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The musculoskeletal effects
of diabetes mellitus
Lawrence H Wyatt, DC, DACBR, FICC*
Randy J Ferrance, DC, MD**

Diabetes mellitus (DM) is a multi-system disease 
characterized by persistent hyperglycemia that has both 
acute and chronic biochemical and anatomical sequelae, 
with Type-2 DM representing the most common form of 
the disease. Neuromusculoskeletal sequelae of DM are 
common and the practicing chiropractor should be alert 
to these conditions, as some are manageable in a 
chiropractic office, while others are life and/or limb 
threatening. This paper reviews the effects of DM on the 
musculoskeletal system so as assist the chiropractor in 
making appropriate clinical decisions regarding therapy, 
understanding contraindications to therapy, referring 
patients to medical physicians when appropriate and 
understanding the impact that DM may have on the 
prognosis for their patients suffering from the myriad 
musculoskeletal conditions associated with this disease.
(JCCA 2006; 50(1):43–50)
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Introduction
Diabetes mellitus (DM) is a multi-system disease charac-
terized by persistent hyperglycemia that has both acute
and chronic biochemical and anatomical sequelae. It is
thought to affect almost 17 million Americans, only 11

million of whom have been diagnosed according to the
American Diabetes Association.

In type 1 diabetes, a lack of insulin results in poor car-
bohydrate, fat, and protein metabolism. Insulin is func-
tionally absent, typically due to immune-mediated
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Le diabète sucré (DS) est une maladie multi-système qui 
se caractérise par une hyperglycémie persistante, qui 
présente, à la fois des séquelles aigues et biochimiques, 
de même, que des séquelles anatomiques avec un DS de 
Type-2. Ce qui représente la forme la plus commune de 
cette maladie. Les séquelles neuromusculosquelliques 
du DS sont habituelles et le chiropraticien qui pratique 
devrait être avisé de ces conditions, car même si 
certaines sont traitables dans un établissement de 
chiropraxie, d’autres constituent un danger de mort et/ou 
la perte d’un membre. Cet article révise les effets du 
DS sur le système musculosquellique pour aider le 
chiropraticien à prendre les décisions cliniques 
appropriées, relativement à la thérapie, comprendre les 
contre-indications de la thérapie, référer les patients 
à des praticiens lorsque nécessaire, ainsi que saisir 
l’impact que le DS peut avoir sur le pronostic de leurs 
patients, souffrant d’une myriade de conditions 
musculosquelliques, reliées à cette maladie.
(JACC 2006; 50(1):43–50)

mots clés : diabète, musculosquellique, chiropratique.



Diabetes mellitus

44 J Can Chiropr Assoc 2006; 50(1)

destruction of the beta cells of the pancreas, though other
etiologies of beta cell destruction have also been implicat-
ed, including drugs, chemicals, viruses, mitochondrial
gene defects, pancreatectomy and ionizing radiation.1

Type 1 DM (DM1) occurs most commonly in juveniles. It
can occur in adults, especially in those in their late 30s
and early 40s. Unlike people with Type 2 DM (DM2),
those with Type 1 DM are usually not obese and they may
initially present to the clinician in physiologic crises with
diabetic ketoacidosis (DKA). Symptoms typically do not
become apparent until 80–85% of the beta cells have been
lost. Although diabetic concordance among first degree
relatives is relatively low (6–10%), there does appear to
be a genetic disposition toward diabetes mellitus type II,
mainly determined by genes in the major histocompatibil-
ity complex (i.e. human leukocyte angiten [HLA] region
located on the short arm of chromosome 6).2

Type 2 DM represents approximately 90% of all cases
of diabetes. It usually occurs in older overweight individ-
uals and does not often present initially with DKA. It is
thought that while the primary defect may be insulin re-
sistance, many of these patients also have poor insulin
production, particularly for their level of glycemia. There
is a suggested genetic predisposition as well, and the
prevalence varies widely by ethnicity, from a high of 18%
among Native Americans and Alaska natives to a low of
approximately 7% among non-Hispanic Caucasians.3

Many patients with DM 2 will ultimately require insulin
treatment for good glycemic control. Presumably, the de-
fects of type 2 diabetes mellitus occur in patients who
live a diabetogenic lifestyle. Excessive caloric intake, in-
adequate caloric expenditure, and obesity are suspected
to be superimposed upon a susceptible genotype.

