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a  b  s  t  r  a  c  t

A  53-year-old  man  presented  with  pain  in  the  right  hip.  Radiological  examination  showed  idiopathic
osteonecrosis  of  the  femoral  head  (ONFH)  combined  with a cam  lesion.  Findings  on physical  examination
were  consistent  for  femoroacetabular  impingement.  At surgery,  we performed  isolated  arthroscopic  cor-
rection  for the  cam  lesion  but did  not  use  other  treatment  options  such  as  hip  arthroplasty  or  osteotomies
vailable online 22 December 2015
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for  the  ONFH.  At  the  latest  follow-up  evaluation  3  years  after  surgery,  findings  indicted  a satisfactory  out-
come,  with  a Harris  hip  score  of  93.2 (compared  with  76.4  before  surgery),  no  joint-space  narrowing,  and
no collapse  of the femoral  head.  It is  important  to  accurately  diagnose  the  status  of  idiopathic  ONFH
and  to  consider  another  possible  pathogenesis  when  a patient  with  idiopathic  ONFH  has  hip pain  even
without  femoral-head  collapse.

© 2015  The  Authors.  Published  by  Elsevier  Ltd.  on behalf  of IJS  Publishing  Group  Ltd.  This  is an  open
he CC
access  article  under  t

. Introduction

Idiopathic osteonecrosis of the femoral head (ONFH) usually
ffects young and middle-aged patients, and most of the radio-
raphically larger lesions progress to collapse, resulting in the rapid
estruction of the hip joint [1–5]. Corticosteroid therapy and alco-
ol abuse have been identified as risk factors for the development
f the disease [6]. Collapse of the femoral head usually occurs in
he subchondral portion [7–9], and the collapse is often the first
ymptom of the disease [10]. ONFH accounts for 10% of total hip
rthroplasties performed every year in the United States and West-
rn Europe [11]. Although good clinical results can be obtained
y treating ONFH with total hip arthroplasty or bipolar hemi-
rthroplasty [12,13], consideration of joint-preservation surgery
or idiopathic ONFH is important because it allows avoidance or
elay of hip-replacement procedures, because the disease often
ccurs early in adolescence. In fact, several joint-preservation surg-
ries have performed in young patients, with good clinical results
14–20]. Mont et al. suggested in a systematic literature review
hat consideration for joint-preserving surgical treatment even in

symptomatic patients with a medium to large and/or laterally
ocated lesion may  be beneficial [21]. Meanwhile, with the recent
ecognition of femoroacetabular impingement (FAI), progress in
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hip arthroscopy, and development of arthroscopic management of
FAI, numerous studies dealing with this subject have been reported
[22–26]. Until now, surgical intervention with arthroscopic treat-
ment for concomitant cam impingement in patients with idiopathic
ONFH had not been reported. Therefore, we  describe here a case
of idiopathic ONFH in which the patient was  able to avoid hip-
replacement surgery by undergoing arthroscopic correction for
concomitant cam impingement.

2. Case report

A 53-year-old man  with alcoholism who  was employed by a
sake factory visited our hospital because of pain in his right hip. In
January 2007, he underwent hemiarthroplasty of his left hip joint at
another hospital because of bilateral alcoholic ONFH, according to
the criteria described by Steinberg et al. [27] (left: stage 3A; right:
stage 2C) and the criteria described by Sugano et al. [2] (left: type
C1, stage 3A; right: type B, stage 2) (Fig. 1). The patient’s height
was 170 cm,  and his weight was 58 kg. His body mass index was
20.1 kg/m2. He reported a gradual increase in right hip joint pain,
with no obvious precipitating event, in September 2009. He went
to the hospital where he undergone surgery for his left hip, but
he was referred to our hospital because he refused to undergo the
same surgery for his right hip.

Findings for routine laboratory examinations were normal.

Physical examination revealed a slight limitation of hip joint
motion: flexion, 110◦; abduction, 40◦; adduction, 20◦; internal
rotation, 0◦; and external rotation, 50◦. Findings for the anterior
impingement sign were positive on the right side, but he had not
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Fig. 1. (a) Anteroposterior radiograph obtained 4 years before arthroscopic surgery. A sclerotic band is apparent in both femoral heads. (b) Multiplanar reconstruction via
computed tomography at the same time show a herniation pit at the junction of the femoral head and neck (asterisk), in addition to the obvious sclerotic band in the femoral
head  (black arrow).  (c and d) T1-weighted magnetic resonance images show a bone marrow edema pattern that indicates collapse of the femoral head in the head and neck
of  the left femur (white arrow).

