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[Abstract] Objective To evaluate the clinical efficacy of a domestic liquid pulsation technology (LPT) dry
eye treatment device combined with cyclosporine A eye drops in treating moderate meibomian gland dysfunction
(MGD), and to compare it with conventional meibomian gland expression. Methods A randomized controlled
study was conducted. Eighty patients (80 eyes) diagnosed with moderate MGD at Beijing Tongren Hospital, Capital
Medical University, from November 2024 to March 2025 were enrolled and randomly divided into two groups: the LPT
group (40 patients, 40 eyes) and the meibomian gland expression group (40 patients, 40 eyes). All patients received a
single session of the assigned meibomian gland physical therapy, followed by concomitant 0.05% cyclosporine A eye

drops twice daily for 4 weeks. Primary outcome measures included meibomian gland secretion score (MGS) and orifice
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plugging score (OPS). Secondary outcome measures included tear break-up time (TBUT), tear meniscus height (TMH),
corneal fluorescein staining score (CFS), lipid layer thickness (LLT), and Standard Patient Evaluation of Eye Dryness
(SPEED) questionnaire score. The differences in indicators before and after treatment were compared between the two
groups, and the incidence of adverse reactions during the treatment period was observed. The study adhered to the
Declaration of Helsinki and was approved by the Ethics Committee of Beijing Tongren Hospital, Capital Medical
University (No. TREC2024-KY 120). Written informed consent was obtained from all participants. Results  After 4
weeks of treatment, upper and lower eyelid MGS and OPS decreased significantly from baseline in the LPT group (Z=
-4.618, -4.980, -4.667, -5.010; all P<0.001), and there were no significant changes in the meibomian gland
expression group (Z=-1.611, -0.350, -0.980, 0.576; all P>0.05). Post-treatment upper and lower eyelid MGS and
OPS were significantly lower in the LPT group than in the meibomian gland expression group (U=509.500, 350.500,
519.000, 343.500; all P<0.01). Compared with baseline, the SPEED score significantly decreased and TBUT
significantly increased in the LPT group (Z=-3.637, 4.398; both P<0.05), whereas TBUT and LLT significantly
decreased in the meibomian gland expression group (Z=-1.995, =2.422; hoth P<0.05). After 4 weeks of treatment, the
SPEED score was lower, TBUT was longer, and the CFS score was higher in the LPT group than in the meibomian
gland expression group (U=504.000, 188.500, 570.500; all P<0.05). No serious adverse events occurred in either
group. Conclusions LPT combined with cyclosporine A is safe and effective for moderate MGD and is

significantly superior to conventional meibomian gland expression in improving meibomian gland function and tear
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film stability.
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Table 1 Comparison of baseline characteristics between the two groups

11 %0/ AR 51
RE [M(Q,,0,),.% ]

SPEED -4

(B0 [(M(Q,.0).47 1 [M(Q,.Q,),mm]* [M(Q,,0Q,),s]* [M(Q,,Q,) .5 ]

TMH TBUT CFS T4y LLT

[M(01,03),nm]"

6 b IR e BE4H 40740 47.50(28.25,57.00)  10/30

16.50(14.75,20.50) 0.20(0.17,0.25) 2.50(1.81,3.36) 1.00(0.00,3.00) 96.00(74.25,100.00)

LPTIAYF4L 40/40 37.50(28.75,52.25)  4/36  15.50(9.75,19.75)  0.20(0.18,0.22) 2.66(2.12,3.72) 1.00(1.00,2.00) 80.00(77.00,91.00)

UL 1.113 3.077 1274 0.019 -0.775 ~1.746 1.727

Pi 0.266 0.079 0.203 0.985 0.438 0.081 0.084

a1 Wfﬁu Lﬂﬁﬁ@#ﬁﬂﬂﬁﬂ%%iﬂ?ﬁ T R B AR B R 2R T3 116 MGS T MGS ‘ - oPS ‘ T OPS ‘
W [(M(Q.0,) .50 ] (M(Q,.Q,) .51 (MCQ,Q), 501 [M(Q,,0)) 201" [M(Q,0,),50 ] [M(Q,,0),5]

6 A iR 22 FE 21 40/40 1.00(1.00,2.00) 1.00(1.00,1.00)

6.00(5.00,7.00)

6.00(5.00,6.00) 6.00(5.00,7.00) 5.00(4.00,6.00)

LPTVRIT A 40/40 1.00(1.00,2.00) 1.00(1.00,2.00) 6.00(4.75,7.00) 5.00(5.00,6.00) 6.00(4.75,7.00) 5.00(5.00,6.00)
Ul i 0.441 0.342 0.498 1.018 -0.138 0.104
P1E 0.563 0.732 0.619 0.309 0.917 0.266

b o (a:Mann»Whitney l/ﬁ%;}):xz$ﬁgﬁ)

