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A study of Gyeonggi-do dentists’ opinions on the
model of registered dentists for the elderly
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Won-Hee Kim"*'!?, Sun-Jang Lee

Jong-Won Park®3, A-Rang Lim"““'*", Jae-In Ryu

'Department of Preventive and Social Dentistry, College of Dentistry, Kyung Hee University, Seoul, Korea
Department of Preventive and Social Dentistry, Graduate School, Kyung Hee University, Seoul, Korea
3Gyeonggi Dental Association, Suwon, Korea

Purpose: This study aimed to examine Gyeonggi-do dentists’ opinions on the model of registered dentists for the
elderly.

Materials and Methods: An online survey was conducted from June to August 2025, among members of the
Gyeonggi-do Dental Association. Of the 4,690 members, 392 dentists participated (response rate = 8.4%), and
387 samples were analyzed after excluding 5 responses with inappropriate answers. The questionnaire was con-
structed with general characteristics, service items, and willingness to participate. Frequency and cross-tabulation
were analyzed using IBM SPSS Statistics ver. 26.0 (IBM Corp, Armonk, NY, USA), with significance at @ = 0.05.
Results: Half of the respondents were in their 50s and most worked in dental clinics. The perceived needs for every
service item were high; oral examination, professional oral hygiene care, and scaling showed the highest neces-
sity within each category. Patient history review and professional oral hygiene care were the greatest necessity in
dentists with longer practice experience, whereas preventive service was rated higher by women and those with
the least experience (p < 0.05). Most respondents suggested that individuals aged 65 years or older be the best
target group, and 87.6% expressed willingness to participate. No significant differences were found in general
characteristics for these questions (p > 0.05).

Conclusion: Gyeonggi-do dentists recognized the importance of a preventive-oriented approach and the shift
toward long-term care in the model of registered dentists for the elderly. It is necessary to include perspectives
from various stakeholders, such as local government officials, to develop feasible strategies for implementation in
future studies.(J Korean Dent Assoc 2026, 64(3): 55-62)
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Table 1. General characteristics of the study participants
[number (%)]

Characteristic Category Total Male  Female
Total 387 (100.0) 301(77.8) 86(22.2)
Age* < 40s 136 (35.1) 97(32.2) 39(45.3)

50s 173 (44.7) 136 (45.2) 37 (43.0)
> (0s 78(20.2) 68(22.6) 10(11.6)
Type of institution  Dental hospital ~ 7(1.8)  5(1.7)  2(23)
Dental clinic 380(98.2) 296 (98.3) 84(97.7)
Region Northern region 83 (21.4) 68 (22.6) 15(17.4)
Easternregion  99(25.6) 73(24.3) 26(30.2)
Southern region  36(9.3)  28(93) 8(9.3)
Central region 139 (43.7) 132 (43.9) 37 (43.0)
Years of practice* {10 years 87(225) 53(17.6) 34(39.5
10-20 years 105Q27.1) 89(29.6) 16(18.6)
> 20 years 195(504) 159 (52.8) 36 (41.9)
Clinic Number of <3 units 81(22.0) 59(04) 22(27.8)
size  dental units 4 units 109(296) 89(308) 20(253)
5 units 66(17.9) 54(187) 12(15.2)
6 units 49(13.3) 39(135) 10(12.7)
> 7 units 63(17.1) 48(16.6) 15(19.0)
Number of 1 dentist 265 (72.0) 218 (75.4) 47 (59.5)
dentists” ) denis 69188 46159 23(291)
> 3 dentists 34092 2587 9(11.4)
Number None 47(12.8) 34(11.8) 13(165)
ﬁigeeﬁi Ihygienist  83(226) 64(221) 19(241)
2 hygienist 73(198) 57(19.7) 16(203)
3 hygienist 44(120) 37(128) 789
4 hygienist 42(11.4) 34(11.8) 8(10.1)
>5 hygienists 79 21.5) 63 (21.8) 16(20.3)
Other staffs None 70(19.00 55(19.0) 15(19.0)
1 person 80 (24.2) 720249 17(215)
2 person 1081(29.3) 81(28.0) 27 (34.2)
3 person 60(163) 49(17.00 11(13.9)
> 4 persons 41(11.1) 32(11.) 9(11.4)

* p € 0.05 by chi-square test
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Table 2. Necessity of oral health service items by general characteristics [number (%)]

Oral examination items

Preventive care items

Optional
treatment items

frem Category Number questionnaire Oral OFal Toothbrushing Preventive Professignal X-ray .

analysis  examination astiifrrlfnt instruction ~ service ;ﬁ:giféft taking Scaling

Total 387 368(95.1)  383(99.0) 379979 3728400 315(814) 378(97.7) 380(98.2) 367 (949)
Sex Male 301 283(040) 297987 293(973) 288(957)  238(79.1) 292(97.0) 296 (94.0) 297 (943)
Female 86 85988  86(100.0) 86(1000) 84(97.7)  77(895)  86(1000) 84(942) 85(96.5)

Age < 40s 136 125019  1330078) 132007.1) 127(934) 117(860) 131(963) 132(97.1) 132(97.1)
50s 173 167965  172(994) 170(983) 168(97.1) 136(786) 170(983) 170(983) 172 (99.4)

> 60s 78 76074)  78(1000) 770987 77087  62(786) 770987  78(100.0) 78 (100.0)

Type of Dental hospital 7 7 (100.0) 7(100.0)  7(100.0) 7(100.0) 6857 7(100.00  7(100.0) 7(100.0)
SO el clinic 380 36109500 376089 3720979) 365006.1) 309(813) 37197.6) 373(982) 375(987)
Region Northern region 83 77 (92.8) 82(9088) 81(97.6) 80(964)  69(83.1) 82(988)  82(98.8) 82(98.38)
Fasternregion 99 97(980)  98(99.0) 97(980)  95(960)  81(818)  95(960)  97(98.0) 97 (98.0)

Southern region 36 34(944)  36(1000) 36(1000) 350972 29818  35(972)  36(100.0) 36(100.0)

Central region 169 160 047) 167988 165(97.6) 162959 136(81.8) 166(98.2) 165(97.6) 167 (98.8)

Years of (10 years 87 83 (95.4) 86(98.9)  86(98.9) 83(95.4)  79(908) 86(989  85(97.7) 85(97.7)
Practice 1490 years 105 950005 10381 100052 990943  82(781)  99(989) 103 (98.1) 103 (98.1)
> 20 years 195 190(974)  194(995) 193(990) 190(974) 154(790) 193(99.0) 192 (985) 194 (99.5)

Clinic size - < 3 units 81 750920 800988 790975 790975  63(778)  79(975)  79(975) 80(989)
g‘elrlﬁsf;;fts 4 units 109 103045 1060972 105963 104954) 83(761)  103(943) 106(97.) 107 (982)
5 units 66 640700  66(1000) 650985  61(924)  56(848)  65(985)  65(985) 65(985)

6 units 49 470959 49(1000) 49(1000) 470959  45(918)  49(100.0) 49 (100.0) 49(100.0)

> 7 units 63 6196.9) 232 63(1000)  62(984)  52(91.8)  63(1000) 62(98.4) 62(98.4)

Hyes Hno

Questionnaire analysis

Oral examination

Oral hygiene assessment

Toothbrus hing instruction

Preventive service

Profeesional oral hygiene management
X-ray taking

Scaling

=]
=

20%

40%

60%

80%

100%

Fig. 1. Dentists perceptions of the necessity of individual oral health service components in the registered
dentist program for older adults in Gyeonggi Province



Table 3. General characteristics and overall perceptions of the elderly dental care program [number (%)]

Target age group

Willingness to participate

Item Category Number
> 65 years =70 years =75 years Yes No
Total 387 225(58.1) 122315 40(103) 339 (87.0) 48 (12.4)
Sex Male 301 178 (59.1) 93 (30.9) 30 (10.0) 296 (940) 297 (943)
Female 86 47 (54.7) 29(33.7) 10(11.6) 84 (94.2) 85(96.5)
Age < 40s 136 125(91.9) 133 (97.8) 132 (97.1) 116 (85.3) 20 (14.7)
50s 173 167 (96.5) 172 (99.4) 170 (98.3) 151 (87.3) 22 (12.7)
> 60s 78 76 (97.4) 78(100.0) 77 (98.7) 72(92.3) 6(7.7)
Type of institution Dental hospital 7 3 (42.9) 2(28.6) 2(28.6) 7(100.0) 7(100.0)
Dental clinic 380 222 (58.4) 120 31.6) 38(10.0) 332 (87.4) 48(12.6)
Region Northern region 83 50 (60.2) 21(25.3) 12 (14.5) 70 (84.3) 13(15.7)
Eastern region 99 58 (58.6) 31 (31.3) 10 (10.1) 83 (88.9) 11(11.1)
Southern region 36 19(52.8) 13 (36.1) 4(11.1) 33(91.7) 3(83)
Central region 169 98 (58.0) 57 (33.7) 14 (8.3) 148 (87.6) 21 (12.4)
Years of practice (10 years 87 55 (63.2) 25(28.7) 7(8.0) 79 (90.8) 809.2)
10-20 years 105 62 (59.0) 33(314) 1095) 85(81.0) 20(19.0)
= 20 years 195 108 (55.4) 64(32.8) 23(11.8) 175 (89.7) 20(10.3)
Clinic size: number < 3 units 81 42(51.9) 27 (33.3) 12 (14.8) 71(87.7) 10(12.3)
of dentalunits ¢ g 109 60650 41676 8(73) 04(862)  15(138)
5 units 66 59 (89.4) 16 (24.2) 8(12.1) 59 (89.4) 7(10.6)
6 units 49 43 (87.8) 10 (20.4) 5(10.2) 43 (87.8) 6(12.2)
> 7 units 63 57 (90.5) 23 (36.5) 463) 57 (90.5) 609.5)
moverbb ®mover/0 mover/b Eyes Wno

Fig. 2. Dentists opinions on the appropriate
target age for the registered dentist program for
older adults in Gyeonggi Province.
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Fig. 3. Dentists’ willingness to participate in the
registered dentist program for older adults in
Gyeonggi Province.
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A phenomenological study of burnout and recovery
among practice-owner dentists

AQA T olrte] okt 512 el et W4

Seong-Seok Choi

,Ji-Won Lee

s A7

, Jung-Joon Thm

Department of Dental Education, School of Dentistry, Seoul National University, Seoul, Korea

Purpose: This study aimed to explore how practice-owner dentists in Korea experience burnout, how it intensi-
fies, and how they ultimately recover from it, using a phenomenological approach.

