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Abstract

e AIM: To assess the impact of optimized pulsed
technology ( OPT) on the morphological and functional
changes of meibomian glands in patients with meibomian
gland dysfunction (MGD).

e METHODS: This prospective case - control study
enrolled 60 MGD patients (60 right eyes) treated at
Weifang Eye Hospital from September 2023 to February
2024. Patients were categorized into mild, moderate, and
severe groups based on the extent of meibomian gland
loss, with 20 cases (20 eyes) per group. Treatments
consisted of bilateral OPT combined with meibomian
gland massages, administered biweekly over four
sessions. Ocular surface function indicators including the
ocular surface disease index (OSDI), corneal fluorescein
staining (CFS), non-invasive average tear break-up time
(NIBUTav ), and non - invasive tear meniscus height
(NITMH ), as well as meibomian gland function
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parameters such as meibomian gland expressibility score
(MGES) and meibomian gland secretion score (MGYSS)
were observed and recorded before treatment and at 3 mo
after final treatment. Cellular-level assessments using in
vivo confocal microscopy (IVCM) examined meibomian
gland acinar unit density ( MGAUD ), inflammatory cell
density (ICD), meibomian gland acinar longest diameter
(MGALD) and meibomian gland acinar shortest diameter
(MGASD).

« RESULTS. At baseline, no significant differences were
found in NITMH across groups ( P> 0.05). Statistical
significance were observed in NIBUTav, MGES, MGYSS,
MGAUD, MGALD, and MGASD (all P<0.05). Compared
to the mild group, the moderate and severe groups
showed significant differences in OSDI, CFS, and ICD (all
P< 0. 05), though no significant differences existed
between moderate and severe groups (all P>0.05). At
3 mo after treatment, all groups showed no significant
differences in NITMH (all P> 0.05). All parameters
improved significantly in the mild group (all P<0.05); all
indicators improved in the moderate group (P> 0.05),
except for MGASD before and after treatment (all P<
0.05); significant improvements were noted in OSDI,
CFS, and NIBUTav in the severe group (all P<0.05), while
MGES and MGYSS did not differ significantly (all P>0.05).
IVCM parameters (MGAUD, ICD, MGALD, and MGASD)
showed no significant change in the severe group (all P>
0.05).

* CONCLUSION  OPT effectively enhances various ocular
surface functions and improves gland expressibility and
secretion quality in mild to moderate MGD cases, while
also positively impacting certain cellular parameters. In
severe cases, where most acinar functions are lost and
structural reversibility is limited, OPT can still mitigate
MGD symptoms and decelerate disease progression.

e KEYWORDS : meibomian gland dysfunction; optimized
intense pulsed light; in vivo confocal microscopy
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4T 5M B A T B A A6R 26 T LA IVCM T ) B30 4 B

£ —
- 100 pm

ALBL.CL 4N BRI HE 1 T I A I 2K s a b 27 28 1

100 um

1
IVCM AL E GRS A R IR LS ) b ACR AR RS TR ; A2 A3 B 41 IR 2544 ; B2 | B3 . TP A IR O 4544, C2 . C3.:
A LS
F1 ZABFERITANENEIRILER
BITHE bR BRIEH L A H/F P
OSDI[ M(Pys,Py5) 57 ] 26.48(17.82,31.24)  34.17(28.14,42.52)*  33.17(28.03,39.05)*  9.977 0.007
CFS[M( Py ,Py5) 53] 1.00(0.00,1.00) 1.50(1.00,2.00)" 2.00(1.00,2.00)* 16.004  <0.001
NIBUTav[ M( P,s,Pys) ,s] 6.00(5.14,7.20) 5.05(4.76,5.27)" 4.16(3.75,4.68)" 28760  <0.001
NITMH[ M(P,;,P,5) ,mm] 0.21(0.17,0.28) 0.20(0.18,0.24) 0.21(0.18,0.24) 0.129 0.937
MGES[ M( Py, Py5) , 53] 1.00( 1.00,2.00) 2.00(1.00,2.00)* 2.00(2.00,3.00)**  25.928  <0.001
MGYSS[ M( Py ,Ps5) , 53] 1.00(1.00,1.00) 2.00(1.00,2.00)* 2.00(2.00,2.00)*"  34.944  <0.001
MGAUD[ M( P, ,P.;) ,cells/mm’ | 65.73(62.88,73.55)  56.84(50.44,63.50)"  43.75(38.81,50.00)™" 40.328  <0.001
ICD[ M( Py ,Ps5) ,cells/mm” ] 398.13(366.50,521.75) 781.00(719.38,880.50) * 686.00( 624.50,776.75)" 39.132  <0.001
MGALD (XS, um) 86.21+5.65 95.4129.18" 111.44£12.43"" 36.141  <0.001
MGASD[ M(P,5,P;5) ,pom] 29.30(26.94,30.92)  35.16(30.08,37.65)* 42.88(37.80,49.15)“" 37.940  <0.001
. P<0.017 vs TREH ;" P<0.017 vs L,
*2 BREATFMNIERETIIRILR

