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of gadolinium-based contrast agent; Aaron et 
al. [9] also observed similar findings as ana-
lyzed with pharmacokinetic modeling.

This study aims to relate intramedullary 
blood perfusion of the proximal femur to the 
severity of osteonecrosis of the femoral head 
by using DCE-MRI. We hypothesized, first, 
that blood flow stasis occurs in the proxi-
mal femur in the early stage of osteonecro-
sis of the femoral head because of perfusion 
reflux into the diaphysis; second, that when 
osteonecrosis of the femoral head progresses 
in severity, blood perfusion increases in the 
femoral head because of increasing granula-
tion tissue; and finally, that these perfusion 
changes can be evaluated with DCE-MRI.

Subjects and Methods
Patients

The study was approved by our institution’s re-
view board, and written informed consent was ob-
tained from patients. We studied 27 consecutive 
patients with clinically suspected osteonecrosis of 
the femoral head who underwent DCE-MRI and 
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A
lthough the pathogenesis of non-
traumatic osteonecrosis of the 
femoral head is poorly under-
stood, alteration of intramedul-

lary circulation is known to be involved. Fi-
cat and Arlet [1] and Ficat [2] observed with 
intramedullary venography that rapid clear-
ance of contrast medium by efferent vessels 
occurs in the normal hip, but reflux into the 
diaphysis leads to intramedullary stasis in 
hips with osteonecrosis of the femoral head.

Dynamic contrast-enhanced MRI (DCE-
MRI) has been used to evaluate blood flow of 
bone marrow in vivo [3–6]. Most studies have 
used a posttraumatic model of induced os-
teonecrosis of the femoral head in animals. In 
human subjects, Bluemke et al. [7] first report-
ed greater enhancement in the femoral head, 
but lesser enhancement in the femoral neck, 
in patients with systemic lupus erythematosus 
than in healthy subjects, as assessed by DCE-
MRI. Malizos et al. [8] first reported delayed 
peak enhancement in hips with acute bone 
marrow edema 40–65 seconds after a first pass 
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OBJECTIVE. The purpose of this article is to relate intramedullary perfusion of the 
proximal femur to severity of osteonecrosis of the femoral head by using dynamic contrast-
enhanced MRI (DCE-MRI).

SUBJECTS AND METHODS. Twelve patients (14 symptomatic hips) who underwent 
DCE-MRI and had subsequent core decompression of the femoral head were examined. Hips 
were graded for severity according to MRI findings and were assigned scores of 0 (negative find-
ings), 1 (focal marrow abnormalities), and 2 (subchondral collapse). Thirteen asymptomatic 
hips acted as controls. The DCE-MRI data were analyzed by use of a pharmacokinetic two-
compartment model.

RESULTS. Compared with control hips, there was significantly greater peak enhance-
ment in the femoral head in hips of all grades (p < 0.001) and in the femoral neck (p = 0.001) 
and intertrochanteric area (p = 0.001) in grade 2 hips. The time to peak was significantly de-
layed in the femoral head in grade 0 hips (p = 0.02) and in the intertrochanteric area in grade 
2 hips (p = 0.003) compared with the controls.

CONCLUSION. As evaluated by DCE-MRI, intramedullary peak enhancement in the 
femoral head increased with progression of idiopathic osteonecrosis of the femoral head, where-
as there was delayed peak enhancement in the femoral head in hips with negative findings and 
intertrochanteric stasis in advanced osteonecrosis of the femoral head. Such perfusion changes as 
shown on MRI can occur with early osteonecrosis in the absence of other MRI abnormalities.
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had subsequent intramedullary pressure measure-
ment and core decompression or total hip arthro-
plasty. One orthopedic surgeon examined all pa-
tients in outpatient clinics before ordering MRI. 
All patients had experienced typical rest pain of 
the affected hips for 4–24 months before the MRI 
studies. The pattern was dull aching or throbbing 
pain in the groin or anterior thigh. The duration 
of osteonecrosis of the femoral head could not be 
tracked precisely. No patient had a history of au-
toimmune disease, rheumatic disease, or sickle 
cell anemia. Of these 27 patients, 13 who had a 
history of trauma and two who had suboptimal 
MRI studies were excluded.