Fig. 2. (a) Anteroposterior radiograph obtained just before the arthroscopic surgery. Sclerotic band and herniation pit was  more obvious than 4 years ago. (b) Multiplanar
reconstruction of computed tomographic image showing no obvious collapse of the femoral head. (c) Bone scintigraphy demonstrated cold in hot pattern as seen in primary
osteonecrosis and no increased uptake due to collapse. (d) Arthro-MRI showing intensity change of anterolateral part of the labrum which indicates labral tear (white arrow).
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Fig. 3. Anteroposterior radiographs taken (a) 4 years before the arthroscopic surgery, (b) just before surgery, (c) immediately after surgery, and (d) 3 years after surgery. No
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bvious progression of joint-space narrowing has been seen in the 7 years.

xperienced pain except during flexion and internal rotation of his
ip. His bone mineral density, measured by dual X-ray absorptiom-
try, was 1.110 g/cm2 for his right femoral neck. A plain radiograph
howed slight joint-space narrowing, a sclerotic band in the femoral
ead, cam deformity, and a large herniation pit in the femoral
ead–neck junction (Fig. 2). The center-edge angle of Wiberg [28]
as 31◦, and the acetabular roof angle [29] was 1◦. On the cross-

able view, the alpha angle [30] was 64◦. T1-weighted magnetic
esonance imaging of the right hip joint showed a deep wedge-
haped, low-intensity band in the right femoral head, as seen in
rimary osteonecrosis. However, no bone marrow edema pattern
as seen. Computed tomography also showed a deep wedge-

haped sclerotic band in the femoral head, but no obvious collapse
as seen. On the basis of those image findings, the radiologist diag-
osed primary osteonecrosis of the right femoral head. In addition,
e performed magnetic resonance imaging arthrography to see

f there was a labral tear or delamination of the acetabular car-
ilage due to cam impingement. We  found that the anterolateral
ortion of the labrum was  torn (Fig. 3). Taking all image find-

ngs into consideration, we diagnosed the cause of the pain as a
abral tear arising from cam impingement, rather than alcoholic
NFH. The labral tear was treated with arthroscopic labral debride-
ent and osteochondroplasty of the femoral head–neck junction.
t surgery, hip arthroscopy was performed through anterolateral
nd mid-anterior portals.

The surgical setup for hip arthroscopy was according to the
echnique reported by Philippon et al. [22]. Arthroscopic exami-
ation revealed a full-thickness labral tear (classification of Lage
t al. [31]; radial fibrillated type) and acetabular cartilage defect at
he anterosuperior region (classification of Konan et al. [32]; zone
, grade 4A). Because of the small size of the cartilage defect, we
id not perform microfracture [33]. A labral tear was  identified at
he anterosuperior edge of the acetabulum, and we  performed the

inimum debridement necessary. Although there was  softening of
he cartilage in the necrotic area, the femoral head did not collapse
s we had expected before surgery. For confirmation, we  perfo-
ated the necrotic area to see if it bled, but it did not do so. In the
eripheral compartment, we removed the osteochondral surface
nd synovium, using a motorized burr and shaver, at and around

he head–neck junction to avoid cam impingement. The herniation
it was so large (approximately 11 × 13 × 10 mm)  that we  removed
he contents and filled the cavity with 3 mL  of hydroxyapatite bone
ubstitute (Cerafit, NTK, Aichi, Japan) to prevent postoperative frac-
ture of the femoral neck; we used the method of Jamali et al. [34]
(intraoperative video). Histological analysis showed that the bone
cyst found in the herniation pit consisted of collagen fiber, adipose
tissue, blood vessels, and a few chronic inflammatory cells.

Passive motion of the operated hip was initiated on the first day
after surgery. Weight-bearing was allowed 3 days after surgery.
The patient’s Harris hip score [35] had improved from 76.4 before
surgery to 93.2 by the time of the 3-year postoperative follow-up
evaluation. In addition, a plain radiograph obtained at the lat-
est follow-up evaluation demonstrated no obvious progression of
joint-space narrowing and no collapse of the femoral head. To date,
there has been no postoperative femoral neck fracture.

Our study was  approved by our institution’s review board, and
the appropriate written evidence of informed consent was obtained
from the patient.

3. Discussion

Our most important finding was  the clinical efficacy of arthro-
scopic correction for concomitant cam impingement in idiopathic
ONFH without collapse of the femoral head. Generally, hip replace-
ment is required for symptomatic ONFH if collapse of the femoral
head advances. Kang et al. and Nam et al. respectively demonstrated
that symptoms developed in 55.9% and 59% of asymptomatic ONFH.
In addition, both groups reported that the prevalence of symp-
tom development was significantly higher for large lateral lesions
[36,37]. Min  et al. suggested that the extent of large necrotic lesions
(involving >30% of the femoral head) [10] and the location of type
C2 [2] necrotic lesions predict collapse. Furthermore, they also indi-
cated that the mean interval between diagnosis of asymptomatic
ONFH and collapse was 4.1 years. In our patient, the femoral head
on the left side collapsed because of the large size and lateral posi-
tion (>30% of the head; type C2) of the lesion. Meanwhile, although
Nishii et al. reported that the collapse rates of type B according to
the criteria described by Sugano et al. [38] was  50% we assumed that
the right femoral head had not collapsed because of the lesion there
was of medium size and had a relatively medial position (15–30%
of the head; type B). Besides, more than 4 years had already passed
since the original diagnosis at the patient’s first visit to our hospital.

