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Epidemiology of Diabetes Mellitus

A Estimated 20 million cases of Diabetes in US
A 30 % undiagnosed

A 1.5 million or more new cases per year

A Estimated by 2050 48.3 million

A In 1980 3% of population

AIn 2000 4.5%

A'ln 2005 5.3%




Risk factors

A Age
A Obesity

A Minority ¢ African American and Native
American

A Family history

A Diet

A Activity level

A Depression, poor mental health



Types of DM

A Type 1c autoimmune betacell destruction, no insulin
production

A Type 2 resistance to action of insulin, body cannot
produce enough (95%)

A Gestationak glucose intolerance during pregnancy

A Otherc genetic, disease of pancreas, drug or chemical
abuse



Major Complications of Diabetes

A Heart Disease & Stroke
A Retinopathy- Blindness
A Nephropathy- Kidney Failure

A Amputationsc primarily lower extremity but
can occur In upper extremity



Avoiding Complications

A The 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:

A Control of Blood Sugar90-120

A Hemoglobin Ale less than 7



Complications Effecting Function o
the Upper Extremity

A Diabetic Neuropathy

A Connective Tissue Hypomobility due to Faulty
Collagen synthesis

Leading to Nerve Compression
Leading to Joint Hypomobility




Other Complications associated with
Diabetes

A Increased incidence of:
A RA (type X autoimmune)

A Gouty Arthritis (type X autoimmune)
A Osteopenia, Osteoporosis,

A Calcific tendonitis,



Rheumatoid Arthritis

Advanced Hand Involvement in Rheumatoid Arthritis




Gouty Arthritis

Hand grossly distorted by
multiple tophi (some ulcerated)



Diabetic Neuropathy

A Distal Symmetrical Polyneuropathy
A Can occur as mononeuropathy

A Generally an insidious onset over a number of
years

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

A Pain and Paresthesia are usually worse at
night



Causes of Diabetic Neuropathy

A Diminished Blood Flow to Peripheral Nerves
Effecting the Function of Swan Cells and nerv
axons

A Diminished Nerve Conductivity



Types of Diabetic neuropathy

A Peripheral Neuropathy

A Autonomic Neuropathy



Peripheral Neuropathy

A Distal Symmetrical Polyneuropathy
A Effecting Nerves From Distal To Proximal
A Sensory Changes

A Motor Changes



Sensory Changes

A Paresthesia

A Hyperesthesia
A Hypoesthesia

A Anesthesia



Sensory Changes

A Distal to Proximal Regardless of any specific
nerve

A Opera glove pattern progressing from distal to
proximal



Opera Glove




Motor Changes

A Diminished Innervation of the most distal
muscles first

A Intrinsics of Hands, may progress to forearm
muscles If severe



Autonomic Neuropathy

A Control of all Internal Orgarsl S NI S D
A Control of Distal Vascular Supply
A Distal Blood Pressure

A Sweat Glands



Internal Organs

A Cardiaq; tachycardia, postural hypotension,
painless myocardial infarction

A Respirationg bronchial tone, respiration rate,
sleep apnea

A Gastrointestinat gut motility, absorption

A Urogenitalc erectile dysfunction, retrograde
ejaculation, decreased vaginal lubrication,
Incomplete bladder emptying, UTI



Distal Vascular Supply & BP

A Diminished Response to Temperature Change

A Heat and Cold Intolerance
A Burns or Frostbite without sensory awareness

A Postural Hypotension



Healing

A Diminished healing
I Time to heal
I Quality of healing

A Especially important when dealing with distal
open wounds.

A Increased risk of infection.



Diminished Function of Sweat Glands

A Anhidrosis

A Dry brittle skin especially distally in hands and
feet

A Increased risk of skin lesions and infection



Complex Regional Pain Syndrome

A More common in diabetic patients
A Hyperactivity of sympathetic branch of ANS

A Resulting in vasoconstriction
F9RSYIFSE LIAYS KeLRY2Z2O0ATL.,

A Often associated with Adhesive Capsulitis in
DM patients



Signs & Symptoms of
Diabetic Neuropathy



Sensory

A Paresthesia

A Diminished Sensation
A Anesthesia
A Hyperesthesia



Diminished or Absent

A Proprioception
A Coordination
A Vibration Sense

A Reflexes



Motor

A Paresis or Paralysis

A Progressing from Distal to Proximal Muscles



Claw Hand Intrinsic Minus Hand

Figure 7-14 I
Claw fingers (intrinsic minus hand). Fingers are hyperextended at the
metacarpophalangeal joints and flexed at the interphalangeal joints.



Skin Ulcerations

Diminished Healing Potential due to
compromised blood supply

A Infection
A Amputation

A Much more common in feet but can occur in
hands or elbows



Open Wounds & Burns




Examination for UE
Diabetic
Neuropathy



Evaluation

A Past Medical History

A DM how Long?

A Type of DM

A BS Control (H A1C)
A S&S



Inspection

A Skin Condition
A Ulcerations

A Dryness

A Edema



Signs of Infection

A Color of open wound red, yellow, black
A Temperature

A Edema



Edema, Trophic Changes




Vascular Signs

A Nails¢ shape & color

A Hair Loss
A Fungus

A Edema



Spoon Shaped Nalls

Figure 7-10 NSNS
Spoon-shaped nails.



