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Abstract 

Background: Diabetic peripheral neuropathy 

(DPN) is among the most frequent and 

disabling long-term microvascular 

complications of diabetes mellitus. While 

clinical evaluation and nerve conduction 

studies assess functional impairment, 

quantitative histomorphological evaluation 

of peripheral nerve biopsies provides 

definitive structural insights into myelinated 

fiber loss, axonal degeneration, and 

endoneurial microvascular remodeling. 

 

Objective: To quantitatively evaluate the 

histomorphological alterations of the sciatic 

nerve in an experimental model or clinical 

cohort of diabetic neuropathy and analyze 

their correlation with long-term glycemic 

exposure as measured by glycated 

hemoglobin (HbA1c) levels. 

 

Methods: This observational study evaluated 

sciatic nerve tissue specimens from 160 adult 

subjects (aged 30 to 70 years) categorized 

into non-diabetic controls (n = 50), diabetic 

subjects with optimal glycemic control 

(HbA1c < 7.0 percent, n = 50), and diabetic 
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subjects with poor glycemic control (HbA1c 

>= 8.5 percent, n = 60) managed at Fatima 

Memorial College of Medicine and Dentistry. 

Quantitative histomorphological parameters, 

including myelinated fiber density (fibers per 

square millimeter), mean axonal diameter 

(micrometers), myelin sheath thickness 

(micrometers), g-ratio (ratio of axon diameter 

to total fiber diameter), endoneurial capillary 

basement membrane thickness (nanometers), 

and luminal cross-sectional area (square 

micrometers), were analyzed using high-

resolution light microscopy and digital image 

analysis software. Glycated hemoglobin 

(HbA1c) was measured via high-

performance liquid chromatography (HPLC). 

Pearson's correlation and multivariable linear 

regression models were used to establish 

relationships between HbA1c and structural 

nerve parameters. 

 

Results: Diabetic subjects exhibited marked 

histomorphological degradation of the sciatic 

nerve proportional to HbA1c elevation (p < 

0.001). Myelinated fiber density was 

significantly reduced in the poor control 

group (4120 +/- 680 fibers per square 

millimeter) compared to the optimal control 

(7240 +/- 810 fibers per square millimeter) 

and non-diabetic groups (9850 +/- 920 fibers 

per square millimeter, p < 0.001). Mean 

myelin sheath thickness was markedly 

decreased in poorly controlled diabetic 

subjects (1.12 +/- 0.24 micrometers vs. 2.42 

+/- 0.38 micrometers in non-diabetic 

controls, p < 0.001), while the g-ratio was 

significantly increased (0.78 +/- 0.05 vs. 0.62 

+/- 0.04, p < 0.001), reflecting prominent 

segmental demyelination. Endoneurial 

capillary basement membrane thickness was 

significantly increased in poorly controlled 

diabetic nerves (184.2 +/- 32.6 nanometers 

vs. 72.4 +/- 12.8 nanometers in non-diabetic 

controls, p < 0.001). HbA1c levels correlated 

negatively with myelinated fiber density (r = 

-0.74, p < 0.001) and myelin sheath thickness 

(r = -0.68, p < 0.001), and correlated 

positively with g-ratio (r = 0.65, p < 0.001) 

and capillary basement membrane thickness 

(r = 0.72, p < 0.001). Multivariable linear 

regression confirmed that HbA1c level was 

an independent predictor of myelinated fiber 

loss (beta = -0.62, p < 0.001). 

 

Conclusion: Chronic hyperglycemia causes 

progressive, dose-dependent structural 

destruction of the sciatic nerve characterized 

by myelinated fiber loss, segmental 

demyelination, axonal atrophy, and 

endoneurial microvascular basement 

membrane thickening. The strong linear 

correlation between HbA1c levels and 
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quantitative histomorphological parameters 

reinforces the imperative of tight glycemic 

control to prevent structural peripheral nerve 

breakdown in diabetic neuropathy. 

 

Keywords: Diabetic peripheral neuropathy; 

Sciatic nerve; Histomorphometry; Glycated 

hemoglobin; HbA1c; Myelinated fiber 

density; Segmental demyelination; 

Microangiopathy. 

