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Abstract

Background: Osteonecrosis of the femoral head (ONFH) may occur in the adolescent and younger adults (AYAs).
Total hip arthroplasty (THA) is not the best treatment option for younger patients. Surgical hip dislocation (SHD) com-
bined with bone graft can be used in patients at different stages to reconstruct the bone structure in the head and
delay the replacement time. The purpose of this study was to evaluate the effect and potential influencing factors of
this surgery for ONFH in AYA patients.

Methods: We conducted a literature review and a retrospective research of our own cases. The Pubmed, Cochrane
Library, EMBASE and CNKI databases were searched from 1 January 2001 to 1 October 2021, for clinical studies. A
retrospective case series study of 34 patients (38 hips) treated with SHD combined with bone graft was performed.

Results: A total of 13 studies were included and the results showed that SHD combined with bone grafts had better
clinical results for patients with pre- or early post-collapse. In the case series study, we retrospectively analyzed 34
patients (38 hips), and the mean follow-up time was 40.77 & 15.87 months. One patient died and three patients were
converted to THA finally. The post-collapse degree and post-lesion size were better than those before the operation
(P<0.05). The iHOT-12 at the last follow-up was significantly higher than that before the operation (P <0.05). There
were significant differences in the results of hip Harris score (HHS), visual analogue scale (VAS) and Western Ontario
and McMaster Universities Osteoarthritis Index (WOMAC) before the operation, 2 years after the operation and at the
last follow-up, but the difference was not related to the follow-up time (P <0.05). There were no significant differences
in the final clinical score and arthritic changes among different Japanese Investigation Committee (JIC) classification,
the degree of collapse and the size of the necrotic (P>0.05).
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achieved by SHD combined with bone graft.

preservation, Case series

Conclusions: In AYA patients, SHD combined with bone grafting is a potentially good option for hip preservation
in ONFH. The differences in JIC classification, collapse degree and lesion size did not affect the final clinical function
and the risk of osteoarthritis. Even for very severe cases at collapsed stage, good short-term clinical effects can still be

Trial registration: ChiCTR2100055079.retrospectively registered.
Keywords: Osteonecrosis of the femoral head, Adolescent and younger adults, Surgical hip dislocation, Hip

Background

Osteonecrosis of the femoral head (ONFH) is a poten-
tially disabling disease [1]. With the development of
society and the improvement of diagnosis and treat-
ment technology, the incidence of ONFH is higher, and
patients are younger. After using steroids to treat under-
lying diseases, one-third of children develop ONFH
[2-9]. If interventions cannot be taken in time, 80% of
patients will have femoral head collapse, which will even-
tually lead to total hip arthroplasty (THA) [10]. It has
been reported in literature that approximately 75% of hip
replacements can last 15 to 20 years, and only 50% can
last 25 years [11], while in adolescent and younger adults
(AYAs) [1], the longest follow-up time after hip arthro-
plasty is less than ten years on average. Therefore, it is
more valuable for young patients to choose appropriate
hip-preserving surgery to delay or even avoid THA.

The surgical hip dislocation (SHD) approach was first
described by Professor Ganz et al. [12] as a safe approach
for the treatment of internal hip joint injuries, which can
fully expose the femoral head and rarely cause complica-
tions related to the blood supply of the femoral head [12,
13]. Compared with the traditional surgical approach, it
preserves the medial circumflex femoral artery, reduces
the damage to the blood supply of the femoral head,
and at the same time fully exposes the femoral head
through dislocation, which is conducive to intraopera-
tive procedures. More conducive to reduction and fixa-
tion of fracture fragments in femoral head fractures [14]
An increasing number of doctors have combined this
approach with the traditional hip-preserving operation,
that is, decompression and impacting bone graft, which
has been applied to adult ONFH in the early or middle
stage and achieved good results [15—19]. Seyler et al. [20]
recommended performing hip preservation surgery with
nonvascularized bone grafts in precollapse or early col-
lapsed patients with less than 2 mm of head depression
or a small lesion. However, for AYA patients with severe
ONFH, it remains unclear whether this type of hip pres-
ervation surgery is appropriate.

The purpose of this study was to observe the clinical
effect of SHD combined with bone grafts for ONFH in
AYA patients. The primary outcome was postoperative

iHOT-12 score. The secondary aim was to analyse the
factors that may influence the results. We assume that
AYA patients with severe collapse or extensive lesions
can also obtain good clinical outcomes through this
operation.