Finally, 12 patients (14 symptomatic hips) with 
suspected nontraumatic osteonecrosis of the fem-
oral head who underwent DCE-MRI and had sub-
sequent core decompression of the femoral head 
were recruited. All patients denied risk factors 
such as alcoholism or steroid use and were there-
fore categorized as having idiopathic osteonecro-
sis. The asymptomatic hips of 10 patients were 
used as controls. We also recruited three asymp-
tomatic hips in three additional patients who had 
one painful hip and received DCE-MRI only 
(without decompression surgery).

One orthopedic surgeon measured the intramed-
ullary pressure of all the symptomatic hips by use 
of a method described elsewhere [1, 2]. A baseline 
pressure of 30 mm Hg or higher at the femoral head 
was considered abnormal [1]. The intramedullary 
pressure of the contralateral asymptomatic hips 
and the hips of the three additional patients was 
not measured. Three patients with four affected 
hips had follow-up MRI 5–9 months after core de-
compression. The follow-up study used the same 
imaging protocol as those on the initial examina-
tion and was performed in the same MRI unit.

MRI
MRI was performed on a 0.5-T scanner (Vec-

tra, GE Healthcare). With patients in a supine po-
sition, both hip joints were imaged simultaneously 
with use of a circumferential body coil. The rou-
tine initial protocol was as follows: unenhanced 
coronal spin-echo T1-weighted (TR/TE, 450/20) 
and STIR (2,500/25; inversion time, 100 milli-
seconds) images, axial conventional spin-echo 
T2-weighted (4,000/100) images, and sagittal 
gradient-echo (320/20; flip angle, 30°) images. 
Three coronal scans, determined from an axi-
al scout view, were obtained at 3- and 5-mm in-
tervals for precise localization. A coronal image 
passing through the femoral heads and necks bi-
laterally on a single plane was selected for DCE-
MRI study. At the time that bolus IV injection of 
0.2 mL/kg gadopentetate dimeglumine (Magnev-
ist, Bayer HealthCare) by autoinjector began, a 

dynamic T1-weighted (300/25) sequence was ob-
tained at a 16-second acquisition time for each im-
age for the next 7 minutes after the scan started. 
The rate of injection was fixed at 2.0 mL/s via a 
23-gauge catheter in an antecubital vein; a 20-mL 
saline flush was administered at the same flow rate 
immediately after the gadolinium injection. In to-
tal, 29 dynamic data sets were obtained. Other im-
aging parameters included a 40-cm field of view, a 
256 × 256 matrix, a 5-mm section thickness, and 
1 excitation.

Data Analysis
Two radiologists, each with at least 15 years of 

experience in skeletal MRI, interpreted all MRI 
scans without knowledge of the clinical data, and 
the final interpretations were reached by consen-
sus. Hips were divided into four groups. The con-
trol group included symptom-free hips with nega-
tive MRI findings. The symptomatic hips formed 
the other three groups. In the grade 0 group, the 
affected hips had elevated intramedullary pres-
sure but no focal marrow MRI abnormalities in 
the femoral head. Although these patients under-
went core decompression to treat their symptoms, 
initially a grade 0 hip was not considered clini-
cally to have osteonecrosis of the femoral head. 
The grade 1 group had focal marrow MRI abnor-
malities (such as bands, rings, lines, or subchon-
dral crescents) in the affected femoral head [10–
12], indicating early osteonecrosis of the femoral 
head. In the grade 2 group, there was subchon-
dral collapse of the femoral head in addition to 
focal marrow abnormalities, indicating an ad-
vanced stage of osteonecrosis of the femoral head. 