The passage of that amount of time without any change indicates
that the possibility future collapse of the right femoral head is low.
In planning surgery, we  had several treatment options, such as total
hip replacement, bipolar hemiarthroplasty, osteotomies, and hip
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rthroscopy. We  determined that the cause of his right hip joint
ain was cam impingement instead of idiopathic ONFH, because
f evidence of the presence of a large cam lesion and a herniation
it, in addition to a lack of collapse of the femoral head. Moreover,
he joint space had already been maintained for more than 4 years
y the time of his first visit to our hospital. Thus, we considered
rthroscopic cam correction the best option. Hip arthroscopy is a
inimally invasive technique for diagnosis as well as therapeutic
anagement of FAI [22–26]. If we had performed an osteotomy,

uch as a femoral varus osteotomy, the patient’s symptoms might
ave been aggravated because the varus position of the femoral
eck makes impingement of the cam lesion easier. In some poor
utcome patients who underwent osteotomies for idiopathic ONFH
ight be included the ones who were ignored or misdiagnosed

oncomitant FAI. Bipolar hemiarthroplasty also might lead to early
ailure due to central migration of the bipolar head, because he
lready had a grade IV cartilage defect (classification system of Out-
rbridge and Dunlop [39]) at the time of surgery. Recently, it has
een reported that the timing of surgery and the patient’s age are

mportant factors in avoiding the occurrence of chondral defects in
atients with symptomatic cam-type FAI [40]. In this case, it might
ave been possible to avoid the occurrence of a chondral defect if
he patient’s disease had been diagnosed precisely and earlier.

With regard to artificial bone grafts for herniation pits, Wijdicks
t al. demonstrated, in an in vitro biomechanical study, that there
re significant decreases in ultimate load and energy to failure in
emoral cortical notching of a depth >4 mm with cam resection [41].
n our patient, the depth of the herniation pit was  approximately
0 mm,  so there was concern about postoperative fracture of the
emoral neck. Therefore, we decided to use artificial bone graft to
ecrease the risk of the fracture. At 3 years after surgery, the graft
eemed to be well incorporated into the bone.

. Conclusion

In a patient with idiopathic ONFH, concomitant cam impinge-
ent was treated arthroscopically. Our findings show that it is

mportant to diagnose precisely the status of idiopathic ONFH.
ur patient’s recovery was uneventful, and his Harris hip score

mproved from 76.4 before surgery to 93.2 by the latest follow-
p evaluation, and he had no joint-space narrowing or collapse
f the femoral head. It is important to consider another patho-
enesis when a patient with idiopathic ONFH has hip pain even
ithout femoral-head collapse. Ignored or misdiagnosed concomi-

ant femoroacetabular impingement in a patient with idiopathic
steonecrosis of the femoral head might lead to poor out-
omes of surgical treatments such as bipolar hemiarthroplasty or
steotomies.

onflict of interest

No conflicts of interest.

unding

No sources of funding.
thical approval

We  report about a single case that did not require ethical
pproval. The manuscript is not a clinical study.

[

PEN  ACCESS
ery Case Reports 19 (2016) 154–158 157

Consent

We obtained written and signed consent to publish a case report
from the patient.

Author contributions

All authors were involved in drafting the article or revising
it critically for important intellectual content, and all authors
approved the final version for publication. Dr. Fukui had full access
to all of the data in the study and takes responsibility for the
integrity of the data and the accuracy of the data analysis. Study
conception and design. Fukui.

Acquisition of data: Fukui.
Analysis and interpretation of data: Fukui, Kaneuji, Matsumoto.

Guarantor

Fukui.

Acknowledgments

We are grateful to Angelica Wedell and Barry Eckhaus of the
Steadman Philippon Research Institute (Vail, Colorado, USA) for
their assistance with editing and narration of the video. Medical
editor Katharine O’Moore-Klopf, ELS (East Setauket, NY, USA) pro-
vided professional English-language editing of this article.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.ijscr.2015.12.021.

References

[1] J.K. Bradway, B.F. Morrey, The natural history of the silent hip in bilateral
atraumatic osteonecrosis, J. Arthroplasty 8 (1993) 383–387.

[2] N. Sugano, T. Atsumi, K. Ohzono, T. Kubo, T. Hotokebuchi, K. Takaoka, The
2001 revised criteria for diagnosis, classification, and staging of idiopathic
osteonecrosis of the femoral head, J. Orthop. Sci. 7 (2002) 601–605.

