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Abstract 

Background. Diabetic retinopathy (DR) is a major cause 
of visual impairment. Optical coherence tomography (OCT) 
enables the detection of early retinal structural changes 
before clinically evident retinopathy; however, findings on 
macular thickness in diabetes without retinopathy remain in-
consistent, and data from Iraqi populations are limited. This 
study aimed to evaluate macular thickness in Iraqi patients 
with diabetes mellitus (DM) without clinical DR.

Methods. This observational, analytical cross-sectional 
study was conducted from January 2025 to January 2026 and 
included 53 participants (26 patients with DM without DR 
and 27 healthy controls). All participants underwent a stan-
dardized ophthalmic examination. Macular thickness was 
measured using spectral-domain OCT (Topcon 3D OCT). 
Only the right eye was analyzed to avoid inter-eye correla-
tion. Central subfield macular thickness (CSMT) and ET-
DRS-based regional thickness were recorded.

Results. The diabetes group was significantly older than 
controls (p < 0.001). CSMT differed significantly between 

groups in unadjusted analysis (p < 0.0001). However, after 
adjustment for age, the direction of this association was re-
versed, indicating a strong confounding effect. No significant 
differences were observed in the parafoveal region. In the 
perifoveal region, the nasal subfield was significantly thicker 
(p = 0.004), and this difference remained significant after age 
adjustment (p = 0.009), while the temporal difference was 
not significant after adjustment. ROC analysis showed high 
discriminative ability of CSMT (AUC = 0.965), with a cutoff 
of ≤236 µm yielding high sensitivity (96.2%) and specificity 
(88.9%).

Conclusions. Patients with DM without clinical DR dem-
onstrated alterations in macular thickness, including local-
ized nasal perifoveal thickening, suggesting early retinal 
structural changes detectable by OCT. While CSMT demon-
strated strong discriminative performance, its sensitivity to 
age-related effects limits its reliability as a standalone bio-
marker. These findings are exploratory and require confirma-
tion in larger, well-controlled studies.

Keywords: diabetic retinopathy; diabetes mellitus; 
macula; optical coherence tomography; retinal thickness.

Резюме

Діабетична ретинопатія (ДР) є однією з основних при-
чин порушення зору. Оптична когерентна томографія 
(ОКТ) дозволяє виявляти ранні структурні зміни сітків-
ки ще до появи клінічних ознак ретинопатії. Однак дані 
щодо товщини макули у пацієнтів з цукровим діабетом 
без ДР залишаються суперечливими, а інформація щодо 
іракської популяції обмежена. Метою цього дослідження 
було оцінити товщину макули у пацієнтів з цукровим діа-
бетом (ЦД) без клінічної ДР.

Методи. Це обсерваційне аналітичне поперечне до-
слідження було проведено з січня 2025 року по січень 
2026 року та включало 53 учасники (26 пацієнтів з ЦД 
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без ДР та 27 здорових осіб контрольної групи). Усі учас-
ники пройшли стандартизоване офтальмологічне обсте-
ження. Товщину макули вимірювали за допомогою спек-
трально-доменної ОКТ (Topcon 3D OCT). Для уникнення 
міжочного кореляційного впливу аналізували лише праве 
око. Оцінювали центральну товщину макули (CSMT) та 
регіональну товщину відповідно до сітки ETDRS.

Результати. Група пацієнтів з ЦД була статистично 
значуще старшою за контрольну групу (p < 0,001). CSMT 
достовірно відрізнялася між групами в некоригованому 
аналізі (p < 0,0001). Однак після корекції за віком напря-
мок цього зв’язку змінився на протилежний, що свідчить 
про значний вплив конфаундингу. У парафовеальній зоні 
статистично значущих відмінностей не виявлено. У пе-
рифовеальній зоні товщина в носовому підполі була зна-
чно більшою (p = 0,004), і ця різниця залишалася статис-
тично значущою після корекції за віком (p = 0,009), тоді 
як різниця в скроневому підполі втратила статистичну 

значущість після корекції. ROC-аналіз показав високу 
дискримінаційну здатність CSMT (AUC = 0,965) з поро-
говим значенням ≤236 мкм, що забезпечує високу чутли-
вість (96,2%) та специфічність (88,9%). 