Methods

Review of literature: search strategy

We conducted a literature review of research regard-
ing hip preservation treatment of patients with ONFH
using the SHD approach. Two researchers independently
searched PubMed, EMBASE, Cochrane Library and
China National Knowledge Infrastructure (CNKI) from
January 1, 2001 to October 1, 2021, using the keywords
“surgical hip dislocation’, “osteonecrosis of the femoral
head’; and “hip preservation” The inclusion criteria were
as follows: (1) patients were diagnosed with ONFH; (2)
the treatment method was hip preservation surgery; (3)
the surgical hip dislocation approach was adopted; (4)
language was English or Chinese; and (5) outcome indi-
cators were the clinical score for evaluating hip joint
function and the classification of the disease. The exclu-
sion criteria were as follows: (1) review articles; (2) case
reports; (3) incomplete or unavailable data results; and
(4) patients who underwent surgery again.

The following data were extracted: patient character-
istics (age, pathogenic factors), clinical manifestations
(preoperative classification, postoperative hip Harris
score) and treatment (operation, complications and THA
rate). The two researchers independently evaluated the
retrieved articles by reading the title and abstract and
evaluated all the articles that might meet the require-
ments by obtaining the full text. Any differences between
the two researchers were settled through discussion.

Case series

Inclusion and exclusion criteria

This study was a descriptive case series without a con-
trol group. A retrospective study was conducted based
on the hospital’s clinical medical records and radiologi-
cal data with the approval of the ethics committee. The
diagnosis and evaluation were based on history, physical
examination, radiological data, and limb function score.
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The inclusion criteria were as follows: (1) 12~ 30 years;
(2) diagnosis of ONFH; (3) no cerebrovascular or nervous
system diseases; and (4) treatment with SHD combined
with bone graft. The exclusion criteria were as follows:
(1) those who had previously undergone any hip pres-
ervation surgery; (2) those who needed to continue tak-
ing steroid hormones because of other diseases; and (3)
incomplete or missing follow-up data.

Therapeutic method

All operations were performed by the same surgeon, and
all patients were treated with SHD combined with iliac
bone grafts. The Ganz approach (modified K-L approach)
was adopted [21]. After completing the osteotomy of the
greater trochanter, the attached muscles such as the glu-
teus minimus were retained, and the bone fragment was
pulled anteriorly and superiorly to expose the joint cap-
sule. The joint capsule was cut in an arc and it aims to
protect the deep branch of the medial circumflex femoral
artery and the acetabular labrum. The femoral head was
dislocated from the front through hip flexion. After dis-
location of the femoral head, a 1 x 1.5 cm bone window
was formed at the head-neck junction. A strip of cortical
cancellous bone was grafted from the iliac crest. Accord-
ing to the size of the lesion, various drill bits of different
diameters combined with high-speed burr was used to
remove the necrotic bone. Then, the autologous cancel-
lous bone was tightly pressed. The collapsed articular
surface was restored the sphericity of the femoral head,
and then the free iliac bone flap is trimmed and embed-
ded into the bone window to support the autologous can-
cellous bone graft and the articular surface of the femoral
head. If necessary, the iliac bone was fixed with screws
to prevent loosening [17]. All patients received rehabili-
tation and physical therapy after surgery. In the first six
months after the operation, bilateral axillary crutches
were used to keep the affected limbs from weight bear-
ing. For the next six months, patients used a crutch to
partially load the affected limb. Then, when approved by
the doctor’s assessment, the patient could use the affected
limb to bear the full weight. Since the complications of
AYA patients were unclear, we did not use any anti-oste-
oporosis drugs and used nonsteroidal anti-inflammatory
drugs or analgesics for symptomatic treatment.

Follow-up and assessment

Radiological follow-up was performed at 1, 3, 6, and
12 months postoperatively, and outpatient review was
conducted once a year. Postoperative complications were
recorded, including superficial wound infection, hetero-
topic ossification, nerve injury, lower extremity venous
thrombosis, internal fixation loosening, delayed fracture
union or nonunion, etc. According to the radiological
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data of the patients before the operation and at the last
follow-up, the collapse degree and lesion size were ana-
lysed. The index of collapse degree refers to the 2019
Revised Version of Association Research Circulation
Osseous Staging System of Osteonecrosis of the Femoral
Head [22]. The doctor recorded the results of hip Har-
ris score (HHS), visual analogue scale (VAS), Western
Ontario and McMaster Universities Osteoarthritis Index
(WOMAC), and iHOT-12 before the operation, 2 years
after the operation, and at the last follow-up, and evalu-
ated the osteoarthritis of the patient’s hip joint based on
the radiographic film at last follow-up.