[3] R. Merle d’Aubigné, M.  Postel, A. Mazabraud, P. Massias, J. Gueguen, P. France,
Idiopathic necrosis of the femoral head in adults, J. Bone Joint Surg. Br. 47
(1965) 612–633.

[4] R.J. Patterson, W.H. Bickel, D.C. Dahlin, Idiopathic avascular necrosis of the
head  of the femur: a study of fifty-two cases, J. Bone Joint Surg. Am. 46 (1964)
267–282.

[5] K. Ohzono, M.  Saito, K. Takaoka, K. Ono, S. Saito, T. Nishina, T. Kadowaki,
Natural history of nontraumatic avascular necrosis of the femoral head, J.
Bone Joint Surg. Br. 73 (1991) 68–72.

[6] Y. Assouline-Dayan, C. Chang, A. Greenspan, Y. Shoenfeld, M.E. Gershwin,
Pathogenesis and natural history of osteonecrosis, Semin. Arthritis Rheum. 32
(2002) 94–124.

[7] M.  Usui, H. Inoue, S. Yukihiro, N. Abe, Femoral neck fracture following
avascular necrosis of the femoral head, Acta Med. Okayama 50 (1996)
111–117.

[8] Y.M. Kim, S.H. Lee, F.Y. Lee, K.H. Koo, K.H. Cho, Morphologic and
biomechanical study of avascular necrosis of the femoral head, Orthopedics
14 (1991) 1111–1116.

[9] J. Debeyre, C. Kénési, C. Boucker, Three cases of spontaneous cervico-capital
fractures, complications of primary necrosis of the femur head, Rev. Rhum.
Mal. Osteoartic 36 (1969) 23–26, Article in French.

10] B.W. Min, K.S. Song, C.H. Cho, S.M. Lee, K.J. Lee, Untreated asymptomatic hips
in patients with osteonecrosis of the femoral head, Clin. Orthop. Relat. Res.
466  (2008) 1087–1092.

11] T.P. Vail, D.B. Covington, The incidence of osteonecrosis, in: J.R. Urbaniak, J.P.
Jones Jr. (Eds.), Osteonecrosis: Etiology, Diagnosis, and Treatment, American
Orthopaedic Association, Rosemont, Illinois, 1997, pp. 43–49.

12] H.R. Johannson, M.G. Zywiel, D.R. Marker, L.C. Jones, M.S. McGrath, M.A. Mont,
Osteonecrosis is not a predictor of poor outcomes in primary total hip

arthroplasty: a systematic literature review, Int. Orthop. 35 (2011) 465–473.

13] M.  Moriya, K. Uchiyama, N. Takahira, K. Fukushima, T. Yamamoto, K. Hoshi, M.
Itoman, M. Takaso, Evaluation of bipolar hemiarthroplasty for the treatment
of  steroid-induced osteonecrosis of the femoral head, Int. Orthop. 36 (2012)
2041–2047.

