
CONTRIBUTION 

Management of orthopedic complications 
of metabolic bone disease 

BERNARD N. STULBERG, MD AND J. TRACY WATSON, MD 

• Orthopedic manifestations of metabolic bone disease are usually related to structural compromise of the 
skeleton. Fractures due to osteoporosis are the most often encountered problem. In this overview, the 
authors focus on the commonly encountered fractures related to osteoporosis and discuss concerns and 
complications related to their management. In addition, they point out the subtle ways in which less com-
monly encountered metabolic bone diseases, such as osteomalacia, hyperparathyroidism, and Paget's dis-
ease, might come to the attention of the orthopedist. Appropriate criteria for medical and surgical 
management are suggested. 
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WHILE the orthopedist is most likely to be 
involved with traumatic disturbances of 
bone, he or she must also be fully aware of 
the major metabolic abnormalities that 

influence a patient's functional capacity and the bone's 
structural stability. In this article, we focus on injuries 
that can be disabling or even life-threatening, as well as 
costly to the patient, the patient's family, and to society. 
We discuss the functional and anatomic compromises 
that occur with fractures, how orthopedic management 
has evolved to meet the needs of patients with fractures, 
and the difficulties encountered in fracture manage-
ment. We also consider areas less commonly perceived 
as being influenced by metabolic bone disease. We begin 
with a discussion of the consequences of osteoporosis, or 
diminished bone volume, and subsequently touch on 
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osteomalacia, hyperparathyroidism, Paget's disease, and 
avascular necrosis (AVN). 

OSTEOPOROSIS 

Osteoporosis, or a decrease in bone volume, is a com-
mon disorder that decreases the strength of bone. Cal-
cium deficiency is the primary cause of osteoporosis in 
the elderly, and nutritional studies have demonstrated 
that most Americans do not ingest enough calcium for 
their age. Regional loads put certain functional areas at 
particular risk of fracture. A Colles' fracture associated 
with moderate trauma indicates an increased risk for 
subsequent hip fractures. Among women experiencing 
Colles' fracture at age 70 or older, hip fracture risk is in-
creased by 50%, and the risk of a hip fracture is increased 
more than sixfold among men with Colles' fracture.1 Al-
though different types of bone loss may lead to higher 
incidences of specific types of fractures2,3 (for example, 
trabecular bone loss more commonly results in spinal 
compression fractures, and cortical bone loss is more 
likely to produce proximal femoral fractures), we focus 
on the problems associated with the most common frac-
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FIGURE 1 A. Failure of internal fixation of displaced femoral neck fracture. This radiograph demonstrates nonunion of the fracture 
with subsequent slippage of femoral head and protrusion of the hip screw. FIGURE 1B. Conversion to cemented total hip 
replacement has allowed pain-free function for this 72-year-old woman. 

tures. These are fractures of the wrist, spine, pelvis, and 
proximal femur. 

Wrist fractures 
Fractures at the wrist are most commonly en-

countered when a patient falls on an outstretched hand. 
The wrist is dorsiflexed, and the forces are transmitted 
to the distal part of the radius. The most common frac-
ture encountered is the Colles' fracture. This fracture 
may extend into the joint, be associated with an injury 
to the distal ulna, and can result in shortening, angula-
tion, and dorsal displacement of the wrist. The most 
common difficulty in treating this fracture is trying to 
maintain the length of the wrist joint while maintaining 
mobility at the wrist. Treatment is usually by manipula-
tion and casting. If healing potential is normal, then 
casting for six weeks should be sufficient. However, some 
fractures are quite comminuted, making it difficult to 
hold the fracture in the correct position. External fixa-
tion with pins in the bones on each side of the fracture 
may be required. The surgeon's difficulty is in judging 
when immobilization can be discontinued so that mo-
tion may be started. An orthopedist may accept a 
cosmetically less satisfactory result to obtain a function-
ally adequate one. Complications seen with this fracture 
include malunion, median nerve compression, reflex 
sympathetic dystrophy, stiffness, shoulder-hand syn-
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drome, weakness, and tendinous adhesions, as well as 
surgical complications related to pin fixation (if used).4 

It is important to realize that a triad of injuries may 
coexist in a patient with Colles' fracture. Humeral head 
tuberosity avulsion fractures as well as surgical neck frac-
tures of the humerus may be overlooked in someone fal-
ling on an outstretched hand. A minimally displaced 
femoral neck fracture may also be present and should 
not be missed. 

