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Abstract

Objectives: To investigate the long-term effects of smartphone app-based oral-muscle-strengthening training in older adults.
Methods: A randomized controlled trial using a pretest-posttest control group design was conducted. Older adults were
randomly assigned to an experimental group or a control group. The experimental group participated in a 12-week oral-muscle-
strengthening program using smartphone app content from May to August 2025. Oral health, mental health, tongue strength,
and pronunciation accuracy were evaluated pre- and post-intervention. Statistical analyses were performed using a per-protocol
approach. Results: Post-intervention, the experimental group showed significant improvements in the Geriatric Oral Health
Assessment Index (GOHAI), O’Leary index, Loe & Silness index, and anterior tongue strength (all p<0.05). Significant between-
group differences were observed for the GOHAI (p<0.05), L6e & Silness index (p<0.05), and anterior tongue strength (p<0.01).
Sleep quality also significantly improved in the experimental group (p<0.05), although between-group differences were not
significant. Pronunciation accuracy improved and phonological errors decreased, but these improvements were not statistically
significant. Conclusions: Smartphone app-based oral-muscle-strengthening training may effectively improve oral health and
tongue strength in older adults while enhancing accessibility and adherence through continuous participation, regardless of time
and place.
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| Assessed for eligibility (n=12) |

- Excluded (n=0) |

v
| Randomized (n=12) |
v

Pre-investigations
Oral Health Impact Profile, Geriatric Oral Health Assessment index
O’Leary index, Winkel Tongue Coating Index, Lée & Silness Gingivitis index
Salivary flow rate, Anterior tongue strength, Posterior tongue strength, Cheek strength
Mental health indicators, articulation accuracy
1
v v

Intervention group Control group

Allocation Enrolment

Investigations

Allocated to intervention (n=6) Allocated to control group (n:é)
2 times per week , for 12 weeks, 24 times in total * No intervention
+ +
Lost to follow-up (n=0) Lost to follow-up (n=0)
*  Unable to contact (n=0), No longer willing (n=0) *  Unable to contact (n=0), No longer willing (n=0)
[ |
v
Post-investigations
Oral Health Impact Profile, Geriatric Oral Health Assessment index
O’Leary index, Winkel Tongue Coating Index, Lée & Silness Gingivitis index
Salivary flow rate, Anterior tongue strength, Posterior tongue strength, Cheek strength
Mental health indicators, articulation accuracy
I
v v
| Analyzed (n=6) | | Analyzed (n=6)

Follow-up

Investigations

Analysis

Fig. 1. Selection and procedures of research subjects.
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Table 1. General characteristics of the participants [Unit: N(%)]

Characteristic Division Intervention group (n=6) Control group (n=6) Total (N=12) P

Age, years 65-74 4(66.7) 2(33.3) 6(50.0) 0.567
75-84 2(33.3) 4(66.7) 6(50.0)

Education < Middle school 1(16.7) 2(33.3) 3(25.0) 1.000
High school 4(66.7) 4(66.7) 8(66.7)
= College 1(16.7) 0(0.0) 1(8.3)

Spouse Widowed 2(33.3) 4(66.7) 6(50.0) 0.567
Cohabitating 4(66.7) 2(33.3) 6(50.0)

FEconomic status Upper 2(33.3) 1(16.7) 3(25.0) 0.545
Middle 4(66.7) 3(50.0) 7(58.3)
Low 0(0.0) 2(33.3) 2(16.7)

‘hy Fisher’s exact test.
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Table 2. Oral health-related behavior characteristics [Unit: N(%)]

Characteristic Division Intervention group (n=6) Control group (n=6) Total (N=12) P

Daily toothbrushing frequency 1 1(16.7) 1(16.7) 2(16.7) 0.740
2 4(66.7) 2(33.3) 6(50.0)
>3 1(16.7) 3(50.0) 4(33.3)

Gum cleaning Always 5(83.3) 3(50.0) 8(66.7) 0.697
Sometimes 1(16.7) 1(16.7) 2(16.7)
Never 0(0.0) 2(33.3) 2(16.7)

Tongue cleaning Always 5(83.3) 3(50.0) 8(66.7) 0.545
Sometimes 0(0.0) 1(16.7) 1(8.3)
Never 1(16.7) 2(33.3) 3(25.0)

Use of oral hygiene products Yes 3(50.0) 2(33.3) 5(41.7) 1.000
No 3(50.0) 4(66.7) 7(58.3)

Use a toothpick Yes 5(83.3) 3(50.0) 8(66.7) 0.545
No 1(16.7) 3(50.0) 4(33.3)

Scaling within the past 6 months Yes 3(50.0) 2(33.3) 5(41.7) 1.000
No 3(50.0) 4(66.7) 7(58.3)

‘by Fisher’s exact test.