BITHE bR TBITHT VRIT)E 3 mo 7/t P
OSDI[ M( Py, Pys) , 53] 26.48(17.82,31.24) 10.00(4.19,14.84) -3.920 <0.001
CFS[M(Pys,Pys) ,57] 1.00(0.00,1.00) 0.00(0.00,0.00) -3.207 0.001
NIBUTav[ M( P,s,Pys) ,s] 6.00(5.14,7.20) 9.76(9.31,10.34) -3.920 <0.001
NITMH[ M (P, ,P,5) ,mm] 0.21(0.17,0.28) 0.21(0.18,0.25) -1.072 0.284
MGES[ M(Pys,Py5) , 53] 1.00(1.00,2.00) 1.00(0.25,1.00) -2.646 0.008
MGYSS[M( Py ,Ps5) ,57] 1.00(1.00,1.00) 0.00(0.00,1.00) -3.690 <0.001
MGAUD[ M( P, ,P.;) ,cells/mm’ 65.73(62.88,73.55) 68.35(64.35,76.50) -2.260 0.024
ICD[ M(Pys,P;5) ,cells/mm’ ] 398.13(366.50,521.75) 214.17(204.25,294.75) -3.920 <0.001
MGALD(X%£S, um) 86.21%5.65 70.0626.15 9.722 <0.001
MGASD[ (M (P, ,P.;) ,pum] 29.30(26.94,30.92) 28.52(25.72,30.49) -2.110 0.035
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x3 HEATNERETIIEILR

BITHEbR TRITHT JRITE 3 mo 7/t P

OSDI[ M(P,s,P.5) , 53] 34.17(28.14,42.52) 9.69(3.72,13.84) -3.921 <0.001
CFS[M(Py,Pys) ,57] 1.50(1.00,2.00) 0.00(0.00,1.00) -3.987 <0.001
NIBUTav[ M( P, ,P.s) ,s] 5.05(4.76,5.27) 8.70(8.13,9.68) -3.920 <0.001
NITMH[ M(P,; ,P,;) ,mm] 0.20(0.18,0.24) 0.21(0.18,0.24) -0.529 0.597
MGES[ M( Pys,Ps5) , 57 ] 2.00( 1.00,2.00) 1.00( 1.00,2.00) -3.000 0.003
MGYSS[ M( Py ,Ps5) ,57] 2.00(1.00,2.00) 0.00(0.00,1.00) -3.906 <0.001
MGAUD[ M( P, ,P.;) ,cells/mm’] 56.84(50.44,63.50) 62.00(54.09,66.30) -2.333 0.020
ICD[ M(Py5,P;5) ,cells/mm* ] 781.00(719.38,880.50) 349.75(282.75,402.00) -3.920 <0.001
MGALD(X%£S, um) 95.41£9.18 76.00+8.16 12.973 <0.001
MGASD[ M( P, ,P.5) ,um] 35.16(30.08,37.65) 34.50(29.41,37.78) -1.867 0.062
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OSDI[ M( P, ,P.5) ,57] 33.17(28.03,39.05) 29.00(20.31,31.75) -3.743 0.002
CFS[M(Py5,Py5) 57 ] 2.00( 1.00,2.00) 0.00(0.00,1.00) -3.963 <0.001
NIBUTav[ M( P, ,P.s) ,s] 4.16(3.75,4.68) 8.30(7.23,8.80) -3.920 <0.001
NITMH[ M( P, ,P,5) ,mm] 0.21(0.18,0.24) 0.23(0.20,0.25) -1.851 0.064
MGES[ M( P, ,P.5) , 53] 2.00(2.00,3.00) 2.00(2.00,2.75) -1.732 0.083
MGYSS[ M (P, ,P,) , 57 2.00(2.00,2.00) 2.00(2.00,2.00) -0.333 0.739
MGAUD( [ M(P,;,P;) ,cells/mm’ ] 43.75(38.81,50.00) 45.36(40.88,50.61) -0.803 0.422
ICD([M(Py,P;) ,cells/mm*] 686.00(624.50,776.75) 630.00(540.50,729.75) -1.832 0.067
MGALD(X%£S , um) 111.44£12.43 106.27+13.16 1.888 0.074
MGASD[ M( P, ,P.s) ,um] 42.88(37.80,49.15) 42.00(38.14,48.54) 0.313 0.313
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