There are four basic categories within the American
Diabetes Association’s classification system for DM.
These are “Type I DM,” “Type II DM,” “Gestational Dia-
betes Mellitus”(GDM) and “other specific types.” It
should be noted that the terms “insulin-dependent diabe-
tes mellitus” and “non-insulin-dependent diabetes melli-
tus” have been eliminated because of confusion created
by these terms. These terms focus on the treatment of
DM rather than the etiology of the disease. “Pre-diabe-
tes,” a condition between normoglycemia and diabetes is
also recognized. These patients typically have normal or
near normal glucose levels, but with high levels of circu-
lating insulin and relative insulin-resistance.4

The purpose of this paper is two-fold. Chiropractors
see patients with both types of DM. It is important for the
practicing chiropractic doctor to recognize the effects of
DM on the musculoskeletal system so as to make more
appropriate clinical decisions regarding therapy in these
patients, including understanding contraindications to
therapy and referring patients to medical physicians
when appropriate. It is also important for the DC to un-
derstand the impact that DM may have on the prognosis
for their patients suffering from myriad musculoskeletal
conditions associated with this disease.

In addition, it has been suggested that health care pro-
viders offer their patients counseling to promote physical
activity, a healthy diet, and smoking cessation as part of
the preventive health examination.5 It is also in this light
that the musculoskeletal effects of DM are discussed in
this manuscript, as most patients visiting chiropractors
have musculoskeletal complaints. 6,7 It is hoped that
through appropriate counseling regarding a healthy life-
style, the chiropractor may help to prevent some cases of

Table 1 Criteria for the Diagnosis of Diabetes Mellitus1

Table 2 Musculoskeletal Effects of Diabetes Mellitus

• Classic symptoms of polydipsia, polyphagia, poly-
uria and weight loss with a random serum glucose 
>200 mg/dl

• Fasting serum glucose >126 mg/dl on at least two 
occasions

• 2 hour serum glucose 200 mg/dl during an glucose 
tolerance test

Muscle cramps
Muscle infarction
Loss of deep tendon reflexes
Peripheral neuropathy
Reflex Sympathetic Dystrophy Syndrome
Stiff Hands Syndrome
Neuropathic joints
Carpal tunnel syndrome
Adhesive capsulitis of the shoulder
Tenosynovitis
Diffuse Idiopathic Skeletal Hyperostosis
Dupuytren’s contracture
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Type 2 DM and that the incidence of the musculoskeletal
effects of DM can be reduced.

The American Diabetes Association released criteria
in 2003 regarding the diagnosis of DM. (Table 1)

This manuscript will discuss some of the more com-
mon musculoskeletal manifestations of diabetes mellitus.
Table 2 lists the more common musculoskeletal effects of
DM.

Muscle Cramps
Muscle cramping is a relatively common manifestation of
DM. It can be the result of electrolyte imbalances, hy-
poglycemia, peripheral vascular disease with arterial in-
sufficiency, and/or peripheral neuropathies. The cramps
tend to be more common in the lower extremities and
may be seen more commonly at night. Symptoms include
cramping muscle pain and, at times, fasciculations sec-
ondary to lower motor neuron lesions. These cramps may
be confused with hypocalcemic cramps and the Restless
Legs Syndrome.

Muscle Infarction
Diabetic muscle infarction is a rare, but potentially disa-
bling condition. The infarction tends to be spontaneous,
without a history of trauma. It affects patients with a long
history of poorly controlled diabetes and is most common
in diabetic patients who require insulin. Most patients
affected with infarctions have multiple micro-vascular
complications typical of DM including peripheral neu-
ropathy, nephropathy, and retinopathy. Muscle infarction
in this instance is mostly the result of ischemia. It can,
however, been seen during episodes of diabetic ketoaci-
dosis, especially while the patient is being treated in the
intensive care unit.8