Materials and Methods: In-depth interviews were conducted with twelve practice-owner dentists who had expe-
rienced both burnout and subsequent recovery. Interview data were analyzed using Colaizzi's phenomenologi-
cal analytic method to extract meaning units, formulate themes, and identify the essential structure of the lived
experience.

Results: Analysis revealed a three-stage experiential trajectory: 1) a discrepancy between idealized expectations
and the realities of clinic operation, 2) a deepening and collapse of burnout characterized by emotional, physical,
and relational deterioration, and 3) a recovery phase involving self-care, environmental adjustments, social sup-
port, and identity reconstruction. Triggering events - including challenging patients, legal threats, staff conflicts,
and health issues - frequently intensified distress and precipitated an existential crisis.

Conclusion: Burnout recovery among practice-owner dentists emerged as a transformative process in which in-
dividuals reinterpreted burnout as an opportunity for self-reflection and reconstructed a sustainable professional
identity. These findings underscore the need for personal coping strategies, practical training, and structural sup-
port systems to mitigate burnout within this professional group.(J Korean Dent Assoc 2026, 64(3): 63-76)

Key words : Burnout, Professional; Dentists; Private Practice
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Table 1. Characteristics of participants

0 -lolr

No.  Sex Age Graduation Highest Resi'de.ncy Years. in Yez'irs asa Type of ownership Locati.on of
(years) degree training  practice practice owner office
1 F 50s %oelii?setr(;ff Bachelor's X 33 20 Partnership Gyeonggi
College of .
2 F 50s Dentistry PhD X 33 20 Solo Gyeonggi
College of Solo .
3 M 40s Dentistry PhD 0 19 13 (hiring associate dentist) Gyeonggi
4 M 40s %Oelfgstr(;f Bachelor's o 20 13 Solo Seoul
College of . .
5 M 40s Dentistry Master's ) 18 11 Solo Gyeonggi
6 F 40s %:ehr?t?slt?; Master's o 10 4 Solo Ulsan
College of . .
7 M 30s Dentistry Master's 0 14 6 Solo Gyeonggi
8 M 40 School of : )
S Dentistry Master's o 15 8 Solo Gyeonggi
College of
9 M 50s Dentistry PhD X 23 20 Solo Daegu
10 M College of ! .
50s Dentistry Bachelor's X 23 22 Solo Gyeonggi
College of :
11 M 50s Dentistry Bachelor's X 23 22 Solo Daegu
College of ' Partnership
122 M 40s Dentistry Master's © 20 9 (hiring associate dentist) Gyeongnam
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Table 2. Themes of burnout and recovery experiences

Theme cluster

Theme

Sub-theme

Meaning units

Conflict between
pre-opening
expectations and
reality

Deepening of

burnout and collapse

Recovery from
burnout and
redefinition of

professional identity

Gap between
expectation and
reality

Overload of
multiple roles

Exhaustion and
worsening of
relationships

Collapse of the
threshold

Action strategies
for recovery

Restructuring
identity

Expectations before opening

Disastrous reality of opening

Burden of concurrent clinical,
management, administrative,
and facility tasks

Loss of control and role
confusion

Emotional/cognitive
exhaustion

Physical exhaustion

Worsening of relationships

Triggering events

Despair and loss of control

Self-care

Environment and job crafting

Self-reflection

Seeking social support

Emotional and relationship
recovery

Rediscovery of professional
meaning

Contributing to the local community
Realizing clinical/management philosophy
Economic stability

Experience with malicious patient Overflow of
regulations and complaints

Excessive competition and collapse of professional image

Time pressure in practice / Dissatisfaction with treatment

Financial pressure
Difficulty in staff recruitment
Challenges in facility management

Vulnerable position

Identity conflict between dentist and self-employed

business owner

Sensitivity / Anxiety
Depression / Lethargy
Aversion to work

Fear of patients

Musculoskeletal pain
Headache
Insomnia / Chronic fatigue

Conflicts with patients
Conlflicts with staff
Distance from family
Interpersonal avoidance

Embezzlement by staff
Medical accidents and legal threats
Health problems

Impulse to close the practice
Desire to escape
Sense of life collapse

Meditation/Exercise/rest
Psychiatric treatment/psychological counseling

Enhancing professional competency
Adjusting patient volume/improving systems
Hiring associate dentist

Acceptance of reality/cognitive restructuring
Looking into one's inner self

Support from family
Support from peer practice-owner dentists
Support from competent staff

Restoring rapport with patients
Emotional stability
Recovery of self-confidence

Reinterpretation of burnout and growth
Patient-centered care

Restoring professional pride

Reconfirming the role of practice-owner dentists
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A transformative process in which the professional identity of practice-owner
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Fig. 1. The three-stage experiential trajectory of burnout and recovery among

dentist-owners.
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Oral health condition of old people in elderly care
facility: Focused on natural teeth

el 8FAE A4

Tae-Seok Kim

27| AARIoL 4 TA% AH B4 A7

', Yang-Hyun Chun

Department of Orofacial Pain and Oral Medicine, College of Dentistry, Kyung Hee University, Seoul, Korea

Purpose: Demands for long-term elderly care facilities and related welfare services are steadily increasing as the
aging tendency of Korean society accelerates. However, oral health assessment and management of elderly in
long-term care facilities are insufficient. This study aimed to investigate correlation between natural teeth and
oral health status of the elderly in long-term care facilities.

Materials and Methods: This study was conducted on the elderly patients in long-term care facilities. Two dentists
performed dental examination to elderly patients in long-term care facilities, and surveyed their natural teeth
condition based on Korea national health and nutrition examination survey. Oral health conditions of patients
were also recorded, and statistical analysis was performed between natural teeth condition and oral health status.
Results: Xerostomia, temporomandibular joint pain, and limited mouth opening were related with all of the fac-
tors about natural teeth. The elderly in long-term care facilities with less natural teeth, less than 20 natural teeth,
and edentulous state were proven to have severe xerostomia, temporomandibular joint pain, and limited mouth
opening. In addition, poor periodontal condition, oral stomatitis and tongue coating were related with natural
teeth condition of the elderly in long-term care facilities.

Conclusion: Natural teeth of the elderly long-term care facilities are proven to be significantly related with several
diseases of orofacial area in this study. Thus, comprehensive evaluation of natural teeth and oral health manage-
ment to maintain natural teeth should be actively pursued for the elderly in long-term care facilities.(J Korean

Dent Assoc 2026; 64(3): 77-82)

Key words : Health Services for the Elderly; Tooth Loss; Oral Health; Aged
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A Ame] FAEAS fIsl IBM SPSS Statistics for
Windows ver. 25.0. (IBM Corp, Armonk, NY, USA)°] A&
=tk 7[eBAE B9l 714l v W #EHA
£ AKXty om, Shapiro-Wilk AT AL E5 A4
2 AABIT) d4d W4 1okl AS HyH| 7S E3F
T A4S flote] Mann-Whitney AR} Kruskal-Wallis
HARE ol&stloH, 794 Q= 2HE tAC.E pairwise
comparison®| AREE|QIT}. T BEHS 7F AT BAHS
3 A frefgtell wbA Pearson 7HolAlE A%, Fisher %
844, Fisher-Freeman-Halton 2740l AREEQL} &

AR Fold T2 19, 28 o7 HA WAIE floto] ptol
0.05 °J5td 3¢ SAA el4do] A= A= BASHIT

27}
LA QA Kot D 7777 A

2 A= T 19 SGAE &3 16479 YA o
o2 5iolth. A=Y B A2 8632 £ 731492
o, 82 0f/Jo] 14478(87.8%)= F-AlotTt. LFAIE 9
AR ApdA|of A A 9 37 AHle ot 2
THTable 1).

Z|oFA7}E A Ag0] A
TAAZE AAXoF T A7 Avta} S-o)5HA 7t A

HIAE B tHTable 2). 7747A% 2ol wheh RpAx] 2]
o M7k wolsHAl 2etde € ¢ Slom, AREAolA

Table 1. Descriptive statistics

Factors Value
Factors about Number of natural teeth 124 £ 109
natural teeth Patients with > 20 natural teeth 60 (36.6%)
Patients with 1~19 natural teeth 57 (34.7%)
Patients with edentulous teeth 47 (28.7%)
Factors about Periodontal health Good 43 (26.2%)
oral health Moderate 64 (39.0%)
Poor 57 (34.8%)
Oral stomatitis Yes 53 (32.3%)
No 111 (67.7%)
Oral bleeding Yes 25 (15.2%)
No 139 (84.8%)
Temporomandibular ~ Yes 19 (11.6%)
joint noise No 145 (88.4%)
Temporomandibular ~ Yes 77 (47.0%)
joint pain No 87 (53.0%)
Limited mouth opening Yes 80 (48.8%)
No 84 (51.2%)
Xerostomia None 27 (16.5%)
Moderate 81 (49.4%)
Severe 56 (34.1%)
Tongue coating None 43 (26.2%)
Moderate 59 (36.0%)
Severe 62 (37.8%)

Table 2. Correlation between xerostomia and natural teeth

related factors [mean + SD or N (%)]

None Moderate

Factor (N=27) (N=81)

Severe

(N=56)

Number of natural
teeth®

Patients with > 20 0 0
natural teeth* 26 063%) 28 (34.6%)
Patients with

edentulous teeth® 0(0.0% 15 (18.5%)

253 +£28a 128 £ 10.1b 54 + 8.0c

6 (10.7%)

32 (57.1%)

SD: standard deviation, *: p<0.05. Different letters indicate p<0.05.

79



Table 3. Correlation between temporomandibular disorders and natural teeth related factors [Mean + SD or N (%)]

Temporomandibular joint noise

Factors

Temporomandibular joint pain Limited mouth opening

Yes (N=19) No (N=145) Yes (N=77) No (N=87) Yes (N=80)  No (N=84)
Number of natural teeth 79 £ 94 129 £ 109 84+94 159 + 10.8* 7.7 +£9.7 168 + 10.0*
Patients with > 20 natural teeth 3 (15.8%) 57 (39.3%) 15 (19.5%) 45 (51.7%)* 16(293%) 44 (52.4%)*
Patients with edentulous teeth 15 (47.4%) 38 (26.2%) 29 (37.7%) 18 (20.7%)* 37 (46.3%) 10 4.1%)*
* p €0.05 compared with “Yes”.
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Association between sleep duration and
masticatory discomfort in Korean adults
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Purpose: Despite limited evidence on the relationship between sleep and oral health, this study aimed to inves-
tigate the associations of sleep duration with masticatory discomfort and subjective oral health among Korean
adults.

