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Abstract We describe a patient with autosomal-dominant

osteopetrosis, a subtrochanteric fracture, and an ipsilateral

femoral neck fracture treated with a hip spica cast

Although the fracture united with coxa vara and external

rotation deformities, the patient successfully returned to his

normal activities of daily living. Operative fracture treat-

ment in patients with osteopetrosis is difficult, and our

patient provides evidence that with nonoperative treatment

these patients can return to a functional level when oper-

ative treatment is not an option.

Introduction

Albers-Schoenberg first described his eponymal descrip-

tion of marked radiographic density of the bones

(‘‘hypersclerotic’’) [2] in 1904. Approximately 22 years

later Karshner referred to the entity as osteopetrosis [26].

Despite the sclerotic radiographic appearance of the

thickened cortices and its material hardness, osteopetrotic

bone is weak and prone to fracture by minor trauma [5, 13,

29]. Areas of concentrated stress such as the femoral neck

and subtrochanteric areas are especially susceptible. Most

literature regarding treatment of osteopetrotic fractures

concentrates on that of children or on the difficulty of

operative intervention in adults [3, 5–7, 12, 13, 16, 17, 21,

22, 27, 29, 31, 35, 38, 43]. We report the case of an adult

patient with autosomal-dominant osteopetrosis and a sub-

trochanteric fracture with an ipsilateral femoral neck

fracture treated nonoperatively with a hip spica cast.

Case Report

A 56-year-old man with known autosomal-dominant

osteopetrosis sustained a left subtrochanteric fracture of

the hip (Fig. 1) after experiencing pain and spontaneously

collapsing to the floor while walking. As a young adult,

he had worn a cast for a contralateral tibia fracture and

had cranial tong traction for a cervical spine fracture. At

the time of his hip fracture, he was having dental care for

fulminant mandibular osteomyelitis and psychiatric treat-

ment for severe bipolar disorder. The patient was

admitted to the hospital for tibial pin traction to await

surgery after definitive treatment of his mandibular

infection. Traction pin insertion required a power drill

because of the hardness of the bone. Good alignment of

the fracture was obtained with the traction. A preoperative

computed tomographic (CT) scan of the hip was obtained

to confirm the presence of an additional nondisplaced

femoral neck fracture (Fig. 2) and to assess the femoral

canal size.

Despite successful dental treatment, the patient refused

surgery for his fracture, including external fixation. After

6 weeks in traction, he agreed to application of a one-and-

a-half spica cast. Although radiographs showed minimal

callus formation, there was no motion at the fracture site.

The patient was discharged to home. With the assistance of

home physical therapy, he learned to walk with a walker

bearing partial weight on the affected extremity.
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Five months after the fracture, plain radiographs showed

moderate callus formation with some translation at the

fracture site. A CT scan showed some bridging of the

subtrochanteric and femoral neck fractures (Fig. 3). The

cast was changed to a long leg cast brace with a waist

extension, and the patient was able to bear full weight.

Approximately 7 months from the injury, the cast was

discontinued. Two and a half years after injury, the sub-

trochanteric fracture was united and in slight varus and

external rotation (Fig. 4). The patient has a mild limp but

no pain and is able to walk with only occasional use of a

cane for long distances. Evaluation with the Short Form-36

produced the following subscale scores: Physical function

65, Role-physical 75, Bodily pain 78, General health 75,

Vitality 85, Social 88, Role-emotional 100, and Mental

health 86. The reported health transition score was 100.

Discussion

Osteopetrosis is a disease of osteoclasts that results in

failure of bone remodeling [40]. Histologically, mature

osteopetrotic fracture callus contains no Haversian

Fig. 1 An anteroposterior view of the pelvis obtained at the time of

injury shows a displaced subtrochanteric fracture and osteosclerotic

appearance of the osteopetrotic bone.

Fig. 2 A CT scan of the left hip and femoral neck shows a

nondisplaced fracture of the femoral neck.

Fig. 3 A CT scan obtained 5 months after spica cast placement

shows the healed left femoral neck fracture.

Fig. 4 An anteroposterior view of the pelvis obtained two and one-

half years after the initial injury shows a healed left subtrochanteric

fracture with coxa vara and external rotation deformities.
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organization and has a paucity of osteoclasts [17].