Any diffuse marrow abnormalities in the femoral 
head extending to the intertrochanteric area were 
also evaluated; typically, these were hypointense 
on T1-weighted images and hyperintense on T2-
weighted or STIR images [13].

The data obtained from each DCE-MRI study 
were transferred to a PC and processed by soft-
ware developed in-house by using Matlab (Math-
Works). We used a pharmacokinetic two-com-
partment Brix model to analyze the DCE-MRI 
data [14]. The model assumes that the relative sig-
nal change is linear, proportional to the concentra-
tion of gadopentetate dimeglumine. On the basis 
of this model, the signal–time curve can be de-
scribed relative to the signal intensity of the tissue 
after bolus injection of gadopentetate dimeglu-
mine by the following mathematic formula:

S(t) − S0 = (exp[− kelt] − exp[k21t])  S0

A

(k21 − kel)
(1),

where S(t) is the time signal after administration of 
gadopentetate dimeglumine, S0 is the unenhanced 
signal, A is the amplitude of uptake (i.e., plasma 
concentration of gadopentetate dimeglumine), k21 
is the exchange rate (i.e., exchange of gadopentetate 
dimeglumine between extracellular space and the 
plasma), and kel is the washout rate (i.e., excretion 
of gadopentetate dimeglumine by the kidneys). 
One operator measured signal intensity within the 
boundaries of the region of interest (Fig. 1), con-
taining 120–130 pixels, in the femoral heads and 
necks, intertrochanteric areas, and acetabula. The 
fitted signal–time curve of the region of interest, 
whose signal was an average of all pixels, was cal-
culated by using this equation with nonlinear least-

Fig. 1—Coronal 
T1-weighted MRI 
shows operator-
defined regions of 
interest (numbered 
ovals) over bilateral 
hips (top to bottom: 
acetabulum, femoral 
head, femoral neck, and 
intertrochanteric area). 
Signal measured was 
obtained from average 
of all pixels within each 
region of interest. Same 
measurement was 
also made on dynamic 
contrast-enhanced MRI.



AJR:196, March 2011 639

Dynamic Contrast-Enhanced MRI of Femoral Idiopathic Osteonecrosis

square-error curve fitting. In this study, the peak 
enhancement value, calculated as (Smax − S0) / S0, 
of the fitted signal–time curve for each patient was 
computed for evaluating femoral marrow perfu-
sion. Each DCE-MRI value was normalized to the 
acetabulum before statistical analysis.

Statistical Analysis
To assess differences in perfusion parameters 

(such as peak signal, amplitude of uptake, time 
to peak, exchange rate, and washout rate) among 
the four groups, we used Kruskal-Wallis tests. The 
corresponding post hoc multiple comparisons, to 
compare perfusion parameters at various femoral 
sites in each symptomatic group versus the control 
group, were performed with Mann-Whitney tests 
with Bonferroni corrections for multiple compari-
sons. All the analyses were done with SPSS soft-
ware (version 15.0, SPSS). All tests were two-tailed, 
and a p value of less than 0.05 was considered to in-
dicate a statistically significant difference.

Results
There were eight women and four men, with 

a mean (± SD) age of 45 ± 10.4 years. Five pa-
tients were affected on the right side and five 
were affected on the left side. Two patients had 
bilateral hip pain. All patients underwent MRI 
examination within 4 weeks before measure-
ment of intramedullary pressure and surgery. 
The remaining 10 contralateral hips were un-
equivocally symptom free and negative on 
MRI. These 12 patients with 14 affected hips 
and 10 control hips and the three additional 
control patients are the subject of this report.

Focal bone marrow abnormalities were 
noted in 11 femoral heads—in five grade 1 
hips (two subchondral rings, one bandlike 
pattern, one subchondral line, and one cres-
cent) and in six grade 2 hips (two bandlike 
patterns and four subchondral crescents). 
Diffuse marrow abnormalities were detected 

in two proximal femurs. Three were grade 
0 (no abnormalities). All affected hips had 
abnormally elevated intramedullary pressure 
(range, 52–128 mm Hg) in the femoral head.