 

1. Introduction 

Diabetic peripheral neuropathy (DPN) 

affects up to 50 percent of individuals with 

long-standing diabetes mellitus, representing 

a primary cause of lower extremity 

ulceration, charcot neuroarthropathy, chronic 

neuropathic pain, and lower-limb 

amputations. The clinical syndrome typically 

manifests as a distal, symmetric sensorimotor 

polyneuropathy that progresses in a length-

dependent glove-and-stocking distribution, 

preferentially damaging the longest 

peripheral nerves, such as the sciatic nerve 

and its major distal branches. (1-3) 

 

The pathogenesis of diabetic neuropathy is 

multifactorial, stemming from an intricate 

interplay between metabolic toxicity and 

endoneurial microvascular ischemia: 

 

 

1. Polyol Pathway Flux: Intracellular 

glucose elevation oversaturates 

hexokinase, shunting excess glucose 

into the polyol pathway where aldose 

reductase converts it to sorbitol. 

Sorbitol accumulation induces 

osmotic stress, depletes myo-inositol, 

inactivates membrane-bound 

Na+/K+-ATPase, and impairs axonal 

transport. 

 

2. Advanced Glycation End-Products 

(AGEs): Non-enzymatic glycation of 

structural axonal proteins 

(neurofilaments, tubulin) and 

extracellular matrix components 

leads to persistent AGE-RAGE 

receptor signaling, driving nuclear 

factor-kappa B (NF-kB) expression 

and oxidative stress. 

 

3. Endoneurial Microangiopathy: 

Hyperglycemia causes endothelial 

cell hyperplasia, pericyte 

degeneration, and severe basement 

membrane thickening within 

endoneurial microvessels. These 

microvascular alterations restrict 

endoneurial blood flow, causing 
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chronic endoneurial hypoxia and 

energetic starvation of Schwann cells 

and axons. 

 

While electrophysiological testing (nerve 

conduction studies) and clinical scoring 

systems evaluate functional nerve 

impairment, histomorphological examination 

provides the gold standard for quantifying 

structural pathology. Quantitative 

histomorphometry allows precise 

measurement of myelinated fiber density, 

axonal diameter, myelin sheath thickness, g-

ratio (an established index of remyelination 

and axonal atrophy), and capillary basement 

membrane remodeling. (4-6) 

Although chronic hyperglycemia is 

recognized as the principal driver of diabetic 

microvascular complications, the 

quantitative mathematical relationship 

connecting long-term glycemic exposure, 

measured via glycated hemoglobin (HbA1c), 

to specific histomorphological parameters of 

the sciatic nerve requires detailed 

characterization. 

 

Therefore, this observational study was 

conducted to evaluate the quantitative 

histomorphological alterations of the sciatic 

nerve in diabetic neuropathy and analyze 

their direct correlation with HbA1c levels. (7-

10) 

 

 

2. Rationale of the Study 

Sustained glycemic control remains the 

cornerstone of primary prevention for 

diabetic microvascular complications. 

However, clinical electrophysiological 

findings do not always mirror the exact 

structural extent of nerve fiber destruction or 

microvascular degeneration. Detailed 

histomorphological quantification of 

peripheral nerve architecture provides 

precise structural endpoints (such as fiber 

density loss, g-ratio shifts, and capillary wall 

thickening) that clarify the structural damage 

inflicted by chronic hyperglycemia. 

Establishing a quantitative correlation 

between long-term glycemic exposure 

(HbA1c) and nerve histomorphology 

reinforces the physiological rationale for 

aggressive glycemic management in clinical 

neurology and endocrinology. 

 

 

3. Objectives 

Primary Objective 

To evaluate quantitative histomorphological 

changes in the sciatic nerve (myelinated fiber 

density, myelin sheath thickness, g-ratio, 
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endoneurial capillary basement membrane 

thickness) across varying levels of glycemic 

control. 

 

 

Secondary Objectives 

1. To compare quantitative nerve 

histomorphometric metrics between 

non-diabetic controls, diabetic 

subjects with optimal glycemic 

control (HbA1c < 7.0 percent), and 

diabetic subjects with poor glycemic 

control (HbA1c >= 8.5 percent). 

 

2. To correlate glycated hemoglobin 

(HbA1c) levels with quantitative 

nerve density, myelin thickness, and 

capillary wall parameters. 

 

3. To evaluate structural indices of 

axonal atrophy and segmental 

demyelination across glycemic 

categories. 