The degree of osteoarthritis was evaluated accord-
ing to the Tonnis grade. Grade 0 indicates no degenera-
tive change; Grade 1 indicates mild joint space stenosis,
mild sclerosis and mild marginal osteophyte; Grade 2
indicates moderate joint space stenosis, moderate sclero-
sis of femur or acetabulum, and small subchondral cyst
of femur or acetabulum; Grade 3 indicates that the joint
space is obviously narrow (<1 mm) or the joint space
is reduced, and there is a large subchondral cyst on the
femur or acetabulum.

Statistical analysis

The Mann—Whitney rank sum test was used to compare
the overall distribution of lesion size and collapse degree
before and after the operation. The differences in the
HHS, VAS and WOMAC before the operation, 2 years
after the operation and at the last follow-up were com-
pared by one-way repeated-measures ANOVA. A paired
t test was used to compare the preoperative and postop-
erative differences in the iHOT-12 score. The distribution
of Tonnis classification at the last follow-up is reflected
by a pie chart. Subgroup analysis was performed accord-
ing to the Japanese Investigation Committee(JIC) clas-
sification, collapse degree and lesion size. And the VAS,
Harris, WOMAC, iHOT-12 and Tonnis grade at last
follow-up between different subgroups were compared
using independent samples t-test, Kruskal-Wallis H test,
one-way ANOVA and Fisher’s exact test. The variables
with P<0.05 indicated statistical significance. The statis-
tical analysis was performed using SPSS software v25.0
(SPSS Inc, Chicago, lllinois, U.S.A).

Results

Review of the literature

A total of 1091 related studies were obtained in
the preliminary examination. The two researchers
included 95 articles by reading the titles and abstracts.
After reading the full text and screening accord-
ing to the inclusion and exclusion criteria, 13 stud-
ies [15-19, 23-30] were finally included, and a total
of 338 hips treated by SHD were extracted. Detailed
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information on literature is shown in Table 1. PRISMA
flow diagram and checklist are shown in supplemen-
tary materials 1. We arranged and descriptively ana-
lyzed the retrieved literature data. In the 13 studies,
only five had follow-up for more than two years. THA
rates were reported in 8 studies, 3 of which reported
THA cases within 2 years after surgery, and the over-
all THA rates reported in literature were 0—17%. Five
studies reported postoperative complications, includ-
ing delayed healing of the greater trochanter, nerve

Table 1 Detailed summary of the literature review
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injury, heterotopic ossification, and superficial wound
infection. The average age of patients in the included
studies was approximately 30 years, only two studies
included patients under the age of 18, and all patients
were pre-collapse or early post-collapse. In terms of
clinical function scores, that was Hip Harris score,
most studies reported good results, only the score
reported by Du et al. was lower than 80. However,
there have been no reports on its clinical effects in
younger patients with severe necrosis.

Author Patients Mean Interventions ARCO Pathogenesis(hips) Follow-up  Post-HHS THA Complications
age(year) classification time(m)

Shen et al. 53 31.7(13-52)  SHD+lliac I, 1Ml Steroid 24 20(8-38) 832458 2 0
2021 [23] bone grafts Alcohol 14

Trauma 9

Idiopathic 6
Liang et al. 28 36.25(21-53) SHD+lliac I, 11l Steroid 12 24.29 8707£169 3 1
2021 [24] bone grafts Alcohol 10

|diopathic 6
Tang et al. 26 36.2(21-53)  SHD+PRP 11, 1M Steroid 15 36.6(26-42) 87.38+821 1 1
2020 [25] Alcohol 8

Idiopathic 3
Steppacher 13 29(20-49) SHD I, 111 Steroid 4 36(12-84) None? 1 2
etal. 2020 Trauma 1
[26] Idiopathic 8
Wei et al. 32 27.6(18-49)  SHD+ lliac Ml Steroid 18 41.0Q29-51) 821+46 1 0
2020171 bone grafts Alcohol 5