Quantitative analysis revealed gradual in-
creases in peak signal intensity in the femo-
ral head with progression in the severity of 
osteonecrosis of the femoral head (p < 0.01). 
Peak signal intensity was higher in the inter-
trochanteric area in grade 0 hips (p = 0.02) 
and in the femoral neck (p = 0.001) and inter-
trochanteric area (p = 0.001) in grade 2 hips 
(Table 1; Fig. 2). There were no significant 
differences in peak enhancement in the ac-
etabulum among the groups (p > 0.05).

The average amplitude of uptake had sta-
tistical results similar to those for the peak 
signal for all femoral sites in grade 1 and 2 
osteonecrosis of the femoral head (Table 2).

There was significant delay in time-to-
peak values in the femoral head in grade 0 
hips (p = 0.02) and in the intertrochanteric 
area in grade 2 hips (p = 0.003) compared 
with the control group (Table 3). Although 
there was no significant difference from con-
trol hips, all femoral sites in grade 1 and 2 
hips had delayed time-to-peak values.

The exchange rate was statistically sig-
nificantly lower in the intertrochanteric area 
in grade 2 hips than in controls (p = 0.01) 
(Table 4), whereas the washout rate did not 
show any statistically significant differ-
ence from control in any femoral sites in all 
grades of osteonecrosis of the femoral head 
(p > 0.05).

Follow-up MRI examinations showed pro-
gression of grades in the four affected hips 
(Figs. 3 and 4), including two grade 0 hips 
that progressed to grade 1.

Discussion
The results of our study showed an in-

crease in peak enhancement in the femo-
ral head with progression of idiopathic 
osteonecrosis of the femoral head, as eval-
uated with DCE-MRI. Symptomatic hips 

TABLE 1: Percentage Peak of Enhancement in Various Femoral Sites in Hips 
With Symptoms of Osteonecrosis of the Femoral Head Versus 
Control Hips

Site

Grade of Osteonecrosis of Femoral Head

Control 
(n = 13 Hips)

Grade 0 
(n = 3 Hips)

Grade 1 
(n = 5 Hips)

Grade 2 
(n = 6 Hips) pa

Femoral head 0.23 ± 0.06  0.51 ± 0.36b  1.37 ± 1.01b  2.05 ± 1.07b < 0.001

Femoral neck 0.37 ± 0.21  0.83 ± 0.54  0.90 ± 0.50  4.26 ± 1.62b 0.001

Intertrochanteric area 0.38 ± 0.12  0.70 ± 0.20b  1.91 ± 2.71  2.23 ± 0.86b 0.001

Acetabulum 0.21 ± 0.09  0.15 ± 0.07  0.19 ± 0.10  0.19 ± 0.07 0.778

Note—Data are mean ± SD normalized ratio of the specific femoral site to the acetabulum.
aKruskal-Wallis test.
bp < 0.05 versus control. The p values of each of three outcome measures were multiplied by 3 for Bonferroni 
corrections of multiple comparisons.
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Fig. 2—Representative time–signal intensity curves from dynamic contrast-enhanced MRI of symptomatic 
versus control hips. Error bar plots represent 50% CIs for mean (peak enhancement normalized to acetabulum) 
for four groups. N = controls.
A, Graph shows values for femoral heads. 