Although the mechanical strength of osteopetrotic bone is

decreased, at least one study in rats suggests there is no

difference in the elastic modulus or hardness as compared

with normal bone [24].

Osteopetrosis has been characterized clinically into three

groups: infantile-malignant autosomal-recessive, interme-

diate autosomal-recessive, and autosomal-dominant [32].

The first form is usually fatal in childhood, and patients with

the second form have a moderately decreased life expec-

tancy, whereas those with the autosomal-dominant form

generally have a normal lifespan [11]. The autosomal-

dominant form is identified radiographically by universal

osteosclerosis and has been divided into two subtypes based

on the location of this osteosclerosis [10, 11]. Osteosclerosis

of the cranial vault is evident with the first type, whereas

end-plate thickening of the vertebrae (Rugger-jersey spine)

and endobones (bone within bone) in the pelvis are evident

with the second type. The second type is associated with

increased fracture frequency in the autosomal-dominant

population [10, 11]. The diagnosis of osteopetrosis in this

group most commonly occurs when patients are being

evaluated for a hip fracture [9]. The Type II autosomal-

dominant form is that which Albers-Schoenberg first

described and is so named after him.

Although the exact etiology is not known, studies sug-

gest osteopetrosis is linked to three different genetic

mutations affecting the osteoclast’s ability to acidify bone

during remodeling: one involving a subunit of the osteo-

clast vacuolar proton pump, a second involving the

chloride channel associated with the proton pump, and a

third involving carbonic anhydrase II [14, 18, 19, 28, 33,

34]. The chloride channel mutation appears associated with

the autosomal-dominant form [14, 19, 34]. The mutation

responsible for autosomal-dominant form Type II has been

localized to two possible chromosomal locations, 1p21 and

16p13.3 [8, 41]. Others have suggested the genetic defect

in osteopetrosis leads to failure to produce colony-stimu-

lating factor 1, which regulates osteoclast development and

differentiation [1].

Fractures occur frequently in patients with osteopetrosis,

particularly in patients with the autosomal-dominant form

[10]. The treatment of these fractures has been described in

the literature mostly in the form of case reports and small

case series (Tables 1, 2). This body of evidence repeatedly

reports the difficulties associated with operative treatment,

including the extreme hardness of the bone, which impedes

drilling and cutting, hardware failure, periprosthetic frac-

tures, coxa vara deformity, delayed union, pseudarthrosis,

refracture, and periprosthetic infection [3, 5, 6, 12, 13, 17,

21, 27, 29, 35, 38, 43]. When comparing all forms of

operative treatment in studies that report time to union,

the average time to union is approximately 26 weeks.

Conversely, of the five studies that describe nonoperative

treatment of 35 osteopetrotic femur fractures, pseudar-

throsis developed in one patient, another patient underwent

placement of several pins to treat a nonunion, and three

patients had coxa vara develop; the remaining 30 patients

achieved union with no reported delays or complications

[3, 5, 16, 21, 22].

One of the earliest reports of nonoperative osteopetrotic

fracture treatment was by Alexander in 1923 [3]. He

described treatment using a plaster cast for a peritrochan-

teric fracture in a 43-year-old woman; pseudarthrosis

developed in this patient. Hasenhuttl reported treating a 27-

year-old man with a peritrochanteric fracture with Russell

traction in which the fracture united at 10 weeks [22]. Dahl

et al. treated two patients, between 18 and 22 years of age,

with peritrochanteric fractures with plaster cast immobili-

zation in which the fractures united [16]. Armstrong et al.

described nonoperative treatment of four peritrochanteric

fractures in patients between the ages of 8 and 30 years [5].

Two patients were treated nonoperatively, without specific

description of the method, and their fractures united.

Another patient, described as a teenager, was treated with a

hip spica cast, and the fracture healed without complica-

tion. The final patient, a 14-year-old girl, was treated with

traction for 10 weeks and the fracture united by 16 weeks

[5]. Gupta and Gupta treated a peritrochanteric fracture in a

31-year-old man with traction, and the fracture united by

16 weeks [21].

