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Intra-articular pathology affects outcomes after joint preserving
surgery for osteonecrosis of the femoral head
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Abstract
Purpose Currently, knowledge regarding the intra-articular pathology and its relationship to outcomes after joint-preserving
surgery in patients with osteonecrosis of the femoral head (ONFH) is lacking. The purposes were to evaluate the intra-
articular pathology and its relationship with outcomes of joint-preserving surgery in ONFH.
Methods We reviewed 41 hips with ONFH in 41 patients (27 women; mean age, 34.9 years old) who underwent intertrochanteric
curved varus osteotomy. Radiographic evaluations were based on pre-operative imaging studies, including radiographs, com-
puted tomography (CT), and magnetic resonance imaging (MRI). Intra-articular pathology was evaluated by arthroscopic
inspection of the femoral head, labrum, and acetabular cartilage during surgery. In addition, we performed radiographic mea-
surements of the hip, including the collapse of the femoral head andminimal joint space width at three years post-operatively and
at final follow-up.
Results Arthroscopy revealed damage to the acetabular cartilage and labrum in 22 (54%) and 13 patients (32%), respectively.
However, these lesions could be detected on imaging in only 13 (32%) and ten patients (24%), respectively. The change in joint
space width after surgery was significantly higher in patients with cartilage degeneration and labral injury (P = 0.02, P = 0.02).
Logistic regression analysis for subsequent progression of osteoarthritis showed an association with degenerative changes of
articular cartilage and the labral tear as independent predictors (P = 0.001, P = 0.03).
Conclusions Our data demonstrate the presence of labral and acetabular cartilage lesions in ONFH patients, while images do not
reveal the full extent of the tissue damage. These intra-articular pathologies can be associated with the outcomes after joint-
preserving surgery.

Keywords Osteonecrosis of the femoral head . Intra-articular pathology . Arthroscopy . Hip preservation surgery . Articular
cartilage . Labral tear

Introduction

Osteonecrosis of the femoral head (ONFH) typically affects
relatively young and active patients in the third or fourth

decade of life [1, 2]. If left untreated, mechanical instability
may cause failure of the subchondral trabeculae and articular
collapse of the femoral head that progresses to secondary
osteoarthritis (OA) in 80% of patients [3]. The current under-
standing of the pathogenesis of ONFH describes it primarily
as a disease of bone; nevertheless, several authors reported
other disorders, including acetabular cartilage degeneration,
labral tears, or loose bodies in patients with ONFH [4, 5].
These intra-articular pathologies are thought to be secondary
to the periodic loss of the normal contour of the femoral head,
where the necrotic cancellous bone is unable to withstand
physiologic forces, causing mechanical disruption of the car-
tilage or labrum [4–6].

Magnetic resonance imaging (MRI) has become the gold
standard for diagnosis and assessment of osteonecrosis and
intra-articular pathology. Advances in higher-field magnets
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and improved designs and sequences have increased our
diagnostic accuracy using high-resolution non-contrast and
MR arthrographic (MRa) techniques [7, 8]. Despite these
advances, MRI does not always identify accurate labral in-
jury or chondral damage; arthroscopy remains the gold stan-
dard for detection and staging of chondral lesions [9–12]. A
meta-analysis of studies of the diagnostic test accuracy of
MRI, MRa, multidetector arrays in computer tomography
(CT) arthrography and CT arthrography for the assessment
of patients with chondral lesions of the hip in comparison to
surgical findings (arthroscopy or open) as the reference con-
firmed that arthroscopy remains the most accurate method of
assessing the cartilage in the hip joint [13]. Ruch et al.
showed poor correlation between radiographic and arthro-
scopic assessment of femoral head cartilage in patients with
early post-collapse osteonecrosis, as arthroscopic evaluation
revealed lesions that had not been noted on radiograph or
MRI [14].