(Fig. 2 continues on next page)

A



640 AJR:196, March 2011

Chan et al.

with elevated intramedullary pressure but 
no other abnormalities on MRI (grade 0) 
had delayed time-to-peak enhancement in 
the femoral head compared with the con-
trol hips, and two of these hips progressed 
to early osteonecrosis of the femoral head 
over the course of 9 months. This finding 
suggests a trend of decreased blood perfu-
sion but increased blood volume in the fem-
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Fig. 2 (continued)—Representative time–signal intensity curves from dynamic contrast-enhanced MRI of 
symptomatic versus control hips. Error bar plots represent 50% CIs for mean (peak enhancement normalized to 
acetabulum) for four groups. N = controls.
B, Graph shows values for femoral necks.
C, Graph shows values for intertrochanteric areas. 
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oral head as severity of osteonecrosis of the 
femoral head progressed. There was also an 
increase in peak enhancement in the proxi-
mal femur in all sites and decreased per-
fusion (stasis) in the intertrochanteric area 
in advanced osteonecrosis of the femoral 
head. These perfusion changes as detected 
by DCE-MRI have not been reported be-
fore, to our knowledge.

With the pharmacokinetic model, it is pos-
sible to extract information on blood flow 
that appears to be consistent with the values 
obtained from DCE-MRI in hips with os-
teonecrosis of the femoral head. Peak signal 
enhancement is proportional to the concentra-
tion of gadolinium, and that enhancement is 
not directly related to perfusion, because per-
fusion can be reduced in vascular stasis but 
delayed peak enhancement can be increased.

The initial phase of ischemia relates to 
contraction of arteries and decrease in blood 
flow. Later, reactive hyperemia with vasodi-
lation, increased blood flow, and interstitial 
edema most likely occurs [15]. Arterial dil-
atation is a reactive phenomenon after tem-
porary ischemia. Yamano et al. [16] reported 
that the arteries supplying the femoral head 
are dilated in transient bone marrow edema 
syndrome. During hyperemia, intramedul-
lary pressure is increased, and the patient 
experiences hip pain, as in the grade 0 hips 
in our study. The delayed time-to-peak val-
ue in grade 0 hips in the femoral head could 
be due to reactive hyperemia with vasodila-
tation and could be a way of detecting occult 
osteonecrosis of the femoral head.

In the femoral head, the diagnosis of os-
teonecrosis is based on detection of repara-
tive reactions to necrotic tissue by MRI. Pre-
vious reports have indicated that most of the 
gadolinium enhancement on MRI is attribut-
able to focal inflammatory infiltrates, fibro-
cytic repair [3], and viable granulation tissue 
[17–19] surrounding the necrotic areas. The 
greatest enhancement was found in the inner 
zone, with viable fibrous mesenchymal tissue 
with dilated vessels and interstitial edema, 
together with the low-signal outer zone, cor-
responding to the “double-line sign” [15, 19, 
20]. These histologic findings reported pre-
viously can explain most of our DCE-MRI 
results, such as gradual increase in peak en-
hancement of the femoral head with progres-
sion of the severity of osteonecrosis of the 
femoral head.

The baseline signal intensity may influ-
ence the peak measurement in early and ad-
vanced osteonecrosis, especially in the fem-
oral head. In our study, patients with grade 
1 and grade 2 hips had much lower baseline 
signal intensity on T1-weighted images than 
did those with grade 0 hips and the control 
hips. The peak signal increase caused by an 
increased concentration of gadolinium is 
also influenced by capillary leak of contrast 
material or tissue blood volume. This major 
contribution of baseline signal intensity to 
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enhancement changes explains, in part, the 
greater peak signal and amplitude of uptake 
in grade 1 and grade 2 hips than in grade 0 
and control hips.

