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Rk FEXTBENLATRE A E B RRF, 364 THUEBEWBENL 22 Li0 4 (EEh/K)Fxt R4 (&
HEK), BH18BEE . WABREWEIZELSSK, BH30HHNEESHERBIT. TIPS
T AT 855 JHBER SR EEE-9 (MMP-9)KF. IREEFRE(OSDNIFS BRLEE(ORN). EIE
B (TMH) BA & JE RS 4B 18] (BUT) » 41143 #7 75 ¥ .45 Shapiro-Wilki % . MSLFEAR e % . Mann-
Whitney UKS: . WilcoxonfF SRR FisherfEikiR. 45%: WIT/E, XRAELRARNMHRE LB EHE
RERLLITERE (P > 0.05). ANLEF, LRAKTERMMP-9KFH BEMFE, H70.19 (31.32,
90.96) ng/mlf%Z32.67 (3.79, 185.63) ng/ml (P = 0.025), OSDI}¥4rH148.61 +16.91f%27.78 + 12.98
(P <0.001), TiLWHEITRIEHIORI. TMHNBUTE RS 2R (P > 0.05). XHBAKHRN LR,
OSDIYEAME T T F&, H41.67 (34.38,46.35)[%%25.00 (20.83,33.85) (P <0.001), TIMMP-97kF. ORI,
TMHERBUTZR LS T2 X (P> 0.05). BARYTRHTEF, LKA FIMMP-9-50SDI T FEiE B L IR 4
K, BEREFGIHFBE N (P=0.016), HAIRSZIREZRFLLAT#EREL(P>0.05). £it: 54#EH
KA, EEKEE BN AR E R PR T IR B 5 ERMMP-9/KF, 5@ T EWER.
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Abstract

AIM: This study investigated the effects of ultrasonic atomization fumigation with hydrogen saline
(administered for 30 minutes daily over 5 consecutive days) on ocular surface inflammation and
symptoms in patients with dry eye disease. METHODS: In this randomized prospective single-blind
controlled trial, 36 patients with DED were randomly assigned to either the experimental group
(hydrogen saline) or the control group (physiological saline), with 18 patients in each group. Pa-
tients in both groups received continuous ultrasonic atomization fumigation therapy for 30 minutes
per day over 5 consecutive days. The following indicators were evaluated before and after the in-
tervention: tear matrix metalloproteinase-9 (MMP-9) level, Ocular Surface Disease Index (OSDI)
score, Ocular Redness Index (ORI), tear meniscus height (TMH), and tear break-up time (BUT). The
statistical analysis methods included the Shapiro-Wilk test, independent samples t-test, Mann-Whit-
ney U test, Wilcoxon signed-rank test, and Fisher’s exact test. RESULTS: After treatment, there was
no statistically significant difference in all indicators between the control group and the experi-
mental group (P > 0.05). In the intragroup comparison, the tear MMP-9 level in the experimental
group decreased significantly, from 70.19 (31.32, 90.96) ng/ml to 32.67 (3.79, 185.63) ng/ml (P
=0.025), and the OSDI score decreased from 48.61 + 16.91 to 27.78 + 12.98 (P < 0.001). However,
there were no statistically significant differences in ORI, TMH, and BUT in the experimental group
before and after treatment (P > 0.05). In the intragroup comparison of the control group, the OSDI
score decreased, from 41.67 (34.38, 46.35) to 25.00 (20.83, 33.85) (P < 0.001), while there were no
statistically significant differences in MMP-9 level, ORI, TMH, or BUT (P > 0.05). In the comparison
of therapeutic effects between the two groups, the decrease amplitudes of MMP-9 and OSDI in the
experimental group were larger than those in the control group, with statistically significant differ-
ences (P = 0.016), and there were no statistically significant differences in the change amplitudes of
the other indicators (P > 0.05). Conclusion: Compared with physiological saline, ultrasonic atomi-
zation fumigation with hydrogen saline was more effective in reducing the tear MMP-9 level in pa-
tients with DED and alleviating their subjective symptoms, indicating that it has anti-inflammatory
benefits and symptom-improving effects.
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FIETEE ARG (1] AT R, T E, TR ERELN 21%~30% [2],
F ELBf A F = A FH IR [R] PR 38 D0 AR B G i, R IR Z A EIE A ETH[3].