LPT: W Wk 84 A ; SPEED : 47 #E T MR E IR IV Al [7] 4 s TMH - YH AT &5 B s TBU'T - 1H B 2L [] 5 CFS « £y B 2%

TR FYL S s LLT : g 02 B s MGS < 1 AR R 43 2 D) RE VT 43 5 OPS « & Al i IF 141 BHL 28 37 43

Note: (a: Mann-Whitney U test; b: x* test)

LPT: liquid pulsation technology; SPEED: Standard Patient Evaluation of Eye Dryness; TMH: tear meniscus

height; TBUT: tear break-up time; CFS: corneal fluorescein staining; LLT: lipid layer thickness; MGS: meibomian gland secretion score; OPS: orifice plugging
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(corneal fluorescein staining, CFS) ¥ 4> . fg it )2 J& J&
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2.1 2HIRYTET G MGS HTOPS [ A%

RITIE 48, LPTiRYT 4l LIS J T I MGS . OPS ¥
MELDETR, Z7 A% %8 X (Z=-4.618,
-4.980.-4.667 .-5.010, 3] P<0.001) . 1 B JIf % FE £ |
i T i MGS.OPS 5 M b 2 R KGRt 2 X
(Z=-1.611,-0.350,-0.980.0.576, % P>0.05) . LPT 4
ST UL G B R I MGS  OPS ¥ 1 I A5 T 16 iR 34 B8 40
£ R WA %% B X (U=509.500.350.500.519.000 .
343.500,%) P<0.01)($2).

2.2 2B SPEED ¥E4% \.TMH . TBUT . CFS i
4% \LLT H %%

2.2.1 SPEEDV¥4; JRYT 5 48, LPT IR 7 41 SPEED
W EL IR, 2 5 A S it 8 L (Z=-3.637, P<
0.001) ; i M BR e FE A 5 R M b 22 R RS it 2= B X
(Z=-1.143,P=0.237) . LPTiAJ7 41 SPEED iT-43Hi &2 Ik
TG AR B H BE A, 22 5 A 4e i B L (U=504.000, P=
0.004)(£3),

222 TMH JARJTIG 48, LPT I&J7 41 Al A i #4 g
40 TMH 5 FE 2 A0 b 22 5 3 L 48 i 2% B XL (Z2=0.922,
0.232, ¥ P>0.05) . LPT Y7 41 5 It It 4% £ 41 TMH
2R G X (U=759.500,P=0.711)(%3).
2.2.3 TBUT JAY¥F)5 48, LPTIAYY 41 TBUT %5 5L 4k

FEK G MR i R 4 TBUT 3L 4R 46 4, 22 57 YA Gi it
2 B Y (7=4.398,-1.995, # P<0.05) . LPT &7 4
TBUT & T B A MR F BE A, 2 R A Gt % & X (U=
188.500,P<0.001)(#3).
2.2.4 CFSVF4r IRY7)E 48 LPT IR YT 41 G A IR 4%
JEL CFSTE/r 53L& M L 22 R LG T4 8 X (Z=
-1.713.-1.639, 3 P>0.05) . W H B #¢ & 41 CFS ¥ 4
X T LPTIRIT 4, 22 7% A 4o it 2% & L (U=570.500, P=
0.018)(5£3),
22,5 LLT JAJ7)5 48, LPTIAYF 41 LLT 5344 1k
ER TG %53 L (Z=-0.802, P=0.402) ; [ Hg It #¢ FE
HLLTHEL B FE TR, ZER A% %E X (Z=
-2.422,P=0.012) . LPT 7 4100 A iR 4% BE 41 LLT 25
S IG T2 X (U=617.500,P=0.079) (£ 3),
2.3 ZEMITM

LPT 367 20 R Al i e JB8 21 B8 R 7 o R b 38 R
AL TR R AR b R R R A AN
S L

3 itig

2011 4F [ fr MGD #F 58 T4 20 $2 HOBs 16 A iR R &
S MGD B 5 E W R, H: 5 R 3 R % D) AR e,
T HR 3 A E & MGD & 9% 1 S BEHL AL, R G I PR 2 97
o7 K BG: M iR RT AR 2% Sk — AN A TR 25 IR 6 %

x2 2MNEBITFE4AMGSTOPS L% (M(Q,,0,) .5 ]
Table 2 Comparison of MGS and OPS between the two groups 4 weeks after treatment [ M(Q,, Q,), points]

215 R %k I MGS TG MGS 1 OPS TG OPS

I A 4 g 2 40 6.00(4.00,7.00) 6.00(4.00,7.00) 6.00(3.75,7.00) 6.00(4.00,7.00)
LPT 447 ¢H 40 4.00(3.00,5.00) 3.00(2.00,4.00) 4.00(3.00,5.00) 3.00(2.00,4.00)
UfH 509.500 350.500 519.000 343.500
Pi 0.005 <0.001 0.006 <0.001

T : (Mann-Whitney UK 58)  MGS : B M i 43 26 D RE I 43 OPS « G A B JF 111 BHLZE T 43 ; LPT 2 Y ik sh R

Note: (Mann-Whitney U test) MGS: meibomian gland secretion score; OPS: orifice plugging score; LPT: liquid pulsation technology