It should also be kept in mind that many patients with
DM also have dyslipidemias, either secondary to or in ad-
dition to their DM. Therefore, in addition to their DM
medication regimen, they may also be taking an HMG-
coA reductase inhibitor (statin medication) for lipidemic
control. Statins are, unfortunately, rather well known for
their ability to cause rhamdomyolysis in some patients.9

The clinical presentation of muscle infarction is that of
an acute onset of pain and swelling over days to weeks in
the affected muscle groups along with varying degrees of
tenderness. The most often affected region is the thigh or
calf. Creatine phosphokinase (CPK) levels may be nor-

mal or elevated, depending upon the degree of muscular
involvement. The muscle isoenyme of CPK, CPK-MM
helps to confirm the diagnosis. Other laboratory investi-
gations are done to exclude other muscular conditions,
such as tumor, infectious myositis, thrombophlebitis/
thrombosis, localized myositis, or osteomyelitis. Muscle
biopsy may be needed to confirm the diagnosis. The pri-
mary findings on biopsy are muscle edema and necrosis.

Rest and analgesia are the hallmarks of therapeutic
management. Normal activities of daily living are not
deleterious to the condition, but some physical therapy
modalities may cause exacerbation. In most cases, spon-
taneous diabetic muscle infarction tends to resolve over a
period of weeks to months.

Complex Regional Pain Syndrome
Patients with complex regional pain syndrome(CRPS),
formerly know as reflex sympathetic dystrophy syn-
drome and Sudek’s atrophy, characteristically present
with localized or diffuse pain in the upper or lower ex-
tremity usually associated with swelling, vasomotor dis-
turbances and trophic changes including loss of hair, skin
color changes, temperature changes and skin thicken-
ing.(X) The pathogenesis of this disease is poorly under-
stood although recent evidence suggests elevated levels
of IgG in the affected extremities and impairments in
phosphate metabolism. It may occur after minimal trau-
ma to the spine or portion of an extremity, or it may be
spontaneous in onset.

Treatment effectiveness is anecdotal. Purportedly ef-
fective treatments include physical therapy, analgesics,
sympathetic ganglion blocks and pharmaceutical thera-
py.10 Some patients have recalcitrant disease that may
eventually result in limb amputation.

Hydroxyapatite Deposition Disease(HADD)
Hydroxyapatite deposition disease is seen in diabetic pa-
tients at an incidence rate three times that of the general
population.9 It is also known as calcific tendonitis and
calcific periarthritis. Deposition of calcium hydroxyapa-
tite crystals in the tendons around the shoulder is most
common. These patients can present with symptoms of
pain and decreased range of motion of the shoulder. Sec-
ondary to loss of sensation, some of the patients may
have no pain with this condition which confounds diag-
nosis in some cases.
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Treatment is directed at increasing range of motion and
decreasing pain through the use of mobilization, physical
therapy modalities and therapeutic exercises.10

Limited Joint Mobility(LJM)
A condition seen in both Type I and Type II diabetics has
been described as limited joint mobility of the hand
(LJMH). This is a very common condition see in a major-
ity of diabetic patients, although most of these patients
interestingly had no overt signs of arthritis, although os-
teopenia was present in some.

Limited joint mobility in the foot is a common condi-
tion owing to increased foot pressure and foot ulceration.

Diabetic Stiff Hands Syndrome(DSHS)/
Cheiroarthropathy
The hands are the target for several diabetes-related com-
plications. DSHS, also known as diabetic cheiroarthropa-
thy or limited joint mobility, affects up to 50% of all
people with type 1 diabetes and is also seen in those with
type 2 diabetes.11 The prevalence of this condition in-
creases with the duration of diabetes. DSHS is also asso-
ciated with and predictive of, other complications of
diabetes.

This syndrome is characterized by tight, thick, waxy
skin. Some suggest that this presentation is reminiscent
of progressive systemic sclerosis(scleroderma). Sclerosis
of tendon sheaths and limited joint range of motion and
are also present. It has been suggested that the underlying
cause is multi-factorial. Increased glycosylation of colla-
gen in the skin and periarticular tissues, increased colla-
gen degradation, diabetic microangiopathy, and even
diabetic neuropathy have been implicated as contributing
factors.12 Flexion contractures of the fingers may develop
in the advanced stages of the condition. One indication of
the presence of DSHS is known as the “prayer sign”. The
patient is unable to press their palms together completely,
as if praying, without a gap remaining between opposed
palms and fingers. There is no specific treatment for
DSHS, although maintaining as much pain free range of
motion as is possible is the goal of therapy.