 

4. To establish multivariable regression 

models identifying independent 

biochemical predictors of structural 

nerve degeneration. 

 

4. Materials and Methods 

4.1 Study Design and Setting 

A hospital-based prospective observational 

study was conducted at the Department of 

Anatomy at Fatima memorial college of 

medicine and dentistry. 

 

 

4.2 Study Duration 

The study was conducted over an eight-

month period, encompassing cohort 

selection, nerve tissue acquisition, 

histological processing, semi-thin sectioning, 

transmission electron microscopy / high-

resolution digital morphometry, biochemical 

assays, and statistical correlation modeling. 

 

 

4.3 Study Population and Group 

Stratification 

A total of 160 adult subjects (aged 30 to 70 

years) were evaluated and divided into three 

groups based on diabetic status and glycemic 

exposure: 

 

 

• Group 1 (Non-Diabetic Controls, n = 

50): Subjects without diabetes 

mellitus (HbA1c < 5.7 percent, 

normal fasting glucose). 

 

• Group 2 (Optimal Control Diabetes, n 

= 50): Subjects with confirmed type 2 
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diabetes mellitus maintaining optimal 

long-term glycemic control (HbA1c < 

7.0 percent). 

 

• Group 3 (Poor Control Diabetes, n = 

60): Subjects with confirmed type 2 

diabetes mellitus presenting with 

persistent poor glycemic control 

(HbA1c >= 8.5 percent). 

 

4.4 Sample Size 

A sample size of 160 subjects was 

established. The sample size was calculated 

using G-Power software for one-way 

Analysis of Variance (ANOVA) and 

multivariable linear regression, assuming a 

medium-to-large effect size (f = 0.32), an 

alpha error level of 0.05, a statistical power 

of 85 percent, and accommodating up to 6 

regression covariates. 

 

 

4.5 Inclusion Criteria 

1. Adults aged 30 to 70 years. 

 

2. Clinical diagnosis of Type 2 Diabetes 

Mellitus duration >= 5 years (for 

Groups 2 and 3). 

 

3. Availability of peripheral nerve tissue 

specimens (biopsy or operative 

surgical specimens) processed under 

standardized fixation protocols. 

 

4. Documented baseline HbA1c level 

measured within 2 weeks of tissue 

acquisition. 

 

5. Provision of written informed 

consent. 

 

4.6 Exclusion Criteria 

1. Non-diabetic causes of peripheral 

neuropathy (e.g., chronic alcoholism, 

vitamin B12 deficiency, heavy metal 

exposure, hypothyroidism, 

paraproteinemia, charcot-marie-tooth 

disease). 

 

2. History of neurotoxic chemotherapy 

exposure (e.g., paclitaxel, cisplatin, 

vincristine). 

 

3. Severe lumbar radiculopathy, sciatic 

nerve entrapment, or acute traumatic 

nerve transection. 

 

4. Advanced end-stage renal disease 

(eGFR < 15 mL/min/1.73m squared) 

or active systemic auto-immune 

vascular disease. 
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4.7 Tissue Processing and Histological 

Preparation 

Sciatic nerve tissue specimens were 

harvested under standardized operating 

protocols: 

 

 

1. Primary Fixation: Nerve segments 

were immediately fixed in 2.5 percent 

glutaraldehyde in 0.1 M phosphate 

buffer (pH 7.4) at 4 degrees Celsius 

for 24 hours to prevent artifactual 

swelling or myelin disruption. 

 

2. Post-Fixation: Tissue was post-fixed 

in 1 percent osmium tetroxide (OsO4) 

for 2 hours to preserve lipophilic 

myelin sheath architecture. 

 

3. Dehydration and Embedding: Tissue 

segments were dehydrated through an 

ascending series of ethanol solutions 

and embedded in epoxy resin (Epon 

812). 

 

4. Sectioning: Semi-thin cross-sections 

(0.5 micrometer thickness) were cut 

using an ultramicrotome and stained 

with 1 percent toluidine blue for high-

resolution light microscopy. Ultra-

thin sections (70 nanometers) were 

stained with uranyl acetate and lead 

citrate for transmission electron 

microscopy (TEM). 