The optimal surgical treatment for ONFH remains contro-
versial. Consideration of joint preservation surgery for ONFH
is important to avoid or delay joint replacement procedures;
other surgical treatments were proposed for joint preservation

such as osteotomy, vascularized bone grafting and core-
decompression with/without cell therapy [15–17]. These pro-
cedures have been reported to be effective for the pre- or early
post-collapse stage; however, these present some risks, the
success rate varies, and sometimes they may even jeopardize
the future success of hip replacements [18, 19]. Several studies
demonstrated that extent of necrotic lesion, pre-operative col-
lapse of femoral head and post-operative intact ratio were
associated with post-operative clinical and radiographic re-
sults. It is likely that other factors such as degeneration of
the cartilage or labral tear outweigh the success of available
joint preserving procedures for the fact that the presence of
reversible changes may cause a mechanical disruption of the
hip joint. However, it is unknown whether intra-articular pa-
thology has relationships with post-operative outcomes of
joint preserving surgery. Furthermore, detailed intra-articular
pathology in ONFH patients is also unknown.

The purpose of our study was 2-fold. The first was to eval-
uate intra-articular pathology in patients with ONFH by ar-
throscopic inspection and discuss the value of hip arthroscopy
compared with traditional imaging techniques. The second
was to evaluate whether intra-articular pathology has a

Fig. 1 The classification according to the Japanese Investigation
Committee of Health and Welfare [22] Type A indicates that necrotic
area occupies the medial one-third or less of the weight-bearing area.

Type B indicates the medial two-thirds or less. Type C1 indicates more
than two-thirds but not extending to the acetabular rim. Type C2 indicates
more than two-thirds and extending to the acetabular rim

Fig. 2 Calculation of the height
of collapse of the femoral head
and the joint space width on plain
radiograph. The approximate
circles were set based on the
morphology of the femoral head
and acetabulum. a The length
between the surface of the lesion
and circle just above (dot lines)
was calculated as the height of
collapse of the femoral head
(allow). b The length between the
surface of both circles (black line)
was calculated as the joint space
width (allow)

1296 International Orthopaedics (SICOT) (2020) 44:1295–1303



relationship with post-operative radiographic outcomes of
joint preserving surgery in patients with ONFH in whom ra-
diographs showed a well-preserved joint space. We hypothe-
sized that there would be significant discrepancies between
the findings of arthroscopic inspection and traditional imaging
techniques and that these intra-articular pathologies has a

relationship with post-operative outcomes of joint preserving
surgery in patients with ONFH.

Methods

Study population

This was a retrospective study of patients diagnosed with
ONFH who underwent intertrochanteric curved varus
osteotomy (CVO) without acetabular osteotomy [20] between
April 2011 and March 2014 at our university hospital. The
subset of patients with the localization of the necrotic lesion
of type C1 and C2 according to the Japanese Investigation
Committee of Health and Welfare classification [21] (Fig. 1)
and initial stages of ONFH of stage 2 (radiographically abnor-
mal without collapse) and stage 3 (a crescent sign without
osteoarthritic change) according to the Association Research
Circulation Osseous (ARCO) staging system [22] were in-
cluded. Furthermore, the patients who had the potential to
obtain coverage of more than one-third of load-bearing area
with intact surface of the femoral head on pre-operative AP
hip radiographs in maximum abduction were considered suit-
able for this surgery.

Radiographic evaluation

All patients underwent biplanar radiographic imaging of the
hip, including supine AP pelvic views in the neutral position
and cross-table lateral views, CT, and MRI pre-operatively.
MRI was performed pre-operatively using a 3.0 T GE
(General Electric, Milwaukee, WI, USA) Excite Signa MR
Scanner and phased array coil (USA Instruments, Inc.,
Cleveland, OH, USA). Image acquisition was carried out in
the coronal, sagittal, and native axial planes. Pre- and post-
operative radiographs were compared, and the patients with
progression of collapse and narrowing of joint space more
than 1 mm were considered “positive.” On CT, collapse of
the femoral head and cystic formation were evaluated pre-
operatively. Collapse of the femoral head, damage to articular

Table 1 Demographic date of patients

Characteristic Value

Gender (n)

Male 14

Female 27

Mean age (y.o.) 34.9 ± 11

Association of osteonecrosis (n)

Steroid 29

Alcoholism 6

Idiopathic 6

Type (hips, %)

C1 34

C2 7

Stage (hips, %)

2 17

3 24

Duration to the op from ONFH development (m) 14.4 ± 20

Follow-up duration after the operation (months) 58.8 ± 21.6

Radiographic findings (plain radiograph)

