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| Abstract |

PURPOSE: This study analyzed the trends and
characteristics of shoulder rehabilitation research through
keyword analysis, and their relationships were modeled using
text mining techniques.

METHODS: Abstract data of 10,121 articles in which
abstracts were registered on the MEDLINE of PubMed with
'shoulder' and 'rehabilitation’ as keywords were collected
using python. By analyzing the frequency of words, 10
keywords were selected in the order of the highest frequency.
Word-embedding was performed using the word2vec
technique to analyze the similarity of words. In addition, the
groups were classified and analyzed based on the distance
(cosine similarity) through the t-SNE technique.

tCorresponding Author : Ui-jac Hwang
Hwangu33@nate.com, https:/orcid.org/0000-0002-2050-5503
This is an Open Access article distributed under the terms of
the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0) which permits
unrestricted non-commercial use, distribution, and reproduction
in any medium, provided the original work is properly cited.

RESULTS: The number of studies related to shoulder
rehabilitation is increasing year after year, keywords most
frequently used in relation to shoulder rehabilitation studies
are ‘patient’, ‘pain’, and ‘treatment’. The word2vec results
showed that the words were highly correlated with 12
keywords from studies related to shoulder rehabilitation.
Furthermore, through t-SNE, the keywords of the studies
were divided into 5 groups.

CONCLUSION: This study was the first study to model
the keywords and their relationships that make up the
abstracts of research in the MEDLINE of Pub Med related to
‘shoulder’ and ‘rehabilitation’ using text-mining techniques.
The results of this study will help increase the diversifying
research topics of shoulder rehabilitation studies to be

conducted in the future.

Key Words: Research trend, Shoulder rehabilitation,
t-SNE, Text-mining, word2vec
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1. K2 42

of A AFEE HET 5 e =es A
7] 93] HH = Afo]E (https:/pubmed.ncbi.nim.nih.
gov/)o A AM o] E o7’ e} A’ (“shoulder” and
“rehabilitation”) 2 3}o] 2021 3Y 74 7|&o0 2 2 &
glo]E 7} 525 0] 9l 10338 Q] =EEo] tigt A
5, A7, AW, 28, 28Y ARE A =
w59 dHolg 48L& python®] selenium X5}
BeautifulSoupE ©]-g-3lo] ZHAst =2 o 2 4345}
At o] T T&H =15 AL 1012119 =S
2Hgajo] 719 BT PIEQE BAL stk
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methods, group, control 5)&°] FE At 181, &
59 W B TS o 271 4YES
aslolth 22, YE-E S S A dol
B2 goluz Eaoit 2lo] Basith Bal, 44
2 dlole] FolH B4E okt o] FasA e
To1 =9l A} (a, an, the), HA|A} (of, on, for), TTEA}
(it, he, her) T2 A7k 3tal &Fafof Ftet. o]2f
A, re HES Fgote] EAo) EEEA| e S

Aok 24 dlolEH < AlAsHAT

z7} ZAEL

3. 71¥E &4

Mikolov 9] 4¢lo] A|¢Fa}ATH23]. word2vec: &
embedding 37l Al 22 W2} (context) S ZH= Thoj
& 7k AR E 7HtHE AR A o] &
53ll, word2vee EHH O & F2017] A of| ofjgt B
s 43} thoj5o] Azlg ek YujE 20| 7Hs3
Ak &, wAl 2y e S osf on|24 #A 7}
BHers e} Hot o & 5o, S, A, Y
), ol sl WE 2ttt 3 o, Sk
S+ dR= w0 A7 REHES Sl
Zlo|ct.

5. Word2vec

word2vecol| Al = o] E] & s+48l T o &5 I

2 CBOW (Continuous Bag-of-words) 2} skip-gramo] ¢}
th. CBOW & 2k7| 9] =1 whoj7h EAd uff 21
FAl0] 57 wol7l Ued 24% B58 Aktes
Aolck. ¥, skipgram WL F4 Tol7h FolHe
o 5% 278 714 F9 vl 2l