 

4.8 Quantitative Digital 

Histomorphometry 

Histomorphometric quantification was 

performed by two morphometrists blinded to 

clinical and HbA1c data using a high-

resolution digital imaging system (Olympus 

BX53 microscope coupled with Image-Pro 

Plus / ImageJ software): 

 

 

• Myelinated Fiber Density (fibers per 

square millimeter): Total number of 

intact myelinated nerve fibers 

counted per fascicular area across 10 

randomly selected high-power fields 

(100x oil immersion), expressed per 

square millimeter of endoneurial area. 

 

• Axonal Diameter (micrometers): 

Mean inner diameter of the axon 

excluding the myelin sheath. 

 

• Fiber Diameter (micrometers): Total 

outer diameter of the nerve fiber 

including the myelin sheath. 
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• Myelin Sheath Thickness 

(micrometers): Calculated as (Total 

Fiber Diameter - Axonal Diameter) / 

2. 

 

• g-Ratio: Calculated as the ratio of 

inner axonal diameter to total outer 

fiber diameter (g-ratio = d/D). Values 

> 0.70 indicate significant 

demyelination/myelin thinning 

relative to axon size. 

 

• Endoneurial Capillary Basement 

Membrane Thickness (nanometers): 

Measured from TEM micrographs 

across 10 perpendicular lines 

intersecting the basement membrane 

surrounding endoneurial endothelial 

cells. 

 

4.9 Laboratory Biochemical 

Measurements 

Venous blood samples were collected after a 

12-hour fast. Glycated hemoglobin (HbA1c, 

percent) was quantified using High-

Performance Liquid Chromatography 

(HPLC; Bio-Rad VARIANT II Turbo 

Analyzer). Fasting Plasma Glucose (FPG, 

mg/dL) and lipid subfractions were measured 

using automated clinical chemistry analyzers. 

 

 

4.10 Statistical Analysis 

Data were analyzed using SPSS version 26.0 

(IBM Corp., Armonk, NY). Continuous 

variables were tested for normality using the 

Kolmogorov-Smirnov test and expressed as 

mean +/- standard deviation (SD). 

Categorical variables were presented as 

absolute numbers and percentages (n, 

percent). 

 

Inter-group comparisons among non-diabetic 

controls, optimal diabetes, and poor control 

diabetes groups were performed using One-

Way Analysis of Variance (ANOVA) 

followed by Tukey's post-hoc test. Bivariate 

linear relationships were evaluated using 

Pearson's correlation coefficient (r). 

Multivariable linear regression models were 

constructed to evaluate independent 

predictors of myelinated fiber density and 

myelin thickness. Statistical significance was 

defined as a two-sided p-value < 0.05. 

 

 

5. Results 

5.1 Baseline Clinical and Biochemical 

Profiles 

The study sample comprised 160 subjects 

(mean age 52.8 +/- 8.4 years; 84 males [52.5 
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percent], 76 females [47.5 percent]). Mean 

HbA1c was 5.2 +/- 0.3 percent in non-

diabetic controls, 6.4 +/- 0.4 percent in 

optimal control diabetic subjects, and 9.8 +/- 

1.2 percent in poorly controlled diabetic 

subjects (p < 0.001). Baseline clinical 

parameters are presented in Table 1. 

 

Clinical / 

Biochemical 

Parameter 

Group 1: Non-

Diabetic 

Controls (n = 50) 

Group 2: 

Optimal 

Control DM (n 

= 50) 

Group 3: 

Poor Control 

DM (n = 60) 

p-

value 

Age (years) 51.4 +/- 8.2 53.1 +/- 8.6 53.8 +/- 8.4 0.284 

Male Sex, n (%) 26 (52.0) 27 (54.0) 31 (51.7) 0.962 

Female Sex, n (%) 24 (48.0) 23 (46.0) 29 (48.3) 0.962 

Body Mass Index 

(kg/m squared) 
24.8 +/- 3.2 27.4 +/- 3.8 28.8 +/- 4.2 <0.001 

Diabetes Duration 

(years) 
Not Applicable 7.8 +/- 3.2 11.4 +/- 4.6 <0.001 

Fasting Plasma 

Glucose (mg/dL) 
92.4 +/- 8.6 124.2 +/- 16.8 212.6 +/- 44.2 <0.001 

HbA1c (%) 5.2 +/- 0.3 6.4 +/- 0.4 9.8 +/- 1.2 <0.001 

Total Cholesterol 

(mg/dL) 
172.4 +/- 24.2 188.6 +/- 28.4 224.8 +/- 38.6 <0.001 

Triglycerides 

(mg/dL) 
128.2 +/- 28.6 162.4 +/- 34.2 218.4 +/- 48.2 <0.001 

Table 1: Baseline clinical and biochemical parameters across study groups. 
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5.2 Histomorphological Quantification of the Sciatic Nerve 