Surgery for osteopetrotic peritrochanteric fractures,

however, is associated with considerable difficulty and

complications [3, 5–7, 12, 13, 16, 17, 21, 22, 27, 29, 31, 35,

38, 43]. Kleinberg described the treatment of a peritro-

chanteric fracture with a plate, screw, and cortical strut

allograft [27]. The plate broke and the fracture site became

angulated but the fracture united [27]. Yang et al.

attempted to treat a peritrochanteric fracture in a 21-year-

old woman with a Jewett nail, but placement failed [43].

The fracture then was fixed with three screws and a hip

spica, which she wore for 4 months. Her course was

complicated by hip contractures, which were released.

Initial callus formation appeared at 6 months and the

fracture united by 12 months [43]. Milgram and Jasty [29].

described treating a peritrochanteric fracture in a 52-year-

old woman with a Holt nail plate. The nail and screws were

difficult to place, but the fracture united after 2 years [29].

Ashby described surgical treatment of three patients with

peritrochanteric fractures [6]. The first, a 49-year-old

woman, was treated with a Zickel nail. This procedure was

described as difficult taking 6 hours to complete, with

extremely hard bone that was difficult to drill; also, there

was no identifiable medullary canal. The distal segment

was fragmented on nail insertion, and cerclage wires were

placed. The patient achieved mobility but was lost to
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followup for 3 years. A radiograph at that time showed

displacement and comminution of the fracture about the

nail; it was removed and a THA was performed. Three

years later, an incomplete periprosthetic fracture was dis-

covered at the tip of the femoral stem, which was treated

with partial weightbearing for 2 months; this healed by

10 months. The second patient, a 61-year-old woman,

fractured her left hip and was treated with a nail-plate

device. Union was achieved. Eight years later, she frac-

tured her right hip, which also was treated with a nail-plate

device. A deep infection developed requiring removal of

the hardware. She then underwent a THA 8 months later

but rehabilitation failed and she did not regain walking

ability [6]. de Palma et al. treated a peritrochanteric frac-

ture, in a 27-year-old man, with a Jewett plate [17]. The

patient was bearing full weight by 2 months and the frac-

ture united. At 1 year, the plate was removed and 2 months

later, the femur fractured at the level of the distal hole. This

was treated with a dynamic compression screw and the

fracture healed [17]. Armstrong et al. treated five peritro-

chanteric fractures operatively, and all were treated with

either a screw-plate or a nail-plate [5]. Placement of fixa-

tion devices was described as difficult, and in one patient,

the reamer for the screw-plate was destroyed and was

converted to a nail-plate. Nonunion occurred in one of

these five patients [5]. Gupta and Gupta treated a peritro-

chanteric fracture in a 31-year-old man with a blade plate

that united by 16 weeks [21]. Chhabra et al. described

operative treatment of six peritrochanteric fractures in

adults between 22 and 45 years of age [13]. Treatments

included two with dynamic hip screws, three with Künt-

scher nails, and an intramedullary nail. Both dynamic hip

screws failed, one became infected and was associated with

a nonunion, and the other pulled out and was associated

with a nonunion. Two of the fractures treated with Künt-

scher nails united, but in the third patient, the nail migrated,

after which exchange nailing was performed and the frac-

ture healed. The fracture treated with the intramedullary

nail united [13].

There are fewer reports describing treatment of femoral

neck fractures in adults. Armstrong et al. treated seven

patients nonoperatively with nonweightbearing and all had

coxa vara develop that subsequently was treated with a

valgus osteotomy. In three patients, the fractures were

treated with either pins or a compression screw and all

united. One patient was treated nonoperatively with non-

weightbearing but a nonunion developed that was treated

with pins at 6 months, after which the fracture united [5].

Rolauffs et al. reported a 39 year-old man with a femoral

neck fracture treated with multiple parallel screws [31].

Three of the four screws broke, the fracture settled into

varus, and osteomyelitis of the femur subsequently devel-

oped. A resection arthroplasty was performed, and at the 6-

year followup, the patient was full weightbearing and pain-

free with a limp [31].

Operative treatment of osteopetrotic fractures typically

is reported as difficult and associated with many compli-

cations [3, 5–7, 12, 13, 16, 17, 21, 22, 27, 29, 31, 35, 38,

43]. Twenty-five cases of open operative treatment of

osteopetrotic fractures have been reported (four femoral

neck fractures and 21 peritrochanteric fractures). In this

cohort there is a 12% nonunion rate and a 12% infection

rate. All infected fractures achieved union. In the peritro-

chanteric group, the rate of hardware failure is 29%, the

rate of reoperation is 29%, and the incidence of peripros-

thetic fracture is 14% (Table 1). There is evidence that in

this population the outcomes for operative treatment of

femoral neck fractures [5, 31] have been moderately better

than for peritrochanteric fractures [5, 6, 13, 17, 27, 35, 43].