Spine 
Compression fractures of the spine most commonly 

occur in the area of the lower thoracic or the upper lum-
bar spine at the thoracolumbar junction. These fractures 
are usually wedge-type fractures, are caused primarily by 
flexion movements of the spine, and are stable frac-
tures.5 The risk of associated neurologic injury is small. 
The most common vertebral bodies involved are those 
between T-10 and L-2. Typically, the patient has had a a 
minimal fall, landing directly on the back or buttocks. 
Pain is usually in the midline of the back. Patients may 
be unable to move, preferring to lie flat on the back. Ex-
amination reveals tenderness, occasionally marked, in 
the midline of the spine over the spinous process of the 
involved vertebrae. Neurologic examination shows no 
evidence of spinal cord or nerve root impingement. Bed 
rest is the mainstay of treatment. Narcotic analgesics 
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should be kept to a minimum, and careful nursing care 
to avoid bed sores is required. During the period of im-
mobilization, deep vein thrombosis, ileus, and urinary 
retention must be prevented. When possible, usually 
five to seven days following injury, patients should begin 

FIGURE 2A. A substantially comminuted intertrochanteric 
fracture with a subtrochanteric extension. FIGURE 2B. 
Internal fixation allowed for early stabilization and mobility. 
FIGURE 2C. The fixation used was insufficient for this man's 
activity level and healing potential. Fixation and stabilization 
were lost. 

physical therapy for progression to ambulation. A walk-
ing aid, such as a walker, is required. Occasionally a 
patient will require a back brace or corset. This should 
not be used for more than a few weeks. Back exercises 
should be started as soon as tolerated. Most fractures 
should heal within six weeks. Therapy is aimed at pre-
venting further fracturing and includes stretching and 
strengthening exercises for the abdominal and lumbar 
muscles. 

Pelvis 
Fractures around the hip generally involve fractures 

of the proximal femur and can result in serious disability. 
They should be differentiated from the commonly en-
countered fracture of the pelvis, which also immobilizes 
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the patient. Pelvic fractures 
in the osteoporotic patient 
usually occur in the anterior 
aspect of the pelvis, unlike 
the pelvic fractures as-
sociated with high-energy 
impact injuries, which can 
result in substantial vascular 
or neurologic injury. In the 
osteoporotic patient, how-
ever, these pelvic fractures 
are usually confined to the 
ischium or pubis and are 
often unilateral, but may in-
volve a "straddle fracture," a 
bilateral fracture of superior 
and inferior pubic rami.6 

This area does not bear 
much weight. The fractures 
are stable. No vascular or 
neurological sequelae are 
likely. Treatment is bed rest 
until symptoms subside suffi-
ciently to allow ambulation. 
Early displacement of the 
fracture can occur, and pro-
tected ambulation with par-
tial or nonweight-bearing 
methods should be empha-
sized for the first three to 
four weeks. Even in the 
severely osteoporotic pa-
tient, recovery within four to 
six weeks is to be expected. 
Only occasionally will these 
fractures fail to unite.7 
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FIGURE 3A. This patient was referred for treatment of bilateral subtrochanteric fractures. 
Transverse and broad fracture lines are characteristic Looser's zones of osteomalacia. FIGURE 
3B. Correction of mild renal abnormalities and calcium and vitamin D supplementation allowed 
heating and ambulatory status for this formerly sedentary woman. 

