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Epidemiology of Diabetes Mellitus

ÅEstimated 20 million cases of Diabetes in US

Å30 % undiagnosed

Å1.5 million or more new cases per year

ÅEstimated by 2050 48.3 million

ÅIn 1980 3% of population

ÅIn 2000 4.5%

ÅIn 2005 5.3%



Risk factors

ÅAge

ÅObesity

ÅMinority ςAfrican American and Native 
American

ÅFamily history 

ÅDiet

ÅActivity level

ÅDepression, poor mental health



Types of DM

ÅType 1 ςautoimmune beta-cell destruction, no insulin 
production

ÅType 2 ςresistance to action of insulin, body cannot 
produce enough (95%)

ÅGestational ςglucose intolerance during pregnancy

ÅOther ςgenetic, disease of pancreas, drug or chemical 
abuse 



Major Complications of Diabetes

ÅHeart Disease & Stroke

ÅRetinopathy - Blindness

ÅNephropathy - Kidney Failure

ÅAmputations ςprimarily lower extremity but 
can occur in upper extremity



Avoiding Complications

ÅThe exact numbers may vary at bit from 
author to author but all authors agree that the 
#1 way to avoid or minimize complications is 
to:

ÅControl of Blood Sugar ς90-120

ÅHemoglobin A1c - less than 7



Complications Effecting Function of 
the Upper Extremity

ÅDiabetic Neuropathy

ÅConnective Tissue Hypomobility due to Faulty 
Collagen synthesis

Leading to Nerve Compression

Leading to Joint Hypomobility



Other Complications associated with 
Diabetes

ÅIncreased incidence of: 

ÅRA (type 1 - autoimmune)

ÅGouty Arthritis (type 1 ςautoimmune)

ÅOsteopenia, Osteoporosis, 

ÅCalcific tendonitis, 



Rheumatoid Arthritis 



Gouty Arthritis



Diabetic Neuropathy

ÅDistal Symmetrical Polyneuropathy 

ÅCan occur as mononeuropathy

ÅGenerally an insidious onset over a number of 
years

ÅParesthesia is usually the initial symptoms but 
for some severe pain can occur either 
suddenly or progress over time

ÅPain and Paresthesia are usually worse at 
night



Causes of Diabetic Neuropathy

ÅDiminished Blood Flow to Peripheral Nerves 
Effecting the Function of Swan Cells and nerve 
axons

ÅDiminished Nerve Conductivity



Types of Diabetic neuropathy

ÅPeripheral Neuropathy

ÅAutonomic Neuropathy



Peripheral Neuropathy

ÅDistal Symmetrical Polyneuropathy

ÅEffecting Nerves From Distal To Proximal

ÅSensory Changes

ÅMotor Changes



Sensory Changes

ÅParesthesia

ÅHyperesthesia

ÅHypoesthesia

ÅAnesthesia



Sensory Changes

ÅDistal to Proximal Regardless of any specific 
nerve 

ÅOpera glove pattern progressing from distal to 
proximal 



Opera Glove



Motor Changes

ÅDiminished Innervation of the most distal 
muscles first

ÅIntrinsics of Hands, may progress to forearm 
muscles if severe



Autonomic Neuropathy

ÅControl of all Internal Organs ςIŜŀǊǘΣ DLΣ ŜǘŎΧ

ÅControl of Distal Vascular Supply

ÅDistal Blood Pressure

ÅSweat Glands



Internal Organs

ÅCardiac ςtachycardia, postural hypotension, 
painless myocardial infarction

ÅRespiration ςbronchial tone, respiration rate, 
sleep apnea

ÅGastrointestinal ςgut motility, absorption

ÅUrogenital ςerectile dysfunction, retrograde 
ejaculation, decreased vaginal lubrication, 
incomplete bladder emptying, UTI



Distal Vascular Supply & BP

ÅDiminished Response to Temperature Changes

ÅHeat and Cold Intolerance

ÅBurns or Frostbite without sensory awareness

ÅPostural Hypotension



Healing

ÅDiminished healing

ïTime to heal

ïQuality of healing

ÅEspecially important when dealing with distal 
open wounds. 

ÅIncreased risk of infection.



Diminished Function of Sweat Glands

ÅAnhidrosis

ÅDry brittle skin especially distally in hands and 
feet 

ÅIncreased risk of skin lesions and infection



Complex Regional Pain Syndrome

ÅMore common in diabetic patients

ÅHyperactivity of sympathetic branch of ANS

ÅResulting in vasoconstriction

ï9ŘŜƳŀΣ ǇŀƛƴΣ ƘȅǇƻƳƻōƛƭƛǘȅΣ ǎƪƛƴ ŎƘŀƴƎŜǎΣ ŜǘŎΧ

ÅOften associated with Adhesive Capsulitis in 
DM patients



Signs & Symptoms of 
Diabetic Neuropathy



Sensory

ÅParesthesia

ÅDiminished Sensation

ÅAnesthesia

ÅHyperesthesia



Diminished or Absent

ÅProprioception

ÅCoordination

ÅVibration Sense 

ÅReflexes



Motor

ÅParesis or Paralysis

ÅProgressing from Distal to Proximal Muscles



Claw Hand ςIntrinsic Minus Hand



Skin Ulcerations

Diminished Healing Potential due to 
compromised blood supply

ÅInfection

ÅAmputation

ÅMuch more common in feet but can occur in 
hands or elbows 



Open Wounds & Burns



Examination for UE 
Diabetic 

Neuropathy



Evaluation

ÅPast Medical History

ÅDM how Long?