The peak enhancement ratio of bone mar-
row circulation is a complex process that 
takes into account blood inflow and outflow, 
vascular permeability, and the equilibrium 
of gadolinium between intravascular and in-
terstitial spaces [21]. It is difficult to verify 
whether the mechanism of nontraumatic os-
teonecrosis of the femoral head begins on the 

arterial side—that is, a decrease in arterial 
flow leads to a slowing of the capillary cir-
culation producing intramedullary stasis—or 
begins on the venous side when there is an ex-
traosseous obstacle to the venous drainage of 
the bone. Tsuji et al. [22] reported that, in an 
animal model for predicting osteonecrosis of 
the femoral head, with T2*-weighted DCE-
MRI, a transient decrease in signal intensity 
can reflect the arterial phase of gadolinium 
kinetics in femoral perfusion. However, T2*-
weighted DCE-MRI has potential risk for hu-

mans because technically it should be com-
pensated with a bolus injection of high-dose 
gadolinium so that a transient decrease in sig-
nal intensity can be detected [22].

T1-weighted DCE-MRI, as in our study, 
has been assumed to represent the venous 
distribution phases of gadolinium kinetics 
[22]. Bone marrow edema can retain gado-
linium longer with greater volume, resulting 
in delayed peak enhancement that has not be-
gun to resolve by 5 minutes of scan time. A 
similar phenomenon has been observed in 
hips with osteonecrosis of the femoral head. 
Aaron et al. [9] reported that the prolonga-
tion and enhancement of the outflow phase 
in patients with osteonecrosis of the femoral 
head can be interpreted as reflecting stasis 
(or decreased perfusion), most likely result-
ing from vascular obstruction, as preliminar-
ily observed on intraosseous venography [1, 
2]. In our study, similar findings were ob-
served: delayed perfusion and an increase 
in exchange rate between extracellular space 
and the plasma in the intertrochanteric area, 
representing intramedullary stasis, in ad-
vanced osteonecrosis of the femoral head.

In addition to gadolinium’s reflection of 
vascular stasis, enhancement is greater in tis-
sue that contains more hematopoietic than 
fatty marrow [23–25]. Hematopoietic mar-
row has abundant sinusoidal spaces, where-
as fatty marrow has a sparse vascular supply. 
The conversion of hematopoietic to fatty mar-
row correlates with physiologic decreases in 
intramedullary blood flow. Mitchell et al. [24] 
reported that only 13% of healthy individu-
als older than 50 years had intertrochanteric 
hematopoietic marrow. They observed an in-
crease in fatty marrow and a concomitant de-
crease in hematopoietic marrow in a series of 
patients with osteonecrosis of the femoral head 
of various causes. Therefore, in our study, the 
contribution of hematopoietic marrow to peak 
enhancement could be negligible.

Decreased bone marrow perfusion can be 
associated with age and fatty marrow [26]. 
MRI shows that hips with osteonecrosis of 
the femoral head more often have predomi-
nantly fatty marrow in the intertrochanteric 
region of the femur [7, 21]. Marrow perfu-
sion is inversely proportional to fat content 
[7]. Further animal studies may answer the 
question of whether the decreased perfusion 
of the femoral head in grade 0 hips, as in our 
study, is attributable predominantly to the in-
tramedullary fat content.

The perfusion of the acetabulum did not 
differ with varying severity of osteonecrosis 

TABLE 4: Percentage Rate of Enhancement in Various Femoral Sites in  
Hips With Symptoms of Osteonecrosis of Femoral Head Versus  
Control Hips

Site

Grade of Osteonecrosis of Femoral Head

Control 
(n = 13 Hips)

Grade 0 
(n = 3 Hips)

Grade 1 
(n = 5 Hips)

Grade 2 
(n = 6 Hips) pa

Femoral head 3.62 ± 6.51 3.83 ± 2.58 0.94 ± 0.55  0.71 ± 0.21 0.327

Femoral neck 2.48 ± 4.20 3.28 ± 5.60 1.78 ± 1.36  0.97 ± 0.91 0.579

Intertrochanteric area 1.34 ± 1.58 0.68 ± 0.36 1.59 ± 2.29  0.53 ± 0.15b 0.083

Acetabulum 0.43 ± 0.39 0.79 ± 0.50 0.29 ± 0.09  0.31 ± 0.18 0.180

Note—Data are mean ± SD normalized ratio of the specific femoral site to the acetabulum.
aKruskal-Wallis test.
bp < 0.05 versus control. The p values of each of three outcome measures were multiplied by 3 for Bonferroni 
corrections of multiple comparisons.

