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Abstract

Purpose Perthes’ disease (PD) results from loss of blood sup-
ply to the hip and can progress to femoral head deformity. 
MRI in the early course of the disease can provide data on 
the initial extent of infarct. Vascularity of the femoral head is 
assessed by gadolinium-enhanced MRI (contrast MRI), which 
may be improved by the digital subtraction technique (sub-
traction MRI). We hypothesized that gadolinium-enhanced 
MRI without subtraction was comparable with subtraction 
MRI in depicting the femoral head perfusion.

Methods In all, 34 patients (34 hips) with unilateral PD had 
gadolinium-enhanced MRI as part of a prospectively rand-
omized study. Nine patients had three MRIs, 15 had two and 
ten had a single MRI. Measurement of perfusion of the fem-
oral head (MRI perfusion index) was obtained using digital 
image analysis on all the MRIs, including both before and 
after subtraction. A paired sample t-test was performed to 
compare the measurements.

Results The mean age of the patients was 8.9 years (sd 
1.6). At the time of diagnosis, the subtraction MRI did not 
elicit a statistically significant difference in MRI perfusion in-
dex measurements when compared with the contrast MRI  
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(p = 0.19). The same findings were found when including all 
patients at various stages of the disease (p = 0.30). Qualita-
tively, although some subtraction MRI images showed superi-
or delineation of epiphysis, there are no significant differences 
throughout the whole series.

Conclusion Although the current literature supports the in-
creasing role of the subtraction MRI for PD management, our 
study proposed that the contrast MRI without subtraction 
technique appears adequate in assessing femoral head per-
fusion.

Level of Evidence: Level I - Diagnostic study
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Introduction
Perthes’ disease (PD) is one of the most common hip 
 disorders in children and adolescents. PD results from 
 idiopathic avascular necrosis of the femoral head and 
presents with insidious onset of pain and limp. While the 
underlying cause is unknown, the pathogenesis of the 
disease has been well documented.1-3 Using plain radio-
graphs, PD has been classified into four stages: initial, 
fragmentation, reossification and healed. MRI has the 
advantage over the radiograph in detecting any physeal 
or metaphyseal changes as well as extension of osteo-
necrosis early in the disease4,5 and has become standard 
practice in many centres.

Contrast-enhanced MRI using gadolinium can further 
delineate the extent of the avascular necrosis, especially 
in the early stages of disease when plain radiographs 
can appear normal. At this stage, dynamic multiphasic 
imaging provides accurate assessment of the proximal 
epiphyseal perfusion. Hypoperfusion is one of the ear-
liest changes that can be detected in PD, which can be 
further evaluated with delayed (two to five minutes) T1 
weighted fat suppressed imaging after contrast adminis-
tration.6 On top of this, digital subtraction technique has 
been reported to increase the sensitivity of detecting even 
subtle alterations in perfusion.7
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In some institutions, digital subtraction technique 
(known as subtraction MRI) has become the recom-
mended clinical practice and the basis of studies related 
to femoral head vascularity in PD.8-11 These studies have 
utilized the Perfusion Index8 as a method to evaluate the 
vascularity of the femoral head in PD. This is particularly 
useful in the early stage of PD and has been reported to be 
a reliable prognosticator.8 It has been shown to correlate 
well with greater deformity changes shown by the Defor-
mity Index12 on plain radiographs at two years, which 
itself has been proven to correspond with the Stulberg13 
outcome. Further, MRI has been used to assess the rate 
and pattern of revascularization in active PD.9

We performed subtraction MRI in 34 children with PD 
as part of a prospective, randomized and multicentre clini-
cal trial of bisphosphonate treatment. MRI was performed 
as an exploratory investigation to assess the vascularity 
pattern of the femoral head throughout the course of the 
disease and compare it with standard contrast-enhanced 
MRI. This has also enabled us to see the effect of bisphos-
phonate on femoral head revascularization.

Materials and methods
This study was a part of a multicentre trial of bisphospho-
nate (zoledronic acid) treatment in children with early 
stage (lateral pillar A or B) and unilateral PD involving 
five tertiary referral children’s hospitals.14 Following ethics 
committee approval, 84 children (mean age 7.8 years, sd 
1.5) were enrolled from 2010 to 2016. Subjects were ran-
domized into either ‘treatment’ (bisphosphonates + stan-
dard care) and ‘control’ (standard care) arms of the study. 
Standard care involved an initial six- to 12-months non-
weight-bearing period. Any supplemental management 
either surgical or non-surgical was at the discretion of the 
treating orthopaedic surgeon. Pelvic MRI was performed 
within six months of the diagnosis in both treatment and 
control subjects.

