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= Abstract =

Thirty-six femoral heads with non-traumatic osteonecrosis(ON) at precollapse stage in 32
patients were studied with repeated magnetic resonance(MR) imagings at three-month intervals
to reveal the occurrence of marrow edema of the proximal femur in early stage ON. Eighteen
hips were randomly selected for the core decompression and the remaining 18 hips were treated
conservatively. The criteria of marrow edema in this study were signal abnormalities of low sig-
nal intensity in T1-weighted image, and isointensity or hyperintensity in T2-weighted image
which involved the femoral head beyond the necrotic zone, extending to the neck and
trochanteric area.

Eight femoral heads demonstrated marrow edema at the initial MR imaging and seven out of
eight were associated with pain for one to six weeks before the first MR study. Core decompres-
sion was performed on four out of those seven symptomatic femoral heads with marrow edema
after the first MR imaging. The symptom was relieved promptly in three out of four core
decompressed hips. The remaining one core decompressed case showed reccurrent marow
edema on follow-up MR imagings. Out of 28 hips free of marrow edema at the initial MR study,
14 hips underwent core decompression after the first evaluation and the remaining 14 hips were
treated conservatively. One out of 14 core-decompressed hips and three out of 14 nonoperated
hips showed marrow edema in follow-up MR studies. Two cases experienced hip pain while
two cases remained symptomless at the presence of marrow edema. Four femoral heads under-
went core biopsy and three cases received total hip arthroplasty at the presence of marrow
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edema. In those four hips which underwent core decompression during the presence of marrow

edema, intraosseous pressure(IOP) ranged from 36 to 60 (mean; 49) mmHg. In the remaining

14 core decompressed hips, the IOP ranged from 16 to 52 (mean; 37) mmHg. The histology of
those four core biopsies and three resected femoral heads showed a collection of eosinophilic

plasma-like fluid in the marrow space around the necrotic zone, a finding compatible with mar-

row edema.

This study suggests that marrow edema of the proximal femur may occur during the progres-

sion of the ON of the femoral head and is frequently associated with increased intraosseous

pressure and pain. Core decompression can relieve marrow edema and associated pain prompt-

ly. But the effect is temporary, and core decompression does not prevent marrow edema perma-

nently.
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INTRODUCTION

Marrow edema of the proximal femur has been
known to be related to two different diseases of
the hip, transient osteoporosis of the hip which
regresses spontaneously after several months and
non-traumatic osteonecrosis(ON) of the femoral
head which progresses to a state of collapse of the
femoral head and subsequent degenerative arthritis
of the hip"**", Magnetic resonanace (MR)stud-
ies of transient osteoporosis of the hip revealed the
involvement of marrow edema in that disease.
Some authors consider marrow edema to be an
early and possibly reversible phase of ON*'%,

So far the etiology of marrow edema and its
possible role in the pathogenesis of ON have been
poorly understood. :

The purpose of this study was to reveal the
occurrence of marrow edema during the progres-
sion of early stage ON and its clinical implications
as well as to evaluate the role of core decompres-
sion in the relief and prevention of marrow edema.

METHODS

Patients who were suspected of having ON of
the femoral heads were studied with clinical evalu-

ation, plain roentgenography and MR imaging. A
diagnosis of ON was made if the femoral head
showed definite findings on plain radioraphs
and/or MR images® with or without histologic evi-
dence of ON. The hips were staged using the clas-
sification by Steinberg®. The cases of early-stage
ON were randomized to a treatment protocol of
either core decompression or conservative treat-
ment. Intraosseous pressure(IOP) was also mea-
sured in the core decompressed femoral heads. All
cases wézfé”fs;;llowed up by the clinical and
roentgenographic evaluations and repeated MR
imagings at three-month intervals. The occurrence
of marrow edema was estimated from the serial
MR images. The clinical feature, alteration of IOP
and histolgic findings during the attack of marrow
edema were analyzed. The role of core decom-
pression in the relief and prevention of marrow
edema was evaluated. The study was stopped
when the plain radiographs demonstrated the col-
lapse of the femoral head.