Materials and Methods: This study included 155,106 participants aged =45 years utilizing data from the 2024
Community Health Survey conducted by the Korea Disease Control and Prevention Agency. Sleep duration was
assessed based on daily sleep hours on workdays and weekends, averaged weekly, and categorized into five
groups. Self-reported masticatory discomfort and oral health status were assessed using a questionnaire. Multi-
variable logistic regression models were used to evaluate the association between sleep duration and self-reported
masticatory discomfort.

Results: Inadequate sleep durations were significantly associated with increased odds of masticatory discomfort.
Compared to individuals sleeping 7.0-7.9 hours, the adjusted odds ratio (AOR) of masticatory discomfort for those
sleeping <5 hours was 1.377 (95% confidence interval: 1.273-1.491). These associations were significantly stronger
among men (AOR = 1.503), adults aged 45-64 years (AOR = 1.467), individuals with moderate-to-severe depression
(AOR = 1.611), white-collar or service/sales workers (AOR = 1.712 and 1.602, respectively), divorced individuals
(AOR = 1.640), and urban residents (AOR = 1.405).

Conclusions: Deviations from the recommended 7-8 hours of sleep are associated with increased masticatory
discomfort. This association was stronger among men, middle-aged and older adults, white-collar and service
workers, divorced individuals, and urban residents.(J Korean Dent Assoc 2026, 64(3): 83-100)

Key words : Sleep Duration; Oral Health; Mastication; Sociodemographic Factors; Cross-Sectional Studies

Introduction

Sleep is a vital psychological process that is essential
for strengthening the body’'s immune system, regulating
circadian rhythms, and maintaining homeostasis. Ac-

cording to previous studies, the recommended amount of
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sleep for adults is 7-8 hours, which is optimal for overall
health and well-being". Insufficient sleep delays physical
recovery, increases the risk of accidents, and is strong-
ly associated with several chronic diseases*”. A nightly
sleep duration of 7-8 hours is generally considered opti-

mal for enhancing overall health in adults?

. Insufficient
sleep reduces the body’s recovery capacity and increas-
es accident risks and the risk of chronic disease, partly
driven by systemic inflammation and impaired immune
responses’?. In Korea, sleep-related disorders are espe-

cially common among adults aged >45 years, many of

This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY-NC-ND) license
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whom experience symptoms, including difficulty initiat-
ing sleep, frequent nocturnal awakenings, early morning
arousal, and non-restorative sleep”. These disturbances
are frequently linked not only to aging but also to co-
existing physical illnesses, psychological stressors like
depression or anxiety, and oral health problems such as
tooth loss or periodontal disease, which may exacerbate
discomfort and systemic inflammation®.

The masticatory system includes the teeth, mandible,
craniomandibular joints, masticatory and accessory
muscles, tongue, lips, cheeks, oral mucosa, and associ-

ated neural structures”

. Masticatory dysfunction is char-
acterized by a decline in normal chewing ability, po-
tentially arising from structural problems, such as tooth
loss, or functional impairments, including decreased bite
strength?. Masticatory discomfort, or difficulty chew-
ing, is common in Korea, especially among older adults.
Temporomandibular dysfunction, a condition often as-
sociated with masticatory discomfort, has been increas-
ing in Korea'?. Impaired mastication, frequently caused
by tooth loss due to periodontal disease, may be affected
by underlying oral inflammation. In this context, inad-
equate sleep, whether too short or too long, has been
associated with increased systemic inflammation and
impaired immunological function'”, both of which can
negatively affect periodontal health and contribute to

chewing dysfunction'?.

Moreover, sleep deprivation
triggers inflammatory responses and morphological
changes in the masseter muscle, contributing to muscle
atrophy, highlighting the crucial role of sleep in muscle
metabolism as sleep disorders can lead to skeletal muscle
alterations characterized by tissue atrophy'.

Several epidemiological studies have explored the re-
lationship between sleep disorders and oral health'.
However, Research on the association between sleep
and masticatory discomfort is limited, with no large-scale
population-based studies or subgroup analyses consid-
ering lifestyle variations.

This study aimed to examine the association between
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sleep duration and masticatory discomfort, accounting
for sociodemographic and psychological factors such as
age, gender, depression, job type, marital status, and resi-

dential area.

Materials and Methods

This study was approved by the Institutional Review
Board of Kyungpook National University (approval no.
2024-0227).

Data source and study population

This cross-sectional study used data from the Com-
munity Health Survey (CHS), a national household sur-
vey conducted annually by the Korea Disease Control
and Prevention Agency since 2008. The CHS provides
population-based health estimates to support evidence-
based regional healthcare planning and employs a com-
plex sampling design, including systematic sampling
of households within clusters. Adults aged =19 years
residing in sampled households were interviewed one-
on-one by trained examiners using computer-assisted
personal interviewing. The survey includes a household
component (family composition and income) and an
individual self-reported component covering health be-
haviors, physical and mental health, healthcare use, and
socioeconomic factors.

This study utilized data from the 2024 CHS to investi-
gate the associations between sleep duration, mastica-
tory discomfort, and poor oral health. Of the 231,728
participants, those aged <44 years (n = 61,261), those
exhibiting suicidal ideation (n = 39), daily binge drinkers
(n = 5,646), participants with a history of drug abuse (n =
154), and participants with incomplete covariate data (n
= 49,522) were excluded. Therefore, 155,106 participants
were included in the final analysis. The requirement for

written informed consent was waived because the analy-



sis used anonymous and de-identified data. The report-
ing followed the Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) guidelines.

Independent variable: sleep duration

Sleep duration was recorded according to responses to
the following question: “How many hours do you typi-
cally sleep in a day?” It was categorized by weekday (or
workday) and weekend (or non-workday, day before
a non-workday) and quantified in hours. Responses
given in minutes were rounded down for <29 minutes
and rounded up for =30 minutes. The information was
promptly reconfirmed in cases of atypical responses (0
hours or 24 hours). The average sleep duration was sub-
sequently calculated and categorized into five groups: <5
hours, 5.0-5.9 hours, 6.0-6.9 hours, 7.0-7.9 hours, 8.0-8.9

hours, and =9 hours using the formula' below.

(Weekday sleep duration x 5)+Weekend sleep duration x 2)
7

Dependent variable: subjective masticatory discom-
fort and oral health status

Masticatory discomfort was assessed using the follow-
ing participant-reported question: “Are you currently
experiencing difficulty or discomfort while chewing
food due to issues with your teeth, dentures, or gums?”
The examiner clarified the extent of chewing-related
discomfort, with participants using partial or complete
dentures specifically asked about discomfort experi-
enced while wearing them. Masticatory discomfort was
subsequently categorized into two groups: no (including
responses of [very] comfortable’ and fair) and yes (in-
cluding responses of ‘[very] uncomfortable).

Subjective oral health was assessed through partici-
pants responses to the following question: “How do you
feel about your oral health, including your teeth, gums,

and overall condition?” The examiner-maintained neu-
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trality to ensure unbiased self-assessment. Subjective oral
health was subsequently categorized into two groups:
good (which includes ‘[veryl good’ and ‘fair) and poor
(which includes ‘[very] poor’ and ‘poor), and was rede-

fined as poor oral health.

Confounding variables

Sociodemographic variables included gender, age
(4564, 65-74, =75 years), education ({middle school,
high school, =some college), residential area (urban, ru-
ral), income ({2, 2-3.99, 4-5.99, =6 million Korean Won
(KRW)), job type (white-collar, blue-collar, service/sales,
unemployed), and marital status (never married, married,
divorced, widowed). Physical activity was classified as
inactive, lightly active (walking >30 min/day, =5 days/
week), moderately active (moderate activity =30 min/
day, =5 days/week), or highly active (vigorous activ-
ity =20 min/day, =3 days/week). Alcohol consumption
was categorized by frequency: never, once a month, 2-4
times a month, or =2 times weekly. Smoking status in-
cluded never, former, occasional, or daily smokers. BMI
was calculated from height and weight and categorized
as underweight ({18.5 kg/m?), normal (18.5-22.9), over-
weight (23.0-24.9), or obese (=25.0). Depression, as-
sessed using PHQ-9, was classified as none (0), mild (5-9),
moderate (10-14), moderate-to-severe (15-19), or severe
(20-27). Hypertension and diabetes were based on self-

reported diagnoses.

Statistical analyses

For this study, the directed acyclic graph (Fig. 1), con-
structed based on previous studies, illustrates a hypothet-
ical relationship between the exposure and the outcome.
All statistical analyses utilized sample weights to account
for the complex survey design. Differences in covariates
based on self-reported masticatory discomfort and poor

oral health status were assessed using Rao-Scott adjusted
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chi-square tests. Our study estimated the average mar-
ginal effect (AME) of sleep duration on subjective oral
health using logistic regression models, accounting for
survey weights.

Multivariable logistic regression models were utilized
to investigate the associations between sleep duration,
masticatory discomfort, and poor oral health, estimat-
ing odds ratios (ORs) and 95% confidence intervals (Cls).
Subgroup analyses were performed based on age, gender,
depression status, job type, marital status, and residential
area to investigate the consistency of the association. The
overall model fit was assessed using McFadden's Pseudo
R-squared, which was estimated based on the quasi-log-
likelihood values. The overall significance of the model
was evaluated using a design-adjusted Wald F-test. To
facilitate interpretation of effect sizes derived from the
non-linear regression models, the Average Marginal Ef-
fects (AMEs) were calculated. Statistical analyses were
conducted using R software ver. 4.4.2 (The R Founda-
tion for Statistical Computing, Vienna, Austria) and SPSS
software for Windows ver. 27.0 (IBM Corp, Armonk, NY,
USA). All tests were two-sided, and p < 0.05 was consid-

ered statistically significant.
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Results

A total of 155,106 participants met the inclusion cri-
teria. Most participants were women (53.5%), aged
45-64 years (61.5%), held a college education or higher
(36.3%), and reported the highest income level (=6 mil-
lion KRW: 27.8%). Overall, 41.2% of participants had a
history of smoking (24.4% former, 1.5% occasional, 15.3%
daily), and 49.2% reported alcohol consumption at least
monthly. Regarding chronic conditions, the prevalence
of hypertension and diabetes was 36.6% and 16.2%, re-
spectively. Most participants reported an average sleep
duration of 7.0-7.9 hours (30.6%) or 6.0-6.9 hours (30.5%).
Additionally, 16.5% were classified as having at least mild
to moderate depressive symptoms. Regarding oral health,
21.9% of participants reported masticatory discomfort,
and 30.8% rated their oral health as poor (Table 1).