http://dx.doi.org/10.1016/j.ijscr.2015.12.021
http://dx.doi.org/10.1016/j.ijscr.2015.12.021
http://dx.doi.org/10.1016/j.ijscr.2015.12.021
http://dx.doi.org/10.1016/j.ijscr.2015.12.021
http://dx.doi.org/10.1016/j.ijscr.2015.12.021
http://dx.doi.org/10.1016/j.ijscr.2015.12.021
http://dx.doi.org/10.1016/j.ijscr.2015.12.021
http://dx.doi.org/10.1016/j.ijscr.2015.12.021
http://dx.doi.org/10.1016/j.ijscr.2015.12.021
http://dx.doi.org/10.1016/j.ijscr.2015.12.021
http://dx.doi.org/10.1016/j.ijscr.2015.12.021
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0005
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0005
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0005
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0005
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0005
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0005
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0005
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0005
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0005
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0005
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0005
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0005
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0005
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0005
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0005
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0005
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0005
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0005
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0005
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0005
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0005
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0005
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0010
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0010
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0010
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0010
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0010
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0010
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0010
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0010
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0010
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0010
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0010
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0010
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0010
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0010
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0010
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0010
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0010
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0010
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0010
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0010
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0010
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0010
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0010
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0010
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0010
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0010
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0010
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0010
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0010
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0010
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0010
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0010
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0010
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0010
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0010
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0010
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0015
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0015
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0015
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0015
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0015
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0015
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0015
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0015
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0015
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0015
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0015
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0015
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0015
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0015
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0015
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0015
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0015
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0015
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0015
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0015
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0015
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0015
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0015
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0015
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0015
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0015
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0015
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0015
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0015
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0015
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0015
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0020
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0020
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0020
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0020
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0020
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0020
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0020
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0020
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0020
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0020
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0020
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0020
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0020
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0020
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0020
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0020
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0020
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0020
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0020
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0020
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0020
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0020
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0020
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0020
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0020
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0020
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0020
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0020
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0020
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0020
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0025
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0025
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0025
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0025
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0025
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0025
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0025
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0025
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0025
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0025
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0025
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0025
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0025
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0025
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0025
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0025
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0025
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0025
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0025
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0025
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0025
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0025
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0025
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0025
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0025
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0025
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0025
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0025
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0025
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0025
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0025
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0025
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0025
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0025
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0030
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0030
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0030
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0030
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0030
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0030
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0030
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0030
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0030
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0030
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0030
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0030
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0030
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0030
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0030
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0030
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0030
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0030
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0030
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0030
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0030
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0030
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0030
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0030
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0035
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0035
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0035
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0035
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0035
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0035
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0035
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0035
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0035
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0035
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0035
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0035
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0035
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0035
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0035
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0035
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0035
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0035
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0035
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0035
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0035
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0035
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0035
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0035
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0035
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0035
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0040
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0040
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0040
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0040
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0040
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0040
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0040
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0040
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0040
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0040
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0040
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0040
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0040
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0040
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0040
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0040
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0040
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0040
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0040
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0040
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0040
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0040
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0040
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0040
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0040
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0040
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0040
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0045
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0045
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0045
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0045
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0045
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0045
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0045
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0045
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0045
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0045
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0045
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0045
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0045
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0045
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0045
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0045
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0045
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0045
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0045
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0045
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0045
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0045
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0045
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0045
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0045
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0045
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0045
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0045
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0045
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0045
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0045
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0045
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0050
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0050
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0050
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0050
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0050
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0050
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0050
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0050
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0050
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0050
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0050
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0050
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0050
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0050
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0050
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0050
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0050
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0050
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0050
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0050
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0050
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0050
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0050
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0050
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0050
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0050
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0050
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0050
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0050
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0050
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0055
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0055
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0055
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0055
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0055
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0055
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0055
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0055
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0055
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0055
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0055
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0055
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0055
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0055
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0055
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0055
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0055
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0055
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0055
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0055
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0055
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0055
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0055
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0055
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0055
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0055
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0055
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0055
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0055
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0055
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0060
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0060
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0060
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0060
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0060
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0060
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0060
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0060
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0060
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0060
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0060
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0060
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0060
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0060
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0060
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0060
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0060
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0060
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0060
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0060
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0060
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0060
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0060
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0060
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0060
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0060
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0060
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0060
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0060
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0060
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0060
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0060
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0060
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0060
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0060
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0060
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0065
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0065
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0065
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0065
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0065
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0065
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0065
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0065
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0065
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0065
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0065
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0065
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0065
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0065
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0065
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0065
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0065
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0065
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0065
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0065
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0065
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0065
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0065
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0065
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0065
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0065
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0065
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0065
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0065
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0065
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0065
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0065
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0065
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0065
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0065
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0065
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0065


 –  O
1 of Surg

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

(2013) 1608–1614.

O
T
p
c

CASE  REPORT
58 K. Fukui et al. / International Journal 

14] Y. Sugioka, T. Hotokebuchi, H. Tsutsui, Transtrochanteric anterior rotational
osteotomy for idiopathic and steroid-induced necrosis of the femoral head:
indications and long-term results, Clin. Orthop. Relat. Res. 277 (1992)
111–120.

15] K. Miyanishi, Y. Noguchi, T. Yamamoto, T. Irisa, E. Suenaga, S. Jingushi, Y.
Sugioka, Y. Iwamoto, Prediction of the outcome of transtrochanteric
rotational osteotomy for osteonecrosis of the femoral head, J. Bone Joint Surg.
Br. 82 (2000) 512–516.

16] T. Hisatome, Y. Yasunaga, K. Takahashi, M.  Ochi, Progressive collapse of
transposed necrotic area after transtrochanteric rotational osteotomy for
osteonecrosis of the femoral head induces osteoarthritic change: mid-term
results of transtrochanteric rotational osteotomy for osteonecrosis of the
femoral head, Arch. Orthop. Trauma Surg. 124 (2004) 77–81.

17] S. Biswal, S. Hazra, H.H. Yun, C.Y. Hur, W.Y. Shon, Transtrochanteric rotational
osteotomy for nontraumatic osteonecrosis of the femoral head in young
adults, Clin. Orthop. Relat. Res. 467 (2009) 1529–1537.

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

19] H. Ito, K. Kaneda, T. Matsuno, Osteonecrosis of the femoral head: simple varus
intertrochanteric osteotomy, J. Bone Joint Surg. Br. 81 (1999) 969–974.

20] M.A. Mont, A.C. Fairbank, K.A. Krackow, D.S. Hungerford, Corrective
osteotomy for osteonecrosis of the femoral head, J. Bone Joint Surg. Br. 78
(1996) 1032–1038.

