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ABSTRACT

Rehabilitation exercises should be prescribed to patients by considering carefully those types and strength
etc. In the case of wrong prescription, there will be little effect or it may bring adverse effects like injuries to
patients. Rehabilitation exercise recommender system has been developed in this study by adopting the clinical
test data of Chungnam National University Hospital. Training data were generated from the exercise execution
data of patients with shoulder adhesive capsulitis, shoulder rotator cuff injury and low back pain diseases.
Rehabilitation exercise recommender system based on NCF framework’s NeuMF model has been developed and
validated using the generated training data. Developed recommender algorithm, as a result, showed better
performance than GMF and MLP models. Rehabilitation exercise recommender system of this study will help
patients to recover their functional ability and return to the society soon.
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exercise program
Program attributes

Program ID
Program name
Program description
Disease code
Exercise part detail
Exercise purpose
Target ages

Exercise place

Used tools/machines

Details of exercises

Exercises pool

exercise 1

Exercise attributes

Exercise ID

Exercise name
Exercise description
Exercise part
Exercise part detail
Right/left

Exercise types
Functional movements
Exercise posture
Used tools/machines
Difficulty level

exercise 2

Exercise attributes

Exercise ID

Exercise name
Exercise description
Exercise part
Exercise part detail
Right/left

Exercise types
Functional movements
Exercise posture
Used tools/machines
Difficulty level

exercise n

Exercise attributes

Exercise ID

Exercise name
Exercise description
Exercise part
Exercise part detail
Right/left

Exercise types
Functional movements
Exercise posture
Used tools/machines
Difficulty level

Warm up warm up 1 exer ID, repeats, sets, recess, weight

exercises y
warm up 2 exer ID, repeats, sets, recess, weight

Main main 1 exer ID, repeats, sets, recess, weight

exercises . N e
main 2 exer ID, repeats, sets, recess, weight

Cool cool down 1
down
exercises

Functional indexes

Pain level (NRS)
ADL (UCLA)
Flexibility (ROM)
Time Up and Go
Romberg test
Borg Scale (RPE)

exer ID, repeats, sets, recess, weight

cool down 2 | exer ID, repeats, sets, recess, weight
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Structural relationship between exercise and exercise program
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Table 1. Statistics of data from the execution of rehabilitation exercises for each disease
Shoulder disease Low back pain Total
Date 2022.04.18~2022.08.26 2022.05.02~2022.08.26 2022.04.18~2022.0826
Patients 12 15 27
Exercise Programs 54 52 106
Exercises (pool) 111 95 189
Exercises (execution) 446 480 926
Exercises/program 8 (6~13) 9 (7~12) 9 (6~13)
Programs/patient 5 (1~8) 3 (1~4) 4 (1~8)
Exercises/patient 37 (7~90) 32 (8~44) 34 (7~90)
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g':::se i Coach Date jalcdian Program Name Stage Num Exercise ID Exercise Name

1 RS01 HSO1 2022-04-18 1662607403 RS01 shoulder 20220418 1 1 1662603213 Shoulder protraction(lying/elbow extension)

1 RS01 HS01 2022-04-18 1662607403 RS01 shoulder 20220418 1 2 1662603200 Shoulder protraction(standing)

1 RS01 HS01 2022-04-18 1662607403 RSO01 shoulder 20220418 1 3 1662603241 Shoulder abduction(standing/elbow extension)

1 RS01 HS01 2022-04-18 1662607403 RSO01 shoulder 20220418 2 1 1662603120 Shoulder flexion(prone/elbow extension/diagonal)

1 RS01 HS01 2022-04-18 1662607403 RS01 shoulder 20220418 2 2 1662603109 Shoulder horrizontal abduction(prone/elbow extension)
1 RS01 HS01 2022-04-18 1662607403 RS01 shoulder 20220418 2 3 1662603113 Shoulder extension(prone/elbow extension)

1 RS01 HS01 2022-04-18 1662607403 RS01 shoulder 20220418 2 4 1662602984 Shoulder flexion(standing/elbow extension/diagonal/...
1 RS01 HS01 2022-04-18 1662607403 RSO01 shoulder 20220418 2 5 1662603185 Shoulder internal rotation(sit/elobw flexion/band)

1 RS01 HS01 2022-04-18 1662607403 RSO01 shoulder 20220418 2 6 1662603011 Shoulder extension(sit/elbow flexion/high row/band)