For this aspect of the study we evaluated the subtrac-
tion MRI of 40 participants who were enrolled at the 
coordinating centre of the trial. MRIs were performed at 
screening, 12 and 24 months of the study. Not all subjects 
had an MRI at each time point (Table 1). A total of 34 (28 
boys, six girls) of these had both contrast and subtraction 
images (included in each MRI examination) suitable for 

evaluation at least at one of these time points (Table 1). 
Six participants had MRIs excluded due to either non- 
satisfactory quality of the image or performance of just a 
non-contrast MRI.

In all, 30 subjects had completed the trial, 17 in the 
treatment group and 13 controls. The mean perfusion 
index was compared between the two groups at 12th 
and 24th month to assess if bisphosphonate treatment 
impacted femoral head revascularization and perfusion 
measurements. From the 30 patients, we were able to 
compare 23 images from the12th month visit and another 
22 from the 24th month. The remaining images were 
either not available or of poor quality and were not used 
for comparison.

Image acquisition

MRI imaging was performed using two different systems; 
the 1.5T Ingenia (Philips, Eindhoven, The Netherlands) 
with anterior and posterior array and the 3T Verio (Sie-
mens, Erlangen, Germany) with the 32-channel body coil. 
The same machine was used to acquire serial measure-
ments on any individual subject. The following sequences 
were obtained before administration of contrast: coronal 
T1-weighted, coronal and axial Proton density fat satura-
tion. Pre-contrast images of coronal and sagittal oblique 
T1-weighted fat saturation (T1FS) were also obtained. 
Approximately two minutes after the injection of Gado-
linium (0.1 mmol/kg), post-contrast images on coronal 
and sagittal oblique T1FS sequences were then obtained. 
The subtraction images were generated by subtracting 
the initial pre-contrast T1FS images from the correspond-
ing post-contrast T1FS. A slice thickness of 3 mm was 
employed.

Image analysis

Perfusion index was used to compare the images of the 
subtraction MRI with the contrast-enhanced MRI. Using 
digital image analysis software Mimics Research 19.0 
(Materialise, Leuven, Belgium), coronal images of T1FS 
both pre- and post-contrast, as well as subtraction were 
evaluated. Following the methods of Du et al,8 the total 
area of the femoral head and the total area of perfusion 
within the head were determined. Each area of interest was 
quantified by outlining it with the measuring tool on the 
software in the units of mm2, on five serial images around 

Table 1 Summary of the epidemiological data for the subtraction MRI cohort

Patients (n) Gender Side MRIs available for each stage of follow-up (n) Patients in each trial group (n)

Screening 12 month 24 month Treatment Control Withdrawal Ongoing

34 28 male, 6 female 18 left, 16 right 18 27 22 17 13 2 2
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the centre of the femoral head (Fig. 1). Perfusion index 
was obtained by dividing the sum of the area of perfusion 
(measured separately on both subtraction MRI and con-
trast MRI), with the sum of the area of the femoral head 
on T1FS pre-contrast images. The range of indexes were 
from 0 (not perfused) to 1 (totally perfused). All images 
were evaluated by a single observer (KJ), blinded to the 
patient’s clinical details and treatment arms. 

Statistical analysis

The perfusion index of the subtraction MRI images was 
compared with the post-contrast MRI images for each 
patient. Paired t-student test was used. Independent stu-
dent t-test was utilized to compare the perfusion index 
between the treatment and control group from the trial.

Results
MRIs of the 34 subjects at various stages of the disease; 
either during screening, 12- or 24-months of follow-up 
were available. The mean age at diagnosis of PD was 
7.7 years (sd 1.4) and the mean duration between the 
diagnosis and the first MRI was 1.4 months (sd 1.7). The 
mean duration between the diagnosis and the third MRI 
was 25.5 months (sd 2.0). Out of the 34 patients, nine 
had three MRIs, 15 patients had two MRIs and ten had 
a single MRI. A total of 67 MRIs (at various PD stages) 
were used for the comparison study. When divided 
into waldenström1 stages of disease classification, there 
were 18 MRIs in the initial stage, ten in the fragmenta-
tion stage, 30 in the reossification stage and nine in the 
healed stage.

Because the subtraction MRI was able to eliminate the 
background noise, there is an obvious difference between 
the subtraction and the contrast MRI images. This made 
distinguishing between the techniques very easy and 
meant it was not possible to blind the assessor to the tech-
nique used (Fig. 2). 