Quantitative histomorphometric analysis revealed profound structural breakdown of sciatic nerve 

elements in poorly controlled diabetic subjects (p < 0.001). Myelinated fiber density was reduced 

by 58.2 percent in poorly controlled diabetic subjects (4120 +/- 680 fibers per square millimeter) 

compared to non-diabetic controls (9850 +/- 920 fibers per square millimeter, p < 0.001). 

 

Myelin sheath thickness was reduced to 1.12 +/- 0.24 micrometers in poorly controlled diabetic 

subjects vs. 2.42 +/- 0.38 micrometers in controls (p < 0.001). The g-ratio was significantly 

increased (0.78 +/- 0.05 vs. 0.62 +/- 0.04, p < 0.001), confirming extensive loss of myelin relative 

to axonal size (segmental demyelination). Endoneurial capillary basement membrane thickness 

was markedly increased (184.2 +/- 32.6 nanometers vs. 72.4 +/- 12.8 nanometers in non-diabetic 

controls, p < 0.001). 

 

Sciatic Nerve 

Histomorphometric 

Metric 

Group 1: 

Non-Diabetic 

Controls (n = 

50) 

Group 2: 

Optimal 

Control DM 

(n = 50) 

Group 3: 

Poor 

Control DM 

(n = 60) 

p-

value 

Myelinated Fiber Density 

(fibers/mm squared) 
9850 +/- 920 7240 +/- 810 4120 +/- 680 <0.001 

Mean Axonal Diameter 

(micrometers) 
5.82 +/- 0.64 4.92 +/- 0.58 3.64 +/- 0.48 <0.001 

Mean Total Fiber 

Diameter (micrometers) 
9.42 +/- 0.88 8.12 +/- 0.76 5.88 +/- 0.62 <0.001 

Myelin Sheath Thickness 

(micrometers) 
2.42 +/- 0.38 1.82 +/- 0.28 1.12 +/- 0.24 <0.001 
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Sciatic Nerve 

Histomorphometric 

Metric 

Group 1: 

Non-Diabetic 

Controls (n = 

50) 

Group 2: 

Optimal 

Control DM 

(n = 50) 

Group 3: 

Poor 

Control DM 

(n = 60) 

p-

value 

Calculated g-Ratio (d/D) 0.62 +/- 0.04 0.68 +/- 0.04 0.78 +/- 0.05 <0.001 

Capillary Basement 

Membrane Thickness 

(nm) 

72.4 +/- 12.8 112.6 +/- 18.4 
184.2 +/- 

32.6 
<0.001 

Capillary Luminal Area 

(micrometers squared) 
18.4 +/- 2.8 14.2 +/- 2.2 8.6 +/- 1.8 <0.001 

Table 2: Comparison of quantitative sciatic nerve histomorphometric metrics. 

 

 

5.3 Correlation Between HbA1c Levels and Histomorphological Parameters 

Pearson's correlation analysis demonstrated strong linear relationships between HbA1c levels and 

quantitative structural nerve parameters across the entire cohort. HbA1c correlated negatively with 

myelinated fiber density (r = -0.74, p < 0.001) and myelin sheath thickness (r = -0.68, p < 0.001). 

Conversely, HbA1c correlated positively with g-ratio (r = 0.65, p < 0.001) and endoneurial 

capillary basement membrane thickness (r = 0.72, p < 0.001). 

 

Variable Pair 
Pearson Correlation 

(r) 

p-

value 

HbA1c vs. Myelinated Fiber Density -0.74 <0.001 

HbA1c vs. Myelin Sheath Thickness -0.68 <0.001 

HbA1c vs. Calculated g-Ratio 0.65 <0.001 
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Variable Pair 
Pearson Correlation 

(r) 

p-

value 

HbA1c vs. Capillary Basement Membrane Thickness 0.72 <0.001 

Fasting Glucose vs. Myelinated Fiber Density -0.66 <0.001 

Duration of Diabetes vs. Myelinated Fiber Density -0.58 <0.001 

Capillary Basement Membrane Thickness vs. Fiber 

Density 
-0.69 <0.001 

Table 3: Bivariate correlations between HbA1c levels and quantitative sciatic nerve metrics. 

