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Abstract

e AIM: To observe the morphological and structural
changes of foveal cone photoreceptors in patients with
age - related macular degeneration ( ARMD ) using
adaptive optics scanning laser ophthalmoscopy (AOSLO)
and to evaluate its application value in ARMD.

e METHODS: This was a retrospective cross - sectional
study. Patients with ARMD who visited the Department of
Ophthalmology, Army Medical Center of PLA, Army
Medical University, and underwent AOSLO examination
between September 2025 and October 2025 were enrolled
as the experimental group (ARMD group). Age-matched
individuals who underwent AOSLO examination during
the same period and had either age - related cataract or
pseudophakia with a normal macular region were selected
as the control group ( CON group). The AOSLO device
was used to image a 2.4°x2.4° area of the fovea, and
parameters including parafoveal cone photoreceptor
density ( PCPD ), average inter - cell spacing, cell
dispersion, and cell regularity were analyzed.

e RESULTS: A total of 53 participants (66 eyes) were
included, comprising 24 patients (33 eyes) in the ARMD
group [ comprising 6 participants (6 eyes) in the
intermediate ARMD group and 22 participants (27 eyes) in
the late ARMD group (4 participants had one eye in the
intermediate group and the other in the late ARMD
group) ], and 29 participants (33 eyes) in the CON group.
The ARMD group included 13 males and 11 females, with
a mean age of 69.3629.79 y. The control group included 17
males and 12 females, with a mean age of 64.64+£10.31 vy.
Compared to the CON group, the ARMD group exhibited
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significantly lower PCPD (31635+4887 vs 38524+ 3578 cells/
mm?, P<0.01) and cell regularity (95.16% +0.75% vs
96.07%+0.67%, P<0.01), along with significantly greater
average inter-cell spacing (4.43+0.26 vs 4.22+0.23 um, P<
0.01) and cell dispersion (20.23%+2.72% vs 16.47%+1.85%,
P< 0.01). Subgroup analysis within the ARMD group
revealed that PCPD was significantly lower in the late
ARMD subgroup (30831 + 4826 cellsymm?) compared to
the intermediate ARMD subgroup (352543534 cells/mm?,
P<0.05).

e CONCLUSION: Photoreceptor pathology in ARMD
patients, as assessed by AOSLO, is characterized by
decreased PCPD and cell regularity, as well as increased
inter - cell spacing and dispersion. These structural
alterations are closely associated with photoreceptor cell
lesions. AOSLO, as a non - invasive and quantitative
imaging modality, demonstrates promising application
prospects in the clinical diagnosis of ARMD.