Only one report describes use of an external fixator for an

osteopetrotic fracture, but the good result suggests this may

be a reasonable option [7]. Although fewer cases have been

published, nonoperative treatment of these fractures is

associated with fewer complications by direct comparison

[3, 5, 16, 21, 22]. The most common complication of

nonoperative treatment is coxa vara deformity (31% of

cases), the majority of which are with femoral neck frac-

tures. There is only one report of a nonunion in

peritrochanteric fractures treated nonoperatively (Table 2).

Coxa vara malalignment was not a clinically important

complication in our patient, as he returned to a high level of

functioning. The physical function subscale score (SF-36)

is a reliable, valid, and responsive functional measure for

patients with a hip fracture but would not likely distinguish

between varus and nonunion although the two would likely

have differing implications for subsequent treatment [23].

Our patient’s physical function score was 65 at 2.5 years.

The average physical function score for men aged 55–

64 years is 80, which shows a steady decline with aging

[39]. Although our patients’ score is slightly below the

average for his age group, it is substantially higher than the

average physical function score of 24 for patients younger

than 60 years with end-stage hip arthrosis [20].

Some published basic science research suggests 1,25

dihydroxyvitamin D (calcitriol) and parathyroid hormone

can increase the number and function of osteoclasts in

osteopetrotic mice [30]. There also is clinical evidence

high-dose calcitriol may decrease the symptoms of osteo-

petrosis [32]. In addition, clinical data exist supporting use

of recombinant parathyroid hormone to enhance fracture

healing in general [4]. However in our patient, treatment of

these fractures was not augmented by medical management.

Although our patient may have been treated operatively

had he not refused surgery, the good functional outcome

suggests nonoperative treatment should be considered as an

option. The reported incidence of perioperative infection is
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12% and led to nonunion in all cases [5–7, 13, 17, 27, 31,

35, 43]. Patients with a known history of osteomyelitis, a

common ailment in patients with osteopetrosis, would

likely be at higher risk for infection [25, 42]. In addition, the

operative complications of periprosthetic fracture and

hardware failure carry substantial indirect potential mor-

bidity including additional soft tissue injury and

reoperation. Open reduction and internal fixation of a per-

itrochanteric fracture puts the nondisplaced femoral neck

fracture at risk for displacement and vascular compromise,

unless it also is stabilized internally [36, 37]. Placing screws

across the femoral neck introduces an additional potential

site for a perioperative complication [5]. Clinkscales and

Peterson suggested the overall monetary cost of treating

patients with casting was less than the cost for external

fixation or intramedullary nailing of femoral fractures, after

an average followup of 4 years [15].

In complicated osteopetrotic ipsilateral femoral neck

and proximal femur fractures in which internal fixation

would be difficult or not an option, closed treatment ini-

tially with traction and then with a hip spica cast may lead

to a good functional outcome without the risks of infection,

hardware failure, periprosthetic fracture, and the potential

for additional fracture displacement.

References

1. Abboud SL, Woodruff KA, Choudhury GG. Retroviral-mediated

gene transfer of CSF-1 into op/op stromal cells to correct defective

in vitro osteoclastogenesis. J Cell Physiol. 1998;176:323–331.

2. Albers-Schonberg H. Roentgenbilder einer seltenen Knochen-

nerkrankung. Munch Med Wochenschr. 1904;51:365.

3. Alexander W. Report of a case of so-called ‘‘marble bones’’ with

a review of the literature and translation of an article. AM J
Roentgenol. 1923;10:280–301.

4. Alkhiary YM, Gerstenfeld LC, Krall E, Westmore M, Sato M,

Mitlak BH, Einhorn TA. Enhancement of experimental fracture-

healing by systemic administration of recombinant human para-

thyroid hormone (PTH 1–34). J Bone Joint Surg Am. 2005;

87:731–741.