Collapse of the femoral head at pre-op (n) 20

Height of collapse (mm) 0.77 ± 0.78

Progression of the collapse at 3 years post-op (n) 8

Height of collapse (mm) 1.1 ± 1.0

Progression of the collapse at last follow-up (n) 8

Height of collapse (mm) 1.2 ± 1.1

Joint space width at pre-op (mm) 3.8 ± 0.7

Progression of OA at 3 years post-op (n) 12

Joint space width (mm) 3.2 ± 1.1

Progression of OA at last follow-up (n) 16

Joint space width (mm) 2.9 ± 1.3

Table 2 Radiographic and
arthroscopic findings n (%) X-p CT MRI Arthroscopy

Femoral head

Collapse 20 (49%) 24 (59%) 6 (15%) 10 (24%)

Cystic lesion 26 (63%) 24 (59%)

Irregularity of the articular surface 13 (32%) 24 (59%)

Acetabulum

Articular lesion 13 (32%) 22 (54%)

Labral tear 10 (24%) 13 (32%)

Results are expressed as number and percentage. X-p: X-ray photography
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cartilage, and labrum tear were also evaluated on MRI pre-
operatively. For each acetabular sub-region, acetabular carti-
lage was evaluated using MRI-based modified Outerbridge
grade and was assigned “positive” when the finding of the
cartilage damage was over grade 1 [23]. They also underwent
radiographic analysis of the hip at three years post-operatively
and at final follow-up. Radiographic evaluations including the
height of collapse of the femoral head and the minimal joint
space width on X-ray were performed pre-operatively, at
three years post-operatively and at final follow-up (Fig. 2)
[24].

Intra-articular evaluation

Intra-articular pathology was evaluated by arthroscopic in-
spection of the femoral head, labrum, and acetabular cartilage
for all the patients in the surgery. For the evaluation of the
location of both the acetabular and labral lesions, the labrum
and acetabulum were divided into three sections with clock-

face markings, using an established mapping system based on
anatomic landmarks [24]. The acetabular teardrop served as
the landmark for the acetabular 6 o’clock position. The ace-
tabulum was divided into three sections: the 10:00–2:00
o’clock position as the superior section; the 2:00–5:30 o’clock
position as the anterior section; and the 6:30–10:00 o’clock
position as the posterior section. Acetabular cartilage lesions
were also graded using the Beck scale [25] and were assigned
“positive” when the arthroscopic finding of the damage was
over grade 2: grade 1, normal; grade 2, malacia; grade 3,
debonding; grade 4, cleavage; and grade 5, full-thickness de-
fect or complete loss of cartilage. The femoral head was visu-
ally classified according to its morphological appearance and
localization of the lesion, including collapse, cartilage dam-
age, or fold formation.

Surgical procedure

The CVO procedure was performed based on the technique
developed by Nishio and Sugioka [20]. A longitudinal skin
incision was made over the greater trochanter with the patient
in the lateral position. After dissection of the deep fascia, the
greater and lesser trochanters were exposed posteriorly by
rotating the hip joint internally. The external rotators and
quadratus muscle were retained with the preservation of the
medial femoral circumflex artery. After the external rotator
muscle was exposed, a small incisionwas made on the capsule
at the distal side of the piriformis muscle so that arthroscope
could be inserted into the intra-articular space. Arthroscopy
was used to evaluate the intra-articular pathology, including
labral tears or articular cartilage of the acetabulum and femoral
head to verify that acetabular coverage of more than one-third
of the intact articular surface could be obtained. An
intertrochanteric curved osteotomy was then carried out from
the lesser to greater trochanter using a bone chisel. The ante-
rior periosteum was then dissected along the line of the

Table 3 Arthroscopic
findings Femoral head (n)

Collapse 10

Folds formation 24

Acetabulum

Articular lesion 22

All quadrant 13

Anterior quadrant 3

Superior quadrant 6

Posterior quadrant 0

Labral tear 13

All quadrant 1

Anterior quadrant 11

Superior quadrant 1

Posterior quadrant 0

Fig. 3 a A pre-operative CT arthrography (coronal image); black arrow
heads indicates the subchondral fractures in the femoral head. b A pre-
operative MRI (coronal image of T2WI); white arrow heads indicates
erosion around the femoral head. c Arthroscopic findings at osteotomy;

black arrow heads indicates the labral lesions, and white arrow heads
indicates chondral lesions in the acetabulum. However, there is no abnor-
mal finding in the femoral head
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osteotomy, and the femoral neck was shifted into a varus po-
sition by displacing the femoral neck in a cranial direction
under the fluoroscopy. The fixation device was the Hip
Osteotomy Plate system (HOP®, Nakashima Medical,
Okayama, Japan).

