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Background: To study the correlation between the grade of Diabetic Foot Ulcer 

(DFU) and Optical Coherence Tomography(OCT)-measured volume of 

macular subfield and neuroretinal rim area in patients attending a tertiary health 

care center of northern Karnataka. 

Materials and Methods: A cross-sectional study was carried out on the right 

eyes of 117 subjects with various grades of DFU consulting a tertiary health 

care centre of northern Karnataka from August 2022 to August 2023. A detailed 

history was taken, including demographics. DFU grading was done using the 

standard Wagner’s classification system of diabetic foot ulcers1. Patients with 

a previous history of treatment for diabetic retinopathy (DR), like laser 

photocoagulations and intravitreal anti-VEGF injections, are excluded from the 

study. 

Results: The mean age of the patients was 55.63+/- 12.820 years. There were 

80 males (68.4%) and 37 females (31.6%). SPSS software version 20 was used 

to present descriptive statistics for categorical parameters using frequency and 

percentage. Mean and standard deviation were used for continuous parametric 

data. Means of different groups were compared using the ANOVA (Analysis of 

Variance) test. P value< 0.05 was considered statistically significant. P< 0.001 

was considered highly statistically significant. Comparison of DFU grade with 

the OCT-measured volume of the macula (mm3) and neuroretinal rim area 

(mm2) showed a strong positive correlation with a P value< 0.001 and< 0.05, 

respectively, which are statistically significant. 

Conclusion: Our study reports a highly statistically significant correlation 

between the grades of DFU with the volume of the macula and neuroretinal rim 

area in all the subjects, thus concluding that patients with DFU have a higher 

risk of diabetic maculopathy and vice-versa, highlighting the significance of 

regular screening for both DFU and diabetic maculopathy to prevent serious 

adverse outcomes of DM. 
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INTRODUCTION 
 

Diabetes Mellitus (DM) is a metabolic dysregulation 

characterized by chronic high blood sugars and 

disturbances chiefly in carbohydrate metabolism 

associated with relative or absolute deficiencies in 

insulin secretion or its action.[2,3] 

DM is a major global public health problem. The 

International Diabetes Federation (IDF) stated that 

there have already been 463 million adults worldwide 

with DM since 2019, and this number is expected to 

continue to rise in the coming years.[4,5] It is estimated 

that by 2045, the global prevalence of DM will reach 

9.9%, approximately 770 million people.[4,5]  
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The metabolic dysregulation in DM causes secondary 

pathological changes in multiple organ systems, 

imposing a tremendous burden on the individual with 

diabetes. Its harmful effects on various organ systems 

like the eye, renal system and nervous system result 

in complications like diabetic retinopathy, 

nephropathy and neuropathy by microangiopathy.[6,3] 

Diabetic foot ulcer (DFU) refers to foot infection, 

ulceration and profound tissue destruction caused by 

peripheral neuropathy and varying degrees of 

vascular disease in patients with diabetes. It is one of 

the leading causes of frailty and mortality in patients 

with DM. It has become a significant public health 

problem that burdens patients and society 

tremendously.[7] 

DR is the most frequent microvascular ocular 

complication of diabetes. The detection of DR is 

related to the appearance of multiple primary and 

secondary symptoms. Without the patient’s full 

awareness, the disease will cause more damage to the 

retinal vessels, causing defection to the eyes and 

leading, in some cases, to total loss of sight.[8] 

 

Optical Coherence Tomography (OCT) 

 
Image source[9] 

Figure 1: Mechanism of functioning of SD-OCT 

 

Spectral Domain-OCT (SD-OCT) uses a photo-

detector array to capture the depth scan without 

moving the reference mirror. Therefore, only a lateral 

scan has to be performed.[10] This increases the scan 

speed enormously. Further technology refinement led 

to changing the near-infrared broadband 

superluminescent diode light source of 840 nm 

wavelength in SD-OCT to a tunable laser source with 

a center of 1050 nm wavelength.[11] 

Aims and Objectives of the Study 

The goal of this study was to compare and analyze 

the grade of Diabetic Foot Ulcer (DFU) with OCT-

measured volume of the macular subfield (mm3) and 

neuroretinal rim area (mm2). 

 

 

 

MATERIAL AND METHODS 

 

A cross-sectional study was carried out in a tertiary 

health care center in northern Karnataka from August 

2022 to August 2023. One hundred seventeen people 

with DFU attending the center’s General Surgery and 

Ophthalmology departments were enrolled in the 

study. Institutional ethical clearance was obtained for 

the study. Informed and written consent was taken 

from all the study participants. The right eyes of the 

study subjects were included. The inclusion criteria 

were subjects with various grades of DFU. The 

exclusion criteria were foot ulcers of nondiabetic 

etiology and previous treatment for DR with laser 

photocoagulations or intravitreal injections. A 

detailed history was obtained from all the patients. 

The grading of DFU was done using the Wagner 

system of classification of diabetic foot ulcers. The 

volume of the macula and area of the neuroretinal rim 

was measured using Spectral Domain-Optical 

Coherence Tomography (MODEL 500, CIRRUS 

HD, ZEISS). 

 

Wagner's classification of diabetic foot ulcers.[1] 

 

Table 1: Wagner’s system of classification of DFUs 

Wagner’s 

Classification 
 

Grade 0 
Skin intact, but bony deformities 

lead to "foot at risk." 