Clinical evaluation was done using the Harris
Hip Score. Plain radiographs included standard
anteroposterior and frog-leg lateral views. MR
imagings were performed using either of two 1.0
Tesal superconducting units. T1-weighted spin-
echo images(echo time [TE], 15-20 msed; repeti-
tion time[TR], 150-200 msec) and T2-weighted
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images(echo time [TE], 80-90 msec; repetition
time [TR], 2000-2500 msec) were obtained on
coronal, sagital and axial planes. The section
thickness was 5-10 mm with no gap. Images were
reconstructed using a 128x256 or 256x256 matrix.
The excitation number ranged from one to four.
The findings form MR images, to be considered
positive for marrow edema, were signal abnormal-
ities of low signal intensity in T1-weighted
images, and isointensity or hyperintensity on T2-
weighted images which involved the femoral head
and neck beyond the necrotic zone, extending to
the trochanteric area. IOP was measured from the
trochanteric area on hips which underwent core
decompression, using the method described by
Ficat® and Hungerford®. Core biopsy was per-
formed with a 9.5 mm trephine, under the guid-
ance of fluoroscopy. A cortical window was made
just below the trochanteric ridge and the coring
advanced into the anterosuperior portion of the
femoral head until the tip reached within Smm of
the subchondral plate. The proximal portion of the
decompression tract was filled with intact coancel-
lous bone from the trochanteric area. Biopsy spec-
imens were fixed in 10% neutral buffered formalin
and wer decalcified in a solution of formic acid
and sodium citrate. Four micrometer thick sections
were cut and stained with hemtoxylin and eosin.
Postoperative managenent consisted of protected
weight-bearing for six weeks, followed by a grad-
ual increase in weight-bearing for another six
weeks. Conservative treatment consisted of non-
weight bearing and intermittent use of analgesics
until the pain subsided. Total hip arthroplasty
(THA)was performed in cases of collapsed
femoral heads with intractable pain in spite of con-
servative management.

RESULTS

A total of 36 femoral heads with precollapse ON
in 32 consecutive patients(30 male and two

female, aged 18-68 years) was followed in this
prospective study protocol. The associated condi-
tions of factors in ON included alcohol abuse in
27 patients and a history of high-dose steroids in
three patients(two nephrotic syndromes and one
hypophysiectomy state due to craniopharyn-
gioma). In the remaining two patients no risk facor
could be identified. All 36 hips were followed up
either for a period of 24 to 42 months(mean, 31
months) or until plain radiographs demonstrated
the collapse of the femoral head(range, 3-36
months; mean, 9.8 months). Fourtéen hips were
symptomatic at the time of the first presentation.
Eighteen hips(ten symptomatic and eight asymp-
tomatic hips) were randomly selected for the core
decompression with IOP measurement and the
remaining 18 hips were treated conservatively. At
the minimum follow-up of 24 months, failure by
radiographic evidence of collapse of the femoral
head was: 14/18(78%) in the core-decompressed
group and 15/18(83%) in the conservatively treat-
ed group. Thirteen hips(72%) in the cored group
and 13 hips(72%)in the nonoperated group failed
as defined by conversion to THA. Twelve
hips(12/36, 33%) in 11 patients with precollapse
ON showed a characteristic pattern of marrow
edema at the initial MR imaging(eight hips) or fol-
low-up studies(four hips). Ten(83%)of the 12 hips
which showed marrosw edema were associated
with an occurrence or aggravation of pain. Eight
femoral heads demonstrated diffuse marrow
edema at the initial MR imaging and seven out of
eight were associated with pain for one to six
weeks before the first MR study. Core decompres-
sion was performed on four out of those seven
symptomatic femoral heads with marrow edema at
first study. The symptom was relieved in three out
of four core decompressed hips. Pain persisted in
one core decompressed hip and in two nonoperat-
ed hip. The second NR study demonstrated a com-
plete disappearance of marrow edema in six
hips(Fig. 1). But two cases(one core decompressed
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Fig. 1A-1E. Case 1. A 55-year-old male with a history of alcohol abuse. He
suffered right hip pain for six weeks. Plain roentgenograms revealed
Steinberg stage III ON on right hip and stage II ON on left hip. (A) MR
imaging revealed Mitchell class A lession on both femoral heads. Diffuse
signal abnormalities compatible with marrow edema were observed on right
hip. (A)T1-weighted spine-echo image. (B)T2-weighted spine-echo image.
(C)The second MR imaging revealed disappearence of marrow edema. Nine
months later from the initial study the patient experienced a newly devel-
oped pain on left hipl (D) The fourth MR imaging showed diffuse marrow
edema on left hip. The patient was treated with THA on both hips. (E)
Histology of left femoral head confirmed ON and marrow space was filled
with eosinophilic fibrinoid material which was a finding compatible with
marrow edema(Stain, hematoxylin and eosin ; oritinal magnification, x1).