£3 24 4HKBF /5 4E SPEEDE4 . TMH  TBUT .CFS ¥4 LLT L[ M(Q,,0,)]
Table 3 Comparison of SPEED score, TMH, TBUT, CFS score, and LLT between the two groups 4 weeks after treatment

(M(Q,, Q,)]
251 iR %k SPEED #F43 (43) TMH(mm) TBUT(s) CFSIF4r(41) LLT(nm)
W A 4 FE 2 40 16.00(12.50,18.25) 0.22(0.18,0.26) 1.83(1.33,3.05) 0.00(0.00,3.00) 74.50(57.00,95.25)
LPTIAYT 41 40 10.00(6.75,16.50) 0.21(0.18,0.23) 4.68(3.89,7.87) 1.00(1.00,1.00) 76.00(74.00,86.75)
Ufi 504.000 759.500 188.500 570.500 617.500
PAH 0.004 0.711 <0.001 0.018 0.079

: (Mann-Whitney UKZ%5)  SPEED : A5 i HRE R P47 7] 4 s TMH - TH T (57 B2 s TBUT : TH RS 2415 [R] 5 CFS: M B2 e H AN Y s LLT IR 2 R B

LPT : W ik sl £ A

Note: (Mann-Whitney U test) SPEED: Standard Patient Evaluation of Eye Dryness; TMH: tear meniscus height; TBUT: tear break-up time; CFS: corneal

fluorescein staining; LLT: lipid layer thickness; LPT: liquid pulsation technology
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JIME LAARHEAL , BB R R B, HAREHE R E G
P, ot % )23 BH 28 8 SR A BRUYT . RS AR 4% EE 4 MGS
OPS . TMH %5 48 b5 4 5L 26 35 JC WA & 20 3% , TBUT Je 1fii T
e, i — AR BT A% G0 G MR MR i B B — € 1 R
RRAE

P At 3R SR — ol 85 Aok 28 B 1 4 1 5 3 o BEL I T 4
JibL 3% Ak 32 T N 5 RE A M R T R R 4 e 28 R TS AR
FHEON S LR PR 2 AT A v B T A0 A e
T B AR AN A DR KT, DT U6 B B AR Y .
M BRI L 1GTH W R R R A AR 0 W R 2l TH R R
SE PR B MGD HaE 1T IR AR . b Ak, B4 2 a)
3 2 9 G AT R R G A0 I R Ok e TR
IR 50 S R R AR AE > AR 98 2 AL B CsA TR
57, LPT 3497 20 3 WLAE IR (SPEED 343 ) ik 2 4 T 16 AR
JR i BE A, B LPT 367 W] B g b £ T A8 % A 0 T o

XF T LPT R YT 41 TBUT 2k 35 b 2 I T 0 A i 4% /58
41, AT REJE R O LPT R A 28037 A G Al e BEL 2 , e 5 165 i
Gy, REGE TH RS B2 o Xk T I MR 4% BE 4H CFS 3 43
BB T LPT A, Al g2 i T 50K LPT ¥R o7 Al 4 ff i
R A R LA B, R R R . Ak
HG: A 422 B8 20 TBUT 48 3 4% S il F B, 1 CFS 1 43 i
PR AL G A BE BN A B R sg e N AR TS YE A R
3 H RS 1

SR, AW ST AT A7 A8 LA R R PR < 1 2, Bt 37 s 1)
B, TOHEIEAL LPTHE G CsAVAYTY 7 RH K72k, H.
WEAE0F 9% 7 LPT VR YT 3K 25 nT Rgk 3~6 0~ A &
HE— 25 FE K i 17 5 8] LA S UF L 7 R, Houk RE AR
HHN, B R R B 5T BF 5 45 T REAE A 1 B
o MAM A BESE 2 Z T AN SRR W R IT BG4 A 2
VIR T 97 80, T I R H RN G B e B S H Y 2k
PR 2P T R IT B 22 5 R AR5

{CVEAL B RIBTT B & 2, 2 AR YT % e ik —
HRAIE . ROk, T I REEA KR 2 PO 5
o W 4 1 PR AR LPT (094 8500, 5] i 0 i B IR T R 1.2,
4.8 12 il 45 Z A4~ B[] 5 sl A5 W4, SR I IR B9 1 o 4>
PRAR AT 18] B B2 L0 T AR 30

LPT G CsAIG YT P MGD %8 44 3%, 76 % 16
I N RN Sk TR T = R (5
i 2 BE B A CsA 19 0 97 20, 76 48 K TBUT H1 2l 3% &
T WLEE AR T EA A, S MGD I R IG T SR TR
P
FURIRIE A 3 274 W R 74 R 25 %8
EERBAE A IR SRS R AR A BT/
FOROHE S5 4 BT R B 3085 A 0% - B R R I A B SR B 5T R A
B B - ST SE RSB AT 5 R TR TR AR TR
S S 1 AEURE P A PR R B B0 PRI R R TR X S
TSP P A VT 9 I B
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