Statistical analysis

All data were expressed as mean ± standard deviation (SD),
and statistical analyses were performed using Stat-View-J ver-
sion 5.0 software (Hulinks, Tokyo, Japan). The Mann-
Whitney U test was used for the detection of differences be-
tween the groups. A multivariate analysis of risk factors for
progressive collapse of the femoral head was performed using
a logistic regression model for the variables with P < 0.05,
including type of ONFH, association of osteonecrosis, cystic
lesion in the femoral head, abnormal arthroscopic findings in
the femoral head, and time between ONFH symptom onset
and the CVO procedure. The required number of patients to
detect the difference of the changes of joint space width as a
primary endpoint with supposed delta under the power of 80%
was performed using G*power 3.1.9.4 [26]. A multivariate
analysis of risk factors for progressive joint degeneration
was also performed using a logistic regression model for the
variables with P < 0.05, including the time between ONFH
symptom onset and the CVO procedure, degenerative changes
of articular cartilage, and labral tear.

Results

During the study period, 41 patients (41 hips) who had severe
pain of affected hip were included, with complete radiologic
and arthroscopic datasets. Patient demographics are shown in
Table 1. The mean follow-up duration after the surgery was
58.8 ± 21.6 months. The localization of the necrotic lesion
was type C1 in 34 hips and type C2 in seven hips. Initial stages
of ONFHwere rated as stage 2 in 17 hips and stage 3 in 24 hips.

There were eight patients with progression of collapse at
three years post-operatively and at final follow-up, and there
were 12 and 16 patients with progression of OA at three years
post-operatively and at final follow-up, respectively (Table 1).
Radiographic and arthroscopic findings are shown in Table 2.
The extent of femoral and acetabular damage and the location
of lesions are shown in Table 3. The collapse of the femoral
head was detected in 24 patients (59%) by CT, whereas col-
lapse was detected only in ten patients by arthroscopy; the
wave-like deformation or buckling of the articular surface
was detected in 24 patients (59%) by arthroscopy.

On arthroscopy, damage to the acetabular cartilage and the
labrum was seen in 22 (54%) and 13 patients (32%), respec-
tively. However, onMRI, these lesions could be detected only
in 13 (32%) and ten patients (24%), respectively. (Fig. 3)
There was a similar pattern of damage to the acetabular carti-
lage and the labrum. Acetabular lesions were seen in the an-
terior and superior sections, and their appearance ranged from
superficial roughening to defects extending to the subchondral

Table 4 Demographic data of each finding

Association of osteonecrosis Type of ONFH Stage of ONFH

Total Steroid (29) Alcoholism (6) Idiopathic (6) C1 (34) C2 (7) 2 (17) 3 (24)

Femoral head

Collapse (CT) 24 18 (62%) 3 (50%) 3 (50%) 20 (57%) 4 (67%) 0 24 (100%) *

Cystic lesion (CT) 26 19 (66%) 4 (66%) 3 (50%) 22 (63%) 4 (67%) 7 (41%) 19 (79%) *

Articular cartilage lesion (arthroscopy) 24 16 (55%) 5 (83%) 3 (50%) 18 (53%) 6 (86%) 6 (35%) 18 (75%) *

Acetabulum

Articular lesion (arthroscopy) 22 15 (52%) 3 (50%) 4 (66%) 17 (50%) 5 (71%) 7 (41%) 15 (63%) *

Labral tear (arthroscopy) 13 10 (34%) 1 (17%) 2 (33%) 10 (29%) 3 (43%) 5 (29%) 8 (33%)

Results are expressed as number and percentage. ONFH, Osteonecrosis of the femoral head *; P < 0.05

Table 5 Height of collapse in the femoral head

Type of ONFH Stage of ONFH Cystic lesion in FH Fold formation at FH

C1 C2 P value Stage2 Stage3 P value None Present P value None Present P value

3 years post-op (mm) 0.27 ± 0.5 1.27 ± 1.3 0.001 0.55 ± 1.1 0.37 ± 0.5 0.48 0.64 ± 1.1 0.32 ± 0.5 0.22 0.29 ± 0.8 0.55 ± 0.7 0.3
Last follow-up (mm) 0.36 ± 0.7 1.3 ± 1.3 0.01 0.62 ± 1.2 0.44 ± 0.6 0.51 0.77 ± 1.2 0.37 ± 0.6 0.17 0.29 ± 0.8 0.68 ± 0.9 0.17

