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Purpose: The primary objective of this study is to develop a mobile application to support the self-management
TKA patients and to evaluate the educational effectiveness of the developed mobile App.

Methods: A mobile application for self-management in patients undergoing total knee arthroplasty (TKA) was
developed based on the ADDIE model (Analysis, Design, Development, Implementation, and Evaluation). To
evaluate the effectiveness of the developed app, a quasi-experimental study using a non-equivalent control group
pretest-posttest design was conducted. A total of 63 patients who underwent TKA at a hospital in Seoul were
assigned to either the experimental group (n = 32) or the control group (n=31). The experimental group performed
app-based self-management intervention for six weeks, while the control group received routine education. Data
were collected before and after the intervention. The study analyzed the intervention’s effects on joint exercise
knowledge, exercise self-efficacy, exercise performance, knee function score, and knee flexion angle.

Results: Following six weeks of self-management using the mobile App, the experimental group showed significant
improvements in exercise self-efficacy (p=.031) and exercise performance (p=.001) compared to the control group.
However, there were no statistically significant differences in joint exercise knowledge (p=.094), Lysholm score
(p=-106), or knee flexion angle (p=.887).

Conclusion: The mobile App developed in this study was found to be an effective educational tool for improving exercise
self-efficacy and exercise performance among patients after TKA. The findings confirmed that education through the
self-management mobile app for TKA patients developed in this study can be an effective educational medium that
positively affects exercise self-efficacy and exercise performance. Further research is needed to evaluate long-term
effects and applicability in diverse patient populations, including improvements in app functionality.
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Theme Sub-theme

Reflect on mobile app

Pre & Post
operative anxiety

* Postoperative complications.

« Severe pain during rehabilitation exercises.

* Provide a case for successful cases video tab

Preoperative anxiety « Surgical patient successful cases

reduction factors

(close acquaintance, patient in the same room)

* Training on how to exercise before surgery

Preoperative
P +» The length of hospital stay

education
* Hospital discharge time

requirements . .
« Time to return to normal life

* Preoperative exercise management tab.

Postoperative
Rehabilitation
Exercise Barriers

« Severe pain.

 Missing rehabilitation exercise Time.

« Postoperative complications anxiety

« Set individual
« Customized workout time zones.
« Exercise push alarm.

Preferred » One-on-one education.

Educational Methods « Video education.

+» Video exercise training tab.
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Figure 1. Examples of mobile app screen.
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Table 2. Evaluation results of mobile app usability by experts and users during the development phase.

Category Expert group User group
MARS ? (n=6) u-MARS ? (n=5)
Mean + SD
Engagement 4.00 £ 0.50 3.76 + 0.32
Functionality 4.54 + 0.47 4.20 £ 0.27
Aesthetics 3.67 £ 0.61 3.66 + 0.33
Information 3.60 + 0.62 3.75 £ 0.00
Subjective Quality Assessment 3.00 £ 0.50 3.00 + 0.29
Total 3.75 £ 0.20 3.50 £ 0.19

1) MARS: Mobile Application Rating Scale
2) u-MARS: User Mobile Application Rating Scale
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Table 3. Homogeneity of general characteristics and dependent variables between experimental and control groups.

Variables

Categories Experimental group (n=32) Control group (n=31) 2" ort p
Age (yrs) 65-¢75 24 (75.0) 23 (74.2)
75<-84 8(25.0) 8(25.8) 0.00 .999
Mean + SD 69.0 70.4
Gender Man 10 (31.3) 7 (22.6)
0.60 572
Woman 22 (68.7) 24 (77.4)
BMI Underweight 4(12.5) 6(19.49)
Normal 14 (43.8) 11 (35.4)
1.59 .661
Overweight 10 (31.2) 12 (38.7)
Obesity 4(12.5) 2(6.5)
Marital status Marriage 30 (93.8) 30 (96.8)
Bereavement 2(6.2) 1(3.2) 0.31 .999
Single 0(0) 0 (0)
Education level Unschooled 13.1) 309.7)
Elementary school 4(12.5) 6(19.4)
Middle school 11 (34.4) 9(29.0) 2.62 .622
High school 13 (40.6) 12 (38.7)
>University 309.9 1.2
Religion Yes 17 (53.1) 16 (51.6)
0.14 .999
No 15 (46.9) 15 (48.4)
Underlying disease  Yes 27 (84.4) 28 (90.3)
0.50 .708
No 5(15.6) 309.7)
Alcohol Yes 7 (21.9) 4(12.9)
0.87 .509
No 25(78.1) 27 (87.1)
Smoking Yes 13.1) 2 (6.5)
1.05 742
No 31 (96.9) 29 (93.5)
Housemate Spouse 27 (84.4) 25 (80.6)
Children 2(6.2) 2 (6.5) 0.24 .886
Alone 309.49) 4(12.9)
Care provider Spouse 17 (53.1) 15 (48.4)
Children 5(15.6) 5(16.1)
0.17 .979
Caregiver 7 (21.9) 8 (25.8)
None 309.4) 309.7)
Joint exercise knowledge 42.18+£14.96 36.45+14.50 -1.54 128
Exercise self-efficacy 30.96+12.43 28.41+11.88 -0.83 .409
Exercise performance 14.21+£4.81 13.05+4.56 -0.97 333
Lysholm score 64.43+9.68 64.61+11.07 0.06 947
Knee flexion angle (*) 124.53+9.01 125.16+9.24 0.27 785

BMI=Body Mass Index
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jm4

=] %_-_ﬂg_q JF4-E Shapiro-Wilk test®} f=2}

= A& F9 B BE S5EHAT(p).09).
2) AR+ g2 F8 Wad AP-AS ¥t 9 g
ZtH

(D) BE 544

(Table 4). 13U AFE H50] Atk 7t Zjol= &
FoJ5tA] Gkokth(t=-1.70, p=.094) (Table 5).

Az Aol 2t SAXCE FosH & +F
< YERtH(t=-2.20, p=.031) (Table 5).
(3) & olP=

& ok EI F HAe BFNA ARI-ARE {-o|5)
Al Z7FeFH I p<.001) (Table 4), AFE ZH oA A¥

T2 R2LET FYoHA w2 J4E EAH(=-3.60,
p=.001) (Table 5).