Neuropathic Joints
Neuropathic arthropathy, also known as Charcot joint or
diabetic osteoarthropathy, is a condition causing severe
destruction of joints, particularly in the feet. It occurs as a

result of a loss of sensation in the involved joints second-
ary to the micro-neuropathy associated with DM. This
loss of sensation leads to inadvertent and often unnoticed
repeated micro-trauma to the joints which leads to the de-
generative changes. The condition is quite rare, affecting
less than 1% of diabetic patients. It is seen in both type 1
and type 2 diabetes and the average duration of the dis-
ease in affected persons is 15 years.

The diagnosis is made based on radiographic findings,
with symptoms often milder than would be expected
from the degree of destruction noted on radiographs. A
history of overt trauma is usually absent. Depending on
the stage and severity of the arthropathy, radiographs can
show degenerative changes with subluxation, bone scle-
rosis and fragmentation, osteolysis, periosteal reaction,
deformity, and/or ankylosis. These changes have been re-
ferred to as “degenerative joint disease with a venge-
ance.” Diabetic peripheral neuropathy is thought to play
the greatest pathogenic role in diabetic osteoarthropathy.

Treatment is generally conservative and often unsatis-
factory. Both splinting/bracing to protect the area from
weight bearing, and good glycemic control are oft used
therapies. Sometimes a total-contact cast is applied for
neuropathic joints in the foot. This should be applied by
an experienced physician, and monitored and changed
frequently. Unfortunately, it carries a fairly high risk of
causing new injuries and ulceration secondary to the tight
fit of the cast and the patient’s underlying neuropathy.
Broad-spectrum antibiotics are also frequently used when
skin ulcers accompany the arthropathy.

Carpal Tunnel Syndrome
Carpal tunnel syndrome (CTS) can be seen in up to one-
third of diabetic patients and its prevalence generally in-
creases with duration of the disease.13 A specific relation-
ship to diabetes is thought to be the result of median nerve
entrapment caused by diabetes-induced connective tissue
changes, including sclerosis and collagen degradation.

CTS is typically diagnosed based on history and clinical
findings. Classically, patients complain of burning, par-
esthesias, or sensory loss in the median nerve distribution.
They may also complain of pain in the same area, often
with radiation proximally into the forearm and elbow. The
pain may awaken people from sleep and is aggravated by
activities involving wrist flexion or extension.

It is important to examine patients for possible motor
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weakness from median nerve compression. Assessment
of thenar muscle strength and examination of the hand
for the presence of the muscle atrophy help accomplish
this task. It is important that clinicians intercede in CTS
before the development of this type of atrophy.

Diabetic patients may have paresthesias secondary to
peripheral neuropathy and this condition must be differ-
entiated from CTS. Electromyography/nerve conduction
velocity (EMG/NCV) testing can confirm the diagnosis
of CTS in uncertain cases and can also help to localize
the site of entrapment.

Management of CTS is the same for diabetic patients
as for non-diabetic patients, with the exception of gly-
cemia control in diabetics. Conservative treatment in-
volves the use of volar wrist splints, particularly at night,
with or without adjunct non-steroidal anti-inflammatory
drugs (NSAIDs) in early uncomplicated cases of CTS.
Changing the ergonomic work and home environments
should be made when appropriate. Local corticosteroid
injection of the carpal tunnel may prove helpful in some
cases, as may joint mobilization. Patients with severe or
refractory cases, should be referred for possible surgical
correction.

Adhesive Capsulitis of the Shoulder
Adhesive capsulitis, or frozen shoulder, has been reported
in approximately 20% of diabetic patients. This term re-
fers to a stiffened glenohumeral joint usually caused by
thickening and contraction of the joint capsule which
results in a substantial decrease in capsular volume ca-
pacity. Patients report shoulder stiffness, along with de-
creased range of motion and pain, although the pain of
this conditions in diabetics is typically less than that of
the general population. The decreased range of motion is
worst in abduction and external rotation. Internal rotation
is affected least. It appears to be twice as common in
diabetic patients. Therapy is largely conservative and in-
volves minimizing progress of the adhesions, mobi-
lization of the shoulder including gentle stretching and
range of motion exercises, and the use of analgesics and/
or intra-articular injections.