Trauma 4

Idiopathic 5
Xia et al. 33 31.7(19-46) SHD Il Non-traumatic 18(12-28) 81.50+£881 1 0
2020[18]
Zhengetal. 15 32.3(23-50) SHD+lliac Il None 153(9~30) 8375+£762 O 0
2020 [27] bone grafts
Duetal. 15 32.76(17-46) SHD+TCM Il None 1460(6~25) 7437+£646 O 0
2019 [28]
Sun et al. 28 35.7(18-45) SHD Il Steroid 15 25.8(12-48) 88.74+168 5 1
2019 [16] Alcohol 9

|diopathic 4
Dengetal. 43 36.8 SHD Il None 21.8(14-36) 89.89+813 0 0
2018 [29]
Liu et al. 22 343 SHD + PRP I, 1Ml Non-traumatic 1240 86.84+644 O 0
2018 [30]
Zhuangetal. 22 38.8(29-46) SHD+TCM Il Steroid 4 11.8(6-18)  91.0+6.3 0 0
2017 [19] Alcohol 16

Trauma 2
Yao et al. 8 36(26-44) SHD Il Steroid 3 18.6(5-29) 80.53+7.62 1 1
2017 [15] Alcohol 4

Trauma 1
Chenetal. 34 22.18(12-30) SHD +lliac I, IV Steroid 10 40.77(2233- 86.76+1022 3 0
2022 bone grafts Alcohol 16 74.07)

Trauma 9

Idiopathic 3

PRP Platelet-Rich Plasma, SHD Surgical Hip Dislocation, TCM Traditional Chinese Medicine, HHS Hip Harris Score, THA Total Hip Arthroplasty, ARCO Association Research

Circulation Osseous;

2This paper uses Merle d’Aubigné-Postel score to evaluate the pain and function
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Results of case series
In this continuous case series, a total of 117 patients with
ONFH were treated with surgery at the First and Third
Affiliated Hospital of Guangzhou University of Chinese
Medicine between March 2015 and June 2019. Finally,
34 patients (38 hips) were included in the study accord-
ing to the criteria. There were 22 males and 12 females
with a mean age of 22.18£5.89 (12-30) years old and
a mean body mass index (BMI) of 20.44+3.19 (kg/m?).
The average follow-up time was 40.77 +15.87 (22.33—
74.07) months. The patient’s aetiology included trauma,
steroids, alcohol, and idiopathic factors. The number of
patients before surgery according to the JIC classification,
collapse degree and lesion size are listed in Table 2. One
patient died because of underlying disease, and three
patients were converted to THA due to exacerbation.
The details of 3 patients are shown in Table 3. The mean
operation time was 128.16+33.195 (100-180) minutes
for each limb, and the mean intraoperative blood loss was
287.114£99.374 (200-500) ml (Table 2). Complications
had not been observed in any patients.

Postoperatively, the collapse degree of 32 hips
was <2 mm, while that of 2 hips were 2 to 4 mm. The
lesion size of 29 hips was<15%, and that of the other 5

Table 2 Patient demographic characteristics. BMI, Body mass
index; JIC, Japanese Investigation Committee

Demographics Values
Gender (male:female) 22:12
Age (year) 22.18+5.89(12-30)
BMI (kg/m.?) 20444319
JIC classification (hips)
Type C1 7
Type C2 31

Operation time (min) 128.16433.195(100-180)
Blood (ml) 287.11499.374(200-500)
Follow-up time (month) 40.77 £15.87(22.33-74.07)
THA 3
Death 1

Etiology(hips)

Trauma 10
Steroid 16
Alcohol 9
Idiopathic 3

Collapse degree (hips)
<2mm 16
2-4 mm 14
>4 mm 8

Lesion size (hips)

<15% 3
15-30% 24
>30% I
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hips were 15%—30%. The overall distribution was signifi-
cantly better than that before the operation (P<0.05). At
the last follow-up, the iHOT-12 score was 101.09 £ 13.05,
which was significantly higher than the preoperative
score (54.714+5.93, P<0.05) Fig. 1.