THRAE & —Fhois WL AR, HRR R %, RS FRE. ROERMN . BEIRIE . IRESFAR
JE A RAS LA BEAT T T I S [4]-[9]0 For, S0RE SR T HRE BIAZ O BRI 2 — o 0 ] 3 BOE
TR M PR FVSE A4k, HEM 5 A A L R A i 2 P SORE R 7, WA A& 1 (IL-1)s A3 6 (IL-
6) LA K iR BE IR - o (TNF-a), [A] B #44E IR (4 CCL3 . CCLS) RN 3L i 4 J& 2 4 BlE (MMPs) 25t 2 4 380
X G RE N Tt — DRI RS e P, TR IE G EAEIA[10]-[12]. BRIk, HURIATT & T HRE 1697 A i 51
R — 5.

AT, FRREMIRIT RE N R 2467 FEIEZimia)T . Zaiayr B3N TR AKE T
TRV PURTIRSS, A2 7 NSRS ILIGYT . SRk 6IRIT . BKEhify T JHIEK2E. B0
Be LSBT VA IS AR S (1310 H AT ERH FH B0 T R N TR ARV, (HZI6 7 T+ BN A T I 22 A R0
ANGEREAR, XoF - HR AR DRI AR A B Sk T T R AR [ 14]. X837 I, WIEa T BN BN
Iz, W WRRTT T A RS AL A IR B AR IR EE A

75 A SR AR N — R NG U7, AR — et ST IR IR IR — € T R 15]-[17], A
BEERKE W R A AL EARIAN L. AW, TR AR, SEKIERN—FB Gy, HIHELA
HPUAML . PURSERHE, ATRENT T IR VA TT BRI S . A KRN i B SRV R A AR 2R K
H, BERECR A A IIPUEAMIER, X EBERNE S E N EE. 224[18].

AR B ARV A SR A 75 5540 28 VAT 70 T HRAE B8 2 P IR R AR, R AL A b A R IR 1
SEM,  RE I AR Dk AT A S VRV R oy T TR A T HRE AT 28 YR 97 S AR R I PR 4 -

2. AR
2.1. IERZER

2.1.1. {REEFHE
KR FOENER R ERE S, R0 ZRIREHER A H ZE R (95 : FSAIER2022IRB2).
B ZRAFES SRR 88 7 s R R,

2.1.2. ARGITHEBREEEF

AW T BT BE T A I R 7T WEFEXT 50 2023 4 11 FJ 2 2024 4 5 F3 #7874 1L 52 JRK HRRHEE B
e W THRRE R B3, (EFBENLECR D, IR A IR . SRR 18 7, by 4 i, % 14
B, “FIIFEE(54.44£6.740% . LI 18 ], HAF 5 46, 144, “FHFEES50.56+£9.52)% . P E
G MR RET IO, ZERLG R (P > 0.05). NFREAEE NS ENE, B4 EEHAAMRE D
FIT IR ¥ 73 2HL B FH 188 75 55 A B 2K I 2 s i B

2.1.3. SHiRE

A b B IR I R & 2K 312024 4F) ) 191 2 WTbRite, KT IRGE € SURFF & AT e — 3

(1) FBUT < 5s BfE LK BREE T Schirmer 1 < 5 mm/5 min, WREA TR, F0R. JE7R. A&
B TS AR . —

(2) 5s < FBUT < 10s B{ L& M FREE T 5 mm/5 min < Schirmer I < 10 mm/5 min, WREH T, 59
R TR AEIR MTBE B ERER 2 —, (A A RN 45 R R S A BH 1

2.1.4. PAFRE
(1) FF & LR THRE S WhRdE;
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(2) FESEIITEET =D H WER T SIERRIM IR 2 4k, REZ AT IR R IRT
(3) BABEMMMERLF, BERSHLIN 58 RSEIRAR SR AT S BETT