Results are expressed as mean ± SD or number. FH, femoral head; ONFH, osteonecrosis of the femoral head; op, operation
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bone. There were also tears of the labrum in the anterior and
superior sections. The associations among radiographic and
arthroscopic findings, including those between type and stage
of ONFH in osteonecrosis, are shown in Table 4. The radio-
graphic and arthroscopic findings varied according to the as-
sociation of osteonecrosis. Collapse, cystic lesions, and artic-
ular cartilage lesions in the femoral head were significantly
associated with ONFH stage. Furthermore, an acetabular le-
sion was associated with ONFH stage. The height of collapse
and the change of joint space width at three years post-
operatively and at final follow-up are shown in Tables 5 and
6. The height of collapse in type C2 was significantly higher
than that of type C1 at three years post-operatively (P =
0.001) and at final follow-up (P = 0.01). The change of joint
space width was significantly higher in patients with type C2
(P = 0.02), with the presence of cartilage degeneration (P =
0.02) and labral lesions (P = 0.02) at final follow-up. A logis-
tic regression analysis of the subsequent collapse of the fem-
oral head showed a significant association with type of ONFH
(P= 0.03) and the time between ONFH symptom onset and the
CVO procedure as independent predictors (P = 0.04)
(Table 7). Furthermore, logistic regression analysis for the
subsequent progression of OA at three years post-
operatively and at final follow-up also showed a significant
association with degenerative changes of articular cartilage
(P = 0.001) and labral tears as independent predictors (p =
0.03) (Table 8 and 9).

Discussion

To the best of our knowledge, this study was the first in pa-
tients with ONFH to evaluate intra-articular pathology and its
relationship with post-operative outcomes of joint-preserving
surgery. Our findings suggest the chronic presence of labral
and acetabular cartilage lesions in ONFH patients where the
images, particularly CT and MRI, have not really shown the
full extent of the tissue damage. Furthermore, these intra-
articular pathologies can be associated with outcomes after
joint-preserving surgery; hip arthroscopy has a role in accurate
evaluation of intra-articular pathology and treatment of intra-
articular lesions that are often associated with the disease.

In patients with ONFH, subcortical fracture and femoral
head collapse are pathognomonic signs of advanced ONFH.
Nevertheless, there is limited data regarding intra-articular pa-
thology, including acetabular cartilage and labral lesions. The
success of joint preservation surgery can be stratified by age,
lesion size, lesion location, and disease stage. To our knowl-
edge, there has no published investigation of the influence of
these intra-articular pathologies on the success of joint preser-
vation surgery. In the absence of specific information on the
status of intra-articular pathology, the success of conservative
treatment and head-sparing procedures may be based only onTa
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the radiographic findings. However, the fate of the articular
cartilage with conservative treatment or joint preservation sur-
gery is of particular clinical importance, because it is pre-
sumed that the cartilage is to some degree functional and
viable.

The imaging of cartilage lesions remains elusive in the hip
joint, despite the fact that accuracy of MRI continues to im-
prove [27, 28]. In ONFH patients, non-contrast MRI can hardly
detect osteochondral damage in the cases with arthroscopically
confirmed lesions. Ruch et al. showed poor correlation between
imaging and arthroscopic assessment of the cartilage in patients
with ONFH, and diagnostic hip arthroscopy was suggested to
evaluate the present joint degeneration [29].

The gross and histologic changes in the cartilage without
radiographic evidence of degeneration were reported by sev-
eral authors [29–32]. Mukisi-Mukaza et al. mentioned that
there is no correspondence between histopathology and radio-
logical stage in ONFH patients [31].Magnussen et al. reported
osteonecrotic cartilage shows evidence of degeneration and
corresponding changes in mechanical properties when com-
pared with normal controls [32]. The labral tears in ONFH
patients are also reported by several authors [33, 34].
However, the mechanism responsible for the cartilage and
labral damage in patients with ONFH is controversial. Some
authors have suggested that the damage to the acetabular car-
tilage and labrum originate from the “asphericity of the fem-
oral head” caused by the subcortical fracture and femoral head
collapse [35]. However, this seems unlikely, given the fact that
the cartilage degeneration was observed before articular col-
lapse according to the T2 mapping study in systemic lupus
erythematosus patients with ONFH [36].