For all 67 MRIs the mean perfusion index for the sub-
traction MRI was 0.67 (sd 0.30) and 0.69 (sd 0.32) for the 
contrast MRI images (p = 0.30) (Table 2). As expected, the 
perfusion of the femoral head improved with time. How-
ever, as the method of measuring perfusion index is based 
on the area of necrosis, the measurements became harder 
and less accurate as perfusion increased in the later stages 
of PD and led to some of the perfusion indexes measuring 
>1.0. 

In all, 18 subjects had an MRI during screening, with a 
mean perfusion index of 0.34 (sd 0.20) for the subtraction 
MRI and 0.37 (sd 0.27) for the contrast MRI (p = 0.19). 
Figure 3 shows an example where subtraction MRI images 
were able to distinguish the area of necrosis better than 
the contrast MRI. 

Perfusion index comparison between subtraction MRI 
and contrast MRI according to the Waldenström disease 
stages revealed no difference: initial stage, 0.34 (sd 0.20) 
versus 0.37 (sd 0.27) (p = 0.19), fragmentation stage, 0.63 
(sd 0.22) versus 0.74 (sd 0.26) (p = 0.25), reossification 
stage, 0.82 (sd 0.23) versus 0.81 (sd 0.26) (p = 0.76) 
and healed stage, 0.86 (sd 0.17) versus 0.85 (sd 0.22)  
(p = 0.89).

Treatment with zoledronate did not influence perfusion 
index. In the 30 subjects who completed the study, the 
mean perfusion index at 12 months was 0.70 (sd 0.20) 
for both groups (p = 0.99) and at 24 months the index 

Fig. 1  Methods of measuring area of interest on contrast-
enhanced MRI. MRI obtained at the initial stage, a week after 
diagnosis at the age of 6.7 years. The patient was subsequently 
treated with bisphosphonate and was non-weight-bearing. 
Coronal T1-weighted fat saturation images are shown: (a) area 
of the dark epiphyseal bone signal representing the femoral 
head was outlined by freehand using the measuring tool (in 
red). This was repeated on five serial images to give the total 
area measurements on pre-contrast sequence; (b) following 
administration of contrast, area of perfusion was measured using 
the same technique as above.

Fig. 2 Different effects on normal femoral head. MRI obtained at 
the initial stage for a patient diagnosed at the age 8.1 years, who 
was treated with bisphosphonate and was non-weight-bearing. 
Coronal T1-weighted fat saturation images are shown, for 
subtraction (a) and post-contrast image (b), respectively: (a) on 
the subtraction MRI images, a normally perfused right hip (red 
arrow) showed normal enhancement of the femoral head. It can 
be easily distinguished from the hypoperfused left femoral head, 
which was largely seen as a black, non-enhanced femoral head; 
(b) the contrast MRI image would indicate reduced perfusion in 
both the normal femoral head (red arrow) and affected head. 
Subtraction MRI was able to differentiate between normal and 
reduced perfusion states.
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Table 2 Comparison of MRI perfusion index for subtraction MRI versus contrast MRI at different stages of follow-up. The p-value represents the compari-
son between the mean perfusion index for all stages of follow-up (paired t-test)