Adjusted associations between average sleep duration
and both subjective masticatory discomfort and subjec-
tive poor oral health. Using 7.0-7.9 hours of sleep as the
reference group, a clear U-shaped pattern was observed.
Sleep duration <5 hours was significantly associated with
a higher likelihood of experiencing masticatory discom-
fort (AOR=1.377, 95% CIL: 1.273-1.491) and poor oral
health (AOR=1.322, 95% CI: 1.230-1.420). Similarly, sleep
durations of 5.0-5.9 hours and 6.0-6.9 hours also showed



Table 1. General characteristics of the study population according to subjective masticatory discomfort [number (%))

No Yes Total
Total 121,150 (78.1) 33,956 (21.9) 155,106 (100.0)
Gender™
Men 53,090 (56.4) 14,493 (46.7) 67.583 (46.5)
Women 68,060 (53.6) 19,463 (53.3) 87.523 (53.5)
Age (group)’
45-64 68,100 (66.1) 10,653 (40.9) 78,753 (61.5)
65-74 32491 (21.6) 9507 (26.5) 41,998 (22.5)
>75 20,559 (12.2) 13,796 (32.6) 34355(15.9)
Education level
< Middle school 42,136 (23.7) 21,205 (50.1) 63,341 (28.5)
High school 42,228 (36.4) 8,179 30.1) 50,407 (35.2)
> College or above 36,786 (39.9) 4572 (19.8) 41,358 (36.3)
Income level (KRW/monthly)
{200 (lowest) 32,002 (18.1) 17,992 (42.7) 49,994 (22.6)
200-399 34,987 (26.6) 8321(26.3) 43,308 (26.5)
400-599 26,598 (24.6) 4306 (16.2) 30,904 (23.1)
> 600 (highest) 27,563 (30.7) 3,337 (14.8) 30,900 (27.8)
Body mass index (kg/m?)’
Underweight (<18.5) 3490 (2.7) 2235(.9) 5.725(3.3)
Normal (18.5-22.9) 47,400 (39.6) 9,507 (26.5) 61,648 (39.8)
Overweight (23.0-24.9) 31,834 (26.0) 7974 (23.8) 39,808 (25.6)
Obesity (=25.0) 38426 31.7) 9,499 (29.6) 47,925 (31.3)
Smoking status’
Never smoker 75,207 (59.6) 20,163 (55.2) 95,370 (58.8)
Former smoker 28,341 (24.2) 8,171 (25.5) 36,512 (24.4)
Occasional smoker 1,533 (1.5) 379(1.3) 1912 (1.5)
Daily smoker 16,069 (14.7) 5,243 (18.0) 21312 (15.3)
Alcohol consumption’
Never 23,421 (14.6) 9,113 (21.2) 32,534 (15.8)
Once a month 57,661 (48.8) 16,883 (51.3) 74,544 (49.2)
2-4 times a month 20,463 (19.7) 3.441(12.5) 23,904 (18.3)
2 or more a week 19,605 (17.0) 4519 (15.0) 24,124 (16.6)
Hypertension’ 47,033 (34.3) 17,353 (47.0) 64,386 (36.0)
Diabetes’ 20,133 (14.5) 8,406 (23.9) 28,539 (16.2)
Residence area’
Special metropolitan city - districts 11,521 (18.0) 2,283 (14.2) 13,804 (17.3)
Metropolitan city - districts 43,702 (55.0) 20,372 (52.6) 53,893 (54.6)
Cities with populations under 300,000 4,668 (2.8) 10,191 (2.6) 5,778 (2.8)
Urban-rural complex city 20,506 (14.6) 1,110(17.5) 26,229 (15.1)
Counties 33,857 (8.6) 6,173 (11.4) 45328 (9.1)
Counties with established public health clinic 7.346 (1.0) 11,471 (1.7) 10,074 (1.2)
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No Yes Total
Marital status’
Never married 5327 (5.2) 1379(5.2) 6,706 (5.2)
Married 92,204 (78.0) 20,384 (63.0) 112,588 (75.3)
Divorced 8,140 (7.4) 2,605 (9.4) 10,745 (7.8)
Widowed 15,479 (9.4) 9,588 (22.4) 25,067 (11.8)
Job type’
White-collar 19,975 (22.9) 1,952 (9.1) 21,927 (20.4)
Blue-collar 40,338 (26.3) 11,231 (26.4) 51,569 (26.3)
Service and sales 17,235 (14.5) 2,722 (9.4) 19,957 (13.6)
Unworked 43,602 (36.3) 18,051 (55.2) 61,653 (39.7)
Physical activity’
Inactive 47,499 (36.5) 17,571 (48.4) 65,070 (38.7)
Lightly active 63,358 (55.9) 13,864 (45.5) 77,222 (54.0)
Moderately active 5,962 (3.6) 1,748 (3.7) 7,710 (3.6)
Highly active 4331 (4.0) 773 (2.4) 5,104 (3.7)
Depression status (PHQ-9)'
Normal (0-4) 105,050 (86.2) 22445 (64.2) 127,495 (82.2)
Mild to moderate (5-14) 15325 (13.1) 10,141 (31.5) 25,466 (16.5)
Moderate-to-severe depression (20-27) 775 (0.7) 1,370 (4,28) 2,145(1.3)
Average sleep duration (hours/day)’
(50 5,703 (4.4) 3,382 (10.0) 9,085 (5.4)
5.0-5.9 16,419 (14.1) 5477 (17.0) 21.8% (14.8)
6.0-6.9 35,603 (31.4) 8,525 (26.7) 44,128 (30.5)
7.0-7.9 37.974 (32.0) 8213 (24.2) 46,187 (30.6)
8.0-8.9 25451 (18.1) 8359 (21.5) 27,239 (15.4)
>90 4352 (2.8) 22196.7) 65713.3)
Subjective oral health (poor)’ 20,133 (14.5) 8,406 (23.9) 53,871 (30.8)

N: unweighted frequency: %: weighted percentage. The Rao-Scott chi-square test was used to account for the complex survey design.

NS: p» 0.05,* p<0.05

elevated odds for both outcomes compared with the ref-
erence category. Longer sleep durations demonstrated a
comparable pattern.

Participants sleeping =>9.0 hours had significant-
ly higher odds of reporting masticatory discomfort
(AOR=1.245, 95% CI: 1.140-1.360) and poor oral health
(AOR=1.278, 95% CI: 1.188-1.383). The model fit statis-
tics indicated acceptable explanatory power (Pseudo R®
= 0.1313 for masticatory discomfort; Pseudo R* = 0.0941
for poor oral health) (Table 2). The AMEs of both {5 and
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>9 hours sleep durations were associated with 4.5 and
2.9 percentage-point increases, respectively, in the pre-
dicted probability of masticatory difficulty (Table 3).
Subgroup analyses stratified by age group and gender
(Table 4) further confirmed this trend. Among adults aged
45-64 years, sleep duration <5 hours was strongly associated
with masticatory discomfort (AOR=1.467, 95% CI: 1.284-
1.676) and poor oral health (AOR=1.451, 95% CI: 1.296~
1.625). Similar associations were found in the 65-74-year
age group, particularly for poor oral health (AOR=1.224



Table 2. Strengths of association between average sleep duration and subjective masticatory discomfort status

Subjective masticatory discomfort Subjective poor oral health
AOR ol VIF AOR Pl VIF
Lower Upper Lower Upper
Sleep duration (hours)

(5.0 1.377* 1.273 1.491 1.207 1.322* 1.230 1.420 1.259
5.0-59 1.276* 1.202 1354 1313 1.249* 1.188 1312 1.359
6.0-6.9 1.115% 1.061 1.173 1.035 1.141* 1.094 1.189 1.473
7.0-79 Reference Reference

8.0-8.9 1.068* 1.009 1.131 1.349 1.038 0.990 1.089 1.391
=90 1.245* 1.140 1.360 1.140 1.278* 1.180 1.383 1.173

Pseudo R*=0.1313 F=227.29 P<0.001 Pseudo R*=0.0941 F=207.17 P, €0.001

AOR: adjusted odds ratio, CI: confidence interval, VIF: variance inflation factor. The data were tested by multiple logistic regression
analysis, with weighted values for complex sample design. * p < 0.05

Table 3. Average marginal effects of sleep duration on subjective masticatory discomfort and oral health perception

Subjective masticatory discomfort Subjective oral health
AME 9%l VIF AME 9Nl VIF
Lower Upper Lower Upper
Average sleep duration (hours/day)
(5.0 0.045* 0.034 0.059 1.259 0.056* 0.042 0070  1.207
5.0-59 0.032* 0.024 0.040 1.359 0.042* 0.033 0.052 1313
6.0-6.9 0.014* 0.007 0.020 1.472 0.024* 0.017 0.032 1.429
7.0-79 Reference Reference
8.0-89 0.008* 0.001 0.015 1391 0.007 -0.002 0016 1349
=90 0.029* 0.017 0.041 1.173 0.047* 0.031 0.063  1.140
Gender
Women -0.021* -0.029 -0.013 2.880 -0.026* -0.036  -0016 2819
Men Reference Reference
Age (group)
45-64 Reference Reference
65-74 0.017* 0.010 0.024 1.753 0.018* 0.009 0.026  1.656
=75 0.069* 0.060 0.079 2.562 0.082* 0.070 0093 2332
Education level
< Middle school 0.086* 0.078 0.094 3.018 0.118* 0.108 0.128 2.797
High school 0.028* 0.021 0.035 2.116 0.040* 0.032 0.048 1.895
> College or above Reference Reference
Income level (KRW/monthly)
200 (lowest) 0.072* 0.063 0.082 3.547 0.078* 0.067 0.089  3.053
200-399 0.026* 0.018 0.034 2.596 0.025* 0.015 0034 2250
400-599 0.012* 0.004 0.020 1917 0.015* 0.005 0.025 1756
> 600 (highest) Reference Reference
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Subjective masticatory discomfort