4) w4 7154

ETE 71585 AT RS BF APE-ARS fo
SHA A= JATH p<.001) (Table 4), AFE A4l A Aot
7t f-olgt Atol= QlAtH(t=-1.63, p=.106) (Table 5).

2
SHdE 254E= 49

23 2 BE AL-AS §

Q) S= A7 BT OI5A Z718t R p<.001) (Table 4), AFE M=ol A F
At 7t §oJet o)== UEhtbA] eSkti(t=0.14, p=.887)
5 1B AP R BRolA AP-ARE (Table 5).
Fol3t FAFS BHOm(p<.001) (Table 4), A H=o]
Table 4. Pre-post comparison of the dependent variable.
Pre-test Post-test Difference
Variable Group t p
Mean £ SD
Experimental ! 42.18+14.96 49.68+14.25 7.50+6.72 -6.31 {.001
Joint exercise knowledge
Control ? 36.45+14.50 43.87+12.82 7.41£6.30 -6.54 {.001
Experimental ! 30.96+12.43 42.59+9.38 11.62+7.60 -8.64 <.001
Exercise self-efficacy
Control ? 28.41+11.88 37.48+8.65 9.16+8.40 -6.06 {.001
Experimental 14.21+4.81 20.84+2.55 6.62£3.90 -9.58 {.001
Exercise performance
Control ? 13.06+4.56 18.2943.05 5.22%2.49 -11.64 {.001
Experimental 64.43+9.68 80.09+7.84 15.65+6.93 -12.76 ¢.001
Lysholm score
Control ? 64.61+11.07 76.64+8.84 12.03+10.60 -6.31 {.001
Experimental ! 124.53+9.01 134.28+1.73 9.75+9.09 -6.07 <.001
Knee flexion angle(®)
Control ? 125.16+9.24 134.35+2.33 9.1949.19 -5.57 {.001

' n=32 2 n=31
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Table 5. Comparison of the dependent variable between experimental and control groups, post-intervention.

Post-Experimental group

Post-Control group

Variable (n=32) (n=31) . »
Mean = SD

Joint exercise knowledge 49.68 £ 14.25 43.87 £ 12.82 -1.70 .094

Exercise self-efficacy 42.59+9.38 37.48+8.65 -2.20 .031

Exercise performance 20.84+2.55 18.29+3.05 -3.60 .001

Lysholm score 80.09+7.84 76.64+8.84 -1.63 .106

Knee flexion angle() 134.28+1.73 134.35+2.33 0.14 .887
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Structuring for Patient Safety: SNOMED CT-based Standardized
Terminology Mapping of ICU Nursing Records
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Purpose: This study aimed to identify patient safety concepts from nursing records in intensive care units (ICUs) and to explore
their semantic structure through mapping to Systematized Nomenclature of Medicine Clinical Terms (SNOMED CT).

Methods: Nursing records from ICUs in five hospitals were reviewed to extract patient safety concepts and related
nursing terms. The extracted terms were mapped to SNOMED CT (January 2025 international release), and mapping
types and top-level hierarchies were analyzed to identify the structural characteristics of patient safety concepts within
the nursing records.

Results: From a total of 19,511 nursing terms, five patient safety concepts—pressure injury, falls, medication, infection,
and respiration—were derived, and 1,096 nursing terms were mapped. Respiration (368, 33.6%) and infection (283,
25.8%) accounted for the largest proportions, reflecting the frequent interventions related to mechanical ventilation and
invasive devices in ICUs. Most of the mapped terms belonged to the Procedure hierarchy (868, 79.2%), indicating that ICU
nursing records are primarily focused on assessments and interventions performed by healthcare providers. Clinical
findings (175, 16.0%) were relatively fewer but played an important role in safety monitoring by documenting patient
status changes and negative observations such as “no apnea” or “no adverse drug reaction.” Broad matches were the
most frequent mapping type, with 579 cases (52.7%), indicating that nursing records reflect the detailed and context-
specific expressions used in actual clinical practice. Only 20 terms (1.9%) were classified as No matches, mainly in the
infection and respiration domains.

Conclusion: The findings of this study demonstrate that by deriving patient safety concepts from ICU nursing records
and standardizing the corresponding nursing terms with SNOMED CT, nursing records can serve as a key resource for
establishing patient safety management systems.
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Qlojet ofuH 45--8/do] HA|= ojof gt SNOMED
CT (Systematized Nomenclature of Medicine Clini-
cal Terms)= ¥4 NdS FHA ZZsh= 4] £2801
AA=Z, Y 245 7id D= F23} 5to] 7|8} Al
q 259 U2 A48T 5= A 11, 12]. whEkA ZF
5 7]8-& SNOMED CT& HEs}oto] L2}l AHY -
oo - A - 279 Y 552 NEH R Vesta, &
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2 ol

o 7hs S SAAHIZ] 4 - 8% - o2 5 A 9
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K-MIMIC (Korean Multi-Institutional Multi-mod-
al Intensive Care)2 H|=ollA SEAA A &R
73 &4 glolE & H|AEs}ste] /Rt HiHf & Hlo]EH|o]
291 MIMIC (Medical Information Mart for Intensive
Care)g WAu1)8) 751, B39 284 W2 S5} 9
= glglolgAlolh. K-MIMIC 247] 9] S84
o755 XSt HolEAl 55 FHE ot o] A
T 5 Al-ol= 1770 ¥ 1207] SEAANA 3=
2 7150] grEo] o tiE e FH 2 B
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3. SNOMED CT "| ¥

SNOMED CT "|¥-& SNOMED International°A] A
Z35l= SNOMED CT Starter Guide[21]E 115}10] =3}
Il

==
—
Independent Internal
Mapping Validation

Figure 1. SNOMED CT mapping process.
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SNOMED CT¥] Top—level hierarChYE <!

e 7t535 AL oot Aok
AT AR B HAL A2, B P9E 2
Procedure
- DA AV A 34, 28 AElE Yrlsh= Clinical
finding