Proximal femur fractures 
Fractures of the proximal femur are of two types: 

either fractures of the femoral neck or fractures of the in-
tertrochanteric region of the proximal femur. It is neces-
sary to differentiate between these fractures because of 
the nature of the blood supply to the proximal femur and 
because that blood supply may be compromised by the 
fracture. Treatment will differ for these two fractures be-
cause of the differing potential for disrupting the blood 
supply with subsequent compromise of healing or loss of 
blood flow to the femoral head. 

Treatment options in fractures of the femoral neck 
vary with the degree of displacement of the fracture and 
the obliquity of the fracture line. The greater the dis-

placement, the greater the disruption of the blood 
supply. Garden's classification is the most commonly 
used classification of these fractures. Garden type I and 
type II fractures have minimal displacement. These frac-
tures can be fixed in position with screws, pins, and 
plates with a high degree of certainty that the fracture 
will heal and that AVN (segmental collapse) will not 
occur. In Garden type III and IV fractures, displacement 
is substantial, loss of blood supply is more likely, and the 
chance of nonunion or AVN is greater (Figure 1). The 
orthopedist may be faced with difficult decisions with 
these fractures. In a younger patient, all efforts should be 
made to preserve the femoral head. Thus, reduction and 
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FIGURE 4A. This patient experienced acute pain in her right hip one week before scheduled parathyroidectomy. Fracture through a 
brown tumor in the right ilium above the acetabulum was treated by bed rest. FIGURE 4B. Eight months following 
parathyroidectomy the bony skeleton had recalcified and the fracture had healed. The patient was fully ambulatory without walking 
aids. 

fixation of these fractures, supplemented by bone graft-
ing, is appropriate. However, recent analysis from a mul-
ticenter study of femoral neck fractures in younger 
patients revealed AVN in 2 9 % and nonunion in 18%, 
regardless of the method of treatment.8 For elderly 
patients, replacement of the femoral head with artificial 
devices may be more appropriate. The disadvantage of 
the increased magnitude of the surgery required is offset 
by the early mobility that is possible. Surgical complica-
tions of internally fixed fractures include inadequate re-
duction, inadequate fixation, loss of fixation or reduc-
t ion, late segmental collapse, and nonunion.9 , 1 0 

Secondary prosthetic replacement after AVN or nonun-
ion has shown excellent results with healthy patients. 

Intertrochanteric fractures occur in an area below the 
critical blood supply to the femoral head and in an area 
of bone that can heal rapidly. These fractures are usually 
treated by internal fixation, using rods, screws, or plates 
according to the preference of the surgeon. These frac-
tures can heal without surgery, but prolonged bed rest 
would be necessary and deformity of the bone would be 
likely. 

When these fractures are comminuted, stabilizing 
them with orthopedic devices can be complex. Surgical 
complications, such as delayed wound healing, loss of re-
duction, loss of fixation, infection, delayed union, and 
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malunion, indicate the difficulties facing elderly patients 
with compromised bone (Figure 2). 

Studies have clearly identified the role of calcium in 
fracture healing. The usual source of calcium for fracture 
healing is the diet. If a person's diet is chronically defi-
cient in calcium, mineralization must be achieved by 
cannibalizing the remaining skeleton, thus increasing 
the risk of fracture. It is, therefore, suggested that 
patients recovering from large bone fractures take sup-
plemental calcium to meet at least the normal calcium 
requirement for their age group. Postmenopausal women 
and similarly aged men require 1500 mg calcium per 
day.2 

Although the orthopedic surgeon's involvement in 
treating metabolic diseases of bone is mostly in manag-
ing the problems of osteoporosis, the surgeon's input 
may be needed for other problems as well. 