Patient ID Trial group Stage of follow-up during MRI Perfusion index p-value

Subtraction MRI Contrast MRI

6 Treatment Screening 0.54 0.54
9 Control Screening 0.39 0.44
11 Treatment Screening 0.51 0.68
12 Control Screening 0.40 0.34
15 Treatment Screening 0.04 0.05
16 Treatment Screening 0.39 0.31
17 Control Screening 0.45 0.57
20 Control Screening 0.11 0.12
21 Treatment Screening 0.09 0.06
24 Withdrawn Screening 0.25 0.24
25 Treatment Screening 0.16 0.10
26 Control Screening 0.55 0.80
28 Control Screening 0.11 0.11
29 Treatment Screening 0.50 0.70
30 Control Screening 0.16 0.23
32 Control Screening 0.40 0.25
33 Ongoing Screening 0.24 0.25
34 Ongoing Screening 0.79 0.90
1 Treatment 12th month 0.50 0.44
3 Control 12th month 0.49 0.81
4 Treatment 12th month 1.04 0.92
5 Control 12th month 0.88 0.64
6 Treatment 12th month 0.64 0.86
7 Treatment 12th month 0.46 1.28
8 Treatment 12th month 1.14 1.00
9 Control 12th month 0.47 0.52
10 Control 12th month 0.90 1.00
12 Control 12th month 0.75 0.63
13 Withdrawn 12th month 0.64 0.78
14 Control 12th month 0.51 0.53
17 Control 12th month 0.95 0.99
18 Treatment 12th month 0.58 0.48
20 Control 12th month 0.37 0.31
21 Treatment 12th month 0.37 0.65
23 Treatment 12th month 0.52 0.53
24 Withdrawn 12th month 0.93 0.79
25 Treatment 12th month 0.98 0.96
26 Control 12th month 0.86 0.89
27 Treatment 12th month 1.01 0.89
28 Control 12th month 0.63 0.63
30 Control 12th month 0.74 0.91
31 Treatment 12th month 0.49 0.42
32 Control 12th month 0.87 0.59
33 Ongoing 12th month 0.89 1.22
34 Ongoing 12th month 0.92 0.82
1 Treatment 24th month 0.56 0.42
2 Treatment 24th month 0.66 0.76
4 Treatment 24th month 0.96 1.05
5 Control 24th month 0.84 0.92
6 Treatment 24th month 0.74 0.75
7 Treatment 24th month 0.83 1.13
8 Treatment 24th month 1.05 1.03
9 Control 24th month 0.77 0.83
11 Treatment 24th month 1.05 0.93
12 Control 24th month 1.03 1.01
14 Control 24th month 0.83 0.74
15 Treatment 24th month 0.83 0.81
17 Control 24th month 1.11 1.30
18 Treatment 24th month 0.86 0.51
19 Treatment 24th month 0.67 0.32
20 Control 24th month 0.80 0.77
21 Treatment 24th month 0.70 0.96
22 Control 24th month 0.63 0.89
23 Treatment 24th month 1.07 1.12
25 Treatment 24th month 0.88 0.91
26 Control 24th month 1.16 0.91
30 Control 24th month 1.26 1.15
Mean perfusion index 0.67 (sd 0.30) 0.69 (sd 0.32) 0.30
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was 0.94 (sd 0.21) for control and 0.84 (sd 0.16) for the 
treatment group (p = 0.24)

Discussion
The Herring classification,15 which is based on the height 
of the lateral third of the femoral head or ‘Lateral Pillar’ 
on anteroposterior pelvic radiograph, has influenced the 
principle of managing PD since it was introduced in 1992. 
However, because it can only be used during the fragmen-
tation stage, concerns exist that ‘waiting’ until this stage 
before deciding on a specific management plan may be 
detrimental to the overall outcome. MRI provides the 
opportunity for early detection of PD and the delineation 
of the extent of avascular necrosis and may prove bene-
ficial in guiding management prior to the fragmentation 
phase. 

Over the last decade, research into the clinical appli-
cability of MRI during initial stage PD has intensified. 
Earlier studies with non-contrast MRI showed physeal 
and metaphyseal changes as well as hip effusions, which 
radiographs were not able to detect.16,17 Further, contrast 
MRI allowed for the accurate visualization of the necrotic 
phase of PD.18 Contrast-enhanced MRI with digital sub-
traction provided even more information on the femoral 
head vascularity, which has been shown to help in both 
diagnosis and prognostication.6,8,19 Although contentious, 
there is a body of literature supporting early containment 
surgery for children with PD.19-22 MRI has, therefore, been 
proposed as the optimal method to detect early PD and 
guide decision-making for containment surgery.11 Serial 
perfusion MRI has also been used to localize areas of avas-
cular necrosis and thus guide multiple epiphyseal drilling 
as well as assess revascularization.23,24

In the current study, digital subtraction technique 
(referred as subtraction MRI) was used, which has been 
reported to enhance the clarity of the images. Most MRI 
studies of PD in recent times have used this method to 
predict Lateral Pillar involvement,11 to assess the signif-
icance of hip synovitis25 and also hip revascularization 
patterns with serial MRI.9 While the need for the subtrac-
tion MRI in the clinical setting has been questioned,26 
some institutions have adopted early subtraction MRI 
and it was recently recommended in the clinical prac-
tice guidelines of American College of Radiology.5 Until 
this technique is more widely utilized generalizability of 
results is limited.