« AF, gAY 329 5 B9 JHE7F PAE Situa-

tion with explicit context
« Aoy A XA E 2Ju]st= Event

35 vy 23k= 1t=8-olet SNOMED CT 7id 7t 9
o] Al w2t Al 7HA] fFEeE 2573 Narrow®]
73-% SNOMED CT 7l'go] Ztogof it #4121 F¢-=2
5-8ol9] oJul7t £AE 922 ARgSHA] okt
« Exact: 7t2-8012} SNOMED CT 7do] ¢b4s] dA
= Ao
Broad: SNOMED CT 7igo] 7+&-goj et T2l 7L
No match: 33 2Jv|E E£FZ SNOMED CT 7ig°]

L ]
]-1_ 78‘-[_

24517

o] Aoz EAHA NEEE vig A3 (Exact,
Broad, No match)®} Top-level hierarchy (Procedure,
Clinical finding, Situation with explicit context,
Event)9] A4S &9lsl7] Y3l SPSS Statistics 29.0
2 olgstel AolAE BHE AFAT. 2 vige]
95% A1ZF 7t o|FREE 7HF3T Wilson score
= AR&SE] AtstAT. ERL, g Adte] Ay &R
£ 9sf wig B FIEAR 1 A= g AEsH 59
o= 33t uig A3t disto] Python2 °o]&
Sf Fleiss' Kappa A2t B4t B A &S AHE5HATH

452 59 s} 55 152 o B

]Em
==

Kappa A4

5. 8% 18

o] A& SHstuH Y BB Y &AL IRB,
H-2107-258-1246)%F B & H(20-2022-37)9] %<
< wgter, ZH ¥ giolg Heol¥sl(Data Review
Board)Z#E A= 40l tigt 59U F7h=2 ot &
2po] JPIYYL AFPoz w3
kgron], STl 7o 7|er AW
EAFot /NP HE S A5 A Ayt THA om0
B &8 7hoj=atel jofl mht &7d 5] vl A Eatst it 22l.

II. H5+Z1t

1. 8ARME A ==

AP H 18H5 A AE(2016 - 2024) AHRE 53 £4
gt A, F 109,9061 F 9732 44,55571(40.5%), °F=
2 43,96271(40.0%) 2. & Yegon, & f3o] HA| AaL
9] 80.5%% A5ttt B3 83, A4, 35 B HAE
Al SAANA Ad st 25 AA =T 4
AHE I @R 9 I35 B S T 9dE
Aafert £ JPog Higo[17-20], o] Aol EA of
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3. SNOMED CT 1| g

< 1,0967119] 2ARQPA ¥ 71328017} SNOMED CTS}
g = 8 Fd 7E T T5(33.6%) A (25.8%)
o] 7 &2 HS= 747‘]3} ow, FoK24.7%), &%
9.7%), F0.2%) =22 B3It B SARE g
oA Procedure (79.2%) 73]]%-4 H|Zo0] 7} =911, Clin-
ical finding (16.0%), Situation with explicit context
(4.3%), Event (0.5%)&0.2 YEITH Event A& YAF
Mol Aet &Rl= 3t v 532 Broad”} 579
A(G2.7%)2E 7P w2 HlEE AAISHA L, Exact= 497
A(45.4%), No match®= 207A(1.9%)°]cHTable 1).

111 _—S—Lﬁ_

7holAlF A Ax, GAH(x*=14.95, df=3, p=.002),
ZA(x* =83.00, df=4, p<.001), T&(x"=63.73, df=6,
p<.001) AdolAe o |37} AF 2F £27F ot
A gt vhd, 831 =1.62, df=2, p=.446)7} F=
(x°=1.58, df=2, p=.454)2 9|3t Zo]7} Yeh}A] &k
tH(Table 2). T3, SNOMED CT wi*g 3o AIAHES
gelatr] H3f 5%l0] EHF oz Y3t ujsyg Axtof o3|
7L 7F DA = BA 6t B4 AT} Fleiss' kappa
As+= 0.53082 ‘4“4“;12”%, o]+ Landis®} Koch9] 7]
Zol| wet S5 £F9 Aol sigetch23]. B
AL 62.2%E UrEP*E}

Hospital A: | | Hospital B: | | Hospital C: | | Hospital D: | | Hospital E:
4,896 3,528 3,569 3,110 4,408
Total terms (n=19,511)
Excluded (n=16,706)
notinthe 5 safety concepts
Safety-related terms (n= 2,805)
> Excluded (n=1,709)
De-duplication
Final terms (n=1,096)
Pressure Falls Medication Infection Respiratory
injury (n=106) (n=68) (n=271) (n=283) (n=368)

Figure 2. Workflow for nursing term extraction and preprocessing.
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A3t 235}k FIAA 7+ 7= 9] SNOMED CT 7|8 ¥5&-8-0] ujj g

B2, A, Ao+, ZB, O|AJ et

) s s )

Table 1. Patient safety concepts by SNOMED CT hierarchy and mapping type.