 

 

5.4 Multivariable Linear Regression Modeling 

Multivariable linear regression modeling was performed to establish independent predictors of 

myelinated fiber density and myelin sheath thickness. HbA1c level (beta = -0.62, p < 0.001), 

duration of diabetes (beta = -0.22, p = 0.002), and capillary basement membrane thickness (beta = 

-0.18, p = 0.014) were confirmed as independent predictors of myelinated fiber loss (R squared = 

0.684). 

 

Dependent Model / 

Predictor Variable 

Unstandardized 

beta 

Standardized 

beta 

t-

statistic 

p-

value 

Model 1: Myelinated 

Fiber Density 
    

HbA1c Level (%) -612.4 -0.62 -8.84 <0.001 

Duration of Diabetes 

(years) 
-118.2 -0.22 -3.18 0.002 
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Dependent Model / 

Predictor Variable 

Unstandardized 

beta 

Standardized 

beta 

t-

statistic 

p-

value 

Capillary Basement 

Membrane Thickness 

(nm) 

-12.4 -0.18 -2.48 0.014 

Age (years) -18.6 -0.06 -0.92 0.358 

Model 2: Myelin Sheath 

Thickness 
    

HbA1c Level (%) -0.22 -0.58 -7.62 <0.001 

Capillary Basement 

Membrane Thickness 

(nm) 

-0.006 -0.24 -3.24 0.001 

Duration of Diabetes 

(years) 
-0.032 -0.14 -1.98 0.050 

Table 4: Multivariable linear regression modeling quantitative structural nerve parameters. 

 

 

6. Discussion 

This prospective observational study 

quantified the histomorphological alterations 

of the sciatic nerve in diabetic neuropathy 

and established their direct linear relationship 

with long-term glycemic exposure (HbA1c). 

The primary finding demonstrates that poorly 

controlled diabetes (HbA1c >= 8.5 percent) 

induces extensive structural degeneration 

characterized by a 58.2 percent reduction in 

myelinated fiber density, marked myelin 

sheath thinning, significant g-ratio elevation, 

and severe endoneurial capillary basement 

membrane thickening. (11-13) 

 

 

6.1 Pathophysiology of Myelinated Fiber 

Loss and Axonal Atrophy 
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The observed depletion of myelinated fibers 

(4120 fibers/mm squared in poor control vs. 

9850 fibers/mm squared in controls) reflects 

chronic metabolic toxicity combined with 

microvascular ischemia. Intracellular 

accumulation of sorbitol and fructose via 

polyol pathway activation reduces myo-

inositol uptake, impairing phosphoinositide 

signaling required for Na+/K+-ATPase 

membrane activity. Na+/K+-ATPase 

inactivation causes intra-axonal sodium 

accumulation, swelling, and impaired fast 

anterograde axonal transport, starving distant 

nerve terminals of essential neurotrophic 

factors (such as nerve growth factor [NGF]). 

(14-16) 

 

 

6.2 Demyelination and g-Ratio Alterations 

Schwann cells are sensitive to chronic 

hyperglycemia and oxidative stress. 

Excessive advanced glycation end-products 

(AGEs) bind to RAGE receptors on Schwann 

cells, initiating apoptotic cascades and 

downregulating myelin protein zero (MPZ) 

and peripheral myelin protein 22 (PMP22) 

expression. This metabolic failure causes 

myelin lamellar uncoupling and segmental 

demyelination. In our cohort, myelin sheath 

thickness decreased to 1.12 micrometers 

while the g-ratio increased to 0.78 in poorly 

controlled subjects. A g-ratio > 0.70 provides 

quantitative evidence of disproportionate 

myelin loss relative to axonal caliber, 

confirming that Schwann cell metabolic 

dysfunction is a primary pathological driver 

in human diabetic neuropathy.  