1 RS01 HS01 2022-04-18 1662607403 RSO01 shoulder 20220418 3 1 1662603270 Shoulder circumduction(standing/ball/stretch)

1 RS01 HS01 2022-04-25 1662607421 RS01 shoulder 20220425 1 1 1662603241 Shoulder abduction(standing/elbow extension)

1 RS01 HS01 2022-04-25 1662607421 RSO01 shoulder 20220425 1 2 1662602946 Shoulder extension(standing/two hans on hip/stretch)
1 RS01 HS01 2022-04-25 1662607421 RSO01 shoulder 20220425 1 3 1662603177 Shoulder internal rotation(side,lying/stretch)

1 RS01 HS01 2022-04-25 1662607421 RS01 shoulder 20220425 2 1 1662603118 Shoulder flexion(prone/elbow extension/diagonal/band)
1 RS01 HS01 2022-04-25 1662607421 RS01 shoulder 20220425 2 2 1662603109 Shoulder horrizontal abduction(prone/elbow extension)
Exercise description Repeats Sets Strength 5:23?;3 (sr:tssu“) (Sr'ersﬂl?)t i KZTS) Pain part
Supine scapular Protraction 15 2 low 15 3 low 1 1
Standing Scapular protraction 15 2 low 15 3 low 1 1

Wall Shoulder Stretch 10 2 low 10 2 low 2 1

Prone Y (include raise) 15 2 low 15 2 low 1 1

prone T (include raise) 15 2 low 15 2 low 1 1

prone W (include raise) 15 2 low 15 2 low 1 1
Dumbel Scaption 15 2 low 15 2 low 1 1

Sitting Shoulder Interanl Rotation with TheraBand 15 2 low 15 2 low 1 1

High row 15 2 low 15 2 low 1 1

Wall Shoulder Stretch 10 2 low 10 2 low 2 1
Clasped Hands Extension 15 2 low 15 3 low 1 1
Side-lying internal rotation stretch 10 2 low 10 3 low 1 1

Prone Y raise with Theraband 10 2 low 10 2 low 3 1

prone T (include raise) 15 2 low 15 2 low 1 1

Prone W raise with Theraband 10 2 low 10 2 low 1 1

T2l 2. BAE e Aol iR wle]el

Fig.

2. Dataset of exercise execution status of patients
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EAlloll = sixfe) 2o 4 = Al ke dlolg] 2] Patients Exercises | Interactions

AW FE, 5, </, sxead W sl Shoulder 54 11 446

Fdx} o] o] Frle xItEgdch disease

sk glo]ElAl A A Fo)| Fx} DR WE Low back 52 95 480
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Table 2. Generation of the training data for exercise recommendation

Disease code Patient ID Stage Num Exercise 1D Count Date

1 1011 1 1 1662603213 1 2022-04-18
1 1011 1 2 1662603200 1 2022-04-18
1 1011 1 3 1662603241 1 2022-04-18
1 1011 2 1 1662603120 1 2022-04-18
1 1011 2 2 1662603109 1 2022-04-18
1 1011 2 3 1662603113 1 2022-04-18
3 2261 2 4 1662603020 1 2022-08-24
3 2261 2 5 1662603022 1 2022-08-24
3 2261 1662602886 1 2022-08-24
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Table 4. Performance comparison of recommender models for shoulder disease patients

K HR NDCG Precision Recall

5 0.637 0.352 0.167 0.450

NeuMF 7 0.694 0.380 0.138 0.516
10 0.766 0410 0.111 0.601

5 0.641 0.342 0.163 0.440

GMF 7 0.714 0.398 0.139 0.532
10 0.747 0.419 0.109 0.588

5 0.527 0.275 0.131 0.347

MLP 7 0.617 0.307 0.114 0.423
10 0.680 0.332 0.096 0.514

s8] 55 3l Al FARA A v

Table 5. Performance comparison of recommender models for back pain disease patients

K HR NDCG Precision Recall
5 0.740 0.415 0.214 0.498
NeuMF 7 0.832 0.451 0.186 0.598
10 0.880 0.469 0.142 0.656
5 0.736 0.400 0.215 0.496
GMF 7 0.817 0.438 0.182 0.588
10 0.885 0.469 0.145 0.667
5 0.606 0.334 0.184 0412
MLP 7 0.697 0.369 0.150 0.484
10 0.803 0.409 0.128 0.585
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