Our study indicates that an acetabular cartilage and labrum
show evidence of degeneration in patients with pre-and early

post-collapse stage, despite radiographic normal. It is also
apparent that there is a wide variation in these properties
among ONFH patients. For the progression of collapse, in-
creasing the lesion size and the time between ONFH symptom
onset and the CVO procedure were significantly associated,
whereas arthroscopic abnormal findings in the femoral head
were not associated. On the other hand, the degenerative
changes of articular cartilage and labral tears in the acetabu-
lum were significantly associated with the progression of OA
after surgery. These findings may explain why some patients
treated with joint-preserving surgery continue to experience
pain although the joint space is maintained radiologically, and
some patients suffer fromOA progression, despite the absence
of radiological evidence of collapse in the femoral head.
Furthermore, these intra-articular pathologies cannot always
be detected by MRI. These findings suggest that hip arthros-
copy before or during surgery has a role if joint-preserving
surgery is planned for ONFH patients with lesions of pre-
collapse or mild post-collapse stage. This allows relatively
accurate evaluation of the femoral head and acetabulum for
treating any intra-articular lesions. Moreover, it may provide
better information regarding histologic grade and mechanical
properties; a report mentioned that the gross appearance of the
femoral head was an accurate predictor of both histologic
grade and mechanical properties [34].

Limitation

This study has several limitations. First, a relatively small study
group of patients and a retrospective study pattern reflecting the
rare nature of the disease is described. Furthermore, the evalu-
ation protocol did not allow the problem of inter- and intra-

Table 7 Multivariate analysis of
the factors influencing
progressive collapse of the
femoral head

Odds ratio 95%CI P values

Presence of type C2 ONFH 10.8 0.17–4.59 0.03

Cystic lesion in the femoral head 0.08 − 5.29–0.25 0.075

Arthroscopic abnormal findings in the femoral head 6.1 − 0.76–4.39 0.17

Time between ONFH symptom onset and surgery 1.1 0.001–0.11 0.04

Association of osteonecrosis 0.3 − 2.74–0.46 0.16

CI, confidence interval; ONFH, osteonecrosis of the femoral head

Table 8 Multivariate analysis of
the factors influencing the
progression of OA at 3 years post-
op

Odds ratio 95%CI P-values

Degenerative changes of articular cartilage 6.4 1.34–30.1 0.01

Labral tear 5.35 1.12–25.5 0.03

Time between ONFH symptom onset and surgery 1.0 0.99–1.07 0.19

OA, osteoarthritis; ONFH, osteonecrosis of the femoral head
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observer reliability. Nevertheless, the presented cohort included
hips that covered the entire spectrum of the disease (Japanese
Investigation Committee of Health and Welfare stage 2–3 in
which joint preserving surgery can be considered). Second,
the imaging protocol did not allow MRA or radial MRI that
were reported to be effective for the detection of articular carti-
lage and labral lesion. Comparing both techniques should be a
subject for further studies.

Conclusion

Our data demonstrate the presence of labral tear and acetabu-
lar cartilage lesions in ONFH patients, while images, particu-
larly CT and MRI, do not reveal the full extent of the tissue
damage. These concomitant intra-articular pathologies can be
associated with radiographic outcomes after joint-preserving
surgery and may possibly influence the natural course of
ONFH after surgery; hip arthroscopy has a potential role in
accurate evaluation of intra-articular pathology that is often
associated with the disease.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethics approval Ethics approval was granted by the Institutional
Review Board (# E-677, 7/Feb/2017), and informed consent was obtain-
ed from all individual participants included in the study.