TABLE 2: Percentage Blood Volume (Amplitude of Uptake) in Various  
Femoral Sites in Hips With Symptoms of Osteonecrosis of Femoral 
Head Versus Control Hips

Site

Grade of Osteonecrosis of Femoral Head

Control 
(n = 13 Hips)

Grade 0 
(n = 3 Hips)

Grade 1 
(n = 5 Hips)

Grade 2 
(n = 6 Hips) pa

Femoral head 0.24 ± 0.21  0.49 ± 0.33  0.77 ± 0.46b  1.75 ± 0.80b 0.001

Femoral neck 0.66 ± 1.32  1.02 ± 0.53b  0.72 ± 0.68  2.30 ± 0.59b 0.004

Intertrochanteric area 0.33 ± 0.12  0.41 ± 0.17  0.82 ± 0.70  1.25 ± 0.51b 0.007

Acetabulum 0.15 ± 0.06  0.15 ± 0.05  0.13 ± 0.08  0.14 ± 0.07 0.942

Note—Data are mean ± SD normalized ratio of the specific femoral site to the acetabulum.
aKruskal-Wallis test.
bp < 0.05 versus control. The p values of each of three outcome measures were multiplied by 3 for Bonferroni 
corrections of multiple comparisons.

TABLE 3: Comparison of Time-to-Peak (Percentage per Minute) in Various 
Femoral Sites Between Symptomatic Versus Control Hips

Site

Grade of Osteonecrosis of Femoral Head

Control 
(n = 13 Hips)

Grade 0 
(n = 3 Hips)

Grade 1 
(n = 5 Hips)

Grade 2 
(n = 6 Hips) pa

Femoral head 1.56 ± 0.48  2.65 ± 0.95b 1.78 ± 0.46  1.48 ± 0.34 0.065

Femoral neck 1.35 ± 0.74  1.77 ± 1.75 1.61 ± 0.58  1.57 ± 0.24 0.158

Intertrochanteric area 1.12 ± 0.31  1.97 ± 1.56 1.58 ± 0.45  1.61 ± 1.17b 0.024

Acetabulum 4.00 ± 1.47  2.84 ± 0.86 4.11 ± 1.33  4.13 ± 0.55 0.165

Note—Data are mean ± SD normalized ratio of the specific femoral site to the acetabulum.
aKruskal-Wallis test.
bp < 0.05 versus control. The p values of each of three outcome measures were multiplied by 3 for Bonferroni 
corrections of multiple comparisons.
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of the femoral head. This is because the ac-
etabulum is supplied by different arteries and 
is drained by different veins from the proxi-
mal femur [27].

Our investigation has some limitations. 
The same patients in our small study were 
selected as the control group. Patients were 
studied at only one point in time and had had 
symptoms for various periods, up to 2 years. 
All patients undergoing core decompression 

may be subject to sampling error. There was 
no fat-saturation measurement with contrast-
enhanced images. A high-field magnet was 
not available during the study, and the use of 
a 0.5-T magnet may have constrained the sig-
nal-to-noise ratio, especially for the regions 
of interest in the hips studied. Although 
DCE-MRI can potentially assess hemody-
namic changes, no histologic or angiograph-
ic analyses supported our DCE-MRI data.

In conclusion, intramedullary peak en-
hancement increased in the femoral head 
with progression of idiopathic osteonecrosis 
of the femoral head, whereas there was de-
layed peak enhancement in the femoral head 
in grade 0 hips and intertrochanteric stasis in 
advanced osteonecrosis of the femoral head, 
as evaluated by DCE-MRI. Such perfusion 
changes as shown on MRI can occur with 
early osteonecrosis in the absence of other 
MRI abnormalities.
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