Висновки. У пацієнтів з ЦД без клінічних ознак ДР 
виявлено зміни товщини макули, зокрема локалізоване 
потовщення в носовому перифовеальному підполі, що 
свідчить про ранні структурні зміни сітківки, які мо-
жуть бути виявлені за допомогою ОКТ. Хоча CSMT 
продемонструвала високу дискримінаційну здатність, 
її чутливість до вікових впливів обмежує надійність як 
самостійного біомаркера. Ці результати є попередніми 
та потребують підтвердження у більших, добре контр-
ольованих дослідженнях.

Ключові слова: діабетична ретинопатія; цукровий 
діабет; макула; оптична когерентна томографія; тов-
щина сітківки

Introduction 

Diabetic retinopathy (DR) and diabetic macular edema 
are common vision-threatening complications of diabetes 
mellitus (DM) [1]. Macular involvement is a leading cause 
of blindness, and assessing retinal thickness is clinically 
important [2]. Clinically, macular edema detection depends 
on the biomicroscopic examination of the fundus [2, 3]. 
Retinal thickness can be objectively and reproducibly mea-
sured using Optical Coherence Tomography (OCT), which 
is widely used to assess macular thickness abnormalities 
[4]. OCT distinguishes between two groups of thickness 
disorders: macular thickening and thinning [4, 5]. 

The latest IDF Diabetes Atlas (2025) reports that ap-
proximately 11% of the adult population lives with DM, 
and this number is projected to increase to more than 
850 million by 2050 [6]. Statistically, all type 1 DM and 
greater than 50% of type 2 DM patients develop at least 
one form of DR [1]. Visual impairment is caused by pro-
liferative DR and diabetic macular disease (edema and 
ischemia) [1], mostly in type-2 DM. Traditionally, macu-
lar disease has been diagnosed by slit-lamp biomicroscopy 
and fundus fluorescein angiography [4, 5]. However, new 
non-invasive imaging techniques provide great detail in-
side-the-eye layer-by-layer pictures of the retina, allowing 
consistent checking of thickness and size in the macula 
[5]. On the other hand, spectral-domain optical coherence 
tomography (SD-OCT) is a new third-generation high-res-
olution OCT instrument that provides many advantages, 
including quick data acquisition time, three-dimensional 
reconstruction capabilities for retinal imaging, enhanced 
visualization of fine details within retinal microstructures, 
as well as the ability to detect very subtle changes within 
the foveal region not visible clinically. It plays an impor-
tant role in research studies as well as in clinical practice 
regarding diagnosis, management, and follow-up assess-
ment concerning foveal edema [5, 7].

SD-OCT-based studies have shown that diabetes can 
cause significant changes in the structure of retinal lay-
ers [8]. Inner retinal layer thinning has been noted as an 
early neurodegenerative change, possibly even before DR 
clinically manifests. Conversely, outer retinal layer thick-
ening is seen in eyes with established diabetic retinopathy 
when compared to diabetic eyes without retinopathy. Pub-
lished findings are not fully consistent [3, 5]. Some reports 
describe retinal thinning that may reflect early neurode-
generation; others show localized thickening or altered 
perfusion in selected macular regions [9, 10]. In addition, 
evidence from Middle Eastern populations remains lim-
ited, and data from Iraqi patients are scarce. Accordingly, 
the present study aimed to assess macular thickness in 
Iraqi patients with early diabetes and to determine whether 
structural changes are present before clinical retinopathy 
develops.

Methods

Study design and population 
This was an observational, analytical cross-sectional 

study conducted at Al-Kindy Teaching Hospital (Bagh-
dad, Iraq) from January 2025 to January 2026. Ethical ap-
proval was obtained from the Institutional Review Board 
of the Department of Ophthalmology, Al-Kindi Teaching 
Hospital (No. 2033, 2024). Written informed consent was 
obtained from all participants in accordance with the prin-
ciples of the Declaration of Helsinki.

No formal a priori sample size calculation was per-
formed. Although previous studies have evaluated macular 
thickness in patients with DM without DR, their findings 
are heterogeneous and do not provide a consistent basis for 
reliable effect size estimation. Therefore, given the explor-
atory nature of the study and the lack of reliable prelimi-
nary data for this specific population, all eligible partici-
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pants who presented during the study period and met the 
inclusion criteria were consecutively included. 

Inclusion criteria 
1. Patients diagnosed with type 2 DM without clinical 

signs of DR
2. Age ≥18 years
3. Ability to undergo an OCT examination, defined as 

adequate fixation, sufficient patient cooperation, and ab-
sence of significant media opacity affecting image quality.