2.1.5. HeBRARE
(1) AFFE T IS Wikrife
(2) FFAETEENVERR BORRYL, Qs R EEtE . AR JEARIE Bl S M A 4%
(3) A AT REFZ AT EAS A8 1 ) H At IR 350 504 B B (AN 5 OB IR SR )
(4) SERRET—NH WA IR T IR B 4 s
(5) TESEBSIFAAAT =~ F P4 R 5 {5 FH B T SRR R MR A A 2 BB =2 FLAD A R T
(6) SEBRT/SANH P HEAT ik IR T AR B8 52 IR M 5
(7) XA ER K
() KHINRFPTANABLG B i S 5 M VR o0 s R 25400 5
(9) Toidguid 5e b Ui Bk I ZE K B

22. XWHE

2.2.1. SIS

SEBG S FH 04 LA

(1) AFEEK: () 1 FEIIERAHIRM(HYCOSAN, 0.1% x 10ml, 4% [E URSAPHARM Arzneimittel
GmbH, #1245 EMHES H20150150); (3) [F3ERHIEN0 R RIRPEFEREARAR, 55 HIM-22
SERIES, Z/SHE 150 ML/MIN); (4) #7502 WH-2000 () R B AL M) ARAF); (5) W
BWRESR( RBEEREEMELARAT): (6) MMP-9 AT & (RZZNTE, T AREEREA
MEZHRAR).

AAKIIH S T RS U SN R A AR PRSI SNBSS KE T, &%
FHORH SR A B K 4 7L [20] [21], FREETN 30 405, AEpEEK. ZaBEmEE, EHEAL
FHARER, W 53 I AR =8 B Rl R s kA7 8 75 5 A B 28R 9T

2.2.2. W

(1) BRAIFAE: MIEDCROVT o B B ORI, Gyt i o3 A [m I IR iR R .

(2) LMK fEFWEZAT, BEIHS OSDI MA&; WA —XREH M HIRELES 5 (OCULUS
Keratograph)%f & & #ATHR R /4T, 1d3% ORI, TMH. BUT %#f; B 5 filf TS AR R AR 28 78 BB 3 0 IR
AN RAETHTR 2.2 uL, FRINEERFR R, A MMP-9 & IEAR], Kl RN AR, 255 15
S BRI MMP-9 $(fH .

(3) ST W EF IS SRR, SIS HAIA], 2R 2 AR 2545 FH 3 R A IR VAR
K=, FFRIYIR. IR A KT AR S A 78 RT R . s FH AR B 3K 3k AT HR 58
SAEZ, WA REER 1K, BIR30 7380, ESRIT 5 Ko

@) BT EIM £ 5 RIBITENE, BEFXIEE OSDI [W4; R — Ak 852 B N TR
T, ORIRE s, JEREHET MMP-9 £l

23. MBS RITFERE

2.3.1. MEIEFR
(1) MMP-9 #f&: JHME MMP-9 & &, BB SR T IR ™ 5
(2) OSDI P43: JlId— FR 1 ] Bk & A 23 (1 HR S0 AN & R B oo H R AV (s, & — A 138
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it IR = FAR B AR AEAG R 5 L H . B AE 0 B 4 fp 2 A4 B QA RIT 0, BAiaisrakell 25,
B AR 1) 10 AR, 45 HY B2y 0 OB T IR A RB ™

(3) ORI: JEILHFSE MR ALBRSRE, Xf IRES A R BB AT oM, 2 — Al T2 PP Al IR R T i A%
FE AR R . B P T IR AR IR ™ 2

(4) TMH: 25070 T IR S 5 IRBRR I 2 BRI A B, Tl AR T IS Rl & . VP TH
TR ATHB > WD RERITRAR o e BEBAR SRR T HRRECIR 8™ B

(5)BUT: AR IRSEENZIRG, THIEZRE T B — A TR B R A 18] () RBG . B R PPl T AR
SETERITEAR . I TRDERE S T IR IR ™ 2

2.3.2. Gt AE
SEIG KU 4 F IBM SPSS Statistics 27.0.1 B AT Gi i+ 245007 - 5F T iESA &, 4l B 57 AT Shapiro-
Wilk K35 vH s SORHEAT IEAS VRS, FFE EAMEMEIREH ¥ +5s o), A& ESHERTRA M (01,
O3)FRo~. P EHRE 2 MR LG, 25 P AR 38 75 6 IR 0 A WK ARSI AR A ¢ AR50, ZOSE NIE IEJS 1)
Cohend, FATEEFMEIERDARNRH Mann-Whitney U K55, RONAEAN v r BITHEA TR (FERCFE
AR N X
z