The HHS, VAS and WOMAC scores before the opera-
tion were 64.85+6.31, 7.09+0.79 and 46.00+5.91, the
results at 2 years after the operation were 85.85+1041,
2.47+2.57 and 12.56+£12.78, and the results at the
last follow-up were 86.76+10.22, 2.18+2.5 and
12.50413.24, respectively. The pre-HHS, pre-VAS and
pre-WOMAC scores were significantly different from
those at 2 years after the operation and at the last follow-
up (P<0.05). However, there were no significant differ-
ences between 2 years after the operation and the last
follow-up (P> 0.05) Fig. 2.

At the last follow-up, the images of the patients were
evaluated, and the Tonnis grade was obtained through
anteroposterior X-ray films. There were two hips with
osteoarthritis grade of 0, six hips with a grade of 1,
15 hips with a grade of 2, and 11 hips with a grade of 3
(Fig. 3).

The results of the subgroup analysis are shown in
Table 4.

There were no significant differences in VAS results at
the last follow-up between C1 group (2.29+2.87) and C2
group (2.15+2.46, P>0.05). The VAS results at the last
follow-up were 3.06 +3.02, 1.64 £ 1.86 and 1.00 £ 1.29 for
the collapse degree <2 mm, 2—4 mm and >4 mm, respec-
tively, and there were no significant differences (P> 0.05).
The VAS results at the last follow-up were 0.67 £1.16,
245+256 and 2.00+£2.69 for the lesion size<15%,
15-30% and >30%, respectively, and there were no sig-
nificant differences (P>0.05) too.

There were no significant differences in HHS results
at the last follow-up between C1 group (82.71+£10.75)
and C2 group (87.81£10.02, P>0.05). The HHS results
at the last follow-up were 82.81£11.77, 89.18 £7.73 and
92.00£6.68 for the collapse degree <2 mm, 2-4 mm
and >4 mm, respectively, and there were no significant
differences (P>0.05). The HHS results at the last follow-
up were 89.00+10.15, 85.68 £11.32 and 88.67 +7.75 for
the lesion size <15%, 15—-30% and > 30%, respectively, and
there were no significant differences (P> 0.05) too.

There were no significant differences in WOMAC
results at the last follow-up between C1 group
(18.29412.93) and C2 group (11.00+13.14, P>0.05).
The WOMAC results at the last follow-up were
19.19+15.83, 7.91+£6.73 and 4.43+5.35 for the col-
lapse degree <2 mm, 2—4 mm and >4 mm, respectively,
and there was only a significant difference between the
results for collapses <2 mm and>4 mm (P<0.05), and
none of the others (P>0.05). The WOMAC results at
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Fig. 1 The overall distribution of preoperative and postoperative clinical outcomes of patients. a The results of collapse degree of femoral head. b
The results of lesion size about femoral head necrosis area. ¢ The results of iHOT-12 scores
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Fig. 2 The results of HHS, VAS and WOMAC before operation, 2 years after operation and at the last follow-up.*indicates P < 0.05
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B2 GradeO
6 Grade 1
15 Grade 2
11 Grade 3

Fig. 3 Distribution of Tonnis grade at the last follow-up (total = 34)

the last follow-up were 10.67+11.59, 13.18 +14.29 and
11.44 4+ 12.24 for the lesion size < 15%, 15-30% and > 30%,
respectively, and there were no significant differences
(P>0.05).

There were no significant differences in iHOT-
12 results at the last follow-up between C1 group
(98.14£14.31) and C2 group(101.89+12.90, P>0.05).
The iHOT-12 results at the last follow-up were
95.81+14.77, 106.454+10.41 and 104.714+8.30 for
the collapse degree<2 mm, 2-4 mm and>4 mm,
respectively, and there were no significant differences
(P>0.05). The iHOT-12 results at the last follow-up were
109.33+£12.50, 99.41+13.71 and 102.44+11.61 for the
lesion size<15%, 15-30% and>30%, respectively, and
there were no significant differences (P> 0.05) too.

As for the Tonnis grade distribution at the last follow-
up, group C1 has 1 at Grade 0, 3 at Grade 2, 3 at Grade 3,
while group C2 has 1 at Grade 0, 6 at grade 1, 12 at Grade
2 and 8 at Grade 3, and the distribution difference was
not statistically significant (P> 0.05). The collapse <2 mm
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group has 2 at Grade 0, 2 at Grade 1, 5 at Grade 2, 7 at
Grade 3, while the group of 2-4 mm has 2 at Grade 1,
7 at Grade 2, 2 at Grade 3 and the group of >4 mm has
2 at Grade 1, 3 at Grade 2 and 2 at Grade 3. As for the
lesion size, group < 15% has 1 at Grade 0 and 2 at Grade 3,
group 15-30% has 5 at Grade 1, 11 at Grade 2, 6 at Grade
3, while group>30% has 1 at Grade 0, 1 at Grade 1, 4 at
Grade 2 and 3 at Grade 3. There were no significant dif-
ferences among them (P> 0.05).
A typical case is shown in Fig. 4.