However, it also has its own disadvantages. Although 
subtraction MRI only adds a few extra minutes to be per-
formed following contrast MRI sequence, it needs strict 
adherence to a specific protocol. As such, it requires trained 
radiology staff to ensure correct images are obtained and 
post-acquisition analysis including matching the exact 
pre- and post-contrast images to generate the subtracted 

Fig. 3 Example of the advantage of the subtraction MRI. MRI 
obtained at the initial stage following diagnosis at 9.8 years 
old. Subsequent treatment involved bisphosphonate and was 
non-weight-bearing. Coronal T1-weighted fat saturation images 
are shown, for post-contrast (a) and subtraction (b) images, 
respectively: (a) the lateral part of the femoral head (red arrow) 
appeared intact on the contrast MRI. Perfusion index = 0.70; 
(b) the subtraction MRI image was able to outline the area of 
necrosis more accurately on the lateral part of the femoral head 
(red arrow). Perfusion index = 0.50.

image that can also be hampered by patient movement. 
As a result, we noted a number of images which were not 
suitable for our study. These issues have not been high-
lighted by any of the previous studies utilizing subtraction 
MRI. Therefore, the utility of contrast MRI without the sub-
traction technique is rarely discussed.

In the current study, half of the cohort (18/34) had 
subtraction MRIs performed in the initial stage of PD, the 
optimal time to evaluate perfusion status. We found that 
the post-contrast images (contrast MRI) were comparable 
with the subtracted images (subtraction MRI) for delineat-
ing area of avascular necrosis. The findings between con-
trast and subtraction MRI were comparable for all stages of 
PD. These data suggest that the contrast MRI is adequate 
to assess perfusion of the femoral head at all stages of PD. 

Despite our main findings showing there were no 
differences between the two MRI techniques, it should 
be acknowledged that the subtraction MRI did provide 
higher quality MRI images. One such example is shown 
in Figure 3 where the area of necrosis at the lateral pillar 
was more apparent after subtraction MRI. Early enhance-
ment of the lateral pillar on contrast-enhanced MRI has 
been described as a good prognosticative indicator as it 
represents an uncomplicated revascularization of the fem-
oral head.27,28 On the contrary, slower healing is related to 
the absence of lateral pillar enhancement. This is a similar 
description to Conway29 using pinhole scintigraphy on PD 
patients, who proposed two revascularization pathways: 
pathway A was associated with a good prognosis due to 
activity at the lateral column, while pathway B included 
a base filling pattern by new vessels and was associated 
with a poor prognosis due to slower revascularization.29 
Kim et al9 proposed that assessment of the lateral pillar on 
the subtraction MRI could be used to decide the period 
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of non-weight-bearing for PD patients. The authors sug-
gested that only when healing occurs over the lateral pillar 
region and the signal intensity normalizes indicating reos-
sification that a patient would be allowed to weight bear. 
One could argue, however, that the duration that it would 
take for lateral pillar reossification would be lengthy, by 
which time a radiograph would be a sensitive enough 
investigation. Although we found that subtraction MRI did 
provide additional information on vascularization in one 
of our cohort, this was not consistent across all subjects.

This study was not powered specifically to compare two 
MRI techniques but rather the MRIs were performed as an 
exploratory variable. It is, therefore, possible that the small 
sample size was inadequate to detect a difference between 
the two techniques. We also used two different MRI sys-
tems with different magnetic strengths (1.5T and 3T) for the 
study. Although each subject was consistently examined 
with the same MRI system, the impact of these cofounders 
on the MRI evaluation could not be known. Further, unlike 
previous perfusion MRI studies,8,9,11 we did not perform an 
interobserver reliability study to compare the results as we 
felt a single observer is adequate to perform the MRI com-
parison. The strength of this study is that it had involved 
data collected from a prospective, randomized control 
trial. Comparison of the perfusion index between the two 
treatment groups revealed no difference, suggesting that 
bisphosphonate treatment did not influence revasculariza-
tion in this study. Other aspects that we will look into at the 
end of the trial are the prognosticative value of an early MRI 
perfusion index and also the perfusion patterns in different 
treatment groups at various stages.

In conclusion, subtraction MRI did not add extra infor-
mation for most patients compared with contrast MRI for 
assessing perfusion of the femoral head in PD. This may 
provide a simpler pathway for the evaluation of bone 
perfusion in children. In recent years subtraction MRI has 
become more popular in the management of PD. The sub-
traction MRI is being used increasingly as an investigative 
tool, with current evidence suggesting it may have a role for 
detection of early or occult PD and for follow-up after mul-
tiple epiphyseal drilling. However, our study suggests that 
contrast MRI would be sufficient for the physician’s deci-
sion-making involving the management for the majority of 
patients with PD. Therefore, we could not recommend the 
subtraction MRI as a routine clinical investigation.
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