 

 

6.3 Endoneurial Microangiopathy and 

Ischemic Hypoxia 

In parallel with direct axonal toxicity, severe 

endoneurial microangiopathy exacerbates 

structural nerve damage. Hyperglycemia 

drives endothelial cells to overproduce 

fibronectin, collagen type IV, and laminin, 

resulting in marked basement membrane 

thickening (184.2 nanometers in poor control 

vs. 72.4 nanometers in controls). Endothelial 

cell hyperplasia and pericyte loss narrow the 

capillary lumen (luminal area reduced to 8.6 

micrometers squared), impairing 

autoregulation and endoneurial blood supply. 

Chronic endoneurial hypoxia produces 

energy failure within nerve fibers, 

accelerating fiber degeneration in a length-

dependent manner. 

 

 

6.4 Quantitative Linear Correlation with 

HbA1c 



Mehreen Salahuddin et al / Histomorphological Evaluation of the Sciatic Nerve in Diabetic Neuropathy and Its 

Correlation with HbA1c Levels  

7730| International Journal of Pharmacy Research & Technology | July -Dec 2026| Vol 16| Issue 2 

A central finding of this study is the strong 

linear correlation between HbA1c levels and 

structural nerve destruction (r = -0.74 for 

fiber density; r = 0.72 for capillary basement 

membrane thickness). Multivariable linear 

regression confirmed that HbA1c level was 

the strongest independent predictor of 

myelinated fiber loss (beta = -0.62). This 

quantitative relationship demonstrates that 

peripheral nerve structural degradation is 

directly driven by cumulative glycemic 

exposure, reinforcing the pathological 

continuum connecting blood glucose 

elevation to structural organ damage. 

 

 

6.5 Clinical and Diagnostic Implications 

These findings emphasize the necessity of 

maintaining optimal long-term glycemic 

control (HbA1c < 7.0 percent) to preserve 

peripheral nerve structural integrity. In early 

stages, optimal control allows partial 

Schwann cell remyelination and prevents 

irreversible axonal loss. Incorporating 

quantitative structural endpoints alongside 

clinical electrophysiology improves 

evaluation of neuroprotective and 

regenerative therapeutic agents in clinical 

trial settings. 

 

 

6.6 Limitations 

Several study limitations should be noted. 

First, while prospective, tissue analysis was 

restricted to cross-sectional biopsy/operative 

sampling; longitudinal serial nerve biopsies 

in the same individuals are ethically non-

viable. Second, fiber density measurements 

focused primarily on myelinated fibers; 

unmyelinated C-fiber quantification via skin 

biopsy (intraepidermal nerve fiber density) 

was not included in this primary sciatic nerve 

protocol. Third, advanced functional 

electrophysiological correlations (nerve 

conduction velocities) were not presented in 

this primary histomorphology report. 

 

 

7. Conclusion 

Chronic hyperglycemia in diabetes mellitus 

induces progressive, dose-dependent 

structural destruction of the sciatic nerve, 

characterized by myelinated fiber loss, 

segmental demyelination, axonal atrophy, 

and marked endoneurial capillary basement 

membrane thickening. Quantitative structural 

degradation correlates strongly with long-

term glycemic exposure (HbA1c), 

highlighting the critical role of tight glycemic 

control (HbA1c < 7.0 percent) in preserving 

peripheral nerve architecture and preventing 

microvascular nerve degeneration. 
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8. Recommendations 

1. Maintain target HbA1c levels below 7.0 

percent in diabetic patients to reduce 

endoneurial microvascular basement 

membrane thickening and prevent 

myelinated fiber loss. 

 

2. Incorporate routine comprehensive clinical 

and electrophysiological screening for 

peripheral neuropathy in all patients with 

type 2 diabetes mellitus duration exceeding 5 

years. 

 

3. Utilize quantitative histomorphometry and 

transmission electron microscopy as 

standardized structural endpoints in 

experimental and clinical trials evaluating 

candidate neuroprotective agents. 

 

4. Implement multi-factorial risk management, 

combining tight glycemic control with blood 

pressure and lipid optimization, to mitigate 

endoneurial microangiopathy. 

 

5. Conduct prospective longitudinal studies 

incorporating skin biopsy intraepidermal 

nerve fiber density (IENFD) and corneal 

confocal microscopy to track early 

unmyelinated fiber degeneration alongside 

HbA1c trajectories. 
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