r=—

JN

RN RN 0.2 AN, 0.5 AR, 0.8 RN . 2 Eeaedr, T AREARE N <20),
fEHABCAAEA ¢ BT T & S BRI R I I R L0 RE PR, DRI L AT 70 () B8 o 0% & fiF
FAESEUGL, W) Wilcoxon Fi 5B L. M4 &, HTFEARK/N, KA Fisher ¥5HiRa L. T 4tit
K635 K UM 56, TSR, M P{E <0.05 8, INNEREASRIEE L.
3. tARGR
3.1. FEEENAITIIEAE. HARNERER

PIZH BB VAT T SR 40E) . AN 2= BRI 1. 3697 AT, MALEBRE SRR K TFER TS
R . BT R, PIHEENSEIRIAE R Z R gt E L. SKIRAA N LB A, 16I7 )51 MMP-9
HEP = 0.025)5 OSDI 43P < 0.00 & TiRI7THI, AEREFSGII#EN, HREHRSHITIHESR
TG it 2ER SU(P > 0.05). SN ELE Y, BIT)EH OSDI WM& TR ral, HERBEES IR X
(P <0.001), HA&IERSIHTRINZERTE T2 (P > 0.05).

Table 1. Intergroup and intragroup comparisons of differences before and after treatment between the two groups of patients

* 1. MEREATEIENARE. HREREER

W R AH SEEAH tEERUE P 1A
MMP-9 (ng/ml)
WBIT T 54.22 (34.14, 50.67) 70.19(31.32, 90.96) U=209.00 0.143
WIT)E 16.93 (8.87, 65.89) 32.67(3.79, 185.63) U=143.00 0.548
Z1E —0.849 -2.243
P{H 0.396 0.025
0OsDI
BITHT 41.67 (34.38, 46.35) 48.61 £ 16.91 U=116.00 0.144
WBIT )G 25.00 (20.83, 33.85) 27.78 £ 12.98 U=156.00 0.848
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VAL -3.731 -3.728
P g <0.001 <0.001
ORI
BITH 1.21+0.38 1.31+0.39 t=-0.824 0.416
BT e 1.22+0.50 1.20+0.34 t=0.117 0.908
ZE —-0.372 —1.406
P18 0.710 0.160
TMH (mm)
RITHT 0.20 + 0.06 0.21 +0.03 t=—0.873 0.391
BT R 0.22 £0.07 0.22 +0.05 7<0.001 1.000
VA -1.243 -0.633
P{H 0.214 0.526
BUT (s)
YBIT D 8.00 (2.30, 15.40) 8.61 +5.28 U=162.00 1.000
BTG 5.63 (2.90, 12.95) 8.32(5.92,11.73) U=125.50 0.248
VAN -0.370 -1.254
P{H 0.711 0.210

3.2. MABERTAIEEFNVEB LR

FAYAIT A BB 2697 Ja IO, 43 T S 4 B SR AR IR T BTG M S (AT L, g5 IR AR
2. SEIGZH MMP-9 35 T %, FE0EN 36.13 (-2.19, 86.82), XfHEAL MMP-9 ¥4 eE AR E 1 TF, Himk
B NIEIREEAKR, BPEIEN-0.45 (-3.64,6.43), —HAIMZERHASRIER (P =0.016), FEnLind S
F MMP-9 [ FE AR T X A2 . SEIR2H OSDI &1 20.83 + 6.70, XFHRAAFEIR 14.12 £ 6.53, 3 [A][1)
Z R BF G (P =0.005), $2RSEIGAEFH OSDI ¥4 NIRRT X R4 . HAFEham 2 > a2
SIS (P > 0.05). RS, 4 MMP-9 [ » = —0.567, NN, OSDI [ Cohen d =
—0.991, N KZN, ORI r=-0.162, A/NES, TMH [ Cohend=0.223, JN/N&N, BUT [ Cohend
=—0.313, A/NHRL, 1 B A R 7K 5540 BB 200 TR J % MMP-9 F1 OSDI [ 535 5 B &, i 4T ORI TMH.
BUT [ AN R .