3. ADEE o 2HIXE o|2¢t =3 0|29 Z47Z 5 71}

5] 22 (p<0.05)0lK F-2J3k 2ol & H ik 23] AA] Hof| Hsh Q151737
e 1034 271519t AR £ a2

(p<0.05), MR- 5 2 (p<0.01)2 f-2J3k 2kol 5 B irt<Table 3>.

Table 3. Oral health improvement effect of a smartphone app-based oral health intervention

s Q7773 7 ER14(p<0.05), X THAEEH(p<0.05), 212 (p<0.05), 24
A7 9174 SIS, A WAIZR 0.21 74,
2k0] HEOINE QTR L(p<0.05), 22

Intervention group (n=6)

Control group (n=6)

Variables Pre Post p Pre Post p p

OHIP-14 24.67+6.74 19.17£3.06 0.094 35171696 34.00£15.62  0.625 0.240
GOHAI 42.50+6.06 51.67£4.89 0.028 36.50+12.32 38.83*=11.29  0.180 0.041
O'Leary index 0.5140.27 0.30%0.14 0.043  0.49£0.30 0.35+0.14 0.465 0.240
Loe & Silness index 0.85+0.16 0.3610.16 0.039 1.361+0.45 0.68+0.30 0.068 0.041
Tongue coating index 3.17+2.56 1.17+0.75 0.068 2.83+1.72 1.83+1.17 0.109 0.394
Saliva flow rate (g) 1.80+1.12 2.92+1.48 0.225 1.3540.99 1.324+1.07 1.000 0.065
Anterior tongue strength (kPa) 47.33+4.32 57.67%7.50 0.046  29.50£12.72  38.17%+6.05 0.109 0.002
Posterior tongue strength (kPa) ~ 35.67+11.69  46.50+20.79 0141 34.50+13.14  3517+9.58  0.655 0.180
Cheek strength (kPa) 22.50+2.74 23.671+2.66 0458  20.00t6.16  25.33%7.69  0.285 0.699

OHIP-14: Oral health impact profile; GOHAL: Geriatric oral health assessment index.
by Wilcoxon signed-rank test, by Mann-Whitney U test.

4, ADEE o 2l

TR e A A 30) BT o

A A
PSQLK 447} 1287 Zh4sle] 34 2102 Uebgtek,

=3

Sio] 2(p<0.05)014] oIt 2jol S it frie] A
HlaolA = g olat 2ol S Ho]x) Qigtri<Table 4>
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Table 4. Mental health improvement effects of smartphone app-based oral health intervention

. Intervention group (n=6) Control group (n=6) -
Variables Pre Post P Pre Post P p
Depression 14.83£5.60 12.83+3.54 0.367 17.67+4.13 20.17£11.14 0.262 0.240
Sleep quality 5.09+2.61 3.81+3.04 0.026 6.461+3.36 7.11+2.95 0.498 0.485
Drowsiness 12.00+2.61 10.02+1.17 0.058 5.831+3.66 12.00+9.33 0.109 1.000

"by Wilcoxon signed-rank test, by Mann-Whitney U test.

T JeER A -0 g iAol ATe] HskE ERleh A 1 A EG 1 Fof iR STkhe Aoz UEo, 5
Aoz Folot 2fol 5 HolA| It AR = TI57ke] Bl oM foloh 2fo| S HolA] aqtth

F71e[ZHE], U, ARsAHARSRH, 2
A[32) 42], 7352 BSHHMEA]) 38], o153/ Y= A1) 12], of 5 g =H = [ai]) 18] <0 = RIHsHA| et ARz
Aol 7 F2eRulRl e §-52) HlS2h 73], 420 Wast 43], A7le] AYesH Azt a)) 28], -5 AgRHEz A AY) 12], -
&2t Z2eHhord)) 18], A FIHEZ[E7]]) 123] 02 LEf, ARIRAL @ FR1E=0] 183} 163] = 74513l tTable 5>.

Table 5. Pronunciation improvement effect of a smartphone app-based oral health intervention

: Intervention group (n=6) Control group (n=6) -
Variables Pre Post P Pre Post P p
PCC 96.81+0.95 97.18+1.46 0.345 96.801+0.94 97.52+1.10 0.144 1.000
PWC 0.8710.05 0.92+0.03 0.131 0.88+0.04 0.91+0.05 0.257 0.699
PMLU 8.49+0.03 8.50+0.06 0.786 8.4910.04 8.511+0.03 0.336 1.000
PWP 0.99+0.01 0.99+0.01 0.414 0.99+0.01 0.99+0.01 0.180 1.000
PVC 97.6215.83 100.00" 0.317 97.62+5.83 100.00" 0.317 1.000

PCC: Total percentage of correct consonant; PWC: Proportion of whole-word correctness; PMLU: Phonological mean length of
utterance; PWP: Proportion of whole-word proximity; PVC: Percentage of correct vowel

‘When the standard error of the difference is 0.

"by Wilcoxon signed-rank test , “by Mann-Whitney U test.
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