(N=1,096)
Top-level
hierarchy & Procedure Clinical finding Situation with explicit context Event Total
Correlation
7 df p-value
IS’aEi(-t:nt Exact Broad No match Exact Broad No match Exact Broad No match Exact Broad No match )
Cinecgpt n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) nve
Pressure 36 48 0 4 17 0 1 0 0 0 0 0 106 1.616 2 446
injury (34.0%)  (45.3%)  (0.0%) (3.8%)  (16.0%  (0.0%) (0.9%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) 9.7%)
Falls 22 35 0 4 0 0 3 0 0 4 0 0 68 14.954 3 .002
(32.4%)  (51.5%) (0.0%) (5.9%) (0.0%) (0.0%) (4.4%) (0.0%) (0.0%) (5.9%) (0.0%) (0.0%) (6.2%)
Medication 93 133 0 15 16 0 4 10 0 0 0 0 271 1.580 2 454
(34.3%)  (49.1%)  (0.0%)  (5.5%)  (5.9%)  (0.0%)  (1.5%  3.7%  (0.0%  (0.0%  (0.0%  (0.0% (24.7%)
Infection 92 168 4 7 1 7 1 3 0 0 0 0 283 83.000 4 <.001
(32.5%)  (59.4%)  (1.4%) (2.5%) (0.4%) (2.5%) (0.4%) (1.1%) (0.0%) (0.0%) (0.0%) (0.0%) (25.8%)
Respiratory 111 126 0 78 17 9 21 5 0 1 0 0 368 63.734 6 <.001
(30.2%)  (34.2%) (0.0%) (21.2%) (4.6%) (2.4%) (5.7%) (1.4%) (0.0%) (0.3%) (0.0%) (0.0%) (33.6%)
Total 354 510 4 108 51 16 30 18 0 5 0 0 1,096 129.334 6 <.001
(32.3%)  (46.5%) (0.4%) (9.9%) (4.6%) (1.5%) (2.7%) (1.6%) (0.0%) (0.5%) (0.0%) (0.0%) (100.0%)
\YAnES Of 7o ko P ot TETH, F5F gl AAE
St ¥islel -2 2t A 2 54 o] oA 7|5 E e
o] A= d SEAA eV 5Z o]8ste] & FRE HYrh o3l Aol 7|AR], AT, T
ARPA Y Ady B o gojE At ol & 5 HEF 717] Aol v S8R g A
SNOMED CT®} vijsgsto] ojuz 325 AT, IHE JAo0=2 & 4 Qo AAE I 9] APAFoA =
F 1,096719 2tz8ol7t Mg, 25(3687, AT 557 B YT FEAAA Eota AP
33.6%)T 72837, 25.8%) W &o7t 7ME =2 HIS A FARPH EAZ Eu"d Li 52312 S8R gzt
= AT B3 @AeHd JiEE = SNOMED CT Al 9] /lgsg7] T3 HE LAYEO| oF 30%°] 0|21, o]&=
S Y X7 OEA UetgeH, hol Als A A YTz Bk ofyet MA MY AYr|Tte] 2
d AT A, A, o5 Ndolde Aol wE W8+ ojddx Bustgth. k3 Ala-Kokko 52412 S84}
B £ Zo]7t Fostith(Table 1). ol ?HH’E@ A Aol BT ERAAC] @] AFTER ol EY &
YHg 15750 23EE o] F27 AZ HE 7] BESOE FAHA JF= vZTL B sHTH25]
ot G 992 Event AT HSO| A W@Qi = ol AHEL 553} FYo| FEAA SRIQEA a9
A GehH43, 5.9%), AA 94 B Aol AR 715 A JA9AS A, okt mEshE we| M) °
He 542 EAnh 49 992 Procedure A5 HIE $AEAYS ARt O oo g EE(R714, 24.7%)
o] mi-¢- %31(2647, 93.3%) Broad "ol 1727(60.8%) 9] 2t57|=o] o] Uehdon, ol A A A &
oz Wol ety =4 74, AdFS B/, &%, F Fort 3 59 IH Al FAl) JAF bHA
S Gl 22 - P97 SAHZ olFH, B 19 F9 YUY HojEo é—lxﬂi ST SAE

| A%d mdo] B

& 992 Procedure(2377

finding(1044

, 64.4%)%

nrolo 9 HojZErh &
ofye} Clinical
, 28.3%)7} Situation with explicit con-

text(264, 7.1%)%= A ey, & fA4 2 7= e
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Supplementary Table S1. Nursing term frequencies by patient safety concept.

(N =10,298,431)

Patient safety
concept

Sub-concept

n (%)

Rank Related nursing terms

n (%)

Pressure injury

Pressure injury prevention

1,140,429 (11.1)

1

NES FEE HFE

215,451 (18.9)

2 AAHA 162,178 (14.2)
3 J9olol v 5 siE 153,837 (13.5)
Pressure-relieving mattress use 427,252 (4.2) 1 air mattress -8 $¢ 140,766 (32.9)
2 air mattress 2-&31% 74,491 (17.4)
3 E3gg EHA HEE 51,007 (11.9)
Pressure injury 332,920 (3.2) 1 8385 295,587 (88.8)
2 839 dressing ¥ 5Y 21,226 (6.4)
3 A Wskel 11,645 (3.5)
No pressure injury 310,155 (3.0 1 EFes 310,155 (100.0)
Pressure injury risk assessment 237,607 (2.3) 1 &% SuRe] HEe 140,849 (59.3)
2 23 Y acio] gl gt 95,816 (40.3)
3 EFPRAEE AT 837 (0.4)
Falls Fall prevention 1,023,015 (9.9) 1 A d3do] £33 BEE fASY 254,437 (24.9)
2 Ad e 2HE 229,205 (22.4)
3 9 ANEs 3T 127,726 (12.5)
Fall prevention education 343,573 (3.3) 1 A s 81,990 (23.9)
2 IARs 80,590 (23.5)
3 Fall down® 7Fs4< €8l 95 F 61,640 (17.9)
High fall risk 236,659 (2.3) 1 939 142,308 (60.1)
2 AR A4S 65,404 (27.6)
3 dAIYEEoR Sl 27,490 (11.6)
No fall 16,582 (0.2) 1 9 9,158 (55.2)
2 e AskA g Aol 7,304 (44.0)
3 ool e AP g Aol 120 (0.8)
Fall risk education 12,176 (0.1) 1 94 e s 12,152 (99.8)
2 TS AR AT DAY 24(0.2)
Medication Medication administration 339,342 (3.3) 1 Aol s oF= s 209,029 (85.5)
2 prn ordero] 23 FoFgt 21,348 (6.3)
3 Ao o3 kR ol F9 12,774 (3.8)
Intravenous fluid 201,065 (2.0) 1 A 3d 3 119,825 (59.6)
administration 2 2:08 29| 2ol A 37.200 (18.5)
3 A HuLER FAT 9,120 (4.5)
Intravenous drug infusion 1 infusion pump 5381 < 59 113,370 (59.9)
(pump-based) 189,285 (1.8) 2 Infusion pump A& 31,741 (16.8)
3 infusion pump B3] FY A2t 22,068 (11.7)
Antibiotic administration 87,096 (0.9) 1 Aol o) FAEAE T3 84,653 (97.2)
2 Ao o) YA FolE AR 2,230 (2.6)
3 A R 142 (0.2)
Analgesic administration 53,226 (0.5) 1 Aol g ABAE T 49,744 (93.5)
2 5% Zaste] XA &Pl AFA Tt 2,445 (4.6)
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Patient safety