5. Armstrong DG, Newfield JT, Gillespie R. Orthopedic manage-

ment of osteopetrosis: results of a survey and review of the

literature. J Pediatr Orthop. 1999;19:122–132.

6. Ashby ME. Total hip arthroplasty in osteopetrosis: a report of

two cases. Clin Orthop Relat Res. 1992;276:214–221.

7. Belz J, Gattermann M, Witte P. [Possibility for surgical man-

agement of femur shaft fracture in osteopetrosis (marble bone

disease, Albers-Schonberg disease)][in German]. Chirurg.

1988;59:297–299.

8. Benichou O, Cleiren E, Gram J, Bollerslev J, de Vernejoul MC,

Van Hul W. Mapping of autosomal dominant osteopetrosis type

II (Albers-Schonberg disease) to chromosome 16p13.3. Am J
Hum Genet. 2001;69:647–654.

9. Benichou OD, Laredo JD, de Vernejoul MC. Type II autosomal

dominant osteopetrosis (Albers-Schonberg disease): clinical and

radiological manifestations in 42 patients. Bone. 2000;26:87–93.

10. Bollerslev J, Andersen PE Jr. Fracture patterns in two types of

autosomal-dominant osteopetrosis. Acta Orthop Scand.

1989;60:110–112.T
a

b
le

2
.

P
u

b
li

sh
ed

st
u

d
ie

s
o

f
n

o
n

o
p

er
at

iv
e

o
st

eo
p

et
ro

ti
c

fe
m

o
ra

l
fr

ac
tu

re
s

in
ad

u
lt

s

S
tu

d
y

A
g

e
(y

ea
rs

)
G

en
d

er
F

ra
ct

u
re

lo
ca

ti
o

n
T

re
at

m
en

t
C

o
m

p
li

ca
ti

o
n

s
S

ta
tu

s
at

la
st

fo
ll

o
w

u
p

A
le

x
an

d
er

[3
]

4
3

F
R

,
P

N
o

n
o

p
er

at
iv

e:
p

la
st

er
ca

st
P

se
u

d
ar

th
ro

si
s

N
o

n
am

b
u

la
to

ry

H
as

en
h

u
tt

l
[2

2
]

2
7

M
P

R
u

ss
el

l
tr

ac
ti

o
n

U
n

io
n

at
1

0
w

ee
k

s,
am

b
u

la
to

ry

D
ah

l
et

al
.

[1
6
]*

1
8

-
2

2
(N

=
2

)
F

P
P

la
st

er
sp

li
n

t/
ca

st
U

n
io

n
,

am
b

u
la

to
ry

A
rm

st
ro

n
g

et
al

.
[5

]
6

–
1

6
(N

=
3

)
F

N
N

o
n

w
ei

g
h

tb
ea

ri
n

g
C

o
x

a
v

ar
a

d
ef

o
rm

it
y

tr
ea

te
d

w
it

h
a

v
al

g
u

s
o

st
eo

to
m

y

U
n

io
n

,
am

b
u

la
to

ry

8
–

3
0

(N
=

2
)

P
N

o
n

o
p

er
at

iv
e

U
n

io
n

,
am

b
u

la
to

ry

T
ee

n
ag

er
M

P
H

ip
sp

ic
a

U
n

io
n

,
am

b
u

la
to

ry

1
4

F
P

T
ra

ct
io

n
1

0
w

ee
k

s
U

n
io

n
at

1
6

w
ee

k
s,

am
b

u
la

to
ry

G
u

p
ta

an
d

G
u

p
ta

[2
1

]
3

1
M

P
T

ra
ct

io
n

U
n

io
n

at
1

2
to

1
6

w
ee

k
s,

am
b

u
la

to
ry

C
u

rr
en

t
st

u
d

y
5

6
M

L
,

P
an

d
F

N
H

ip
sp

ic
a

ca
st

C
o

x
a

v
ar

a
d

ef
o

rm
it

y
U

n
io

n
at

7
m

o
n

th
s,

am
b

u
la

to
ry

*
P

at
ie

n
ts

w
it

h
m

al
ig

n
an

t
au

to
so

m
al

-r
ec

es
si

v
e

o
st

eo
p

et
ro

si
s;

F
=

fe
m

al
e;

M
=

m
al

e;
R

=
ri

g
h

t;
P

=
p

er
it

ro
ch

an
te

ri
c;

L
=

le
ft

;
F

N
=

fe
m

o
ra

l
n

ec
k

.