Subjective oral health

AME 9%l VIF AME 9Nl VIF
Lower Upper Lower  Upper
Body mass index (kg/m?®)
Underweight (<18.5) 0.061* 0.046 0.075 1.078 0.052* 0.035 0.068 1.069
Normal (18.5-22.9) Reference Reference
Overweight (23.0-24.9) -0.015* 0.021 -0.009 1.240 -0.009* -0.016  -0.001 1264
Obesity (=25.0) -0.018* -0.024  -0.012 1.299 -0.007 -0.014 0.000 1.332
Smoke Status
Never smoker Reference Reference 1.186
Former smoker 0.016 -0.005 0.037 2319 0.061* 0.051 0072  2.278
Occasional smoker 0.030* 0.021 0.038 1.057 0.062* 0.036 0.088  1.064
Daily smoker 0.071* 0.061 0.081 2.042 0.145* 0.133 0.157 1.996
Alcohol consumption
Never Reference Reference
Once a month 0.001 -0.005 0.007 1.699 -0.003 -0.011 0005 1819
2-4 times a month -0.023* -0.032 -0.014 1.549 -0.028* -0.038  -0.017  1.680
2 or more a week -0.005 0.014 0.004 1753 -0.011 -0.022 0000  1.852
Hypertension
Yes 0.011* 0.005 0.016 1.187 0.009* 0.002 0.015 1.197
No Reference Reference
Diabetes
Yes 0.028* 0.021 0.034 1.072 0.056* 0.048 0064  1.074
No Reference Reference
Depression status (PHQ-9)
Normal (0-4) Reference Reference
Mild to moderate (5-14) 0.129* 0.121 0.137 1.097 0.123* 0.114 0.132 1.099
Moderate-to-severe depression (>15) 0.255* 0.227 0.284 1.041 0.257* 0.227 0287  1.034
Residence area
Urban Reference Reference
Rural 0.019* 0.014 0.024 1.127 0.024* 0.018 0.030 1.127
Marital status
Never married Reference Reference
Married -0.007 -0.019 0.005 6.155 -0.017* -0.031  -0.002  5.388
Divorced 0.012 -0.002 0.025 2595 0.000 -0.017 0017 2455
Widowed 0.030* 0.017 0.044 5.900 0.024* 0.007 0.041 4954
Job type
White-collar Reference Reference 1.097
Blue-collar 0.026* 0.018 0.034 4372 0.039* 0.028 0.050 3.419
Service and sales 0.019* 0.008 0.029 2.236 0.014* 0.002 0026 2014
Unworker 0.041* 0.032 0.050 4.775 0.045* 0.034 0.056  3.664
Physical activity
Inactive Reference Reference
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Subjective masticatory discomfort

Subjective oral health

95%CI 95%Cl
AME VIF AME VIF
Lower Upper Lower  Upper
Lightly active -0.033* -0.038 -0.028 1.117 -0.036* -0.042  -0.030 1.128
Moderately active -0.014* -0.026 -0.002 1.078 -0.030* -0.045 -0016 1.079
Highly active -0.040* -0.054 -0.026 1.047 -0.058* -0.075  -0.041 1.051

AME, average marginal effect; CI: confidence interval; VIF, variance inflation factor. AME values reflect changes in the predicted probability
of the outcome associated with a unit change in the independent variable, typically ranging from -1 to +1. *: p {0.05 compared with the
reference group

Table 4. Subgroup analysis 1 of strengths of association between average sleep duration and masticatory discomfort status by
age group and gender

Subjective masticatory discomfort

Subjective poor oral health

Sleep duration (hours) 95% CI 95% CI
AOR AOR
Lower Upper Lower Upper
Age (group)

45-64 Pseudo R*=0.0851 F=76.43 P<0.001 Pseudo R?=0.0648 F=78.63 P <0.001
(5.0 1.467* 1.284 1.676 1.451* 1.296 1.625
5.0-59 1.365* 1.246 1.494 1.308* 1.221 1.402
6.0-6.9 1.171* 1.088 1.261 1.185* 1.120 1.254
7.0-7.9 Reference Reference
8.0-8.9 1.063 0.967 1.168 1.003 0.934 1.077
=90 1.164 0.968 1.400 1.278* 1.099 1.487

65-74 Pseudo R*=0.0826 F=42.53 P<0.001 Pseudo R?*=0.0626 F=39.66 P<0.001
(5.0 1.311* 1.144 1.504 1.224* 1.081 1.386
5.0-59 1.241* 1.114 1.384 1.168* 1.066 1.279
6.0-6.9 1.042 0952 1.141 1.060 0.982 1.144
7.0-7.9 Reference Reference
8.0-8.9 0.967 0.871 1.073 1.028 0.943 1.121
=90 1.145 0.964 1.360 1.180* 1.013 1.375

>75 Pseudo R?=0.0873 F=40.46 P {0.001 Pseudo R*=0.0647 F=31.28 p <0.001
(5.0 1.293* 1.133 1477 1.189* 1.040 1.359
5.0-5.9 1.122* 1.002 1.256 1.152% 1.032 1.286
6.0-6.9 1.079 0.978 1.191 1.090 0.995 1.195
7.0-7.9 Reference Reference
8.0-8.9 1.150* 1.044 1.267 1.100* 1.003 1.207
=90 1.313* 1.157 1.490 1.289* 1.140 1.458

Gender

Men Pseudo R*=0.1146 F=91.88 P<0.001 Pseudo R*=0.0823 F=85.40 P<0.001
(5.0 1.503* 1316 1.716 1.369* 1.213 1.544
5.0-5.9 1.312* 1.196 1.440 1.291% 1.197 1.393
6.0-6.9 1.147* 1.066 1.234 1.136* 1.071 1.206
7.0-7.9 Reference Reference
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Subjective masticatory discomfort

Subjective poor oral health

Sleep duration (hours) 95% ClI 95% ClI
AOR AOR

Lower Upper Lower Upper
8.0-8.9 1.053 0.971 1.142 1.035 0.968 1.106
=90 1.224* 1.082 1.385 1.259* 1.127 1.406

Women Pseudo R*=0.1487 F=154.07 P<0.001 Pseudo R*=0.1043 F=134.37 P<0.001

(5.0 1.310* 1.186 1.446 1.297* 1.184 1421
5.0-59 1.251% 1.156 1.353 1.216* 1.138 1.299
6.0-6.9 1.090* 1.017 1.167 1.145* 1.082 1.213
7.0-7.9 Reference Reference
8.0-8.9 1.085* 1.002 1.176 1.041 0.974 1.113
=90 1.277* 1.127 1.446 1.305* 1.163 1.465

AOR: adjusted odds ratio, CI: confidence interval, VIF: variance inflation factor. The data were tested by multiple logistic regres-
sion analysis, with weighted values for complex sample design. *: p < 0.05.

and 1.180). In adults aged =75 years, both <5 and =9 hours
sleep durations were significantly associated with increased
masticatory discomfort (AOR=1.293 and 1313), whereas
poor oral health was markedly higher in those with a sleep
duration of >9 hours (AOR=1.289, 95% CI: 1.140-1.458).
Gender-stratified results showed consistent associations.
Among men, sleep durations <5 hours and 5.0-5.9 hours
significantly increased odds of masticatory discomfort
(AOR=1.503 and 1.312) and poor oral health (AOR=1.369
and 1.291). Women exhibited similar patterns; those sleep-
ing <5 hours had elevated odds for masticatory discomfort
(AOR=1.310, 95% CI: 1.186-1.446) and poor oral health
(AOR=1.297, 95% CI: 1.184-1.421), with increased risks also
observed at =9 hours of sleep.

Subgroup analyses according to sociodemographic
factors are presented in Tables 5 and 6. Sleep duration
(5 hours was consistently associated with higher odds
of both subjective masticatory discomfort and poor oral
health perception across all depression groups. Among
participants with normal depression scores (PHQ-9 0-4),
sleeping less than 5 hours was associated with increased
odds of masticatory discomfort (AOR = 1.529, 95% CI =
1.372-1.699) and poor oral health (AOR = 1.544, 95% CI =
1.406-1.694) compared with 7.0-7.9 hours of sleep. Simi-

lar associations were observed in the mild-to-moderate
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depression group (PHQ-9 5-14), although effect sizes
were slightly smaller. In the moderate-to-severe depres-
sion group (PHQ-9 >15), both {5 and =9 hours sleep
durations were associated with higher odds of mastica-
tory discomfort (AOR = 1.611 and 2.310).

When stratified by job type, white-collar and service/
sales workers exhibited higher odds of masticatory dis-
comfort and poor oral health than blue-collar workers
and unemployed individuals. Among white-collar par-
ticipants, sleep duration <5 hours was associated with
higher odds of masticatory discomfort (AOR = 1.712,
95% CI: 1.239-2.364) and poor oral health (AOR = 1.662,
95% CI: 1.294-2.133). Similar associations were observed
among service/sales workers, with AORs of 1.602(95% CI:
1.250-2.052) for masticatory discomfort and 1.413(95%
CI: 1.145-1.742) for poor oral health.

Regarding marital status, participants who were nev-
er married or divorced showed significant associations.
Among the never married, sleeping less than 5 hours was
associated with AORs of 1.612 (95% CI: 1.078-2.411) for
masticatory discomfort and 1.472 (95% CI: 1.038-2.086)
for poor oral health. For divorced participants, the cor-
responding AORs were 1.640 (95% CI: 1.285-2.093) and
1.495 (95% CI: 1.192-1.875). By residential area, associa-

tions were stronger in urban than rural residents; sleep-



Table 5. Subgroup analysis 2 of strengths of association between average sleep duration and masticatory discomfort status by depression

Sleep duration (hours)

Subjective masticatory discomfort

AOR

Lower

95% CI
Upper

Subjective poor oral health

AOR

Lower

95% CI
Upper

Depression status (PHQ-9 score; group)

Normal (0-4)
(5.0
5.0-5.9
6.0-6.9
7.0-7.9
8.0-8.9
=90

Mild to moderate (5-14)

(5.0
5.0-59
6.0-6.9
7.0-7.9
8.0-89
=90

Moderate-to-severe depression (=15)

(50
5.0-59
6.0-6.9
7.0-7.9
8.0-8.9
=90

Pseudo R?=0.0814 F=130.62 p €0.001

1.529* 1.372 1.699
1.368* 1.275 1.467
1.109* 1.049 1.174
Reference
1.058 0.993 1.128
1.277* 1.151 1417
Pseudo R?=0.1031 F=42.67 p <0.001
1.236* 1.085 1.408
1.114 0.992 1.252
1.091 0.974 1.222
Reference
1.078 0.942 1.234
1.078 0.903 1.287
Pseudo R?=0.1170 F=3.95 p <0.001
1.611* 1.042 2.492
1.120 0.708 1.769
1.704* 1.076 2.701
Reference
1.544 0.920 2,591
2.310* 1.302 4.101

Pseudo R*=0.0670 F=138.40 p €0.001

1.544* 1.406 1.694
1.309* 1.238 1.384
1.144* 1.093 1.197
Reference
1.034 0.982 1.089
1.277* 1.167 1.398
Pseudo R*=0.0826 F=37.43 p <0.001
1.095 0.967 1.239
1.074 0.962 1.199
1.086 0.977 1.208
Reference
1.042 0916 1.184
1.188 0.995 1.419
Pseudo R*=0.1123 F=3.59 p <0.001
1320 0.837 2.080
1.348 0.844 2.152
1.894* 1.164 3.082
Reference
1.656 0.951 2.884
2.450* 1.327 4.524