Sub-concept

n (%)

Rank Related nursing terms

n (%)

concept
Infection dressing care 582,568 (5.7) 1 $&4A dressing JH Y 124,079 (21.3)
2 dressing & 32,060 (5.5)
3 H4} dressing AE Y 29,641 (5.1)
High infection risk 165,911 (1.6) 1 #d9E 158,208 (95.4)
2 AEY a4 7,703 (4.6)
Assessment of infection signs/ 153,876 (1.5) 1 e S0 YA &gt 142,204 (92.4)
symptoms 2 e FE 80l ASA AT 6,634 (4.3)
3 AAERY B S0l deAl Eeld 3,743 (2.4)
Urinary tract infection pre- 84,576 (0.8) 1 A=k B bundle 5% 77,327 (91.4)
vention 2 FARR B A BERE S+ 6,784 (8.0)
3 Urine bag® 91AE 3349 A ET ¥A FASHS w53 324 (0.4
Isolation education 53,310 (0.5) 1 Z8 (Mg E55tes 283 30,869 (57.9)
2 A7 "egdl dis) L& 18,204 34.1)
Respiratory Respiratory assessment 487,602 (4.7) 1 IZWN IS 220,928 (45.3)

ventilation use

No respiratory distress

Endotracheal suctioning

Ineffective airway clearance

468,308 (4.6)

315,742 (3.1)

155,410 (1.5)

141,121 (1.4

2 B IFPICRE A9 ) BAF
3 ISR SR

Ju—

ventilator 4-& S

2 ventilator 283+

3 Ventilator 3§

1 IS e

2 dyspnea 9=

3 &3 Ao Tk JEd §lE
1 7184 suction ¥

2 E-tube %3 suction Al

3  Endotracheal suction 3

1 vEey7=32

94,953 (19.5)
85,302 (17.5)
420,854 (89.9)
27,215 (5.8)
16,948 (3.6)
275,847 (87.4)
24,710 (7.8)
1,410 (0.4)
84,083 (54.1)
38,063 (24.5)
3,618 (2.3)
141,121 (100.0)
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Education and Its Association with Patient-safety Competency:
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Purpose: This study aimed to explore undergraduate nursing students’ experiences with patient-safety education in
South Korea and examine its association with patient safety competency.

Methods: We conducted a descriptive cross-sectional online survey in November 2024 among 200 junior and senior
nursing students from 50 colleges. Participants reported how patient-safety education was delivered at their college
and in their own coursework (a stand-alone course in patient safety vs. content embedded within other courses).
Coverage of the 11 World Health Organization (WHO) patient safety curriculum topics was enumerated. Group
comparisons and multivariate linear regression were used to test the associations between instructional format and
overall patient-safety competency adjusting for student characteristics.

Results: Students (82.0%) completed patient safety education embedded within other courses rather than a stand-
alone patient safety course (18.0%). Students who completed a stand-alone course reported broader topic coverage
(M=8.19, SD=2.93 vs M=4.09, SD=3.54; t=7.33, p<.001) and higher overall patient safety competency (M=4.03, SD=0.55
vs. M=3.73, SD=0.62; t=2.75, p=.007). In adjusted analyses, completion of a stand-alone patient safety course was
positively associated with higher overall competency (8=.15, p=.036).

Conclusion: Delivering a stand-alone course in patient safety is associated with broader coverage of WHO topics
and higher patient safety competency among undergraduate nursing students. We should consider standardized
curricula and faculty-development efforts to provide comprehensive, system-based, and team-based patient safety
education in Korean undergraduate nursing programs.
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Table 1. Differences in patient safety competency by participant characteristics and experience of curriculum exposure.

(N=200)
i n (%) or Patient safety competency
Mean + SD Mean * SD torr (p)
Gender 1.00 (.321)
Male 22(11.0) 3.90£0.62
Female 178 (89.0) 3.77+0.61
Age (years) 22.86+2.27 -0.07 (:302)
Year of study -0.90 (.368)
3rdyear 112 (56.0) 3.75+0.64
4™ year 88 (44.0) 3.82+0.59
Hospital volunteering/paid work experience 2.42 (.018)
Yes 134 (67.0) 3.86+0.51
No 66 (33.0) 3.61+0.76
Participation in patient-safety conferences/seminars 2.47 ((.014)
Yes 35(17.5) 4.01£0.62
No 165 (82.5) 3.73+0.61
Completion of external patient-safety training (outside the curriculum) 0.63 (.529)
Yes 58 (29.0) 3.82+0.52
No 142 (71.0) 3.76£0.65
Perceived need for a stand-alone patient-safety course 1.19 (.237)
Necessary 156 (78.0) 3.81+0.62
Not necessary 44 (22.0) 3.68+0.59
Region of university 0.57 (.567)
Metropolitan 97 (48.5) 3.81+0.60
Non-metropolitan 103 (51.5) 3.76+0.63
Institutional offering of patient-safety education 1.44 (.151)
Stand-alone course offering 57 (28.5) 3.88+0.61
Embedded within other courses offering 143 (71.5) 3.74+0.61
Individual enrollment in patient-safety education 2.75 (.007)
Completed a stand-alone course 36 (18.0) 4.03+0.55
Completed patient-safety content embedded within other courses 164 (82.0) 3.73£0.62
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5 ] Ath(t=7.33, p<.001).
FA| 4=2] Zpol & ofy =} —7—11]@ Aol s o] FR 5
53] ‘2 Ao Al A”T B3] I olshst ] (=4
83.3% vs &% 20.1%; x"=54.67, p{.001; OR=19.85,

M
)
Io
L

95% CI [7.63, 51.63]), ‘A2l 99 =7|'(54 86.1%
vs 53 25.6%:; x°=46.62, p<.001; OR=18.01, 95% CI
[6.58, 49.33]), ‘TARFANA A4 231S HEot= A
o] o Za3HF? (59 83.3% vs B 33.5%; x°=29.95,
p<.001; OR=9.91, 95% CI [3.89, 25.23])°4 =9 w3}
EoA djd FAE E3ol= vlE&o| A5| &9kt W
2 o B (5 69.4% vs B 59.8%; 2°=1.17,
p=.279)¢} ‘SARPHI A& AR (FE 61.1% vs B
43.3%; x°=3.77, p=.052) @4 2t Aol7t BAH R
FolokA] gkSkth(Table 2).