21] M.A. Mont, M.G. Zywiel, D.R. Marker, M.S. McGrath, R.E. Delanois, The natural
history of untreated asymptomatic osteonecrosis of the femoral head: a
systematic literature review, J. Bone Joint Surg. Am. 92 (2010) 2165–2170.

22] M.J. Philippon, A.J. Stubbs, M.L. Schenker, R.B. Maxwell, R. Ganz, M. Leunig,
Arthroscopic management of femoroacetabular impingement: osteoplasty
technique and literature review, Am.  J. Sports Med. 35 (2007) 1571–1580.

23] D.H. Palmer, V. Ganesh, T. Comfort, P. Tatman, Midterm outcomes in patients
with cam femoroacetabular impingement treated arthroscopically,
Arthroscopy 28 (2012) 1671–1681.

24] E. Schilders, A. Dimitrakopoulou, Q. Bismil, P. Marchant, C. Cooke,
Arthroscopic treatment of labral tears in femoroacetabular impingement: a
comparative study of refixation and resection with a minimum two-year
follow-up, J. Bone Joint Surg. Br. 93 (2011) 1027–1032.

25] G.C. Polesello, F.R. Lima, R.P. Guimaraes, W.  Ricioli, M.C. Queiroz, Arthroscopic
treatment of femoroacetabular impingement: minimum five-year follow-up,
Hip Int. 24 (2014) 381–386.

26] J.W. Byrd, K.S. Jones, Primary repair of the acetabular labrum: outcomes with
2  years’ follow-up, Arthroscopy 30 (2014) 588–592.

27] M.E. Steinberg, G.D. Hayken, D.R. Steinberg, A quantitative system for staging

avascular necrosis, J. Bone Joint Surg. Br. 77 (1995) 34–41.

28] G. Wiberg, Studies on dysplastic acetable and congenital subluxation of the
hip joint, Acta Chir. Scand. 83 (Suppl. 58) (1939).

29] W.K. Massie, M.B. Howorth, Congenital dislocation of the hip, J. Bone Joint
Surg. Am.  32 (1950) 519–531.

pen Access
his article is published Open Access at sciencedirect.com. It is distrib
ermits unrestricted non commercial use, distribution, and reproduct
redited.
PEN  ACCESS
ery Case Reports 19 (2016) 154–158

30] H.P. Nötzli, T.F. Wyss, C.H. Stoecklin, M.R. Schmid, K. Treiber, J. Hodler, The
contour of the femoral head-neck junction as a predictor for the risk of
anterior impingement, J. Bone Joint Surg. Br. 84 (2002) 556–560.

31] L.A. Lage, J.V. Patel, R.N. Villar, The acetabular labral tear: an arthroscopic
classification, Arthroscopy 12 (1996) 269–272.

32] S. Konan, F. Rayan, G. Meermans, J. Witt, F.S. Haddad, Validation of the
classification system for acetabular chondral lesions identified at arthroscopy
in  patients with femoroacetabular impingement, J. Bone Joint Surg. Br. 93
(2011) 332–336.

33] K. Crawford, M.J. Philippon, J.K. Sekiya, W.G. Rodkey, J.R. Steadman,
Microfracture of the hip in athletes, Clin. Sports Med. 25 (2006)
327–335.

34] A.A. Jamali, A.T. Fritz, D. Reddy, J.P. Meehan, Minimally invasive bone grafting
of  cysts of the femoral head and acetabulum in femoroacetabular
impingement: arthroscopic technique and case presentation, Arthroscopy 26
(2010) 279–285.

35] W.H. Harris, Traumatic arthritis of the hip after dislocation and acetabular
fractures: treatment by mold arthroplasty. An end-result study using a new
method of result evaluation, J. Bone Joint Surg. Am. 51 (1969)
737–755.

36] K.W. Nam, Y.L. Kim, J.J. Yoo, K.H. Koo, K.S. Yoon, H.J. Kim, Fate of untreated
asymptomatic osteonecrosis of the femoral head, J. Bone Joint Surg. Am.  90
(2008) 477–484.

37] J.S. Kang, K.H. Moon, D.G. Kwon, B.K. Shin, M.S. Woo, The natural history of
asymptomatic osteonecrosis of the femoral head, Int. Orthop. 37 (2013)
379–384.

38] T. Nishii, N. Sugano, K. Ohzono, T. Sakai, K. Haraguchi, H. Yoshikawa,
Progression and cessation of collapse in osteonecrosis of the femoral head,
Clin. Orthop. Relat. Res. 400 (2002) 149–157.

39] R.E. Outerbridge, J.A. Dunlop, The problem of chondromalacia patellae, Clin.
Orthop. Relat. Res. 110 (1975) 177–196.