SES Atste] Ye-duige AR =
& 7120 skipgram Yol Y=Y A SEE -
2ARE e} bl HaEih24]. 2
python®] gensim 2E9] word2vec F5 0]8-5}0]
Skip-Gram 4] o] ©ho] ¥ =7] 3002-g, 9 A=
1002 Agste] Aageteiras). 0% Bol GolEe
R Z430] 300H9) WEl 2 shakc. olsh 3,
wv.most_similar $HpE 0] 835le] 7| EET} Ayt o]
7P =& TolEE FARI fFARE (Cosine similarity) =
AT, TAR SALE AL lE = oj2of7)
5 wof Ajojo] TARI ZHES oL o] Baf ol
of elnf} fA1EA] ARk Holh 5, of 24
e T M ) 2RRS fAstT Be
t}. oju] AAkst gho] 1o] 742 = thol7} 9
FAHEE 23, 00fl 7PHe Tl At glow, -lo]
esE 2o SAES A,

5. t—=SNE

word2vecsr 550 THAH O R A ARES Al
Zrefslr] SfeiMe A2 Ao Sas)of gtk PCA
© 71200 ol AHEEE Al At ®Rlolet
B, Zols tSNEAH HAl 2ol ot wjAdg 4
A Sa PSR ol EE] AREIL Stk 5
3], Maaten} Hilton[26]°] A|Qteh t-SNE= o] &4
THEe v SR o & Bl A¥o] Aot
AL HAEIT 2 Aol A= +SNES ©]-8-319f 3007}

il

27} ke ol SE BAI o) Hlolg]
2 | 4242 vjo]e] 1ke] AT
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Fig. 1. Number of studies in 10 years.
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Fig. 2. Number of studies per year within the last 10 years.
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1. X247zt

ZRIW A A} =572 F 10338%H0] A
on o] 7hed FES AT 2AAS =&
197195 20214 39 747H4] % 10,121Ho] ZA}E
Ak

Fig. 13} Zro] 10d @92 52 =259 A5
AR o) Ag B At 1981'A-FE 1990E7h
A ZTE 299 9] A5 HlolE o] e FEEG
o1} o5 FA3] F7Fsl7] AlAksto] 1991 o] A 2000

A7HA] E7hE 9383 9] A7} dlofefu|o] Ao F7tE]
9t} 2001 EE 2010W7HA] &35 A1EL o]xqi
o G4 5713 242650 9] A7} dlolEfuo] o] 5

=1L, 2011 RE #A7H2] 3 640730 9] 0447}
SEE o] ojet A AEe] 43| FUlekaL Sk
= AHE fste 5 ek 53, 2010 o] o] =2
A= Fig. 29} Zro] ufjd Bt E]= of7) (shoulder), ‘A
2P (rehabilitation) ¥+ A52] S22H7F 20119 3509
S AAHO R 20206 94230 o|27]74A] sfuttt F7}

e zte 2 4 gk
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Table 1. 10 Top Keywords and Frequency

-1980 1981-1990 1991-2000 2001-2010 2011-2021 Total
Keyword Count Keyword Count Keyword Count Keyword Count Keyword Count Keyword Count
patient 121 patient 544 patient 2,061 patient 5,560 patient 15,516  patient 23,802
treatment 29 muscle 220 pain 859 pain 3,306 pain 10,339 pain 14,653
head 28 treatment 172 muscle 704 muscle 2,138  treatment 5,305 treatment 8,206
muscle 24 joint 155 treatment 677 treatment 2,023 score 5,175 muscle 7,957
arm 23 injury 146 injury 634 score 1,519 muscle 4,871 score 6,918
motion 21 pain 132 joint 536 joint 1,461 outcome 4,810  outcome 6,395
joint 20 activity 123 motion 461 degree 1,377 exercise 3,904 injury 5,665
function 18 motion 119 activity 389 motion 1,328 upper 3,724 exercise 5,598
pain 17 cuff 109 degree 386 exercise 1,280 injury 3,691 motion 5,542
elbow 17 rotator 104 cuff 379 range 1,274 motion 3,613 upper 5,384
2. 719= A Zat oA g 4 9ot
Table 12> EAdAo] H 10,1219 =& 2= ‘o7’ (shoulder)= ‘ZTEZ]’ (elbow), ‘QE=Q|ZP

HIAEE o] &3] A 107]19] 7]YEE 109 T =
SAyshiTh @A) SR o]l (shoulden), ‘A
(rehabilitation) ¥ 8 2] H159] ZEolA 7P =&
MIES Lehl kol BAp (patiend), 52 (pain), ]
B (treatment)Q] Z o2 YEMGTH I th2oR = ‘23]
Q] (range, motion), ‘32" (joint), ‘L% (muscle)T} -2
thol & = yehyic) 223 1981 e