ÅType of DM

ÅBS Control (H A1C)

ÅS&S



Inspection

ÅSkin Condition

ÅUlcerations

ÅDryness

ÅEdema



Signs of Infection

ÅColor of open wound ςred, yellow, black

ÅTemperature

ÅEdema



Edema, Trophic Changes



Vascular Signs

ÅNails ςshape & color

ÅHair Loss

ÅFungus

ÅEdema



Spoon Shaped Nails



Club Shaped Fingers



Sensation Testing

ÅLight touch

ÅSemmes-Weinstein Monofilaments 

ÅVibration  

ÅProprioception ςmovement sense

ÅStereognosis

ÅTwo point discrimination

ÅThermal Perception ςsmall fiber function



Semmes-Weinstein Monofilaments

ÅLevels of Sensory Loss: 

ïGreen ςnormal (2.83)

ïBlue ςdiminished light touch (3.61)

ïPurple ςdiminished protective sensation (4.31)

ïRed ςloss of protective sensation (4.56)

ïDeep pressure only (6.65)

North Coast 5 piece hand kit



Semmes Weinstein Monofilaments



Semmes-Weinstein Monofilaments



Vibration

Å128 Hz tuning fork

ÅFinger pads 

ÅMetacarpal heads

ÅThenar& hypothenareminences

ÅReport other superior locations



Proprioception



Two Point Discrimination 



Thermal Perception

ÅDifferentiate Warm v Cold

ÅWarm 104-113 degrees C

ÅCold 41-50 degrees C



Motor Function

ÅStrength & Endurance

ÅIntrinsics

ÅExtrinsics

ÅOverall



Vascular Assessment

ÅPulses

ÅCapillary Refill

ÅSkin Color

ÅSkin Temperature

ÅNail beds



Outcome Measures

ÅDASH ς(Disability Arm Shoulder Hand) - 30 
item self report questionnaire + optional 
sections on work and sports

ÅQuick DASH ς11 question self report 
questionnaire + optional sections on work and 
sports

ÅEach question ςNo Difficulty, Mild difficulty, 
Moderate difficulty, Severe Difficulty, Unable



Michigan Neuropathy Score 
Instrument (MNSI)

ÅDesigned for feet ςcould be modified but 
none found in literature

Å15 Yes or No questions

ÅInspection

ÅVibration 128 Hz tuning fork

ÅReflexes

ÅSW monofilament test (5.07, 10 gram)



Intervention



Wound Care

ÅDebridement

ÅInfection Control

ÅEliminate shear forces and weight bearing at 
site of open wound



Strength & Endurance

ÅIntrinsics & Extrinsics

ÅOverall conditioning

ÅCoordination and Proprioception Activities

ÅEffect of exercise on BS levels?



DN Pain

ÅMedication

ïOpioids

ïAntidepressiants

ïAnticonvulsants

ÅControl of BS & HA1C

ÅTENS

ÅExercise



Patient Education

ÅSelf Inspection

ÅAwareness of risk

ïInsensitivity

ïTemperature

ïPressure

ÅProtection



Collagen Synthesis

ÅAging is characterized by the progressive 
stiffening of almost all tissue rich in 
extracellular matrices and long lived proteins 
such as collagen.

ÅLoss of elasticity of the connective tissue of 
joint capsules, ligaments, tendons, muscle, 
nerve, articular cartilage, arteries, lungs, skin



Cross-linking ςMaillard Reaction

ÅIncrease in the level of cross-linking of 
collagen fibers within connective tissue

ÅProcess is greatly accelerated in metabolic 
diseases such as diabetes (2-6 X >)

ÅProteins are by products known as advanced 
glycation end products (AGEs)



Connective Tissue Hypomobility
Leading to Nerve Compression in UE

ÅMost common in the usual regions that you 
would normally see peripheral nerve 
compression in the upper extremity but much 
more common in individuals with diabetes

ÅCan be partial or complete for sensory and or 
motor involvement



Categories of Nerve Injuries

ÅNeurapraxiaςlocal axon block, axon intact

ÅAxonotmesisςloss of axon continuity, some 
degeneration of distal axon (severe 
entrapment or traction)

ÅNeurotmesisςcomplete loss of axon 
continuity (severance or severe scaring)



Nerve Entrapments

Can lead to Ischemia of the nerve causing

ÅHypoxia

ÅEdema

ÅFibrosis



Median Nerve

ÅLigament of Struthers

ÅBetween two heads of Pronator Teres

ÅCarpal Tunnel 



Median Nerve



Ligament of Struthers

ÅAn abnormal, rarely occurring fibrous 

structure between the medial 

supracondylar ridge and the medial 

epicondyle under which the median nerve 

may become entrapped

ÅOften there is a spur on the medial 

supracondylar ridge where the ligament 

attaches proximally



Ligament of Struthers

ÅAll muscle innervated by the median nerve 

and entire sensory region of the median 

nerve may be involved



Between 2 heads of Pronator

ÅMost often associated with hypertrophy of 

pronator teres

ÅMedian Nerve muscles off the medial 

epicondyle not effected (PT, FCR, PL, 

FDS)

ÅMuscles effected: medial FDP, FPL, PQ, 

APB, OP, FPB sup head, Lumbricals 1&2

ÅAll of sensory of median nerve



Anterior Interosseous Nerve

ÅFPL, FDP to second digit and sometimes 

third digit, PQ

ÅNo sensory loss



OK sign



Carpal Tunnel Syndrome

ÅCompression of the median nerve under 

the flexor retinaculum

ÅTightening of flexor retinaculum

ÅEdema in the flexor tendon sheath

ÅFibrosis of flexor tendon sheath

ÅHypertrophy of the wrist joint capsule