Table 2. Coverage of WHO patient-safety curriculum topics by instructional format.

(N=200)
Completed a Completed patient-safety content
. stand-alone embedded within other courses t or x2 0dds ratio
Variables course (n=36) (n=164) (p) 95% CI
n (%) or Mean * SD
Number of WHO patient safety curriculum guide 8.19+2.93 4.09+3.54 7.33 (£.001)
topics included in the formal curriculum
WHO patient safety curriculum guide topics
1. What is patient safety? 17.36 (£.001)  9.27 [2.73, 31.44]
Included 33 91.7) 89 (54.3)
Not included 3(8.3) 75 (45.7)
2. Why applying human factors is important for patient 29.95 ({.001)  9.91 [3.89, 25.23]
safety?
Included 30 (83.3) 55 (33.5)
Not included 6(16.7) 109 (66.5)
3. Understanding systems and the effect of complexity 54.67 ({.001) 19.85[7.63, 51.63]
on patient care
Included 30 (83.3) 33 (20.1)
Not included 6 (16.7) 131 (79.9)
4. Being an effective team player 46.62 (£.001) 18.01 [6.58, 49.33]
Included 31 (86.1) 42 (25.6)
Not included 5(13.9) 122 (74.4)
5. Learning from errors to prevent harm 26.07 ({.001)  8.67 [3.41, 22.02]
Included 30 (83.3) 60 (36.6)
Not included 6(16.7) 104 (63.4)
6. Understanding and managing clinical risk 17.92 ({.001)  4.83 [2.24, 10.44]
Included 24 (66.7) 48 (29.3)
Not included 12 (33.3) 116 (70.7)
7. Using quality-improvement methods to improve care 10.03 (.002) 3.29 [1.54, 7.05]
Included 24 (66.7) 62 (37.8)
Not included 12 (33.3) 102 (62.2)
8. Engaging with patients and carers 15.77 (£.001) 4.29 [2.02, 9.11]
Included 20 (55.6) 37 (22.6)
Not included 16 (44.4) 127 (77.4)
9. Infection prevention and control 1.17 (279) 1.53 [0.71, 3.32]
Included 25 (69.4) 98 (59.8)
Not included 11 (30.6) 66 (40.2)
10. Patient safety and invasive procedures 3.77 (.052) 2.06 [0.98, 4.31]
Included 22 (61.1) 71 (43.3)
Not included 14 (38.9) 93 (56.7)
11. Improving medication safety 8.29 (.004) 3.09 [1.40, 6.81]
Included 26 (72.2) 75 (45.7)
Not included 10 (27.8) 89 (54.3)

WHO=World Health Organization; CI=Confidence interval.
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Table 3. Means and standard deviations for participants’ patient safety competency.

(N=200)
Variables M SD
Overall patient safety competency 3.78 0.62
Working in teams 3.54 0.77
Communicating effectively 3.94 0.76
Managing safety risks 3.80 0.70
Understanding human and environmental factors 3.85 0.78
Recognizing and responding to adverse events 3.76 0.77
Culture of safety 3.81 0.77
Table 4. Patient safety competency by instructional format.
(N=200)
Completed a stand-alone Completed patient-safety content
course (n=36) embedded within other courses t(p)
Variables (n=164)
Mean * SD
Overall patient safety competency 4.03+0.55 3.73+0.62 2.75(.007)
Working in teams 3.75+0.68 3.49+0.78 1.82(.071)
Communicating effectively 4.21+0.61 3.88+0.78 2.38(.018)
Managing safety risks 4.06+0.55 3.74+0.71 2.49(.014)
g)r;;lerstanding human and environmental fac- 41540.72 3.7840.78 2.64(.009)
Recognizing and responding to adverse events 3.97+0.69 3.71+0.78 1.87(.063)
Culture of safety 4.06+0.81 3.75+0.75 2.22(.028)
Table 5. Factors associated with patient safety competency.
(N=200)
Variables Beta SE B t p
Year of study
3rdyear Ref.
4hyear 0.07 .09 .06 0.80 423
Hospital volunteering/paid work experience
Yes 0.20 .09 15 2.15 .033
No Ref.
Participation in patient-safety conferences/seminars
Yes 0.20 11 13 1.80 .073
No Ref.
Individual enrollment in patient-safety education
Completed a stand-alone course 0.24 11 .15 2.11 .036
Completed patient-safety content embedded within other courses Ref.

SE=Standard error: Ref.=Reference group.
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Stage Classification Performance and Clinical Applicability of a Deep

Learning-Based Mobile Application for Pressure Injury Analysis
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Purpose: The purpose of this study was twofold: 1) to reduce inter-rater variability in pressure injury staging and 2)
to explore the feasibility of a supportive tool for clinical practice by evaluating the agreement between automated
classification results and the clinical applicability of a deep learning-based mobile application for pressure injury analysis.

Methods: In this single-center prospective pilot study, clinical images from 20 patients with pressure injuries were
used to calculate Cohen’s kappa for inter-expert and expertAl agreements. Stage-specific performance analyses were
conducted only for pressure injuries classified as Stages 2-4, as no cases of Stage 1, deep-tissue pressure injury, or
unstageable pressure injury were observed. In addition, a 10-item survey was administered to 50 nurses to assess ease
of learning, interface intuitiveness, clinical usefulness, and overall satisfaction.

Results: The interexpert kappa was 0.703, indicating substantial agreement, whereas the expertAl kappa ranged from
0.615t0 0.730, reflecting moderate to substantial agreement. Nurse satisfaction (N = 50) showed high positive response
rates for ease of learning (94%), intuitive usability (88%), and support for clinical judgment (88%). Opportunities for
further functional refinement to support broader clinical implementation were identified.