Bl 28 (activit)ol et hol7} 7] 9 el EH 9]

o] =0 H]E

T U

ot 123, 2001 dFE = “H4 (score)2he= THol7) 7]
e ZEo] uehdt 20019FH  2F

(exercise) Troj7} HApH o2 Z718h7] AlRtelgith.
2011 A= FE A&t Ao A= “Z3F (outcome)Bt=
@ol9] RIE7F F71sk Tt

el =teelli =]
F 1012199 =Fof EABH: 25 dolEg -

olH|tle E3) 3004+ B7teE BAAo] HEEEE
Efﬂﬂ‘ﬂ‘i} The Table 2= 714 =0 HlE 22 Uehd
0 R FAE 10719 719=53 oA ( houlder), A
Ly (rehablhtatlon)J—} 7H dIHA =2 tols 1_|,]vr
B 1091704 Yebie). 2} 719 =E3 e so
ot ofel ol /st BRIAE AT owﬂ

(lenohumeral), ‘T (arm) 52] &M 2 AFA9] T2 2
912 Uehi dojS0] £ SARES ek, Afek
(rehabilitation)->- ‘X & “12° (program), ‘2| &’ (therapy),
B2’ (management) 50| SIS T} & GAEES 1}
ERTE ‘2P (patient) @] -9 AR (subject), ‘AH©]
2 (case) 59) HOI5T & $ALES el B
2 (pain)Z ‘ZAP (symptom), ‘Aol (disability), ‘Z 4~
4 Complin 02 GO0 ¢ 44 et
WLk 287 (muscle)?] 79 ‘M|EL (trapezius), ‘4
= (emg), “AHZT (deltoid), ‘7]-/\]0]-ﬂ1§’ (infraspinatus),
SA = (activation), ‘QEY L (serratus) 53 2 thof
So] ¥& FARS etk A4 (eore)= 7}
E9l ‘A|ZEZA & (Visual Analogue Scale; VAS),
‘w7 W TEA Y oA 4 (American
Shoulder and Elbow Surgeons Score; ASES), ‘AFA] 7|53
of H7}=+ (Disabilities of the arm, shoulder, and hand,
DASH) 50| =& FAREE UERHAL ‘2P (outcome)=
22 (measure), ‘7|52 (functional), 42 (score), Aol
(disability) Tl =& FAES YEoh &4
(injury)2 <QJAF (trauma), ‘5414 (athlete), ‘2A3E=
(sport), Ml (lesion) 50| & GAES Lehuic)

‘25 (exercise)2 ‘L8 73P (strengthening), ‘&1
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Table 2. 10 Word2vec Results of 12 Keywords

Rank  shoulder rehabilitation patient pain treatment muscle score  outcome injury exercise motion upper
elbow program subject symptom  management trapezius scale measure  trauma  strengthening rom extremity

! 404 525 436 473 .564 528 .556 419 453 .563 .539 .594

glenohumeral therapy case disability  intervention emg ases  functional  athlete program range limb

399 AT2 All 460 523 467 .548 355 420 471 .507 .562

pain management treated complaint therapy deltoid dash score sport stretching  movement — motor

’ 389 429 409 425 483 458 531 347 378 449 478 400
joint treatment year intensity  conservative infraspinatus vas disability  lesion resistance rotation  muscle

! 366 414 .398 400 433 453 527 337 365 437 430 385
arm care enrolled shoulder  rehabilitation activation constant  follow overuse training passive lower

’ 351 402 398 394 413 452 .507 331 361 412 422 357

motion physiotherapy ~ participant  problem treated serratus murley  murley dislocation  supervised abduction  hand

o 351 398 .390 364 379 448 492 327 .360 412 .396 344

range programme month chronic  nonoperative musculature ucla status league programme  elevation arm

’ 323 391 383 338 378 419 481 326 348 407 392 334

wrist exercise thirty painful patient electromyographic sf primary player rehabilitation  flexion ue

’ 315 373 378 336 365 395 447 320 344 370 339 311
hip strengthening twenty headache operative contraction p vas sprain therapy shoulder  function

’ 312 372 377 331 363 387 447 315 .340 367 338 299
rotation protocol forty neck treat upper quickdash  clinical competition home external muscular