Exclusion criteria
1. Macular diseases (macular edema, macular holes, 

age-related macular degeneration)
2. Uveitis
3. Severe myopia (spherical equivalent ≤ −6.00 diop-

ters)  
4. Glaucoma 
5. Vascular occlusive diseases 
6. Cataract affecting the OCT image quality
7. Previous ocular interventions (intravitreal therapy, 

retinal laser treatment, or vitrectomy)
Exclusion criteria were assessed based on clinical oph-

thalmic examination, OCT findings, and review of medical 
records.

DM was defined as a prior clinical diagnosis of type 
2 DM and/or current use of antidiabetic therapy, as docu-
mented in the medical records.

The absence of DR was confirmed by a comprehensive 
fundus examination performed by an ophthalmologist. 
OCT was additionally used to assess macular structure and 
exclude macular pathology.

The control group consisted of individuals without 
DM who attended the same clinic for routine ophthalmic 
examination and had no history of retinal disease. The ab-
sence of diabetes was based on medical history and patient 
report. Participants were not age-matched; therefore, age 
was included as a covariate in the statistical analysis. De-
mographic data (age and sex) were obtained through direct 
patient interviews.

Ocular examination and OCT assessment 
All participants underwent a standardized ophthalmic 

evaluation to determine eligibility for inclusion in the 
study. Fundus examination was performed by an oph-
thalmologist to confirm the absence of clinical DR in the 
diabetic group and to exclude other retinal or macular pa-
thologies in both groups. Examiners were not blinded to 
group allocation, as assessments were performed in a rou-
tine clinical setting.

Macular thickness was assessed using an SD-OCT 
device (TOPCON 3D OCT, Topcon Corporation, Tokyo, 
Japan) [16-18]. All OCT scans were performed under stan-
dardized conditions by a trained operator.

Only high-quality scans with correct segmentation 
were included based on signal strength and segmentation 
quality provided by the device software. Scans with mo-
tion artifacts, poor fixation, or segmentation errors were 
excluded to ensure measurement accuracy.

Macular thickness measurements were obtained using 
the built-in macular mapping software based on the Early 
Treatment Diabetic Retinopathy Study (ETDRS) grid. The 
ETDRS grid divides the macula into central, perifoveal 
(outer ring), and parafoveal (inner ring) regions.

Central subfield macular thickness (CSMT) was de-
fined as the mean retinal thickness in the area of a circle 
with a 1-mm diameter centered on the macula. Besides the 
subfield central, macular thickness was also assessed in 
eight contiguous regions: four parafoveal subfields – su-
perior, nasal, inferior, and temporal, and four perifoveal 
subfields – superior, nasal, inferior, and temporal. All mea-
surements were taken with the same OCT device and scan 
protocol to maintain consistency between subjects. Figure 
1 shows the ETDRS macular grid applied for thickness 
analysis.

Statistical analysis
Statistical analysis was performed using IBM SPSS 

Statistics (version 26.0; IBM Corp., Armonk, NY, USA). 
Normality of data distribution was assessed using the 
Shapiro–Wilk test. Continuous variables are presented as 
mean and the standard deviation (M ± SD) or median and 
interquartile range [Me (Q25-Q75)], according to data dis-
tribution. Categorical variables are presented as frequen-
cies and percentages. 

To ensure independence of observations and avoid in-
ter-eye correlation, only one eye per participant (the right 
eye) was included in the analysis. Between-group compar-
isons were performed using the independent-samples t-test 
for normally distributed variables and the Mann–Whitney 
U test for non-normally distributed variables. Effect sizes 
are reported as mean differences or Hodges–Lehmann 
median differences with corresponding 95% confidence 
intervals (95% CI). For variables showing statistically 
significant differences in univariate analysis, analysis of 
covariance (ANCOVA) was performed to evaluate group 
differences after adjustment for age. Assumptions of AN-
COVA, including homogeneity of variances and homoge-

Figure 1. ETDRS macular grid showing CSMT, perifoveal 
(outer ring), and parafoveal (inner ring) subfields.
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neity of regression slopes, were assessed using Levene’s 
test (p > 0.05 for all models).

Correlation between age and macular thickness param-
eters was evaluated using Spearman’s rank correlation co-
efficient.

Receiver operating characteristic (ROC) curve analysis 
was performed as an exploratory assessment of the dis-
criminative ability of CSMT. A p-value < 0.05 was consid-
ered statistically significant.