Conclusion: As this was a single-center pilot study, the findings should be interpreted as preliminary. The Al-based
application for determining pressure injury stage classification demonstrated moderate to substantial agreement with
expert assessments, and nurse satisfaction was generally favorable, suggesting that the application may serve as an
assistive decision-support tool for pressure injury staging. Further multicenter studies are warranted to confirm its
clinical applicability and performance.
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Figure 1. Data collection example.
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Table 1. Definitions of agreement and performance metrics used in the quality improvement evaluation.

Category Analysis metric Definition and calculation

Interpretation and purpose

Agreement analysis Cohen’s Kappa

research nurses’ assessments and Al

classification results

Performance analysis Accuracy
Sensitivity (Recall) TP? / (TPY + FN¥)

TN? / (TN? + FP?)

Specificity

Statistical test p-value p<.05

Measures the agreement between the

A coefficient that adjusts for agreement occurring by chance be-
yond simple percent agreement. Values between 0.61 and 0.80 are
generally interpreted as substantial agreement (Landis and Koch)

(TPY + TN?) / (TPY + TN? + FP? +FN¥)  Proportion of correctly classified cases among all evaluated cases

Proportion of true cases of a given stage correctly identified by the Al

Proportion of non-target cases correctly excluded by the Al

Statistical significance threshold

1) TP: True Positive 2) TN: True Negative 3) FP: False Positive 4) FN: False Negative
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(N=20)
Characteristics Categories n (%) Mean * SD
Gender Male 11 (55.0)
Female 9 (45.0)
Age (yr) 40-49 2(10.0)
50-59 4(20.0)
60-69 5(25.0) 68.9£15.9
70-79 2 (10.0)
>80 7(35.0)
Ward type Internal medicine ward 7 (35.0)
Surgical ward 4(20.0)
Intensive care unit 9 (45.0)
Pressure Injury Location Buttocks 6 (30.0)
Sacrum 12 (60.0)
Buttocks, Sacrum 1(5.0)
Spinal 1.0
Onset of Pressure Injury Before hospitalzation 7 (35.0)
Hospitalized 13 (65.0)
Underlying disease Hypertension 11 (55.0)
Cancer 6 (30.0)
Diabetes 4(20.0)
Chronic Kidney Disease 2(10.0)
Others 3 (15.0)
doesn’t exist 2(10.0)

1) Participants could have multiple underlying diseases; therefore, the sum of percentages exceeds 100%.

48 Quality Improvement in Health Care



" 7

714 A%k 1 &Y (Hypertension)©] 55.0%%= 7 3k
o, eHCancer) 30.0%, BB (Diabetes) 20.0%, T3
AEAH(Chronic Kidney Disease) 10.0% <22 WERGt
o}, AIRto] AP 1Eoke wateto] Tl oF uhAg
AEA E0] 7| ARASS I = Halzog Hedty Q)
Ao, 7|Adee S5 SHol 71“—0}04 7t FE Hl&
&2 100%E 253t ol tiFie] &A7F Hehall
AATE 7L UAASS QvlstH, o]t 7| A A o]

\__
£ Y Ad S wole 58 29YUS HofEHh

A 20749] £ Al % Stage 2+ 137, Stage 3+
57, Stage 4= 270]3loH,
able AHl= glo] @A A5 24104 A<=

Table 32 A&} 2, AFARR}F AL 2, 18]3L Al ek
(AR 1 - A= 2 - AD 749] AA| A& 7t AL
E AN Aot A4 13 A4 29] AA| A&

Stage 1, DTPI, unstage-

ow, Cohen? 7}u} A= 0.7032.2 YEehd
ATFst 29 g9 (substantial agreement)E R At
T AR 2F &3 A wo] Bl

T 5 Qe s Yuleith

A7AF 13 AL 2% &2 80.0%, 7t9F A4
0.615% 1=} ol FEZolA 4Pt 4 (mod—
erate to substantial)®] & HojFH, A9 o] A
A 19] T i FE AP AARIT.

A 29 AL 2 AA] A& 85.0%, 71 A=
0.7300.2, A4 1 - Al 7 A3+ ‘3 =2 49 =
= H3ith ol&

H WA 2 ¢29 dAEE K22 2

ohAEro 2 A7

A Qg Aol 41

~
)
24
e
)Jl

O

i

, DAL 2, AL Al Jek 7 37 v
o= AA LA Lo 75.0%, FleissS] 71t A% 0.682
2 Yt ol Al Ad BE7F BUs BYS Y A
97F A oF 479 3& AT ou|otd, AlZF A+
A 2+ &l (concordance)2tE s =50 YA E HY
Th= AollA 4434 9fu)7t Aot

Table 3. Agreement between researchers and Al in pressure injury staging.

(N=20)

Comparison Stage Sensitivity (%)

Specificity (%)

Accuracy (%) Cohen’s Kappa Fisher’s Exact (p)

Researcher 1 vs Researcher 2 Overall -
Researcher 1 vs Al Stage 2 84.6
Stage 3 71.4
Researcher 2 vs Al Stage 2 83.3
Stage 3 83.3
Stage 4 100.0
Researcher 1 & 2 vs Al (3-way) Overall -

- 85.0 0.703 <.001
100.0 90.0 0.615 <.001
84.6 80.0 0.615 <.001
87.5 85.0 0.730 .004
85.7 85.0 0.730 .004
100.0 100.0 0.730 .004

- 75.0 0.682 (Fleiss)

Note. Values are presented as percentages unless otherwise indicated. Cohen’s kappa indicates the level of agreement. Fisher’s exact test was used for small

cell counts. Statistical significance was set at p{.05.
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Figure 4. Distribution of nurse satisfaction responses regarding the Al-based pressure injury assessment mobile

application (N=50)

note: Nurse usability and perceived clinical utility of the Al based pressure injury application
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Capsule Aspiration During Capsule Endoscopy: A Clinical Review
for Patient Safety

Seong-Hi Park

Professor, School of Nursing, Soonchunhyang University

Purpose: Capsule aspiration is a rare but potentially serious complication of capsule endoscopy. This review aimed to
analyze reported cases of capsule aspiration and identify implications for patient safety.