and one nonoperated) out ot three in which pain
had not been relieved revealed persistant edema in
the second MR study. The initial MR study
showed that 28 femoral heads of precollapse ON
were free of marrow edema.

Core decompression was performed on 14 out of

those 28hips after the initial study and the remain-
ing 14 hips were treated conservatively. One out of
14 core-decompressed hips and three out of 14
nonoperated hips showed marrow edema in fol-
low-up MR studies at five to 12 months from the
first study(Fig. 2). Those four cases had minimal
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Fig. 2A-2D. Case 2. A 27-year-old male
who had been treated with high dose of
prednisolon due to nephrotic syndrom. He
was referred due to left hip pain. Right hip
was asymptomatic. Plain radiographs
revealed Steinberg stage IV ON on left hip.
(A) MR imaging showed Mitchell class A
On on right hip and class D lesion with
joint effusion on left side. THA was per-
formed on left hip and right hip underwent
core biopsy. Histologic findings were com-
patible with ON on both specimens.
(B)Second MR imaging at three months
after core decompression. Six months after
the operation, he experienced sudden pain
on right hip. There was no detectable
change on plain radiogram since previous
study. (C) Third MR imaging which was
performed three days after the onset of pain
revealed diffuse signal intensity compatible
with marrow edema. He was treated with
limited weight-bearing and anti-inflamma-
tory medication, but the pain was not
improved. Redrilling of right femoral head
was performed eight weeks after the onset
of pain. The pain was relieved promptly

- after redrilling. But the pain reccurred
again four weeks after redrilling. At nine months from the initial study right femoral head collapsed and THA was
performed. (D) Marrow space was filled with eosiniphilic fibrinoid material on histologic evaluation(Stain, hema-
toxylin and eosinoriginal magnification, X1).
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Table 1. The Profile of 11 Patients of Early-Stage ON of the Femoral Head with Marrow Edema on MR Imagings

Case No. 1 2 3 4
Age/Sex M55 M27 M49 M38
Affected side R L R L R
Risk Factor Al St Al Id

Initial
Steinberg stage III 1I I II II
Bone scan + - - + +
IOP(mmHg_ - - 45 28 58
Hip pain & + - - + +

duration 6Wk 2Wk  1Wk
Treatment NO NO CD CD CD
Pain relief + UC UC + +
after
treatment