A post hoc power analysis was conducted based on the 
observed difference in CSMT between groups to provide 
additional context for the observed effect size. Statistical 
power was estimated using G*Power software (version 
3.1.9.7; Heinrich Heine University, Düsseldorf, Germany) 
for a two-tailed independent-samples t-test at a signifi-
cance level of 0.05.

Results

A total of 53 participants were included in the study, 
comprising 26 patients with type 2 DM without DR and 
27 healthy controls. The diabetes group was significantly 
older than the control group (p < 0.001), while sex dis-
tribution, visual acuity, refractive error, and OCT signal 
strength were similar between the groups (Table 1).

The overall CSMT of the right eye was significantly 
greater in the DM without DR group compared with con-
trols (p < 0.0001). A post hoc power analysis demonstrated 
a large effect size (Cohen’s d = 2.11). Using a two-tailed 
independent-samples t-test with an alpha level of 0.05 and 
the present sample sizes (n = 26 and n = 27), the estimated 
statistical power (1 − β) was >0.99, indicating high statisti-
cal power for the observed difference.

Detailed macular thickness measurements across ET-
DRS subfields are presented in Table 2.

Table 1. Baseline characteristics of the study participants.

Variable DM without DR (n=26) Control (n=27) Mean difference (95% CI) p-value

Age (years) 56.73 ± 8.04 46.56 ± 9.15 10.17 (5.44; 14.90) <0.001

Sex, n (%)

0.68• Male 13 (50.0) 15 (55.6) —

• Female 13 (50.0) 12 (44.4) —

Visual acuity (LogMAR) 0.19 ± 0.14 0.15 ± 0.12 0.04 (−0.03; 0.11) 0.27

Spherical equivalent (D) −0.31 ± 2.11 −1.12 ± 2.32 0.81 (−0.39; 2.01) 0.18

OCT signal strength 7.6 ± 1.2 7.8 ± 0.92 −0.20 (−0.78; 0.38) 0.49

CSMT (µm), right eye 250.26 ± 14.97 218.92 ± 14.70 31.34 (23.32; 39.36) <0.001

Data are presented as M ± SD. Between-group differences are expressed as mean differences with 95% CI. P-values were 
calculated using the independent-samples t-test. Abbreviations: D, diopters; µm, micrometers; LogMAR, logarithm of the 
minimum angle of resolution; CSMT, central subfield macular thickness; OCT, optical coherence tomography.

Table 2. Macular thickness measurements in ETDRS subfields (right eye).

Parameter (µm) Control (n=27) DM without DR (n=26) Difference (95% CI) p-value
Parafoveal
Superior 277.89 ± 11.46 278.18 ± 11.54 0.29 (−4.77; 5.37) 0.904

Nasal 294.33 ± 8.87 288.11 ± 9.77 −6.22 (−11.11; −2.33) 0.003

Inferior 276.41 ± 8.18 273.66 ± 10.25 −2.75 (−7.62; 2.12) 0.261

Temporal 301 (290–309.75) 299.5 (290–310) −1.0 (−8.0; 7.0) 1.000

Perifoveal
Superior 280 (274–287.75) 276.5 (275–283) −3.0 (−9.0; 4.0) 0.748

Nasal 287.62 ± 6.96 294.33 ± 8.87 6.71 (2.40; 11.02) 0.004

Inferior 277 (270.5–282) 274 (269–279) −3.0 (−8.0; 4.0) 0.407

Temporal 264 (260–270) 259.5 (257–264) −4.0 (−8.0; −1.0) 0.047

Data are presented as M ± SD and Me (Q25-Q75), according to data distribution. Between-group differences are expressed 
as mean differences with 95% CI for normally distributed variables and as Hodges–Lehmann median differences with 95% 
CI for non-normally distributed variables. P-values were calculated using the independent-samples t-test or Mann–Whitney U 
test, as appropriate. Abbreviations: DM, diabetes mellitus; DR, diabetic retinopathy.
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In the parafoveal region, no statistically significant 
differences were observed between groups in any of the 
subfields (superior, nasal, inferior, or temporal). In con-
trast, within the perifoveal region, a statistically significant 
increase in thickness was observed in the nasal subfield in 
the DM without DR group compared with controls (p = 
0.004). A statistically significant difference was also noted 
in the temporal perifoveal subfield (p = 0.047). No sig-
nificant differences were found in the superior or inferior 
parafoveal subfields.