OSTEOMALACIA 

Osteomalacia is the inability to calcify the osteoid 
tissue that rims the bone. This condition can exist with 
normal bone volume or with substantial osteoporosis. It 
is important for the clinician to be aware of this entity. 
When fractures will not heal, osteomalacia may be pre-
sent. It may also be present in patients undergoing renal 
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FIGURE 5A. Extensive Pagetic involvement of the pelvis and 
proximal femora in this 63-year-old man with bilateral hip pain. 
FIGURE 5B. Total hip replacement was performed for severe 
degenerative disease of the right hip not relieved by conservative 
measures. 

dialysis who have repeated fracturing or persistent "bone 
pain." It may occur subtly in patients with mild chronic 
renal failure and produce gradual loss of ambulatory 
capacity, or it may be present in patients with systemic 
illness who develop AVN (Figure 3). The surgeon's role 
is to be alert to these possibilities, to encourage appro-
priate medical correction of the problem, and to assist in 
the diagnosis of the condition through iliac crest biopsy, 
if necessary. If surgery is required for mechanical com-
promise, it should be performed after the metabolic ab-
normality is corrected.11 

Hyperparathyroid bone disease 
The orthopedic surgeon's role in the treatment of hy-

perparathyroid bone disease is usually secondary. Diffi-
culties do arise if the condition is unrecognized or if the 
patient experiences mechanical compromise before the 
abnormality is corrected.12 This occurs when a patient 
presents with bone pain in a weight-bearing area, partic-
ularly near a joint. Parathyroid hormone increases cal-
cium resorption directly from bone by activating osteo-
clastic and osteocytic osteolysis as well as increasing the 
numbers of osteoclasts overall. This increase in osteo-
clasts can localize to an area in bone and replace the 
normal bone elements, producing a "brown tumor." 
Brown tumors can substantially compromise the me-
chanical strength of bone, and microfractures can occur. 
Orthopedic management focuses on diminishing forces 
across these areas. Surgery is rarely necessary and should 
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not be performed until metabolic abnormalities are fully 
corrected (Figure 4).13,14 

Paget's disease 
A third metabolic bone disease that can involve the 

orthopedist is Paget's disease, which involves substantial 
increase in bone turnover (substantially increased bone 
resorption) and the inability of bone to remodel appro-
priately.15 The change in stiffness of the bone leads to 
changes in the direction of loads across the joint surface, 
which can result in arthritis. Joint pain can be caused by 
either the Paget's disease or the arthritis, and appro-
priate therapeutic decisions can be difficult. Medical 
management of Paget's disease should precede any surgi-
cal intervention. If surgical intervention becomes neces-
sary, extensive blood loss can occur and must be planned 
for. Deformity of the bone may also require special tech-
niques or devices. Flexible intramedullary rods are pre-
ferred over plates and screws for long-bone fractures in 
patients with metabolic bone disease. Inability of bone 
to hold the fixation device leads to frequent complica-
tions of screw pull-out, plate fracture, and subsequent 
nonunion. Patients should be aware of these problems, 
even though results of surgical intervention, particularly 
at the hip and knee, can be as successful as those in 
patients without Paget's disease (Figure 5).16,17 

Other areas 

In several other areas of orthopedic surgery the in-
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FIGURE 6A. 32-year-old woman with steroid-dependent rheumatoid arthritis and a failed revision of an acetabular component. 
Original hip replacement was performed in 1974. FIGURE 6B. Six months following revision to a cementless total hip replacement 
with acetabular bone grafting. Iliac crest biopsy revealed osteomalacia. Patient's graft healed after appropriate medical therapy was 
instituted. 

fluence of metabolic bone disease is poorly understood, 
but these areas are now being studied using newer diag-
nostic techniques of bone density measurement and 
bone turnover measurement.18-20 We have been using 
the techniques of bone densitometry and iliac crest bi-
opsy to evaluate the results of AVN treatment, cement-
less total joint replacement, and revision of failed total 
hip replacements. These investigations have shown sub-
stantial subclinical bone turnover abnormalities in 
patients with AVN and have demonstrated an unex-
pectedly high incidence of osteoporosis in patients un-
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