References

1. Fukushima W, Yamamoto T, Takahashi S, Sakaguchi M, Kubo T,
Iwamoto Y, Hirota Y (2013) Idiopathic ONFH multicenter case-
control study. The effect of alcohol intake and the use of oral cor-
ticosteroids on the risk of idiopathic osteonecrosis of the femoral
head: a case-control study in Japan. Bone joint J 95-B(3):320–325

2. Larson E, Jones LC, Goodman SB, Koo KH, Cui Q (2018) Early-
stage osteonecrosis of the femoral head: where are we and where
are we going in year 2018? Int Orthop 42(7):1723–1728

3. Sultan AA, Mohamed N, Samuel LT, Chughtai M, Sodhi N, Krebs
VE, Stearns KL, Molloy RM, Mont MA (2019) Classification sys-
tems of hip osteonecrosis: an updated review. Int Orthop 43(5):
1089–1095

4. McCarthy J, Puri L, BarsoumW (2003) Articular cartilage changes
in avascular necrosis: an arthroscopic evaluation. Clin Orthop Relat
Res 406:64–70

5. Ruch DS, SatterfieldW (1998) The use of arthroscopy to document
accurate position of core decompression of the hip. Arthroscopy 14:
617–619

6. Guo KJ, Zhao FC, Guo Y, Li FL, Zhu L, Zheng W (2014) The
influence of age, gender and treatment with steroids on the inci-
dence of osteonecrosis of the femoral head during the management
of severe acute respiratory syndrome: a retrospective study. Bone
Joint J 96-B(2):259–262

7. Potter HG, Schachar J (2012) High resolution noncontrast MRI of
the hip. J Magn Reson Imag 2010 31:268–278

8. Gold SL, Burge AJ, Potter HG (2012) MRI of hip cartilage. Clin
Orthop Relat Res 470:3321–3331

9. Sutter R, Zubler V, Hoffmann A et al (2014) Hip MRI: how useful
is intraarticular contrast material for evaluating surgically proven
lesions of the labrum and articular cartilage? Am J Roentgenol 202:
160–169

10. Zlatkin MB, Pevsner D, Sanders TG et al (2010) Acetabular labral
tears and cartilage lesions of the hip: indirect MR arthrographic
correlation with arthroscopy–a preliminary study. Am J
Roentgenol 194:709–714

11. Perdikakis E, Karachalios T, Katonis P et al (2011) Comparison of
MRarthrography and MDCT-arthrography for detection of labral
and articular cartilage hip pathology. Skelet Radiol 40:1441–1447

12. Ho CP, Ommen ND, Bhatia S et al (2016) Predictive value of 3-t
magnetic resonance imaging in diagnosing grade 3 and 4 chondral
lesions in the hip. Arthroscopy 32:1808–1813

13. Biswal S, Hazra S, Yun HH, Hur CY, Shon WY (2009)
Transtrochanteric rotational osteotomy for nontraumatic
osteonecrosis of the femoral head in young adults. Clin Orthop
Relat Res 467:1529–1537

14. Trăistaru MR, Kamal D, Kamal KC et al (2015) Imaging and his-
topathological aspects in aseptic osteonecrosis of the femoral head.
Romanian J Morphol Embryol 56:1447–1453

15. Yamasaki T, Yasunaga Y, Ishikawa M, Hamaki T, Ochi M (2010)
Bone-marrow-derived mononuclear cells with a porous hydroxyap-
atite scaffold for the treatment of osteonecrosis of the femoral head:
a preliminary study. J Bone Joint Surg Br 92:337–341

16. Hernigou P, Dubory A, Homma Y, Guissou I, Flouzat Lachaniette
CH, Chevallier N, Rouard H (2018) Cell therapy versus simulta-
neous contralateral decompression in symptomatic corticosteroid
osteonecrosis: a thirty year follow-up prospective randomized study
of one hundred and twenty five adult patients. Int Orthop Jul 42(7):
1639–1649

17. Tomaru Y, Yoshioka T, Sugaya H, Shimizu Y, Aoto K, Wada H,
Akaogi H, Yamazaki M, Mishima H (2018) Mid-term results of
concentrated autologous bone marrow aspirate transplantation for
corticosteroid-associated osteonecrosis of the femoral head in sys-
temic lupus erythematosus. Int Orthop Jul 42(7):1623–1630

18. Hamanishi M, Yasunaga Y, Yamasaki T, Mori R, Shoji T, Ochi M
(2014) The clinical and radiographic results of intertrochanteric
curved varus osteotomy for idiopathic osteonecrosis of the femoral
head. Arch Orthop Trauma Surg 134:305–310

19. Kubo Y, Motomura G, Ikemura S, Sonoda K, Yamamoto T,
Nakashima Y (2017) Factors influencing progressive collapse of
the transposed necrotic lesion after transtrochanteric anterior rota-
tional osteotomy for osteonecrosis of the femoral head. Orthop
Traumatol Surg Res 103:217–222