e KEYWORDS: adaptive optics scanning laser
ophthalmoscopy; age - related macular degeneration;
photoreceptor cells; cone photoreceptors
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A M G PR HE BE AF P (age — related macular
degeneration, ARMD ) 1E k4 BR #Z4FE A 1 AT 350 P 45 2
RO EJR A, 2023 4 H R AY( Ryan’ Retina) 55 7 MUK H: €
SR —Fp IR AZ 2 R S € 28 B2 21 i ( retinal pigment
epithelium, RPE) BHEAT ¥l 28 A48 PR | LR AR 2 4L 1)
[R5 RPE N A4 AM TR, AT A8 S AL IS RPE Ik
208 P2 457 L R Jk 4% BB RY (0 ) A0 D 4 3 A il T
R IIf PR 25 P, 4 5 AH 5 M HR 9 BF 5% ( age —related eye
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1R 09 R ), B 1 ARMD X 4 b b R 35 4
(geographic atrophy, GA ) FUBr A il 45 7 ARMD ™™ | ik
Z e [ A0 40 A ( photoreceptor cone cells ) FTALFT 21 il
( photoreceptor rod cells) JYENALGE KB Z %% , T 50K G1E
SR N ZAE T S D RE AL A, BB O M A
U 0 Y 2 R v ) DX, 67 TR A e B L Dl R
ZA AN F K B BT ARMD B E O TR
PR TE e 15 R A AZ O EAR ™, BRI ARMD
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(FAF) FIE0E7 A0 T Wi JZ £ 4 (SD-0CT) 45 52 R T H
] A3 A Gl > 10 wm ), TCETEAN LK P XS 7735 Y
TR AR AN R EATAE R A8 B WS S PEAR T L
o 2= 1 O K IR 4 (adaptive optics scanning laser
ophthalmoscopy , AOSLO) ki 1 LA B4 fifd 43 HE 5 X401
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WA A fL AT s T B B AOSLO ME% s
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PR S99 745 ( DR B4 4R A1 2 95 2 Fal 0 Jk g R Do) 3 2 1 3
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WG AZ 2R 4 IR, I HLA BE s 10 J i e /)
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AOSLO 4 B | A0 45 B8 BE X % I8 32 2% 00 4 41 i 2% )%
( photoreceptor cone packing density, PCPD) | 5 41 fifd [&]
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10 A AERG 3B R bl R e 2 vhon BR B2 91 it
177 AOSLO 45 (1) ARMD H 4 1E ik 540 (ARMD 41) ,
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(CON ), IAFRHE. (1) 4FEE =50 % (2) AR i
HRABHR AT K4 IR IS A A . SD—OCT MR JIE 56 ' % 1 45 &
$2(FFA) FL(EX) 1ML OCT ( OCTA) 254 25 112 5 ARMD
) BB AN A I A Sk 1 P e sk S BRAR JS N T
PRAAARZS B AR VC B A X BB B, HEBRARME. (1) IR
FE (intraocular pressure, I0P) >21 mmHg; (2) JG ¥ HY i ;
(3) MR B =26 mm 88 <23 mm; (4) TCEFEW; (5) 17
TEBE ARMD T PN B LA A A JHC At BRS04 o 1k A8, A F
FEMAG ORI E ), OB 22 42 22 K24l 2R
PE AU e B B SV (HIEHES . EEFAE W 2025 565 447
S AHIEGE K [ T, A8 TS Y 2 i 4 o o0 R

