
Yih-Kuen Jan, PhD1 (yjan@illinois.edu) and W. Catherine Cheung, PT, PhD2 (wcheung@niu.edu)
1Department of Health and Kinesiology, University of Illinois at Urbana-Champaign, 2Doctor of Physical Therapy Program, Northern Illinois University

Diagnosis and Management of 
Microvascular Dysfunction in Diabetes

Introduction
• Microcirculation is an essential system that regulates oxygen and nutrients to 

cells and tissues in response to various environmental stimuli and 
pathophysiological conditions. Diabetes mellitus can cause microvascular 
complications including nephropathy, neuropathy, and 
retinopathy. 

• Research studies have demonstrated that functional microvascular 
dysfunction appears much earlier than structural alterations in 
vasculature in diabetes. This finding of the progression from microvascular 
dysfunction to macrovascular disease establishes a foundation for screening 
and early diagnosis of diabetes by assessing microvascular function. 

• This comprehensive review discusses technologies (laser Doppler, 
transcutaneous oximetry, infrared thermography and near-infrared 
spectroscopy) with computational methods (linear, nonlinear and machine 
learning approaches) for diagnosing microvascular dysfunction in 
diabetes. 

• This review also evaluates current interventions (weight-bearing exercise, non-
weight bearing exercise, vibration, and thermal therapy) used to manage 
microvascular dysfunction in diabetes. 

Diagnosis of Microvascular Dysfunction in DM

1. Laser Doppler flowmetry and imaging is based on Doppler effect to 
monitor blood flow velocity in perfusion unit (e.g. Perimed PeriFlux 6000).
- Blood flow

2. Transcutaneous oximetry uses local heating to measure oxygen and carbon 
dioxide molecules in mmHg (e.g. Radiometer TCM).
- Transcutaneous oxygen 

3. Near-infrared spectroscopy uses Beer-Lambert Law to assess the 
concentration of hemoglobin in the tissue in µM (e.g. Hitachi)
- Oxygenation (oxyhemoglobin and deoxy-hemoglobin)

4. Infrared thermography can measure the skin temperature in °F (e.g. FLIR).
- Skin temperature

5. Computational methods use signal and imaging processing to classify 
microvascular status, including linear (thermal index, wavelet analysis), nonlinear 
(sample entropy, fractal, correlation dimension) and machine learning 
(convolutional neural network, AlexNet, Vgg-19, ResNet-18) methods. 
- Complex microvascular dynamics

Fig 1. Blood flow response to thermal (left upper) and mechanical (left lower) stresses in diabetics and wavelet-
based analysis indicating metabolic endothelial, neurogenic and vascular smooth muscle-based controls (right).

Fig 2. Dorsal and plantar blood flow in diabetics. 

Fig 3. Sample entropy and thermal index of the dorsal and plantar blood flow in diabetics. 

Management of Microvascular Dysfunction in DM

Conclusion
In this comprehensive review, recent advances in imaging and optical 
technologies with computational methods used to diagnose microvascular 
dysfunction are reviewed. Research studies have demonstrated that local 
vibration and whole-body vibration can improve microcirculation in various 
pathological conditions, including diabetes. Due to the complex nature of 
microvascular regulation, various computational methods have been developed to 
shed light on the influence of diabetes on microvascular dysfunction. This 
comprehensive review will contribute to the diagnosis and management of 
microvascular dysfunction in diabetes.
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