To account for the effect of age, analysis of covariance 
(ANCOVA) was performed for variables that were signifi-
cant in univariate analysis (Table 3). 

After adjustment for age, the difference in CSMT be-
tween groups remained statistically significant (F = 29.53, 
p < 0.001), with a large effect size (partial η² = 0.37). The 
adjusted mean CSMT was lower in the DM without DR 
group compared with controls. Similarly, the perifoveal 
nasal subfield remained significantly different between 
groups (F = 6.68, p = 0.013), with a moderate effect size 
(partial η² = 0.12). In contrast, no significant difference 
was observed in the perifoveal temporal subfield (p = 
0.428), with a negligible effect size (partial η² = 0.01).

Correlation analysis demonstrated a significant nega-
tive association between age and CSMT, indicating that 
macular thickness decreases with increasing age (Spear-
man ρ = -0.64, p <0.001; Figure 2).

ROC analysis demonstrated high discriminative per-
formance of CSMT between groups, with an area under 
the curve (AUC) of 0.965 (p < 0.001). In this cohort, a cut-
off value of ≤236 µm yielded high sensitivity (96.2%) and 
specificity (88.9%) (Figure 3). However, this analysis was 
performed as an exploratory assessment and should be in-
terpreted with caution, as the model was derived and tested 
on the same dataset, has not been externally validated, and 
does not imply clinical or diagnostic applicability.

Representative OCT images are shown in Figure 4 (see 
cover page 2). Control subjects demonstrated normal fo-
veal contour and thickness distribution, whereas patients 
with diabetes showed subtle structural irregularities and 
localized variations in macular thickness.

Discussion

The present study provides new data on macular thick-
ness in Iraqi patients with early DM before the develop-
ment of clinical DR, a population that is underrepresented 
in current literature. Using spectral-domain OCT, it focus-

es on detecting early structural retinal changes that are not 
visible on routine examination.

The main finding of our study is that CSMT was sig-
nificantly higher in patients with DM without DR com-
pared with healthy controls. In addition, localized thicken-
ing was observed in the perifoveal nasal subfield, while 
no significant differences were found in the parafoveal re-

Table 3. Adjusted analysis of macular thickness (ANCOVA, right eye).

Parameter (µm) Adjusted Mean (Control) Adjusted Mean (DM without DR) F-value p-value Partial η²

CSMT 246.07 223.27 29.53 <0.001 0.37

Perifoveal nasal 294.32 287.63 6.68 0.013 0.12

Perifoveal temporal 263.13 268.63 0.64 0.428 0.01

Abbreviations: CSMT, central subfield macular thickness; DM, diabetes mellitus; DR, diabetic retinopathy.

Figure 3. ROC curve analysis of CSMT showing its discrimi-
native performance between patients with DM without DR 
and control subjects.

Figure 2. Scatter plot showing the relationship between age 
and CSMT. 
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gion. After adjustment for age, the direction of the associa-
tion for CSMT was attenuated and reversed. This finding 
suggests that age exerts a substantial confounding effect 
on macular thickness measurements. Importantly, this re-
versal suggests that the initial unadjusted finding may be 
misleading and that age substantially influences both the 
magnitude and interpretation of CSMT differences.

ROC analysis showed that CSMT had high discrimina-
tive ability between groups (AUC = 0.965), with high sen-
sitivity and specificity at the identified cutoff value. How-
ever, this finding should be interpreted as exploratory, as 
the analysis was performed on the same dataset and does 
not imply clinical applicability. A negative association be-
tween age and CSMT was also observed, indicating that 
macular thickness tends to decrease with increasing age, 
which is consistent with known age-related retinal thin-
ning patterns [11, 12].

Taken together, our results indicate that early diabet-
ic retinal changes are localized and region-specific. The 
presence of differences in the perifoveal region, with no 
corresponding changes in the parafoveal region, suggests 
that early structural alterations may initially affect more 
peripheral macular zones rather than the central inner ring.