Club Shaped Fingers




Sensation Testing

A Light touch

A SemmesNeinstein Monofilaments
A Vibration

A Proprioceptionc movement sense
A Stereognosis

A-

'WO point discrimination

A-

"hermal Perceptiogq small fiber function



Semmes/Nelnstein Monofllaments

A Levels of Sensory Loss:
I Greenc¢ normal (2.83)
I Bluec¢ diminished light touch (3.61)
I Purplec diminished protective sensation (4.31)
I Redc loss of protective sensation (4.56)
I Deep pressure only (6.65)

North Coast 5 piece hand kit



Semmes Weinstein Monofilaments
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Semmes/Neinstein Monofllaments




Vibration

A 128 Hz tuning fork

A Finger pads

A Metacarpal heads

A Thenar& hypothenareminences
A Report other superior locations



Proprioception




Two Point Discrimination




Thermal Perception

A Differentiate Warm v Cold
A Warm 104113 degrees C
A Cold 4150 degrees C



Motor Function

A Strength & Endurance
A Intrinsics

A Extrinsics

A Overall



Vascular Assessment

A Pulses

A Capillary Refill

A Skin Color

A Skin Temperature
A Nail beds




Outcome Measures

A DASH; (Disability Arm Shoulder Hand30
item self report questionnaire + optional
sections on work and sports

A Quick DASIg 11 question self report
guestionnaire + optional sections on work and
Sports

A Each questiorr No Difficulty, Mild difficulty,
Moderate difficulty, Severe Difficulty, Unable



Michigan Neuropathy Score
Instrument (MNSI)

A Designed for feet, could be modified but
none found In literature

A 15 Yes or No questions

A Inspection

A Vibration 128 Hz tuning fork

A Reflexes

A SW monofilament test (5.07, 10 gram)




Intervention



Wound Care

A Debridement
A Infection Control

A Eliminate shear forces and weight bearing at
site of open wound



Strength & Endurance

A Intrinsics & Extrinsics
A Overall conditioning
A Coordination and Proprioception Activities

A Effect of exercise on BS levels?



DN Pain

A Medication
i Opioids
I Antidepressiants
I Anticonvulsants

A Control of BS & HA1C
ATENS
A Exercise



Patient Education

A Self Inspection

A Awareness of risk
I Insensitivity
I Temperature
| Pressure

A Protection



Collagen Synthesis

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

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



Crosdinkingc Maillard Reaction

A Increase in the level of crotisking of
collagen fibers within connective tissue

A Process is greatly accelerated in metabolic
diseases such as diabetesg X >)

A Proteins are by products known as advanced
glycation end products (AGES)



Connective Tissue Hypomobility
Leading to Nerve Compression in UE

A Most 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

A Can be partial or complete for sensory and or
motor involvement



Categories of Nerve Injuries

A Neurapraxiac local axon block, axon intact

A Axonotmesisc loss of axon continuity, some
degeneration of distal axon (severe
entrapment or traction)

A Neurotmesisc complete loss of axon
continuity (severance or severe scaring)



Nerve Entrapments

Can lead to Ischemia of the nerve causing
A Hypoxia

A Edema

A Fibrosis



Median Nerve

A Ligament of Struthers
A Between two heads of Pronator Teres

A Carpal Tunnel



Median Nerve: Anterior View

Pronator teres muscle (humeral head)

Flexor carpi radialis muscle
Palmaris longus muscle
Pronator teres muscle (ulnar head)

Flexor digitorum superficialis muscle
(turned up)

Flexor digit profund le (lateral
partsupplied by median anterior interosseous
nenve; medial part supplied by ulnar nenve)

Pronator quadratus muscle

Cutaneous
innervation
Abductor pollicis brevis

(thenar muscle)

Opponens pollicis
(thenar muscle)

Superficial head of flexor pollicis brevis
(deep head supplied by ulnar nenve)
(thenar muscle)

1st and 2nd
lumbrical muscles

i



Ligament of Struthers

A An abnormal, rarely occurring fibrous
structure between the medial
supracondylar ridge and the medial
epicondyle under which the median nerve
may become entrapped

A Often there is a spur on the medial
supracondylar ridge where the ligament
attaches proximally



Ligament of Struthers

A All muscle innervated by the median nerve
and entire sensory region of the median
nerve may be involved



Between 2 heads of Pronator

A Most often associated with hypertrophy of
pronator teres

A Median Nerve muscles off the medial
epicondyle not effected (PT, FCR, PL,
FDS)

A Muscles effected: medial FDP, FPL, PQ,
APB, OP, FPB sup head, Lumbricals 1&2

A All of sensory of median nerve



Anterior Interosseous Nerve

A FPL, FDP to second digit and sometimes
third digit, PO

A No sensory loss



OK sign

Anterior interosseous syndrome

Normal Abnormal




Carpal Tunnel Syndrome

A Compression of the median nerve under
the flexor retinaculum

A Tightening of flexor retinaculum

A Edema in the flexor tendon sheath

A Fibrosis of flexor tendon sheath

A Hypertrophy of the wrist joint capsule



Wrist and Hand
Deeper Palmar Dissection

Transverse carpal ligament
(flexor retinaculum)

Median nene

Common flexor sheath (ulnar bursa)

Superficial palmar arterial
and venous arches

(Synovial) flexortendon sheaths

(Synovial) tendinous sheath of 2
of fingers

flexor pollicis longus (radial bursa)

Palmar aponeurosis (reflected)
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