10 302 367 375 327 .360 .387 436 313 338 365 330 295

2’ (program), ‘A3 % (stretching), ‘A|3} (resistance)
50l ¥ FAEE UERTE 22 (motion)©] -5
‘TA7FSRS ROM), &2’ (movement), ‘=¥
(rotation), ‘B3 (abduction) 52} Zro] o7l E 9 &
Adyt FHEH golEo] 2 FAES YERTh A
A’ (upper)= ‘“WTP (extremity), ‘4% (limb), ‘&5~

(motor) 50| ¥& FAES UERYTH

4, t—SNE

Fig. 3:& J=-9ud WA 02 3002k F7he = |
AZ] Tol5E tSNE WIS Fofl 234 37kl yEf
g =ojc}. ‘o7’ (shoulder), ‘Z|Z (rehabilitation)
| AA| o] F 7MY =2 RlEaE 2 10749 719
Sof 929} A7} APhe wol5S ol
Table 32 |5 ©ol53} A7 77he- 107]9] Hof=
o] B2} A& AAsk o5 F, o7 A
T AtollA olF 719E 7He] A4 AadE Az
Hog AuE 4 9ot

ol Ag o A5 7IHESS A A

(M we = ot

$o2 FREE: Ao et 27 158
ATE, B1E, C1%, DIE, E1808 1R}
AZLE-E o (shoulder)E F4 2= o9} 7Hd 43
‘LA (elbow), “Z (arm), “AFA]” (upper), ‘4= (wrist)
Z22a ‘F A (motion) 52 TolERE FEEHUL,
BI1&E2 ‘A& (rehabilitation) S A 02 ‘T2 3
(program), ‘x| &’ (treatment), ‘¥+2]” (management), ‘&
& (care), ‘=] | &’ (physiotherapy) 5-¢] ToiEo] 7}
7he- Aelell AT C1E-2 A5 (seore)E 54
o= ‘ATP (outcome), ‘A’ (scale), ‘ol’ (disability),
NZFEZAE (VAS), D1 o) 9 BEA) ol} ojap
4 (ASES) 52 Solo] 77ke 712lol $IAlels)
o8], DAFL B (patien) S FHOZ ARy
(subject), ‘A|0] 2 (case)@} & TolE0] MR- A
off YAk AGet EES &4 (injury)S S4H2
2 QAP (trauma), ‘541> (athlete), ‘A~E = (sport),
Y (lesion), ‘TFARE (overuse) 5-9f TolS0] 77k
AYE 7= Aoz FLEEU
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Fig. 3. +-SNE 2D visualization of 12 keywords.
Table 3. Distance of 12 Keywords in t-SNE
Rank shoulder  rehabilitation ~ patient Pain treatment muscle score outcome injury exercise motion upper
elbow program subject  symptom management trapezius ases measure trauma  strengthening  rom extremity
1
.636 521 631 .560 485 537 492 .635 .608 .501 489 435
pain therapy case disability intervention emg scale functional athlete stretching  range limb
2
.643 593 .636 .610 516 .594 514 .687 .646 .597 538 462
glenohumeral management  treated  complaint  therapy activation dash score sport program movement muscle
3
.670 643 .639 .638 .602 .601 535 714 .691 .609 574 .660
joint care month  shoulder conservative deltoid vas status lesion resistance  passive motor
4
.687 648 677 .643 .633 607 545 730 704 613 633 .664
arm treatment  individual intensity rehabilitation  infraspinatus constant disability overuse training  rotation lower
5
.695 .649 .678 .661 649 .609 572 735 712 .621 652 .681
also rehabilitative year problem  operative serratus murley improvement dislocation programme abduction  arm
6
697 671 .680 712 692 .637 .590 742 719 .637 .683 12
motion  physiotherapy ~ people  chronic treat musculature sf follow incidence  supervised elevation  hand
7
715 678 .683 717 .695 642 .603 742 127 .696 703 126
wrist early participant ~ painful  nonoperative upper respectively  primary player therapy ~ shoulder  trunk
8
723 .688 .690 7129 .695 .660 612 744 736 701 715 735
range protocol treatment  headache patient electromyographic ucla reported  competition  activity flexion ue
9
731 691 .695 743 .695 678 622 747 740 11 718 766
extremity ~ programme  enrolled life treated contraction index clinical disorder rehabilitation mobility impairment
10

