-time adjustments to
treatment
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Table 2. Digital therapeutics case for musculoskeletal
disorders

Digital Therapeutics
(Company Name)

Motion Coach™

State Services provided

Treatment with computer vision

(Kaia Health) us sensors
Hinge Connect US App—based musculoskeletal
(Hinge Health) disease management

Joint Academy App Sweden Vision sensor—based back pain

(Joint Academy ) management
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Table 3. SW quality assessment passing standards

Bt mMol4 J|ulel CIXE x| BHS| BT AT

Category Contents
A (PTDT P N Motion recognition must be measured with more than 90% accuracy.
ccurfacy . ercentage Accuracy (PDJ) = Number of joints correctly detected / Total number of joint points X 100
Functional or Detect Joint)
Conformance TF2 The joint angle must be recognized accurately by 85% or more.
Accuracy Accuracy(Similarity) = 1 — (| Displayed angle — Actual angle| /max
(Similarity) (|Displayed angle|, |Actual angle|)) X 100
Performance TF3 The motion recognition must be measured without delay by 90% or more.
Efficiency Delay rate Delay rate = ¥(Delay time > 100ms => 0:1) / Number of trials X 100
A& FAE X=7F 100ms et =7 wat 2290S 49, o] BF gk AaE Blom, Z2 A o TS S
A|Aghckan elsha Mt &(%) = skt SR BATE AU LAY AARA T2 15
x5 o o
[ =

B e R EE] AT E] F497} A}, TF1 &
A2 A SAoA o), F33=], E(shoulder, elbow,
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Fig. 8. Motion recognition accuracy measurement
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Fig. 10. Repeat one test case 3 times to evaluate motion
recognition delay rate
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Table 4. Aggregation of repeated performance results by
evaluation item

Evaluation items 1 session | 2 session | 3 session
glstrzfgdof joint points 3 3 3
TF1 | Number of joint points to 3 3 3
be detected
Joint recognition rate 100% 100% 100%
Displayed angle 81 66 85
TF2 | Actual angle 69 63 82
Similarity 97.8% 95.4% 99.6%
Minimum delay 1f 1f 1f
TF3 | Maximum delay 3f 4f 3f
Average 2f 2.5f 2f
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Table 5. Summary of test results

Test Subject

Test Results

TF1: Achieving 90% Motion Recognition Accuracy

PASS: Motion recognition accuracy measured at 90% or higher
— Total number of executions: 3
— Average accuracy: 100%

TF2: Joint angle accuracy is 85% or higher

PASS: The shoulder joint angle accuracy was measured to be 85% or higher
— Total number of times performed: 3
— Average accuracy: 96%

PASS: Motion recognition is not delayed by more than 90%

TF3: Motion recognition esponse speed of 90% or more | — Total number of executions: 3

— Delay rate: 100%
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