Methods: A literature review was conducted using MEDLINE, Embase, CINAHL, KoreaMed, ScienceON, and relevant
Jjournals. Case reports and series describing capsule aspiration during capsule endoscopy were included. Data on patient
characteristics, clinical presentation, diagnosis, management, and outcomes were extracted and analyzed descriptively.

Results: Thirty cases of capsule aspiration were identified. The mean age was 77.1 years, and 96.7% of cases occurred
in older adults, predominantly men. Dysphagia was reported in six cases, while information regarding swallowing
status was frequently lacking. Cough was the most common symptom; however, 20.0% of patients were asymptomatic,
suggesting the possibility of silent aspiration. Most aspirations were recognized immediately after capsule ingestion,
and the capsule was most commonly located in the right bronchial tree. Real-time monitoring was used in only 30.0%
of cases. Bronchoscopy was performed in nearly all non-spontaneously resolved cases, and all aspirated capsules were
successfully retrieved. Pneumonia and atelectasis were reported in two cases.

Conclusion: Capsule aspiration occurs predominantly in older adults and may be underrecognized because symptoms
are often mild or absent. Careful preprocedural assessment of swallowing function, increased awareness of aspiration
risk, and early post-ingestion monitoring may improve patient safety. Additional preventive recommendations for high-
risk patients should be incorporated into future clinical guidelines.
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WA §Q19 wR BT AaAY A8 A BUEY ||| olmza)
Aol R gl e FRl 7I(ADEE e &9 fAet &
UL M, 71 HAWAIG Aol 7 9 Wy} oS o U - & Azt Hlolg ol AME S5 653 £
Ay of Fol . o] AMEU. SEHE £ 738S ALt & AEH =

o] A79] Zt&EE IBM SPSS Statistics ver. 27.0 for 5 % 9% HES &3} Abde] F o Ao gt
Windows ZEI1H(IBM Corp., Armonk, NY, USA)S + 3 AEsth F 4489 £ disl] Y& &
ol-gsto] EAsYth &4 AR § HEY W A5 dsiieH, FAEd 55 HEE S 79 23] &
oL Wi ga AAsL, A% 59 A&y W Had B 7IE ERIEHAY HFH o= 5577 £/(94.9%)°] HiA
FHAZ A A A =1, 3070 £R[al - a30]°] AHE Y H(Table 1).
Table 1. Summary table of characteristics of selected cases.

N= 30 cases

Categories

No. of cases (%)

Publication year

Region

Reported clinical department

Age (years)

2004-2009

2010-2014

2015-2019

2020-2024

Asia (China, Japan, Korea)

Europe (France, Germany, Italy, Portugal, Spain, The Netherlands)
North America (USA)

Oceania (Australia)

Gastroenterology

Pulmonary and Critical Care Medicine
Diagnostic, support and Other
Otolaryngology

Pediatrics

Thoracic Surgery

Female

Male

Mean+SD / median / mode

Range / IQR

8(26.7)
8(26.7)
4(13.3)
10(33.3)
4(13.3)
9(30.0)
15 (50.0)
2.7
19(63.3)
5(16.7)
3(10.0)
13.3)
13.3)
133)
13.3)
29(96.7)
6(20.0)
9(30.0)
15 (50.0)
77.1+14.1/ 80/ 84.9

16-93/723-86.3
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Categories

No. of cases (%)

Indication for CE examination

(n=37)

Comorbidities

History of dysphagia

Number of swallowing attempts

Capsule model

Hospital where previous CE was performed

Symptoms of CE aspiration

Use of real-time viewer or monitoring

GI bleeding-related
Anemia
Suspected small bowel bleeding
Melena
Positive fecal occult blood test FOBT
Small bowel tumors / disorders
Not reported
Yes
Not reported
Yes
No
Not reported
Single successful attempt
Multiple attempts or difficult swallowing
Not reported
PillCam SB
M2A
Not reported
CE at this hospital
CE at another hospital
Not reported

Asymptomatic

Symptoms of aspiration (Multiple responses)

Cough

Dyspnea, oxygen desaturation, change breathing pattern etc.

Chest discomfort or pain
Foreign body sensation
Signs of infection
Voice change

Not reported

Yes

No

Not reported

35 (94.6)
18 (48.6)
9(24.3)
5(13.5)
3@.1)
2(5.49)
1
22(77.3)
8(26.7)
6(20.0)
13 (43.3)
11 (36.7)
8(26.7)
8(26.7)
14 (46.7)
15 (30.0)
267
13 (43.3)
24 (80.0)
5(16.7)
13.3)
6(20.0)
22(73.3)
20 (90.9)
13(59.1)
4(18.1)
3(13.6)
14.5)
14.5)
267
9 (30.0)
20 (66.7)

13.3)
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Categories

No. of cases (%)

Time to recognition of capsule aspiration

Anatomical location

Diagnostic modalities used to confirm capsule aspi-

ration (n = 40)

Bronchoscopy intervention

Type of bronchoscopy used
(n=21)

Bronchoscopic retrieval devices

(n=33)

Complications

Immediately or within minutes

<1 hour

2 hours

8 hours

5 days

7 days

Not reported

Tracheal bifurcation

Right
Right main bronchus
Bronchus intermedius
Right middle lobe bronchus
Right lower lobe bronchus

Left (main bronchus)

Not reported

CE images

X-ray

CT
Fluoroscopy
Not reported

Performed

Not performed (spontaneous expulsion/re-swallowing)

Flexible bronchoscopy
Rigid bronchoscopy
Both

Not reported

Basket

Forceps (grasping or alligator etc.)
Net (Roth net)

Snare

Balloon catheter

Not reported

Yes

No

Not reported

17 (56.7)
3(10.0)
26.7)
3(10.0)
13.3)
13.3)
3(10.0)
133
15 (50.0)
7(23.3)
4(13.3)
13.3)
3(10.0)
7(23.3)
7(23.3)

22 (55.0)

14 (35.0)
3(7.5)
125
2
21 (70.0)
9(30.0)
9(42.9)
3(14.3)
2095
7(33.3)
10 (30.3)
721.2)
6(18.1)
6(18.1)
4(12.1)
2
26.7)
19(63.3)
9(30.0)
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