Volume 466, Number 8, August 2008 Subtrochanteric and Ipsilateral Femoral Neck Fractures in Osteopetrosis 2007

123



11. Bollerslev J, Mosekilde L. Autosomal dominant osteopetrosis.

Clin Orthop Relat Res. 1993;294:45–51.

12. Breck LW, Cornell RC, Emmett JE. Intramedullary fixation of

fractures of the femur in a case of osteopetrosis. J Bone Joint
Surg Am. 1957;39:1389–1394.

13. Chhabra A, Westerlund LE, Kline AJ, McLaughlin R. Manage-

ment of proximal femoral shaft fractures in osteopetrosis: a case

series using internal fixation. Orthopedics. 2005;28:587–592.

14. Cleiren E, Benichou O, Van Hul E, Gram J, Bollerslev J, Singer FR,

Beaverson K, Aledo A, Whyte MP, Yoneyama T, deVernejoul MC,

Van Hul W. Albers-Schonberg disease (autosomal dominant

osteopetrosis, type II) results from mutations in the ClCN7 chloride

channel gene. Hum Mol Genet. 2001;10:2861–2867.

15. Clinkscales CM, Peterson HA. Isolated closed diaphyseal frac-

tures of the femur in children: comparison of effectiveness and

cost of several treatment methods. Orthopedics. 1997;20:1131–

1136.

16. Dahl N, Holmgren G, Holmberg S, Ersmark H. Fracture patterns

in malignant osteopetrosis (Albers-Schonberg disease). Arch
Orthop Trauma Sur. 1992;111:121–123.

17. de Palma L, Tulli A, Maccauro G, Sabetta SP, del Torto M.

Fracture callus in osteopetrosis. Clin Orthop Relat Res.

1994;308:85–89.

18. Frattini A, Orchard PJ, Sobacchi C, Giliani S, Abinun M,

Mattsson JP, Keeling DJ, Andersson AK, Wallbrandt P, Zecca L,

Notarangelo LD, Vezzoni P, Villa A. Defects in TCIRG1 subunit

of the vacuolar proton pump are responsible for a subset of

human autosomal recessive osteopetrosis. Nat Genet. 2000;

25:343–346.

19. Frattini A, Orchard PJ, Sobacchi C, Giliani S, Abinun M,

Mattsson JP, Keeling DJ, Andersson AK, Wallbrandt P, Zecca L,

Notarangelo LD, Vezzoni P, Villa A. Chloride channel ClCN7

mutations are responsible for severe recessive, dominant, and

intermediate osteopetrosis. J Bone Miner Res. 2003;18:1740–

1747.

20. Glazebrook M, Daniels T, Younger A, Foote CJ, Penner M, Wing

K, Lau J, Leighton R, Dunbar M. Comparison of health-related

quality of life between patients with end-stage ankle and hip

arthrosis. J Bone Joint Surg Am. 2008;90:499–505.

21. Gupta R, Gupta N. Femoral fractures in osteopetrosis: case

reports. J Trauma. 2001;51:997–999.

22. Hasenhuttl K. Osteopetrosis: review of the literature and com-

parative studies on a case with a twenty-four-year follow-up.

J Bone Joint Surg Am. 1962;44:359–370.

23. Jaglal S, Lakhani Z, Schatzker J. Reliability, validity, and

responsiveness of the lower extremity measure for patients with a

hip fracture. J Bone Joint Surg Am. 2000;82:955–962.

24. Jamsa T, Rho JY, Fan Z, MacKay CA, Marks SC Jr, Tuukkanen

J. Mechanical properties in long bones of rat osteopetrotic

mutations. J Biomech. 2002;35:161–165.

25. Junquera L, Rodriguez-Recio C, Villarreal P, Garcia-Consuegra

L. Autosomal dominant osteopetrosis and maxillomandibular

osteomyelitis. Am J Otolaryngol. 2005;26:275–278.

26. Karshner R. Osteopetrosis. Am J Roentgenol. 1926;16:405–419.

27. Kleinberg S. Osteopetrosis. Am J Surg. 1954;87:50–62.

28. Kornak U, Kasper D, Bosl MR, Kaiser E, Schweizer M, Schulz

A, Friedrich W, Delling G, Jentsch TJ. Loss of the ClC-7 chloride

channel leads to osteopetrosis in mice and man. Cell.
2001;104:205–215.