Previous studies have reported inconsistent findings 
regarding macular thickness in patients with DM without 
DR. Some studies have demonstrated increased macular 
thickness, suggesting early subclinical edema or vascular 
dysfunction [13, 14], while others have reported thinning 
of the macula, which has been attributed to early neurode-
generative changes in the retina [15, 16]. For example, the 
Maastricht study found central macular thinning in patients 
with DM without DR, due to early neurodegeneration [16, 
17]. Karti et al. also showed reduced ganglion cell layer 
thickness in early DM without DR [17]. In contrast, Wei 
et al. reported increased macular thickness linked to risk 
factors like disease duration and lipids in early diabetic 
retinopathy [13]. Shah et al. found thicker inner retinal lay-
ers over 7 years in young type 2 DM patients, supporting 
early subclinical edema [14]. These differences may be 
explained by variations in study design, OCT technology, 
patient characteristics, glycemic control, and the retinal re-
gions analyzed. In addition, some studies assess total retinal 
thickness, whereas others evaluate individual retinal layers, 
which may show different patterns of change [5, 18].

Overall, these findings can be interpreted within two 
main mechanisms: microvascular dysfunction leading to 
retinal thickening, and neurodegenerative processes lead-
ing to thinning [13, 19]. The variation between studies 
likely reflects differences in study populations, disease 
stage, OCT methodology, and whether total or layer-spe-
cific measurements were analyzed.

In this context, the findings of the present study are 
more consistent with studies reporting localized thicken-
ing [14, 20]. However, they also demonstrate that this pat-
tern is not generalized across the macula and is influenced 

by age. This helps explain part of the inconsistency in the 
literature, as age adjustment is not uniformly applied in 
previous studies. Therefore, the results of this study sup-
port a combined mechanism, where early microvascular 
alterations and neurodegeneration may coexist and pro-
duce heterogeneous structural changes, including local-
ized areas of both thickening and thinning. The observed 
nasal perifoveal thickening may represent a region of in-
creased susceptibility to early microvascular dysfunction.

There are several limitations in the study. The number 
of participants was relatively small; therefore, the results 
may not be conclusive for a larger population. Since our 
study is cross-sectional, it does not allow us to conclude 
causation or progression of DR. The DM without DR 
group was significantly older than the control group, and 
although statistical adjustment was performed, residual 
confounding by age cannot be fully excluded. In addition, 
the study was conducted at a single center, and the lack 
of examiner blinding may introduce potential assessment 
bias. Important clinical variables, including duration of 
diabetes, glycemic control (HbA1c), and treatment status, 
were not collected. These factors may influence macu-
lar thickness and represent potential sources of residual 
confounding. Functional visual assessments were also 
not performed, and thus, structural findings could not be 
correlated with visual function. The ROC analysis results 
should be interpreted with caution since the cutoff value 
was derived from a relatively small sample and was not 
externally validated. Therefore, its clinical applicabil-
ity may be limited. Although one eye per participant was 
analyzed to avoid inter-eye correlation, this approach may 
not fully reflect bilateral retinal involvement. In addition, 
measurements were obtained using a single OCT device, 
and results may vary with different instruments or segmen-
tation algorithms. Future longitudinal studies with larger 
sample sizes, external validation cohorts, and inclusion of 
metabolic and functional parameters are needed to confirm 
these findings and determine their role in predicting the 
development of diabetic retinopathy.

Conclusion

Patients with DM without clinical DR demonstrated 
significant alterations in macular thickness, suggest-
ing early retinal structural changes in diabetes. Although 
CSMT differed significantly between groups, the change 
in its direction after age adjustment indicates that this find-
ing is influenced by confounding factors and should be in-
terpreted with caution. These results suggest that CSMT 
alone may not be a stable marker of early diabetic retinal 
changes, and localized alterations, particularly in the peri-
foveal region, may provide additional insight.

Overall, these findings support the ability of OCT to 
detect early retinal changes in diabetes. However, their 
clinical relevance remains uncertain and requires confir-
mation in larger, well-controlled, and longitudinal studies.
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Рис. 1. Травматичний розрив 
макули внаслідок контузії оч-
ного яблука. 
А – фундус-фото централь-
ного відділу; 
Б – ОКТ макули.

Figure 4. Representative Topcon 3D macular OCT images. (A, C) Normal macular morphology in control subjects, showing 
preserved foveal contour and normal retinal thickness maps. (B, D) Subtle structural alterations in patients with DM without DR, 
including mild irregularity of the foveal contour and localized changes in thickness distribution.
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Рис. 2. Травматичний розрив 
макули внаслідок мінно-ви-
бухової травми.
А – фундус-фото централь-
ного відділу; 
Б – ОКТ макули: базальний 
розмір розриву – 1575 мкм, 
мінімальний розмір розриву 
–  905 мкм.