Tenosynovitis
Flexor tenosynovitis, also know as trigger finger, is a fre-
quent complication in the hands of diabetic patients. Peo-
ple complain of a “catching” or “locking” sensation that

may be associated with pain in the affected fingers. Ex-
amination shows a palpable nodule and thickening along
the affected flexor tendon sheath overlying palmar aspect
of the metacarpophalangeal joint. Occasionally, the lock-
ing phenomenon may be reproduced with active or pas-
sive finger flexion. This complication is thought to have
the same pathogenesis as DSHS, and its incidence is sim-
ilarly related to the duration of diabetes.

Initial treatment involves injecting corticosteroids into
the tendon sheath. If this is unsuccessful, patients will
most likely need to be seen by an orthopedic hand surgeon.

Dupuytren’s Contracture
Thickening, shortening, and fibrosis and nodule forma-
tion of the palmar fascia is termed Dupuytren’s contrac-
ture(DC). These pathologic changes result in flexion
contractures of the fingers. The fourth finger is most of-
ten affected, but any the second through fifth digits may
be involved. DC has been reported in over 1/3 of diabetic
patients. Its pathogenesis is thought to be the same as that
for DSHS. Like DSHS, the prevalence of this condition
increases with disease duration. Occasionally, it may also
be seen early in the course of diabetes. This condition is
the most commonly seen musculoskeletal complication
of diabetes seen in the hand. Varied success has been re-
ported with local cortico-steroid injections. Surgical in-
tervention may be needed for severe cases.

Osteoporosis
Whether or not DM is associated with an increased risk
of osteopenia or osteoporosis is a topic of much debate in
the current literature. There are some studies that suggest
that patients with DM, especially DM 1, do have some
loss of bone mineral density (BMD). There is biological
plausibility in this, given that DM 1 patients have exces-
sive renal calcium losses related to an osmotic diuresis
with glycosuria, and they have deficiencies in both insu-
lin and insulin-like growth factor 1 (IGF-1) which are im-
portant factors for bone growth and development. Post-
menopausal women with diabetes are at greater risk of
hip fracture than age-matched controls.11

DM 2, however, has a scattering of inconsistent stud-
ies, some showing decreased BMD, and some showing
either no change, or actually an increase in BMD. The
only thing that seems clear is that morbidity is greater in
diabetic patients vs non-diabetic patients after a skeletal
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fracture, and therefore increased vigilance is in order.

Osteomyelitis/Septic Arthritis
Osteomyelitis and septic arthritis are rare but serious in-
fections by pyogenic bacteria invading the cortex of bone
or the joint. Upon presentation, most affected patients
will report vague and nonspecific constitutional symp-
toms such as fevers, chills, lethargy or malaise. Local
pain, swelling and erythema may also be present, though
are commonly nonspecific. Diagnosis can often be made
by plain film x-rays, but occasionally more sophisticated
imagery such as nuclear medicine bone scans or magnet-
ic resonance imagine (MRI) may be necessary.

The pathological sequelae of DM leads toward in-
creased risk of infections in general, but of osteomyelitis
in particular among diabetic patients. Long-standing dia-
betes is associated with neuropathic and microvascular
changes that can predispose to an infection.12 A lack of
adequate blood supply decreases the transport of
parenteral antibiotics to the site of the infection, and a
lack of tight glycemic control impairs neutrophil func-
tion, decreasing the body’s ability to respond adequately
to the infection.

Diffuse Idiopathic Skeletal Hyperostosis
Diffuse idiopathic skeletal hyperostosis (DISH) is a dis-
ease characterized by flowing calcification of paraspinal
ligaments. The intervertebral discs, facet joints, and sac-
roiliac joints are most often unaffected. The disease is
most common in the thoracic spine, followed by the cer-
vical spine and finally the lumbar region. It may demon-
strate calcification of extra-axial ligaments and tendons
as well.