Grade 1 Superficial ulcer 

Grade 2 Deeper, full-thickness extension 

Grade 3 
Deep abscess formation or 

osteomyelitis 

Grade 4 Partial Gangrene of forefoot 

Grade 5 Extensive Gangrene 

 

 
Image source[12] 

Figure 2: Pictorial representation of Wagner’s system 

of classification of DFUs 

 

RESULTS 
 

Table 2: The mean age of all subjects represented in 

Mean+/- Standard deviation. The mean age of 

subjects was 55.63±12.820. [Table 2] 

Among the subjects, 80 (68.4%) were males and 37 

(31.6%) were females. The gender-wise distribution 

showed a preponderance for male sex. [Table 3] 
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Figure 3: Pie chart showing gender distribution among 

study subjects 

 

 
Figure 4: Line graph depicting the relation between the 

volume of macula (mm3) with the grade of DFU. Results 

are highly statistically significant (P<0.001). 

 
Figure 5: Bar graph depicting the relation between 

neuroretinal rim area with the grade of DFU. Results 

were found to be statistically significant (P< 0.05) 

 

 
Figure 6: Right eye SD-OCT central macular subfield 

scan showing increased thickness, volume, cystic spaces, 

hard exudates, back shadowing in a 69-year-old male 

with Grade IV DFU 

 

Mean Age of Subjects 

Table 2: The mean age of all subjects represented in Mean+/- Standard deviation. 

The mean age of subjects was 55.63±12.820 

AGE 
Mean Std. Deviation Minimum maximum 

55.63 12.820 18 85 

 

Gender Distribution 

Table 3: Frequency distribution of gender among all study subjects. 
GENDER Frequency Percent 

MALE 80 68.4 

FEMALE 37 31.6 

TOTAL 117 100.0 

 

DFU Grade correlation with volume of macula(MM3) 

Table 4: Correlation betweeen volume of macula (mm3) and the grade of DFU. Test used- ANOVA, P<0.001 highly 

statistically significant 

ILM-RPE VOLUME 

CUBE (MM3) 

DFU GRADE 

(Wagner’s) 
MEAN SD F VALUE PVALUE 

RIGHT EYES 

GRADE 0 

GRADE 1 
GRADE 2 

GRADE 3 

GRADE 4 
GRADE 5 

9.683 

9.956 
10.076 

10.338 

10.054 
11.470 

.7826 

.6817 

.9216 

1.5315 

1.2170 
1.4260 

4.998 <0.001 

 

DFU Grade correlation with neuroretinal rim area(MM2) 

Table 5: Correlation between neuroretinal rim area (mm2) and the DFU grade. Test used- ANOVA, P<0.05 statistically 

significant 

RIM AREA (MM2) 
DFU GRADE 

(Wagner’s) 
MEAN SD F VALUE PVALUE 

RIGHT EYES 

GRADE 0 

GRADE 1 
GRADE 2 

GRADE 3 

1.3317 

1.4491 
1.3835 

1.4975 

.33160 

.46770 

.36932 

.39158 

2.897 .014 
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GRADE 4 

GRADE 5 

1.3577 

1.9520 

.33370 

.66530 

 

DISCUSSION 
 

DR is one of the most common ocular complications 

of diabetes, causing severe visual morbidity, 

sometimes leading to total loss of vision.[13] DFU is a 

peripheral neuropathic and microangiopathic cause 

of physical incapacity, at times, needing amputation 

of lower extremity in severe cases. These two 

consequences of DM are often synergistic and, if not 

well managed, can adversely impact disease 

prognosis and considerably drive healthcare costs. In 

the present study, people with DFU attending the 

Ophthalmology and General Surgery departments in 

a tertiary health care center of northern Karnataka 

from August 2022 to August 2023 were enrolled and 

studied for the presentation of Diabetic maculopathy. 

A total of 117 patients with DFU were considered for 

the study. The right eyes of the subjects were 

included in the study. The predominant average age 

group affected with diabetic retinopathy was 55.63 

years. The gender-wise distribution showed a 

preponderance for the male sex. In the present study, 

80 (68.4%) were males and 37 (31.6%) were females. 

A similar male predominance was reported by 

Dandona et al., 1999,[14] and Kohner et al., 1998.[15] 

In the present study, the volume of the macular 

subfield and neuroretinal rim area were correlated to 

DFU severity. Macular volume changes (mm3) 

positively correlated with the grade of DFU, which 

was highly statistically significant with a P value< 

0.001 (Table 4, Figure 4). Also, neuroretinal rim area 

(mm2) correlated positively with the grade of DFU, 

with a statistically significant P value < 0.05 (Table 

5, Figure 5). Thus, the above findings show a high 

risk of diabetic maculopathy among the study 

patients of DFU. 

 Numerous biochemical pathways have been 

proposed as potential links between hyperglycemia 

and diabetic maculopathy, including increased polyol 

pathway flux, activation of diacylglycerol (DAG), 

Protein Kinase C pathway, increased expression of 

growth factors, hemodynamic changes, excessive 

production of advanced glycation end products 

(AGEs), free radical stress, activation of the renin-

angiotensin-aldosterone system (RAAS), subclinical 

inflammation and leukostasis. 

Thus, the present study highlights the significance of 

regular screening, early diagnosis, and treatment for 

these two debilitating consequences of DM in 

preventing progression to further irreversible stages. 

 

CONCLUSION 
 

In the present study, most of the patients had 

increased volume of macular subfield (mm3) and 

increased neuroretinal rim area (mm2), which 

positively correlated with the grade of DFU (Table 4-

5, Figure 4-5). Early diagnosis of maculopathy and 

its early treatment initiation reduces significant visual 

loss by controlling the progression of maculopathy. 

This study highlights the significance of regular 

screening of all DFU patients for early initiation of 

treatment to prevent significant ocular morbidity. 

Also, it is equally important to refer all DR and 

diabetic maculopathy patients to DFU clinics to 

screen for early manifestations of DFU by 

neurovascular assessments of the foot to prevent 

serious adverse outcomes of DFU, like amputations. 

However, further studies are required to validate the 

conclusions of the present study. 
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