29. Milgram JW, Jasty M. Osteopetrosis: a morphological study of

twenty-one cases. J Bone Joint Surg Am. 1982;64:912–929.

30. Peura SR, Marks SC Jr. Colony-stimulating factor 1 when com-

bined with parathyroid hormone or 1,25-dihydroxyvitamin D can

produce osteoclasts in cultured neonatal metatarsals from tooth-

less (tl-osteopetrotic) rats. Bone. 1995;16(4 suppl):335S–340S.

31. Rolauffs B, Bernhardt TM, von Eiff C, Hart ML, Bettin D.

Osteopetrosis, femoral fracture, and chronic osteomyelitis caused

by Staphylococcus aureus small colony variants (SCV) treated by

Girdlestone resection: 6-year follow-up. Arch Orthop Trauma
Surg. 2002;122:547–550.

32. Shapiro F. Osteopetrosis: current clinical considerations. Clin
Orthop Relat Res. 1993;294:34–44.

33. Sly WS, Hewett-Emmett D, Whyte MP, Yu YS, Tashian RE.

Carbonic anhydrase II deficiency identified as the primary defect

in the autosomal recessive syndrome of osteopetrosis with renal

tubular acidosis and cerebral calcification. Proc Natl Acad Sci U
S A. 1983;80:2752–2756.

34. Sobacchi C, Frattini A, Orchard P, Porras O, Tezcan I, Andolina

M, Babul-Hirji R, Baric I, Canham N, Chitayat D, Dupuis-Girod

S, Ellis I, Etzioni A, Fasth A, Fisher A, Gerritsen B, Gulino V,

Horwitz E, Klamroth V, Lanino E, Mirolo M, Musio A, Matthijs

G, Nonomaya S, Notarangelo LD, Ochs HD, Superti Furga A,

Valiaho J, van Hove JL, Vihinen M, Vujic D, Vezzoni P, Villa A.

The mutational spectrum of human malignant autosomal reces-

sive osteopetrosis. Hum Mol Genet. 2001;10:1767–1773.

35. Su YJ, Chiang WK, Chang KS. Chalk bones and pathological

fractures: case report and review of the literature. J Emerg Med.

2003;25:93–96.

36. Swiontkowski MF. Ipsilateral femoral shaft and hip fractures.

Orthop Clin North Am. 1987;18:73–84.

37. Swiontkowski MF, Hansen ST Jr, Kellam J. Ipsilateral fractures

of the femoral neck and shaft: a treatment protocol. J Bone Joint
Surg Am. 1984;66:260–268.

38. Szappanos L, Szepesi K, Thomazy V. Spondylolysis in osteo-

petrosis. J Bone Joint Surg B. 1988;70:428–430.

39. Testa MA, Simonson DC. Assesment of quality-of-life outcomes.

N Engl J Med. 1996;334:835–840.

40. Tolar J, Teitelbaum SL, Orchard PJ. Osteopetrosis. N Engl J Med.

2004;351:2839–2849.

41. Van Hul W, Bollerslev J, Gram J, Van Hul E, Wuyts W,

Benichou O, Vanhoenacker F, Willems PJ. Localization of a gene

for autosomal dominant osteopetrosis (Albers-Schonberg disease)

to chromosome 1p21. Am J Hum Genet. 1997;61:363–369.

42. Waguespack SG, Hui SL, Dimeglio LA, Econs MJ. Autosomal

dominant osteopetrosis: clinical severity and natural history of 94

subjects with a chloride channel 7 gene mutation. J Clin Endo-
crinol Metab. 2007;92:771–778.

43. Yang BJ, Chen CF, Lien IN. Rehabilitation of left femur sub-

trochanteric fracture in osteopetrosis: a case report. Taiwan Yi
Xue Hui Za Zhi. 1980;79:1180–1187.

2008 Birmingham and Mchale Clinical Orthopaedics and Related Research

123


	Case Reports: Treatment of Subtrochanteric and Ipsilateral Femoral Neck Fractures in an Adult �with Osteopetrosis
	Abstract
	Introduction
	Case Report
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