Discussion

Preserving the patient’s own hip joint and prolonging
the service life of the joint has always been the goal pur-
sued by clinicians. In the West, the most commonly used
methods for adult hip preservation are core decompres-
sion (CD) and bone grafting [31], but the collapse rate
of such minimally invasive hip preservation surgery is
as high as 50% at two years after operation [32]. In addi-
tion, for patients with large necrosis or ARCO stage III/
IV, nonsurgical hip preservation or CD often cannot
prevent progressive collapse of the femoral head [33—
35]. THA is considered to be the ultimate method for
advanced ONFH and secondary end-stage osteoarthritis
[31]. For children with avascular necrosis of the femoral
head, studies have shown that conservative treatment
can achieve good results in a large proportion of patients
[36-40]. However, for adolescents and young adults,
there is no consensus on the best treatment for ONFH,
and a large number of research reports are lacking.
Although the survival time of THA is up to 25 years, for
AYA patients, preserving their femoral head, delaying the
development of the disease, and delaying the time of arti-
ficial joint replacement are still the most expected results.
Studies have shown that in young patients, delaying the

Table 4 Results of Subgroup Analysis according to the different JIC classification, collapse degree and lesion size

JIC classification Collapse degree Lesion size

ci C2 <2mm 2-4mm >4 mm <15% 15-30% >30%
VAS 2294287 215+246 3.06+3.02 1.64+1.86 1.00£1.29 067+1.16 245+256 200+£269
Harris 8271£10.75 878141002 82811177 89.18+7.73 92.00+£6.68 89.00£10.15 85.68+£1132 8867+7.75
WOMAC 1829£1293 11.00£13.14 19.194£1583*  7914+6.73 443 4535% 10.67£11.59 13.18+£14.29 1144+£12.24
iHOT-12  98.14£1431  101.89+£1290 9581+14.77 10645+1041  10471+£830 10933+£1250 9941+£1371  10244+11.61
Tonnis(hips)
Grade 0 1 1 2 0 0 1 0 1
Grade 1 0 6 2 2 2 0 5 1
Grade 2 3 12 5 7 3 0 1 4
Grade 3 3 8 7 2 2 2 6 3
pe 0.364 0.542 0.152

@ means taking Fisher’s exact test
"P<0.05
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no subluxation of the hip joint

Fig. 4 Radiographs of a 20-year-old male with idiopathic ONFH, ARCO IlIB, JIC C2.a and b A large area of bone density change can be seen on

the X-rays (anterio-posterior and frog position) before the operation, and the femoral head is obviously collapsed and deformed. c and d X-rays
(antero-posterior and frog position) of the patient with SHD combined with bone graft at 2 years after operation, and it can be observed that the
collapse of the femoral head has not become more serious, and the bone density in the necrotic area has increased. e and f X-rays (antero-posterior
and frog position) of the patient at six years after operation, it can be observed that the shape of the femoral head is maintained well, the collapse
of the femoral head has not progressed, the density is increased, most of the necrotic area is repaired, the joint space remains normal, and there is

time of THA surgery has a positive significance for pro-
longing the use time of the prosthesis and improving
clinical outcomes [41].

The SHD approach has been recognized by the majority
of surgeons for its safety and its ability to fully expose the
femoral head [42, 43]. At the same time, Ko believes that
bone grafting can delay the natural progression of oste-
onecrosis, especially for teenagers [44]. Perhaps due to
the rapid growth and development stage, the bone repair
ability of children with ONFH is stronger. However, if
you do not actively intervene after necrosis, AYA patients
who are also capable of growth and development will
quickly experience collapse and even disability, and then
they have no choice but to choose THA [45-48]. Previ-
ous studies have shown that [49], compared with elderly
patients, patients with an age of less than 30 years, necro-
sis in stages I-1II, and smaller lesions can obtain better
hip preservation effects. Therefore, when the patient is in
the period of rapid bone repair and reconstruction, that
is, the AYA population, whether the severity of necrosis
will affect the efficacy of hip preservation is the focus of
this study.