AOR: adjusted odds ratio, CI: confidence interval, VIF: variance inflation factor. The data were tested by multiple logistic regression
analysis, with weighted values for complex sample design. *: p < 0.05

Table 6. Subgroup analysis 3 of Strengths of association between average sleep duration and masticatory discomfort status by
job type

Subjective masticatory discomfort Subjective poor oral health

Sleep duration (hours) 95% CI 95% CI
AOR AOR
Lower Upper Lower Upper
Job type
White-collar Pseudo R?=0.0398 F=9.90 p <0.001 Pseudo R?=0.0394 F=13.55 p <0.001

(5.0 1.712* 1.239 2.364 1.662* 1.294 2.133
5.0-59 1.312* 1.082 1.590 1.312* 1.143 1.505
6.0-6.9 1.069 0.922 1.239 1.069 0.959 1.192
7.0-7.9 Reference Reference
8.0-8.9 1.044 0.837 1.301 0.955 0.824 1.107
=90 0.648 0.369 1.139 0.903 0.618 1.320

Blue-collar

Pseudo R?=0.0770 F=48.01 p <0.001
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Subjective masticatory discomfort

Subjective poor oral health

Sleep duration (hours) 95% ClI 95% CI
AOR AOR

Lower Upper Lower Upper
(5.0 1.384* 1.194 1.603 1.310* 1.145 1.498
5.0-5.9 1.176* 1.059 1.307 1.182* 1.083 1.291
6.0-6.9 1.088 0.997 1.188 1.126* 1.047 1.211
7.0-7.9 Reference Reference
8.0-8.9 1.018 0.920 1.125 1.013 0931 1.103
=90 1.294* 1.084 1.546 1.181* 1.011 1.380

Service and sales Pseudo R*=0.0533 F=13.33 p €0.001 Pseudo R*=0.0485 F=15.68 p €0.001
(5.0 1.602* 1.250 2.052 1.413* 1.145 1.742
5.0-5.9 1.475* 1.231 1.768 1.401* 1.216 1.614
6.0-6.9 1.234* 1.066 1.429 1.331% 1.188 1.491
7.0-7.9 Reference Reference
8.0-8.9 1.000 0.825 1.213 0.884 0.763 1.024
>90 1.028 0.635 1.663 1.398 0976 2.003
Unworked Pseudo R*=0.1455 F=126.30 p <0.001 Pseudo R?=0.1128 F=113.40 p <0.001

(5.0 1.305* 1.176 1.448 1.259* 1.139 1.390
5.0-59 1.279* 1.172 1.395 1.222* 1.132 1.321
6.0-6.9 1.118* 1.037 1.206 1.121% 1.050 1.196
7.0-7.9 Reference Reference
8.0-8.9 1.097* 1.014 1.187 1.099* 1.023 1.179
=90 1.249* 1.119 1.393 1.302* 1.175 1.443

AOR: adjusted odds ratio, CI: confidence interval, VIF: variance inflation factor. The data were tested by multiple logistic regression

analysis, with weighted values for complex sample design. *: p < 0.05

ing less than 5 hours was linked to AORs of 1.405 (95% CI:
1.269-1.555) for masticatory discomfort and 1.320 (95%
CI: 1.205-1.445) for poor oral health (Table 7).

Discussion

This large-scale, population-based study demonstrated
that non-optimal sleep duration, specifically {5 and =9
hours, was associated with increased risks of masticatory
discomfort and poor oral health, forming a U-shaped
pattern. This association was most pronounced among
men aged 45-64 years, individuals with moderate-to-
severe depression, white-collar or service/sales workers,

urban residents, and divorced individuals.
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Our study indicated that insufficient sleep duration
showed significant associations with increased risks
of both masticatory discomfort and poor oral health.
These associations may be attributed to physiological,
biological, and behavioral pathways. Previous studies
have demonstrated that age-related declines in muscle
strength and neuromuscular coordination are related
to decreased masticatory ability, particularly in older
adults'. Insufficient sleep has been suggested to inter-
fere with muscle recovery and coordination, which may
indirectly contribute to reduced oral functional capac-
ity'”. Furthermore, insufficient sleep has been associated
with systemic inflammation and immune dysregulation,
which are implicated in the pathogenesis of periodontal

disease and oral discomfort'®. From a behavioral per-



Table 7. Subgroup analysis 4 of strengths of association between average sleep duration and masticatory discomfort status by

marital status

Sleep duration (hours)

Subjective masticatory discomfort
95% CI
Lower Upper

AOR

Subjective poor oral health
95% CI
Lower Upper

AOR

Marital status
Never married
(5.0
5.0-59
6.0-6.9
7.0-7.9
8.0-8.9
290
Married
(5.0
5.0-59
6.0-6.9
7.0-7.9
8.0-8.9
290
Divorced
(5.0
5.0-59
6.0-6.9
7.0-7.9
8.0-8.9
290
Widowed
(5.0
5.0-59
6.0-6.9
7.0-7.9
8.0-8.9
290
Type of residence
Urban
(5.0
5.0-59
6.0-6.9
7.0-7.9
8.0-8.9
=90

Rural

Pseudo R*=0.1677 F=14.93 p <0.001

1.612* 1.078 2411
1.121 0.850 1.478
1.120 0.888 1413
Reference
1.062 0.819 1378
0.766 0.494 1.188
Pseudo R*=0.1027 F=133.05 p €0.001
1.371* 1.237 1.519
1.295* 1.204 1.394
1.112* 1.047 1.181
Reference
1.061 0.989 1.138
1.254* 1.121 1.404
Pseudo R*=0.1328 F=21.05 p 0.001
1.640* 1.285 2.093
1.445* 1.185 1.762
1.261* 1.066 1.491
Reference
1.032 0.836 1275
1.369 0970 1.933
Pseudo R*=0.1224 F=39.50 p <0.001
1.265* 1.092 1.464
1.160* 1.018 1.322
1.055 0.938 1.185
Reference
1.079 0.952 1.222
1.258* 1.066 1.485

Pseudo R*=0.1278 F=151.09 p €0.001

1.405* 1.269 1.555

1.308* 1.212 1411

1.139* 1.068 1215
Reference

1.086* 1.005 1.175

1.297* 1.149 1.464

Pseudo R*=0.1278 F=151.09 p €0.001

Pseudo R*=0.1183 F=13.82 p <0.001

1.472* 1.038 2.086
1.210 0.962 1.523
1.334* 1.113 1.599
Reference
1.033 0.835 1.277
1.373 0.946 1.993
Pseudo R*=0.0760 F=129.20 p <0.001
1.305* 1.190 1431
1.236* 1.165 1311
1.110* 1.058 1.165
Reference
1.026 0.969 1.085
1.225* 1.110 1.352
Pseudo R*=0.1124 F=21.17 p €0.001
1.495* 1.192 1.875
1.464* 1.236 1.736
1.202* 1.040 1.389
Reference
1.004 0.845 1.193
1315 0.960 1.800
Pseudo R*=0.0929 F=33.58 p €0.001
1.301* 1.128 1.502
1.223* 1.081 1.385
1.217* 1.093 1.355
Reference
1.092 0972 1.227
1.387* 1.177 1.634

Pseudo R*=0.0910 F=141.05 p <0.001

1.320* 1.205 1.445

1.263* 1.188 1344

1.154* 1.096 1.216
Reference

1.050 0.987 1.118

1.306* 1.173 1.455

Pseudo R*=0.0924 F=113.40 p €0.001
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Subjective masticatory discomfort

Subjective poor oral health

Sleep duration (hours) 95% CI 95% CI
AOR AOR

Lower Upper Lower Upper
(5.0 1.328* 1.195 1.475 1.340* 1.214 1.478
5.0-5.9 1.191* 1.098 1.291 1.196* 1.114 1.285
6.0-6.9 1.059 0.989 1.134 1.099* 1.037 1.165
7.0-7.9 Reference Reference
8.0-8.9 1.026 0.956 1.102 1.008 0.946 1.074
=90 1.131* 1.015 1.261 1.208* 1.092 1336

AOR: adjusted odds ratio, CI: confidence interval, VIF: variance inflation factor. The data were tested by multiple logistic regression

analysis, with weighted values for complex sample design. *: p € 0.05.

spective, individuals with shorter sleep duration are more
prone to exhibit poor oral hygiene practices, inconsistent
eating habits, and increased consumption of cariogenic
foods, all of which are risk factors for deteriorating oral
health®?. These unhealthy behaviors may stem from fa-
tigue, diminished motivation for self-care, or disruption
of daily routines caused by inadequate sleep?”.

Conversely, excessive sleep duration, frequently associ-
ated with underlying chronic disease, depression, or sed-
entary behavior, may reflect health-related susceptibility
that leads to poor oral outcomes?. Considering physi-
ological, biological, and behavioral mechanisms, these
factors may help explain the U-shaped association ob-
served between sleep duration and oral health outcomes
in this study.

Subgroup analyses of individual factors, including age,
gender, and depressive symptoms, revealed significant
variations. The association between sleeping <5 hours
and both masticatory discomfort and poor oral health re-
mained statistically significant across all age groups, with
the highest AOR observed among middle-aged adults
(45-64 years). This pattern may be related to accumulat-
ed lifestyle factors, including heavy workload?, frequent
alcohol consumption?”, and high consumption of sugary
foods, which can adversely impact sleep quality and oral
health. These findings are consistent with those of previ-
ous studies that demonstrated increased vulnerability to

sleep disturbances among middle-aged individuals due
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to cumulative psychosocial stress and physiological de-
cline®®. Regarding gender, short sleep duration had a
stronger association with poor oral health and mastica-
tory discomfort in men than in women. This may reflect
gender-related differences in oral hygiene behaviors and
increased exposure to occupational stress”??”. Men are
generally reported to engage less in preventive health
behaviors and are more prone to experience irregular
daily routines®®, both of which may exacerbate the
consequences of sleep deprivation. Sleep duration was
associated with masticatory discomfort and poor oral
health, with the strength of this association varying by
depression severity. In participants without depressive
symptoms, short sleep had the most pronounced nega-
tive effect. In the mild-to-moderate depression group,
the association was weaker, possibly due to partial offset
by intermediate depressive symptoms. Among those with
severe depression, both short and long sleep were linked
to higher risks, forming a U-shaped pattern. These find-
ings suggest that psychological vulnerability modifies the
impact of sleep duration on oral health®. Additionally, it
aligns with evidence indicating that sleep duration is sig-
nificantly related to depression®”. Recent findings from
a cross-sectional study on Korean adults demonstrated
a positive association between high stress levels and
self-reported poor oral health®. Loneliness is associated
with masticatory discomfort®. When these factors coex-

ist with depressive symptoms, which may be worsened



by short sleep duration, they may further strengthen the
observed negative association between sleep and oral
health®.