20. Nishio A, Sugioka Y (1971) A new technique of the varus
osteotomy at the upper end of the femur. Orthop Trauma 20:381–
386

21. Sugano N, Atsumi T, Ohzono K et al (2002) The 2001 revised
criteria for diagnosis, classification, and staging of idiopathic
osteonecrosis of the femoral head. J Orthop Sci 7:601–605

Table 9 Multivariate analysis of the factors influencing the progression
of OA at final follow-up

Odds ratio 95%CI P-values

Degenerative changes
of articular cartilage

13.6 2.72–68.1 0.001

Labral tear 5.14 1.17–22.7 0.03

OA, osteoarthritis; ONFH, osteonecrosis of the femoral head

1302 International Orthopaedics (SICOT) (2020) 44:1295–1303



22. Gardeniers JWM (1993) ARCO (Association Research Circulation
Osseous) Committee on Terminology and Classification. ARCO
News 5:79–82

23. Barer M (1978) Role of innominate osteotomy in the treatment of
children with Legg-Perthes disease. Clin Orthop Relat Res 135:2–9

24. Leunig M, Werlen S, Ungersböck A, Ito K, Ganz R (1997)
Evaluation of the acetabular labrum by MR arthrography. J Bone
Joint Surg [Br] 79-B:230–234

25. Beck M, Kalhor M, Leunig MGanz R (2005) Hip morphology
influences the pattern of damage to the acetabular cartilage:
femoroacetabular impingement as a cause of early osteoarthritis
of the hip. J Bone Joint Surg Br 87:1012–1018

26. Faul F, Erdfelder E, Lang A-G, Buchner A (2007) G*power 3: a
flexible statistical power analysis program for the social, behavioral,
and biomedical sciences. Behav Res Methods 39:175–191

27. Mintz DN, Hooper T, Connell D, Buly R, Padgett DE, Potter HG
(2005) Magnetic resonance imaging of the hip: detection of labral
and chondral abnormalities using noncontrast imaging.
Arthroscopy 21:385–393

28. Agten CA, Sutter R, Buck FM, Pfirrmann CWA (2016) Hip imag-
ing in athletes: sports imaging series. Radiology 280:351–369

29. Ruch DS, Sekiya J, Dickson SW et al (2001) The role of hip ar-
throscopy in the evaluation of avascular necrosis. Orthopedics 24:
339–343

30. Steinberg ME, Corces A, Fallon M (1999) Acetabular involvement
in osteonecrosis of the femoral head. J Bone Joint Surg Am 81:60–
65

31. Mukisi-Mukaza M, Gomez-Brouchet A, Donkerwolcke M,
HinsenkampM, Burny F (2011) Histopathology of aseptic necrosis
of the femoral head in sickle cell disease. Int Orthop 35:1145–1150

32. Magnussen RA, Guilak F, Vail TP (2005) Articular cartilage degen-
eration in post-collapse osteonecrosis of the femoral head.
Radiographic staging, macroscopic grading, and histologic chang-
es. J Bone Joint Surg Am 87(6):1272–1277

33. Izumida H, Kanaji A, Nishiwaki T (2014) Acetabular labral tear
complicating idiopathic osteonecrosis of the femoral head treated
by labral repair with hip arthroscopy: a case report. J Med Case Rep
8:372

34. Kloen P, Leunig M, Ganz R (2002) Early lesions of the labrum and
acetabular cartilage in osteonecrosis of the femoral head. J Bone
Joint Surg Br 84:66–69

35. Arkill KP, Winlove CP (2008) Solute transport in the deep and
calcified zones of articular cartilage. Osteoarthr Cartil 16:708–714

36. Yamamoto S,Watanabe A, Nakamura J et al (2011) Quantitative T2
mapping of femoral head cartilage in systemic lupus erythematosus
patients with noncollapsed osteonecrosis of the femoral head asso-
ciated with corticosteroid therapy. J Magn Reson Imaging 34:1151–
1158

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

1303International Orthopaedics (SICOT) (2020) 44:1295–1303


	Intra-articular pathology affects outcomes after joint preserving surgery for osteonecrosis of the femoral head
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Study population
	Radiographic evaluation
	Intra-articular evaluation
	Surgical procedure
	Statistical analysis

	Results
	Discussion
	Limitation
	Conclusion
	References