Table 2. Intergroup comparison of differences before and after treatment between the two groups of patients

2. MEREGTRIEERABELEE

Xt AE2L PR tfHEK U fE P 1 RN AE
MMP-9 (ng/ml)  —0.45 (-3.64, 6.43) 36.13 (-2.19, 86.82) U=86.00 0.016 r=-0.567
OSDI 14.12+6.53 20.83 +6.70 1=-3.042 0.005 Cohen d =-0.991
ORI 0.01 (-0.15, 0.20) 0.11+0.32 U= 140.50 0.491 r=-0.162
TMH (mm) —0.02 +0.08 —0.01 +0.05 1=10.686 0.498 Cohen d=0.223
BUT (s) 13141041 ~1.30 £4.87 1=-0.959 0.347 Cohen d=-0.313
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3.3. BHEHA
8 B B AR 2 A ST 5 R B AR 75 Ak T A T L P R A
4. g

AL BAAER AT A FHUERSTIRAER, LI RE R, SAEMBKME, KSR
PSR 25 AR IR B TRV MMP-9 7KF, AR Lt — IR SE 170 T A TR IT 2K

4.1. FFERMRSMEMER

AR, A FAMEN—FIRARMPUENFIIR YT, #3877 207, H 2—Fuatk.
TR E Y BEE 58K . Ohsawa Z5[22]7E 2007 SE & R KB, HoAER8 B ME B BRI M E(ROS) it
HEMRREE A REECOH), MiATHIER M4I(E 54 S5 EMIE R RN . 5 NO. CO Bt 55 HAh
BITEARAE, RUEESIREE T, Hy A AT 81 [23], BRIy —Fp e 4 B RIE R/ i)
LA

SR, SR PN I B B SR ROS SR 5 [24], & T IRE 2O I BN B ELE R . &=
ROS MY 2%k DNA Fflg)it, i pdufanits, & aWoR RAE RN, 18I0 28 RE # s K (41 MMP-9)
W N AL N, TR SRR IR [25]-[28]0 Hy CVAHIE B T DA 4700 1) G200 7 38 sz v AR L B 48 i
S-SR, AR 20 BRI 20 A ( TL-1. IL-6. TNF-a A1 MMP-9) [29]. H, 7E 2 Fh SR FH 5
PRI IR VRS AOR, BIANER AR [30]-[36]« PR RGUEE[37]~ o LA B [ 38 R FRIF 39155 o
[FEF,  HETHIG8T Hy W97 91 ™ BN R RS HRAE[40]

4.2. SHKBEEHERARNTEO

A, HXTHRAM L, SEIGH B2 E A A Z A EZ 5, HIH MMP-9 /K 53 T ¥ . MMP-
9 R—FEENEREEEAN, ERAEMANERGREPREER, AT RESZ BT KF
W TR, SRR B S YA OC[41] [42]. MMP-9 i B ek S ni M i b R, i R EOin B
AR R IE R i[43]. AP R IR, SEKENEEBEE G WEML MMP-9 /K, R aeimd b
AR AT RAT ) 26 T HRAEIR o X — 4518 5 Kubota Z5[44]HIRE 70— 20, M 17E /D B A Il be (5 A A vh R 301,
H, R BE0E B 32 J /DS AL NS R A A, IR Hy FEEIR R PUEAL AP A IGIT PRIV EANE

HeAh, SR T R ER T —E . AT, 8 S 0E S B AR A
FEK HEF S S N B F AR . IXRIE T A K I SR R, MR T DR AR KR
[45], FEREMSLRFFITRUARE M o IR eadt o AR /K B R S AN FH P4t T SRS 7 &
4.3. SIEIKXTFERAER EAEK K E