Significant discrepancies were detected in the asso-
ciation between sleep duration and dental health when
subgroups were analyzed based on residence area, mari-
tal status, and job type. Urban residents exhibit a stron-
ger association between sleep deprivation and mastica-
tory discomfort or poor oral health than rural residents.
Environmental factors prevalent in urban areas, includ-
ing noise, air pollution, and irregular lifestyle patterns,
may impair sleep quality, thereby contributing to oral
health deterioration®. Sleep deprivation impairs im-
mune function and exacerbates systemic inflammation,
aggravating periodontal inflammation and increasing
masticatory discomfort. A previous experimental study
has demonstrated that sleep-deprived mice exhibit in-
creased gingival inflammation and alveolar bone loss*.
These findings suggest that sleep deprivation and fatigue
act as modifying factors for periodontal disease progres-
sion. A population-based study has demonstrated that
individuals with sleep disorders experience more fre-
quent toothache and masticatory discomfort and poorer
self-rated oral health®. Rural areas may be associated
with lower environmental stress and more regular daily
routines, perhaps alleviating the adverse effects of sleep
deprivation on oral health. Marital status further modi-
fied these associations. Divorced individuals with short
sleep duration exhibited the highest risks for masticatory
discomfort and poor oral health, highlighting the role of
social isolation and emotional stress in oral health dis-
parities?. Occupational differences were also apparent.
White-collar workers who slept <5 hours had significant-
ly higher risks of poor oral health and masticatory dis-
comfort, which may be related to sustained occupational
stress and muscle tension that could influence mastica-
tory discomfort®®3?,

Potential confounding factors may exist in the rela-

tionship between sleep duration and masticatory dis-
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comfort. In this study, after adjusting for a wide range of
sociodemographic and behavioral variables, the associa-
tions between sleep duration and both masticatory dis-
comfort and poor subjective oral health remained statis-
tically significant. Adjusted odds ratios, AME, and model
explanatory power (Pseudo R?) were considered to assess
these associations. Furthermore, additional subgroup
analyses focusing on potential confounders were con-
ducted to examine possible interactions, and these anal-
yses also supported the observed associations between
sleep duration and masticatory discomfort. These find-
ings indicate that sleep duration independently contrib-
utes to an increased likelihood of masticatory discomfort
and poor oral health, even after controlling for potential
confounders. Nevertheless, residual confounding cannot
be entirely excluded, as unmeasured factors—such as
dietary habits, stress levels, oral hygiene behaviors, sys-
temic inflammation, and genetic predispositions—may
still have influenced the observed associations. These
factors should be taken into account when interpreting
the results.

To the best of our knowledge, epidemiological stud-
ies analyzing the association between sleep duration and
masticatory discomfort remain limited, particularly those
utilizing large-scale population data stratified by age,
gender, and depression. Highlighting the essential role of
sleep duration in understanding oral health is a substan-
tial and valuable initial step in this field. These findings
may also serve as fundamental data for future research
on the comprehensive association between sleep dura-
tion and oral health and provide a basis for developing
targeted interventions to promote better sleep and oral
health. Highlighting the essential role of sleep duration
in understanding oral health is a substantial and valuable
initial step in this field. These findings may also serve as
fundamental data for future research on the comprehen-
sive association between sleep duration and oral health
and provide a basis for developing targeted interventions

to promote better sleep and oral health.



This study has some limitations. First, the cross-sec-
tional design provided valuable insights into associations
but did not allow for causal inferences. The temporal as-
sociation between sleep duration and oral health could
not be established, leaving the possibility that poor oral
health could affect sleep duration or vice versa. Longi-
tudinal studies are needed to better understand the di-
rectionality of these associations and determine whether
interventions aimed at improving sleep duration can
lead to improved oral health. Second, reliance on self-
reported measures for sleep duration and subjective oral
health introduces potential recall bias and misclassifi-
cation. Objective assessments of sleep (e.g., actigraphy
or polysomnography) and clinical oral examinations
would strengthen future research. Third, although the
study accounted for several confounding factors, other
unmeasured variables might have affected the observed
associations. Uncontrolled factors, including diet, stress,
physical activity, and genetic predispositions, might sig-
nificantly influence the association between sleep dura-
tion and oral health. Cultural and environmental factors
influencing sleep patterns and oral health behaviors
were not accounted for, potentially limiting the gener-
alizability of the findings to diverse populations. Future
studies may further clarify the pathways linking sleep
duration to masticatory discomfort by employing me-
diation analyses or structural equation modeling, which
could provide a more comprehensive understanding of
the underlying mechanisms.

In conclusion, this study demonstrated that insufficient
sleep duration is significantly associated with mastica-
tory discomfort and poor oral health among Korean
adults. These findings highlight the potential significance
of sleep-focused interventions in oral health promotion
strategies. The disparity in this association across so-
ciodemographic and psychological factors underscores

the need for tailored interventions.
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A study on dental instrument reprocessing
management system based on wireless ICT and
RFID technology
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Purpose: This study aimed to implement a dental instrument reprocessing management system based on wireless
ICT and RFID technology and evaluate its operational efficiency and applicability in the dental clinical setting.
Materials and Methods: For the development of the instrument reprocessing system, hardware components in-
cluding RFID tags, RFID readers, wireless internet devices, and a central server were integrated with software
management programs. Once operational, the system collected information in real-time at each stage of the
reprocessing workflow. System performance was evaluated in terms of stability, efficiency, and data accuracy.
Results: During pilot operation, the system automatically recorded the reprocessing history of each instrument in
chronological order. Functions such as verification of sterilization completion, real-time status monitoring, er-
ror detection in sterilization, and validity management were successfully implemented. Compared to traditional
paper-based recording, instances of missing records and errors were significantly reduced, and rapid traceability
was enabled in case of suspected infection events.

Conclusion: The RFID-based dental instrument reprocessing management system can overcome limitations in
repetitive and complex reprocessing workflows in dental practice, enhance operational efficiency, and provide
tangible support for improving infection control standards.(J Korean Dent Assoc 2026, 64(3): 101-110)

Key words : Radio Frequency Identification Device: Dental Instruments; Wireless Technology: Sterilization; Infec-
tion Control

Introduction

dergo thorough cleaning, disinfection, and sterilization

processes to prevent cross-infection between patientsl'D.

Medical devices reused in clinical settings must un-
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Inadequate execution of these reprocessing procedures
can increase the risk of healthcare-associated infections
(HAIs)™. In particular, dental practice often involves the
repeated use of small, precise instruments that come into
direct contact with blood and bodily fluids"®, making the
accuracy and consistency of sterilization processes criti-

cal for patient safety and infection prevention’?.
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The Centers for Disease Control and Prevention (CDC)
mandates the establishment of standard operating pro-
cedures (SOP) for instrument reprocessing, specifying
systematic management of cleaning, sterilization, stor-
age, and use”. However, in actual clinical settings, it is
challenging to verify in real-time whether each process
is conducted according to SOP or to systematically review
the reprocessing history of individual instruments after-
ward. Widely used paper-based or handwritten records
are prone to omissions and errors due to increased work-
load'?, and it is difficult to instantly confirm the steriliza-
tion status or usage history of specific instruments.

As an alternative to overcome these limitations, re-
cent clinical settings have focused on instrument man-
agement methods utilizing Radio Frequency Identifica-
tion Device (RFID) technology'™%. RFID is a contactless
technology that uses radio waves to identify and track
objects, enabling automatic recognition of instruments
without individual scanning or visual inspection''”. The
efficiency of this technology has been validated in logis-
tics and inventory management'®, and its potential ap-
plication to the tracking and infection control of repeat-
edly used medical devices has been suggested'*?.

An RFID-based sterilization and instrument manage-
ment system can continuously record and manage the
entire cycle, from the collection of contaminated instru-
ments to cleaning, sterilization, storage, and reuse. This
allows for rapid identification and traceability in case of
issues during sterilization, enhancing reliability in the re-
processing workflow, and potentially contributing to an
overall improvement in infection control standards. Nev-
ertheless, the application of wireless ICT-based systems
integrated with RFID for dental instrument reprocessing
remains limited.

Therefore, this study aimed to implement a dental
instrument reprocessing management system utilizing
wireless communication-based ICT (information and
communication technology) and RFID technologies, and

to examine its operational efficiency and practical ap-
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plicability by evaluating its performance through simula-

tions conducted in a controlled laboratory environment.

Materials and Methods

The dental instrument reprocessing management sys-
tem proposed in this study is an integrated system that
utilizes wireless ICT and RFID technologies to automati-
cally record and manage the entire workflow of dental
instruments, including cleaning, sterilization, storage,
and use.

The system consists of hardware components (RFID
tags, RFID readers, wireless internet devices, and server/
cloud) and software (management program). All compo-
nents are interconnected to enable real-time collection,
transmission, and storage of information at each stage of
instrument movement and processing (Fig. 1).

RFID tags attached to sterilized instruments or instru-
ment sets identify each item based on unique identifica-
tion information. Each stage of the workflow including
the start and end of cleaning, storage, and actual use is
automatically recognized by RFID readers. The captured
data are transmitted to a central server via a wireless net-
work, where the processing history is accumulated and
stored.

RFID is a contactless technology that uses radio waves
to identify objects. In this study, RFID was applied as a
key component to enable automatic tracking and man-
agement of dental instrument reprocessing history.

RFID tags were attached to dental instruments or in-
strument sets (trays) and assigned unique identification
numbers (IDs). Since most dental instruments are com-
posed of metallic materials such as stainless steel, metal
interference is a major factor affecting RFID signal per-
formance. In this study, on-metal RFID tags (metal tags)
were used to minimize metal interference. In addition,
the tags were designed to withstand repeated use without

physical damage or data loss under the high-tempera-
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Fig. 1. Architecture of an RFID-Based Instrument Management System for Real-Time Tracking and Processing

ture and high-pressure conditions of steam sterilization
(autoclave) as well as the vibration and humidity condi-
tions of ultrasonic cleaning.

Sterilized instruments were organized as sets, with
RFID tags attached to allow batch recognition (Fig. 2).
Small RFID tags were also attached to individual den-
tal instruments, enabling instrument-level management
(Fig. 3). Since the RFID ICs were attached to steel con-
tainers and trays, IC chips specifically designed for strong
performance on metal surfaces were applied to prevent
wireless communication interference. In addition, the
mounting position of the IC tags was adjusted so that the
metal instruments themselves could be utilized as anten-
nas, thereby improving communication performance.