40] T. Claßen, K. Körsmeier, M.  Kamminga, S. Beck, J. Rekowski, M.  Jäger, S.
Landgraeber, Is early treatment of cam-type femoroacetabular impingement
the key to avoiding associated full thickness isolated chondral defects? Knee
Surg. Sports Traumatol. Arthrosc. (2015), http://dx.doi.org/10.1007/s00167-
014-3332-7, Epub ahead of print.

41] C.A. Wijdicks, B.C. Balldin, K.S. Jansson, J.D. Stull, R.F. LaPrade, M.J. Philippon,
Cam lesion femoral osteoplasty: in vitro biomechanical evaluation of
iatrogenic femoral cortical notching and risk of neck fracture, Arthroscopy 29
uted under the IJSCR Supplemental terms and conditions, which
ion in any medium, provided the original authors and source are

http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0070
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0070
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0070
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0070
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0070
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0070
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0070
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0070
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0070
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0070
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0070
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0070
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0070
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0070
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0070
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0070
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0070
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0070
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0070
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0070
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0070
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0070
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0070
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0070
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0070
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0070
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0070
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0070
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0070
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0070
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0070
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0070
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0075
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0075
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0075
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0075
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0075
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0075
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0075
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0075
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0075
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0075
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0075
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0075
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0075
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0075
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0075
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0075
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0075
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0075
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0075
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0075
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0075
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0075
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0075
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0075
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0075
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0075
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0075
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0075
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0075
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0075
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0075
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0075
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0075
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0075
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0075
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0075
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0075
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0075
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0075
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0075
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0080
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0085
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0085
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0085
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0085
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0085
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0085
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0085
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0085
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0085
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0085
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0085
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0085
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0085
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0085
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0085
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0085
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0085
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0085
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0085
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0085
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0085
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0085
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0085
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0085
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0085
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0085
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0085
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0085
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0085
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0085
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0085
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0085
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0090
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0090
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0090
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0090
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0090
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0090
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0090
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0090
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0090
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0090
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0090
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0090
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0090
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0090
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0090
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0090
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0090
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0090
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0090
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0090
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0090
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0090
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0090
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0090
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0090
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0090
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0090
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0090
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0090
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0090
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0090
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0090
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0090
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0090
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0090
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0090
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0090
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0090
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0095
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0095
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0095
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0095
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0095
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0095
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0095
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0095
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0095
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0095
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0095
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0095
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0095
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0095
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0095
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0095
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0095
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0095
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0095
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0095
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0095
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0095
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0095
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0095
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0095
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0100
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0100
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0100
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0100
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0100
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0100
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0100
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0100
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0100
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0100
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0100
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0100
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0100
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0100
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0100
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0100
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0100
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0100
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0100
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0100
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0100
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0100
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0100
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0100
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0100
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0100
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0105
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0105
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0105
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0105
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0105
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0105
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0105
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0105
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0105
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0105
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0105
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0105
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0105
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0105
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0105
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0105
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0105
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0105
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0105
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0105
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0105
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0105
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0105
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0105
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0105
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0105
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0105
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0105
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0105
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0105
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0105
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0105
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0105
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0105
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0105
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0110
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0110
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0110
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0110
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0110
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0110
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0110
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0110
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0110
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0110
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0110
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0110
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0110
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0110
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0110
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0110
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0110
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0110
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0110
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0110
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0110
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0110
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0110
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0110
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0110
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0110
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0110
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0110
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0110
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0110
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0110
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0115
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0115
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0115
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0115
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0115
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0115
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0115
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0115
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0115
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0115
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0115
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0115
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0115
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0115
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0115
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0115
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0115
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0115
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0115
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0115
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0115
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0115
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0115
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0115
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0120
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0120
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0120
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0120
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0120
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0120
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0120
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0120
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0120
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0120
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0120
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0120
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0120
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0120
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0120
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0120
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0120
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0120
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0120
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0120
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0120
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0120
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0120
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0120
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0120
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0120
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0120
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0120
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0120
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0120
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0120
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0120
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0120
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0120
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0120
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0120
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0120
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0120
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0120
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0120
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0125
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0125
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0125
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0125
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0125
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0125
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0125
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0125
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0125
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0125
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0125
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0125
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0125
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0125
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0125
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0125
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0125
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0125
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0125
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0125
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0125
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0125
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0125
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0125
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0125
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0130
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0130
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0130
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0130
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0130
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0130
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0130
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0130
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0130
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0130
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0130
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0130
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0130
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0130
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0130
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0130
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0130
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0130
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0130
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0130
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0130
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0135
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0135
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0135
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0135
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0135
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0135
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0135
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0135
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0135
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0135
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0135
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0135
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0135