TEEMEERTTTH, A HEKIE A K, HAEEN OSDI Wortyf B3 N %, SLIRm
ACE I P BE K, SRR A SR/ 5 55 A0 T 75 MT Rl I ) JRE AN 4 R TE AR E 1, SE A RO ST HRRE IR
X — &5 Kubota Z5[46] 1 Kawashima S5[47]0F 75 —30, AR Hy #M7EHIE S Ha 20558
SR VR WA $25 FBUT, M eS8 AR AH DGREIR o SR, ANHIF 5T o) R ZH (A 3 2h /K 24H) 35 (1) OSDI
PPt — 2 T, ATRE R N Z AL IR ORI ZE VA E R IR 1 B SB IV 24, 5>k 1 2T B IR & I Ja
4.4. ORI, TMH # BUT &R 94

AR AMEL R F2HEF ) ORI, TMH Al BUT FE3E AL, X 0] A8 VA7 I A 540 s A R A 2
HK. 5 Kubota [46]KT Hy X F-HRAE 08B A IR AL G50 AN ], ARA TR 7T 7R Ho X ol T HRAE 2
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IR FRA R, T AHH 78 i S /KB 75 S5k BE 28 P e 75 B SE IR T IR R RIS R IFEAC &, A REAE
FUFER ER R GEROR . AR, TIRASCIENAE H V09T /5 7 RIFWEAITGE, 1697 14 KRG
A B (48] 0 b AR, A [F] I R FE A U B A [R], MIMIP-9 il P AU RS 1 B 5051, 1T ORI
TMH 1 BUT f & s R %, WA A I s %57 . R RFH AR I X o SR S5 i 52 7 A
IREE, XA EE FEUX =/ NMEbR I E I — 2 FRZE, Ry KRR S > S0 10 22 R R s 2
ff)e MMP-9 J& T #AE5r 1, AT FMRA%E N Eilg, T ORI, TMH M1 BUT J& T-IRFE LM MHEEM, 4T
N, BT ARSCIGRT AR, T BRAN RE G AT I N R E AR, TS M S B AR B KRR, DAAE
FIRF TR B, A p 25 25300847 IR 30 B 7578 97 AE S 2038 TMH. BUT H1 Schirmer I 105645 $2[49]-[53],
KR T AR ARG GRS L BARYT, RS,

4.5. AxERMY

AT 5| NE R KTERE S SRR P OE N, RN T AR R A, I T 2445
i AILRAERR . BEAh, FeAi 18 MMP-9 iR 4R HEAT NI . E A, $R4E T —Frfaitb B ik, xue
BIFHER T ZAURAE TR TT S 7 i LIkl

SR, ASHIEFAIAAAE — L8 SR B A%«

(1) MMP-9 7K FAsr AN R TS 3 7KGEE 75 25 4 T 28 S5 I R B B, AR R AT 5%

(2) FEARBMXTE N, IXATRERR ] T ST Thal. BT IR IR PR, FEA BN o] e 2 R 45
M IE T AR ALY KA R, DLE— PR irix e 3.

(3) BbAh, AT ARIEAS HoAth i KAEAR EY (N IL-1. IL-6 Al TNF-0) 284k, X A fE £ FELAS 6 A Eh K
HARGTRMLE PRI

4.6. REKRE

ARRIIHTER KA IE BT, DL S SR KIR T IR . [, 30 AR )
PR INYE R, A B TR AR SR E AL BeAh, @ S S AR s sese, #E— B S S K
RIPTRAERT, ARG IR LT 2 N A S it B8 M SR R 2 B i
B O

ARSCIGA FE R B ATF AL S«

B RIS EARBR M 15 2B R EARLIN: MIERUE T7 1, 2GS SRl
RS CRE 5B, BN EEE 58016, —AVIUERIIKHR .

TR LD 52 R SRR RS B 5 06 1L 2 R IRBHES Be S Bt I PRAE A A TN S Rp, R R4 e igH
DB S SRR, B B A T KR BB

EEWA
% IR IR e £ BRI 6 B AR R 1T HI(No.AF2204D02) .
SE K
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