RFID readers detect RFID tags throughout the entire
instrument movement pathway. Two types of readers
can be applied fixed and mobile (handheld). The system
allows not only batch scanning of instrument sets but
also selective scanning of individual instruments.

By applying RFID technology, the cleaning, steriliza-
tion, storage, and usage history of sterilized instruments
are automatically recorded in real time, eliminating the
need for manual documentation (Fig. 4).

In this system, the wireless internet equipment is re-

sponsible for real-time data transmission between the
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RFID readers and the central server (or cloud server).
Considering the characteristics of the dental clinic en-
vironment, a Wi-Fi-based wireless network was imple-
mented, and access points (APs) were strategically in-
stalled in areas with frequent instrument movement, such
as the central supply room, treatment rooms (operating
rooms), and sterilization room, to ensure stable wireless
communication (Fig. 5). The operating frequency band
of the RFID tags used in this study was ultra-high fre-
quency (UHF) at 918 MHz.

Through the wireless network, information is immedi-
ately transmitted to the central server. In the event of net-
work failure, data are temporarily stored in local memory
to minimize data loss and maintain continuity of instru-
ment reprocessing records.

Moreover, the wireless network incorporates authenti-
cation-based access control and encrypted communica-
tion to enhance security, preventing leakage of patient
information and sterilization history data. This wireless
internet configuration allows real-time monitoring of
instrument status in dental clinical settings and enables
efficient infection control and instrument tracking man-
agement without location constraints.

The management program (Den-win) processes data

collected from the hardware and provides information
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Fig. 3. A. Small RFID chip attached to the surgical instrument. B. Enlarged view of the RFID attach-
ment site: does not interfere with instrument use.

Fig. 4. A. RFID chip and handheld RFID reader. B. Tagging RFID chips attached to the outside of the tray using a
handheld RFID reader. C. Handheld RFID reader stored on a stand.
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Table 1. List of equipment

Item

Brand

RFID tag

RFID reader

Communication equipment

Instrument with a small RFID tag attached
Sterilization tray

Sterilizer (autoclave)

Ultrasonic cleaner

A prototype product, not yet commercially available

A prototype product, not yet commercially available

A prototype product, not yet commercially available

A prototype product, not yet commercially available

Sterile container systems (B. Braun Melsungen SE, Melsungen, Germany)
Getinge (Getinge AB, Gothenburg, Sweden)

Getinge (Getinge AB, Gothenburg, Sweden)

according to user requirements. The status of sterilized
instruments is intuitively displayed as “In Use,” “Being
Washed,” “Sterilization Completed,” “In Storage,” or “Ex-
pired.” This allows medical staff and sterilization per-
sonnel to monitor instrument status in real time without
manual record-keeping.

Additionally, information such as sterilization method,
date and time, and personnel in charge is automatically
linked and managed. The system provides administrator-
level functions, including user access control, log review,
and statistical analysis. These features enable analysis of
management indicators such as instrument usage fre-
quency, time required for sterilization processes, and re-
cord omissions (Fig. 6).

In this study, we conducted simulations in a controlled

laboratory environment to evaluate the performance of

the dental instrument reprocessing management system
developed using wireless ICT and RFID. The equipment
used in the experiments is listed in Table 1.

A total of six simulation runs were performed, and the
cycle evaluation method was as follows. At each process
step—cleaning, inspection, packaging, and sterilization—
RFID tags were read to assess whether the system was
operating correctly. Next, at the sterilization completion,
storage management, and usage stages, RFID tags were
read to verify that state changes were correctly recorded.
Collected data were analyzed to confirm the accuracy of
processing history and status changes, as well as to iden-
tify any missing records.

The results were evaluated in terms of system stability,
operational efficiency, and information accuracy, and

the records for each process step were checked for con-
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Table 2. System evaluation items and procedures

Process System evaluation Result
Instrument Cleaning room  Tray scan — linked with cleaning equipment cycle to record cleaning completion time ~ Normal
reprocessing Inspection Generates warning message if items are missing Normal
Packaging Stores sterilization information (autoclave ID, scheduled cycle, operator) Normal
Sterilization Stores sterilization cycle number, start/end time, conditions (temperature, pressure) Normal
Usage history  Sterilization Generates status message “Sterilized - Ready for Use” Normal
management  completed
Storage Displays sterilization validity period (warning if expired) Normal
Use Stores actual usage information (operator, treatment room, patient info) Normal
Post-use Stores end-of-use time, status message changes to “Use Completed - Awaiting Normal

Cleaning”

Table 3. System stability evaluation

Item Instrument Count Success rate Tray Count  Success rate
Instrument Cleaning room 10 10 100 (100.0) 5 10 50 (100.0)
reprocessing Inspection 10 10 100(1000) 5 10 50 (100.0)
Packaging 10 10 100 (100.0) 5 10 50 (100.0)
Sterilization 10 10 100 (100.0) 5 10 50 (100.0)
Usage history Sterilization completed 10 10 100 (100.0) 5 10 50 (100.0)
management Storage 10 10 100(1000) 5 10 50 (100.0)
Use 10 10 100 (100.0) 5 10 50 (100.0)
Post-use 10 10 100 (100.0) 5 10 50 (100.0)

sistency with actual workflow. The evaluation items are
listed in Table 2.

Results

As a result of system operation, usage information was
successfully visualized for all cycles, and the data were
properly stored on the server. The system functionality
was evaluated through 10 RFID tag readings using the
reader, and all trials were completed without errors, con-
firming proper system operation (Table 3). The system
also maintained correct functionality after 10 repeated
sterilization cycles.

Upon application of the system to the instrument
cleaning and sterilization processes, the status informa-

tion of the instruments (Cleaning, Sterilizing, Sterilized,
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Stored, and In Use) was automatically updated (Fig. 7).
Before clinical use, the system verified that only sterilized
instruments within their valid period were available. After
procedures, RFID recognition recorded the usage history
of each instrument on the server. This implementation
streamlined staff tasks and enabled automated and stan-
dardized tracking of instrument reprocessing (Table 4).
Furthermore, a signal interference avoidance algo-
rithm was applied to minimize radio interference and
collisions, enabling the collection of data for instrument
sets without recognition errors. The installation position
and angle of the antennas also played a critical role in
reducing interference. Additionally, the system was de-
signed to absorb and redistribute energy reflected from

metal surfaces, thereby enhancing sensitivity.
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Fig. 7. Instrument reprocessing process and application of RFID technology.

Table 4. Comparison before and after system implementation

Category As-is (conventional method)

To-be (proposed system)

History management

Sterilized items management
Sterilization process monitoring
Usage status

Usage history review Check paper log

Manual entry (prone to omission, errors, loss)
Recorded individually for each sterilized item
Unable to track sterilization process

Manual record (paper log management)

Automatic system entry (stored in server)

Uses digital records (set-based registration)
Able to track each sterilization process step
Digital registration (real-time status monitoring)

Real-time retrieval of usage history (DB search)

Discussion

This study aimed to explore ways to enhance the reli-
ability of infection control and improve workflow effi-
ciency by systematically managing the reprocessing his-
tory of dental instruments using RFID technology.

The results demonstrated that applying RFID technol-
ogy enabled the real-time automatic recording of each
instrument’s cleaning, sterilization, storage, and usage
history, which can improve transparency and traceability
in the instrument reprocessing workflow. Healthcare fa-

cilities are required to document and retain sterilization
21-23)

logs and ensure the quality of sterilization processes
However, previous studies have reported that steril-
ization logs are often not recorded or retained, and in
cases where issues arise during sterilization, procedures

for recalling already distributed instruments are insuf-
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ficient'®*. The RFID technology proposed in this study
can automatically record and track the complete repro-
cessing history, addressing these issues effectively.
Previous research has consistently highlighted the
limitations of manual recordkeeping, including spatial,
searchability, and preservation issues, emphasizing the
need for systematic sterilization documentation”®?®. The
RFID-based system proposed here automates instru-
ment reprocessing records, reducing reliance on manual
documentation, minimizing errors and omissions, and
enabling rapid and accurate traceability in case of sus-
pected infections. According to the World Health Or-
ganization (WHO), approximately 10% of hospitalized
patients experience healthcare-associated infections
(HAIs/™. Applying this system in clinical practice could
prevent infections caused by improper instrument use

and allow prompt response in suspected cases.



The core functionality of the proposed system au-
tomatically records the processing history of each in-
strument at every stage cleaning, sterilization, storage,
and usage and stores the information in a database in
chronological order. Each instrument is managed with
a unique identification number, and scanning the tag
attached to an instrument or set intuitively displays the

” o«

current status, such as ‘In Use,” “Cleaning,” “Sterilized,”
“In Storage,” or “Expired.” This enables medical staff and
sterilization personnel to monitor instrument status in
real time without manual recordkeeping. Automation via
RFID reduces staff workload, ensures smooth instrument
turnover, and enhances clinical efficiency.

The system also allows administrators to set user-spe-
cific access permissions and utilize statistical analysis
features. Unlike paper records, which are cumbersome
to process, data stored in the server can be analyzed for
monthly, quarterly, or yearly trends, supporting resource
allocation and management strategies for infection con-
trol.

However, the initial investment cost for implementing
an RFID system cannot be overlooked. The expenses as-
sociated with RFID tags, readers, and server infrastruc-
ture are significant, and careful consideration is required
for clinical application. Nevertheless, the adoption of an
RFID system is expected to provide economic benefits in
various aspects, including labor cost reduction, improved
operational efficiency through decreased recording er-
rors, and reduced social and economic costs associated
with infection incidents.

This study has several limitations. First, it was limited to
the performance evaluation of RFID tags (chips) through
simulations conducted in a controlled laboratory envi-
ronment, and therefore, additional quantitative metrics
are required to support its application in actual clinical
settings. Second, the system’s capability for evaluating
the performance of equipment required for instrument
reprocessing was minimal; future work should integrate

Internet of Things (IoT) technology to extend function-
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ality, including monitoring the physical status of equip-
ment. Third, the evaluation was based on short-term ex-
periments, and further assessment is needed to examine
the durability and lifespan of the equipment under pro-
longed use.

In conclusion, the wireless ICT- and RFID-based den-
tal instrument reprocessing management system pro-
posed in this study addresses the limitations of tradition-
al manual and paper-based management methods and
demonstrates the potential for systematic management
of cleaning and sterilization histories in dental clinical
settings. RFID-based automated recording and trace-
ability allow real-time monitoring of instrument status,
providing a foundation for improving infection control
and ensuring patient safety. Long-term operational data
analysis and IoT-enabled feature expansion could fur-
ther establish a digital infection control system tailored

for dental healthcare environments.
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