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0135
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0135
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0135
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0135
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0135
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0135
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0135
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0135
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0135
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0135
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0140
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0140
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0140
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0140
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0140
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0140
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0140
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0140
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0140
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0140
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0140
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0140
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0140
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0140
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0140
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0140
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0140
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0140
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0140
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0140
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0145
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0145
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0145
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0145
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0145
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0145
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0145
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0145
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0145
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0145
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0145
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0145
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0145
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0145
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0145
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0145
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0145
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0145
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0145
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0150
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0150
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0150
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0150
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0150
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0150
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0150
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0150
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0150
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0150
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0150
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0150
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0150
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0150
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0150
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0150
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0150
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0150
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0150
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0150
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0150
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0150
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0150
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0150
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0150
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0150
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0150
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0150
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0150
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0150
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0150
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0150
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0150
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0150
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0150
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0150
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0150
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0150
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0155
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0155
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0155
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0155
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0155
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0155
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0155
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0155
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0155
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0155
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0155
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0155
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0155
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0155
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0155
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0155
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0155
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0155
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0155
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0160
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0160
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0160
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0160
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0160
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0160
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0160
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0160
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0160
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0160
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0160
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0160
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0160
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0160
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0160
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0160
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0160
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0160
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0160
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0160
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0160
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0160
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0160
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0160
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0160
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0160
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0160
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0160
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0160
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0160
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0160
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0160
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0160
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0160
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0160
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0160
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0160
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0165
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0165
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0165
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0165
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0165
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0165
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0165
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0165
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0165
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0165
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0165
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0165
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0165
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0165
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0165
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0165
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0165
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0165
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0165
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0165
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0165
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0165
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0165
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0165
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0170
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0170
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0170
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0170
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0170
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0170
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0170
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0170
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0170
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0170
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0170
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0170
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0170
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0170
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0170
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0170
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0170
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0170
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0170
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0170
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0170
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0170
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0170
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0170
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0170
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0170
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0170
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0170
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0170
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0170
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0170
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0170
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0170
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0170
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0175
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0175
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0175
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0175
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0175
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0175
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0175
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0175
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0175
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0175
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0175
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0175
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0175
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0175
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0175
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0175
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0175
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0175
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0175
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0175
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0175
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0175
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0175
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0175
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0175
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0175
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0175
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0175
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0175
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0175
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0175
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0175
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0175
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0175
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0175
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0175
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0180
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0180
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0180
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0180
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0180
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0180
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0180
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0180
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0180
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0180
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0180
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0180
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0180
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0180
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0180
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0180
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0180
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0180
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0180
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0180
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0180
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0180
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0180
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0180
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0180
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0180
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0180
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0180
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0180
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0180
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0180
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0185
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0185
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0185
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0185
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0185
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0185
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0185
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0185
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0185
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0185
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0185
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0185
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0185
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0185
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0185
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0185
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0185
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0185
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0185
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0185
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0185
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0185
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0185
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0185
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0185
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0185
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0185
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0190
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0190
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0190
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0190
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0190
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0190
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0190
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0190
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0190
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0190
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0190
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0190
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0190
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0190
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0190
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0190
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0190
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0190
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0190
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0190
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0190
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0190
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0190
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0190
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0190
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0190
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0190
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0190
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0190
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0190
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0190
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0190
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0195
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0195
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0195
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0195
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0195
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0195
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0195
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0195
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0195
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0195
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0195
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0195
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0195
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0195
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0195
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0195
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0195
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0195
dx.doi.org/10.1007/s00167-014-3332-7
dx.doi.org/10.1007/s00167-014-3332-7
dx.doi.org/10.1007/s00167-014-3332-7
dx.doi.org/10.1007/s00167-014-3332-7
dx.doi.org/10.1007/s00167-014-3332-7
dx.doi.org/10.1007/s00167-014-3332-7
dx.doi.org/10.1007/s00167-014-3332-7
dx.doi.org/10.1007/s00167-014-3332-7
dx.doi.org/10.1007/s00167-014-3332-7
dx.doi.org/10.1007/s00167-014-3332-7
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0205
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0205
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0205
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0205
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0205
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0205
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0205
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0205
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0205
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0205
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0205
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0205
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0205
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0205
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0205
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0205
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0205
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0205
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0205
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0205
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0205
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0205
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0205
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0205
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0205
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0205
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0205
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0205
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0205
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0205
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0205
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0205
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0205
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0205
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0205
http://refhub.elsevier.com/S2210-2612(15)00535-0/sbref0205
http://www.sciencedirect.com
http://www.elsevier.com/wps/find/journaldescription.cws_home/723449/preface2

	Arthroscopic correction for concomitant cam impingement in a patient with idiopathic osteonecrosis of the femoral head: A ...
	1 Introduction
	2 Case report
	3 Discussion
	4 Conclusion
	Conflict of interest
	Funding
	Ethical approval
	Consent
	Author contributions
	Guarantor
	Acknowledgments
	Appendix A Supplementary data
	References