The underlying pathophysiology is not understood.
DISH has a higher prevalence among diabetic patients
than among people without diabetes. In fact, approxi-
mately 26% of patients with DM may eventually develop
DISH.14 More specifically, it is commonly seen in associ-
ation with type 2 diabetes, particularly in obese patients.
It is thought by many to be exacerbated by hyperinsulin-
ism and elevated growth hormone levels.

Patients complain of stiffness in the neck and back,
with decreased range of motion. Pain is generally not a
prominent symptom. Treatment consists of physical ther-
apy and therapeutic exercise. There is no convincing evi-
dence that adequate glycemic control delays the onset or

improves the symptoms of this condition.

Ossification of the Posterior Longitudinal Ligament
Ossification of the posterior longitudinal ligament in the
cervical spine is more common in diabetic patients15 and
is more common in the Japanese population. The liga-
ment may ossify in these patients and may lead to nar-
rowing of the cervical spinal canal with resultant canal
stenosis in some patients. It has also been seen in patients
with DISH and in patients who consume high-salt levels
and in patients who consume a great deal of meat prod-
ucts as well.

Patients often complain of a stiff neck and progressive
reduction in neck movement over time. Management is
directed at maintaining mobility with compromising the
spinal canal. In severe cases, decompressive surgery is
necessary, although this is unusual.

Clinical Pearls
• Diabetes Mellitus is a common disease affecting a rel-

atively large portion of the population.
• Signs and symptoms of DM do not become evident un-

til approximately 80% of the beta cells are destroyed.
• Muscle infarction(acute pain, swelling, elevated CPK-

MM levels) is a rare but life-threatening conditions
that requires immediate medical management.

• HADD is a condition commonly seen in diabetics and
managed well with conservative measures in most
cases.

• DSHS is common in diabetics and although no defini-
tive therapy exists, the goal of management is to main-
tain as much pain free range of motion as possible.

• Neuropathic joints, most commonly seen in the foot
and ankle in diabetics, are a rare but important compli-
cation of DM.

• CTS is a common diabetic sequela and is often man-
aged successfully with conservative measures.

• Joint and/or bone pain and a fever in a diabetic should
raise strong suspicion of osteomyelitis/septic arthritis.

• DISH and OPLL are relatively commonly seen in dia-
betics and no long-term routinely effective therapy has
been developed, although the goal of any treatment
should be to maintain as much pain free mobility of the
affected joints as possible.



LH Wyatt, RJ Ferrance

J Can Chiropr Assoc 2006; 50(1) 49

Summary
Diabetes is a common condition which is becoming even
more common with the passage of time. Chiropractors
have an opportunity to intervene at several different
points in the diabetes time line. By emphasizing and rec-
ommending healthy lifestyle choices to their patients,
they can hopefully help to decrease the incidence of
obesity, alcohol abuse and dietary indiscretions that can
predispose to diabetes, especially in Native American,
African-American and Hispanic populations, in which
the inherent risk of diabetes seems to be even greater than
it is within the non-Hispanic Caucasian population.

By concentrating upon secondary prevention in those
patients who already show signs of glucose intolerance or
who are already in a diabetic state, complication rates can
be reduced, or the amount of time before complications
arise can be lengthened. Although there is little specific
data about the progression of the discussed musculo-
skeletal complications of diabetes, several studies, in-
cluding the United Kingdom Prospective Diabetes Study
(UKPDS), the Diabetes Control and Complications Trial
(DCCT), and the Japanese Kumamoto study showed that
aggressive control of serum glucose in diabetics slowed
the progression of microvascular disease, including retin-
opathy, nephrophathy and neuropathy. If microvascular
disease progression is slowed, it can likely be assumed
that the sequalae of microvascular disease would also be
slowed.18–21

By recognizing the musculoskeletal effects and com-
plications of diabetes, chiropractors can better manage,
and help to manage, many of the pathologies that are cur-
rently seen as a natural consequence of the high glucose
state.

In making the proper diagnosis and offering the appro-
priate treatment and/or referral, the chiropractor then dis-
tinguishes him or herself as an integral and cooperating
member of the total healthcare team.
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