Marrow edema

Time of edlema OMo 6Mo 6 & 3Mo OMo
9Mo
Pain with edlema + + + + +

Progression of + + + + -
collapse & time 3Mo 6Mo 9Mo 3Mo

Duration of FU 24Mo

Final
Steinberg stage v 1Iv IV v II
Treatment THA THA THA THA -

Biopsy specimen - FH FH FH CB

during edema

3wk

v

6 7 8 9 10 11
M68 M56 M39 Mé68 M42 M49 M39
L R R L L L
Al Al Al Al Al Al
I I I II II I
- + + + + +
- 60 - 42 - -
- + _ + + +
4Wk 2Wk  4Wk 4Wk
CD NO CD NO CD NO NO
uc - ucC + + -
12Mo OMo OMo OMo OMo OMo
- + - + - +
- + + + + +
36Mo 6Mo 9Mo 6Mo 6Mo 3Mo
33Mo
I v v v v v
THA - THA THA THA THA THA
CB - CB - CB - -

Note: No.=number, R=right, L=left, Al=alcohol, Id=idiopathic, St=sterioid, IOP=intraosseous pressure, Wk=weeks,
Mo=months, NO=nonoperativetreatment, CD=core decompression, UC=uncheckable, FU=follow up, THA=total hip

arthroplasty, FH=femoral head, CB=core biopsy.
Case 1: marrow edema occurred on both hip.

Case 2 and 3: two cases in which marrow edema occured after core-decompression. Case 2 underwent redrilling due
to recurrent pain associated with marrow edema 6 months after core decompression and THA was performed at 9

months due to collapse with severe pain and marrow edema.

Case 1 left hip and cases 2, 3, 4, 5, 7 and 9: seven cases in which biopsy specimens were obtained during the attack

of marrow edema.

or no symptom at first presentation(Table 1). Two
cases experienced hip pain while two cases
remained symptomless at the presence of marrow
edema. Four femoral heads underwent core biopsy
and three cases received total hip arthroplasty dur-
ing the attack of marrow edema. In those four core
decompressed hips during the presence of marrow
edema, the IOP ranged from 36 to 60 (mean; 49)
mmHg. In the remaining 14 core decompressed
hips, the IOP ranged from 16 to 52 (mean; 37)
mmHg. The histology of those four core biopsies
and three resected femoral heads showed a collec-
tion of eosinophilic plasma-like fluid in the mar-

row space around the necrotic zone, a finding
compatible with marrow edema.

DISCUSSION

Localized edema due to venous or lymphatic
obstruction or to increased vascular permeability
may be associated with various diseases such as
infection, tumor and trauma which induce inflam-
matory processes in the interstitial space. Ischemic
infarct of various organs has been known to be
associated with a surrounding edema during the
acute or subacute stage of the disease process.
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During acute cerbral infarct, the surrounding
edema with increased intracranial pressure is
observed for several days after the ischemic
attack, and is resolved later. Marrow edema is
related to many different diseases of the bone such
as ostemyelitis, bone tumor, osteoarthrits and frac-
ture. Characteristic findings are shown on MR
images and have been known to be related to two
different diseases of the hip, transient osteoporosis
of the hip which regresses spontaneously after sev-
eral months and non-raumatic ON of the femoral
head which progresses to a collapse of the femoral
head and subsequent degenerative arthritis of the
hip'?47101b Several authors consider it an early and
possibly reversible phase c;f ON.

The findings of marrow edema in MR images
are characteristic and different from the class C
ON(fluid nature confined to the necrotic portion of
the femoral head)by Mitchell et al®. The marrow
edema is more wide spread including the metaphy-
seal area of the femur and is a transient phe-
nomenon which later resolves spontaneously. The
relationship between marrow edema and ischemic
insult and its possible role in the pathogenesis of
ON are poorly understood.

This study indicates that marrow edema fre-
quently appears during the progression of ON and
it is combined with an elevation of IOP and aggra-
vation of symptoms. Core decompression can
ameliorate marrow edema relieving pain and
intreaosseous hypertension. But this improvement
appears to be transient. After the occlusion of the
decompression tract by fibrous plug and a newly
formed thin cortical bone along the decompression
tract, marrow edema can recur and core decom-
pression cannot prevent it permanently.
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