Contrary to the results reported in the literature, the
results of this study showed that in the AYA popula-
tion, the severity of preoperative osteonecrosis did not
affect the clinical outcome of SHD combined with bone
grafts. Even if the femoral head collapse of the patient is
greater than or equal to 2 mm and the lesion size is rela-
tively large, good short-term efficacy can still be achieved
through this hip preservation surgery and this is consist-
ent with our hypothesis. In this study, the lesion size and
collapse degree were significantly reduced compared with
those before surgery. The clinical scores of various func-
tions and qualities of life were significantly improved,
indicating that SHD combined with bone grafts can
effectively treat AYA patients with ONFH. Regardless of
the classifications and stages, this surgery can achieve
good short-term clinical efficacy, delay the progression
and increase the service life of the hip joints.

The results of subgroup analysis also confirmed it.
In the results of subgroup analysis, both patients in JIC
C1 and C2 groups could obtain better clinical function
scores, and there was no difference in final osteoarthri-
tis distribution. The final clinical function score and the
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distribution of osteoarthritis in patients with different
lesion size can also obtain appreciable and similar results.
Only patients with collapse <2 mm and >4 mm differed
in final WOMAC results. It is possible that the patients
with severe collapse have continuously increased their
acceptance of pain during the course of the disease, so
that the effect of postoperative symptom improvement
has been artificially amplified by the patient. This fur-
ther supports our hypothesis that patients with severe
collapse and extensive lesions are more deserving taking
aggressive treatment to delay or even avoid THA.

We found that this may be related to the strong abil-
ity of bone repair and remodelling in AYA patients. After
removing the necrotic bone, we implanted healthy autol-
ogous iliac bone and fixed it tightly so that the blood ves-
sels could smoothly pass through from the normal bone
into the iliac bone and finally reach the subchondral bone
area to better promote bone repair and remodelling [50,
51]. This may also be the reason why there is no correla-
tion between postiHOT-12 and preoperative lesion size
and collapse degree. When the sample size is further
expanded and the follow-up time is further extended, the
results may change.

It's worth noting that the clinical scores of patients
were significantly improved after surgery, and the trend
of changes in the score results gradually slowed over
time. It may suggest that we need to pay attention to the
early postoperative functional recovery of patients, and
temporary pain or limited range of motion may have
long-term effects on the clinical function of patients. We
recommend not rushing to walk with full weight on the
ground, and it is best to perform rehabilitation training
under the guidance of a doctor.

In this study, three patients were significantly worse
and converted to THA nearly 2 years after surgery. All of
them were JIC C2 preoperatively, with large lesion size
and collapse over 2 mm. Obvious pain before surgery
indicates severe fracture of the trabecular bone in the
femoral head. In the early postoperative period, they did
not strictly follow the doctor’s instructions to perform
protective weight-bearing walking, so the collapse of the
femoral head progressed rapidly in the short term and
was eventually irreversible. We think that there is a pos-
sibility of rapid progression of the disease within 2 years
after surgery. After 2 years, the repair of necrosis within
the head tends to be stable, and the impact on clinical
symptoms and limb function will gradually decrease.

There are some limitations in this study. First, the sam-
ple size was small, which may have led to the failure of
some relevant factors to test the impact on postiHOT-12
in the regression analysis. Second, the follow-up time was
short, and the follow-up results within 1 year after sur-
gery were unavailable, so we could only perform a rough
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analysis of the early postoperative trend of the disease.
Finally, the results will be more convincing if a control
group such as other surgical methods or populations can
be matched. We will continue to observe its long-term
efficacy and conduct further research.

Conclusion

For AYA patients with ONFH, SHD combined with bone
grafting may be an option for good short-term clini-
cal outcomes. Moreover, preoperative HHS, WOMAC,
iHOT-12, collapse degree, lesion size and JIC classifica-
tion did not affect short-term clinical function and osteo-
arthritis. Young patients have stronger bone plasticity
and better repair ability. Despite the obvious collapse and
large lesion size, good effects can also be achieved by this
surgery. Therefore, we suggest expanding the indications
for hip preservation by SHD combined with bone grafts
in AYA patients, regardless of the lesion size or the stage
of the disease.
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