742 .699 .702 745 .696 .685 .634 752 747 711 734 767
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£A, NESE vigoz 2T AYEES o
o7 A I AFEL ‘TR (patient), ‘55 (pain),
AR (reatmen) S FA O Sago] Jri A2
o 4 9lck o2t AFEE 249" (rnge, motion)
T (joint), ‘T (muscle) Sl et SAES B
o7 o]RofHE Alor EAF & 4 qlr}. Ax=dER
7IFEE AW ESE o AJto] EFof wet =2
PNET SAFIE S 7| QS HESTE
I SH9ic 1981 W EHE S “BE (activity)o] 2
wol2 Faf 2 (muscle activity)o} BT ATE}
o]7) S 7H AH59] S (activity)ol] TRF F4]
ATE0] BAHOR SHENS ACE BAE 4
ek, olol cfet oz, Fa ATEY B4 AT
o] THE FH|E o] 83t TR AFE0] o] A7
off el AHE|E SHH27-30]. 2001 K1 E =
‘A4 (score)eh= Ol E Sako] o7 A Bt 3
7k} dEo] A4Sk o 8et ARA Wt HHER
o] R E S s & 4 ek AA=, 1987d
Constant scaleo] o]7] 34 7ol 7} HHH o g A}
&H7] AIRRRE ol &2 wlsr o fRhd ©fatt B3] A =
1993 @ ASES #2441 7HUsHelaL, o] % vl= S
A & F3oA = 19999 DASH v +d-Z 7hdsto]
E6l= T ol B7F ksl Bet AEe] 244
O 8 Y= QITH31-33]. o|ef A, ‘5 (exercise)©]
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7} 57Fs7] AlZFskelt. o] e Hs=gt A7) o] AlA
B 7]9(World Health Organization; WHO)= A& 3
Ak ¢, G, 7IEEE7|ES o] A Q- AFEY
60%E AA|SHL ofof tigh f1RQIAbE &5 FEol2t
AL e R A7 4 S X717 Slste] 5
O] FoAE xS 34]. ol Foll, o A 4
oA = o5 WA FAlE] gt Hilo] F715
< Zo|aL ‘g oleh= ©ol7t AqtollA © wol ARE-
S Aot 2011d =R e AJZHE AtofA = 2
I (outcome) 2= o] &} RIE7} Z716kGiTh o] o]
ol YebgE A4 (score) Trofol obA| F=FA B7t
5< 0] 8% AFE0l HE gol F7Hlt= AMdE
FFl = 4 Aok

A, Ye-dulg 245 Fot
‘A2 (rehabilitation), 12|31 A
IS FAHES 7HAAL Sl
12l o] 3t HolE& tSNE
A #HE A459 719E 2 fAET 28 dolss
AZt3} skl on o] & Hire R 70 OFEE 4
sto] I EA4e #A8HE 7 158 $4 719 E
aigro g o] HGle bl IS4 719Ee 4
7> (shoulder), ‘A& (rehabilitation), ‘&>’ (score), ‘Tt
AP (patient), ‘=4 (injury)o] It AZLFo| A o7
71 et 243 FEA (elbow), ‘27 (arm), VA
(upper), 4" (wrist) 5] ROl 58 53] o]77} 44/
2 Holol o] B/ A7ELL Yt Ao U
Stk 82190 (motion) THo}S Elo] o]} g
Po] o APHoR TR & Ao et
BI1E2 ‘A& (rehabilitation) 7| HES FAHo = ‘2
13 (program), ‘2| &’ (treatment), ‘T+E]’ (management),
BB (care) HoI 50| WHT ABAL A= Ao
el o]9} glEo] ‘B2 & (physiotherapy), ‘&
3 (exercise), ‘T 7}3) (strengthening) 52 TolES
ol AR, FAO] tiE HoR ‘EYA R
TRk el 22 RS0l ARESE Alw 24
3 & 4= Qlrk CIES A5 (score) 7|ES THEE
‘AP (outcome), ‘Z = (scale), ‘Aol’ (disability) 52
ol IR ABAdS 7HAH, ol 23t Tl



BIAE QI018 JIES 282t O

SE0F S JIYIE HEY | 99

et 842 A8E 5 e AGESHE (VAS),
‘w7 9 B @f3f oAl 4 (ASES)9F 2
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