A RE,
1.2 7%
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Y x££ 57 IE AL 7 (best corrected visual acuity, BCVA) .
TOP 24 [ kT 46 B 5% IR 117 9 46 A AR JEEAS A% .SD—-OCT , FFA
A1) OCTA LI AOSLO K, 44 A ARMD 41 &1
TEB B X 2.4°x2.4°3 [l WA A6 LA AR —Fh & D
ARMD RyHLAIZ . (1) L T 3¢ RPE T /4 40 B #h DL
U (2) P RPE FIBKZS B35 45 5 (3) PRSI0 (=) #L
PO S 3 A AT Y R e R A I D B
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L ARMD ; = 2R B 24 /N B BE IEPE ( B2 <63 pm)
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I B E AT I AR, B 5 BJE 3 K RPE KA R
VAR N R IR, £ B RPN PR B OUIR A AE )2 i A%
FNBE ISR ( AR N 63-124 pm) , 5L E /D 1 AN K Is A
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Wil ARMD . BN 2% 8 BEH 0 VK GA B H 3853 11
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PEO A TR BRI IERS 046 DL vts Fom, T BERbR
MRMIEZS 340 Lh M (Pos, Pog) 27, I TEZS 43 A1 1) £ 4
KM AEA ¢ K56, N IR IEZS 40 A B B i FHAE S 80
Mann—Whitney U £ % ; P4 771 21 5] be A2 fef FH R 5 A 465 R
JEBHL Spearman ARG 56 E 4T AH SR 40 BT 5 &1 % e
] ARMD #EAS 1 AN]SR ] Welch 8 1E () R BE %t ¢ A6 56 3
THE . P<0.05 WCAHZEREAGIHTEE X,
2R
21 BEARARILE AMRBENASEH 53 166 IR,
iy 50-86 &, Hirp 53 30 4], %4 23 f5i], ARMD 4 24 {4 33
HR[ 3 ARMD 41 6 5] 6 HE, #E 30 ARMD 41 22 f5] 27 HR
(Hrb 4 flgE 1 IR AHI ARMD 41, 55 1 HR A B 1)
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2.2 AOSLO & E  RAEFHALEIEAZ 25 40 it il 75 % HR
JiEFRAH R ARMD 2 B BEIX 7776 i 8 % 0 230,
OCT KA i 7~ B B0 X 3 PN A7 7 % 36 Joe (i (5 3k ) AV
(R (A 3% 2 PR I I (06 Sk ) A AL I BT 240 A A1 DL AR
CEEERT I ) 5 T X R A 0 B DX A0 IR0 B 45 J2 Uk 265 ) 335 s T
WA WSER UL 1A, AOSLO ##r R4 T 4l B % i
BE U X, 5°%5° 2.4° x2.4° 5 [l Y 9 G, 25 55 R B
TR LH IR AZ A AN 35 A LK 40 it 43 1) B 1) 50 400 i 2%
A IEH 1 ARMD 21 28 IR Y6 87 7 40 it B S 352405 , DR
SERZIE AOSLO #6520 R A MG HOGIER 37 25 40 2 1 IR 43
DX ) g £ AR b R IR 40 P B A i X Ik, Az £
Y - G T A 40 B B R AN R DU R R R,
FEATATA], WL 1B C, &1 L7805 451) A 8 25 11 PR
TR 2,
23WAEBRX PCPD B0  AWIRE T HBE L
2.4°%2.4° {15 [l PN 1) ILAFE 20 L 4%, & B ARMD 58 35 L4
A1 0 N s A 73 = o5 P = B N o i
AR DX, T I 2 3 LA 20 B 4 A S R Y A AR R, L
B 2A, B 2A B B IG R %k ILER 3, ARMD 4184
PCPD ( 31635 + 4887 cells/mm* ) % % H& 41 ( 38524 +
3578 cells/mm*) FEAIK, 22 5 H Ge it 2¢ & X (P<0.01), I,
K 2B,
2.4 FAEMM EHMAmE BN  AOSLO K R4
MG A B8, ARMD 2 i 35 - 359 240 i ] i 5 4 X B 4 o
KUK 3A, B 3A R E AR YR LK 4, ARMD
Y- 2 20 Mo ] BE (4.43 £0.26 pm) B X BRAH (4.22
0.23 pm) B K, ZFAHHEIT22E X (P<0.01), L
% 3B,

®1 AESEERREREHR
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VLK 4A, I 4A HEBFEEEATER LR 5, ARMD 4183
21 B OB (20.23%+2.72% ) 5% R ZH (16.47% £1.85% )
BN, 2 5 A G E X (P<0.01) , WLE 4B,
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T~ ) 24 Jfa 17 B 75

B

Fy

U 290 Bt < 57 40 B 18] R (um)

4L ARMD41

20 im
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ARMD # 77 L 2.0 11.8 30685.26 4.35 94.39 22.88
if R4l 50 L 0.10 12.2 40258.75 4.12 96.19 14.93

I DCREAF I BLET T AOSLO Kae FL (U722 AF RIS E P Y 1 Y B R ATRR PR 0 AT
F4 ESAREBENEALRN

28 5 R (%) MR BCVA(LogMAR) IOP( mmHg) 2',4 x24
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ARMD 4 57 B’y 0.60 14.8 34985.00 4.28 95.29 19.58
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TE 0 HEZH O VEBC A% Bt AT AOSLO A HLALAT 1 AR AR G F1 A B sl N B Ja N T e RIS 1A

2.7 HpEHE ARMD £:3& BCVA PCPD. 4 4 A1 18] BE . 4H
S EE AR BRI ARMD 41k B AR
1% 10P 2R TGt B X (¥ P>0.05), W3R 7, W
ARMD 4 H#HR BCVA[0.60(0.40,1.00) 1%+ ARMD 4
[0.22(0.075,0.33) ] £ 25 (P<0.01, &l 6A), PCPD: 1
ARMD £H 35254 +3534 cells/mm’, Billl] ARMD 4H 30831 +
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