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Abstract
Background  Association Research Circulation Osseous (ARCO) stage III is the last chance for joint preservation in 
patients with osteonecrosis of the femoral head (ONFH). As the femoral head has collapsed at this stage, existing hip-
preserving surgical treatments show limited success. We aimed to introduce a new surgical technique called partial 
femoral head replacement for the treatment of ARCO III femoral head necrosis and to evaluate its safety and efficacy.

Methods  Between November 2022 and December 2022, 11 symptomatic hips from 11 patients were enrolled in this 
retrospective study. The surgeon precisely removed the necrotic area of the femoral head through a bone tunnel at 
the femoral neck and implanted a prosthesis that matched each patient’s anatomy and femoral head contour. Details 
of the demographics, surgical information, imaging findings, and any complications were retrospectively collected. 
Clinical scores, including the visual analogue scale (VAS) score, Harris Hip Score (HHS), and 12-Item Short-Form Health 
Survey (SF-12) scores, were determined. Each patient was followed for at least one year.

Results  The mean operative time per hip was 57.27 ± 15.23 min, the mean estimated blood loss was 110 ± 60.62 ml, 
and the mean incision length was 3.35 ± 0.38 cm. The VAS score at the one-year follow-up showed great pain relief 
(7.5 ± 0.9 vs. 1.6 ± 1.2, P < 0.01). The HHS improved significantly compared to the preoperative score (90.3 ± 3.7 vs. 
42.9 ± 4.4, P < 0.01). The SF-12 scores also showed that all patients experienced varying degrees of physical (42.1 ± 5.1 
vs. 27.7 ± 7.1, P<0.01) and mental (44.3 ± 4.7 vs. 36.4 ± 3.8, P<0.01) health improvement. Radiologically, there were no 
abnormalities on the latest imaging examination. Clinically, no serious postoperative complications occurred during 
the treatment.
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Introduction
Osteonecrosis of the femoral head (ONFH) is a refractory 
and disabling orthopaedic disease mainly affecting those 
aged 30–50 years [1, 2]. To date, ONFH has become a 
serious global health problem, and it is estimated to affect 
more than 20  million people worldwide [3–5]. In the 
absence of effective intervention, approximately 94% of 
asymptomatic patients will develop symptomatic ONFH 
within 5 years and finally end up with the occurrence of 
subchondral collapse, severe destruction of the hip joint 
and loss of mobility, which places serious physical, men-
tal, and financial burdens on family and society [2]. Based 
on the newly released updated version of Association 
Research Circulation Osseous (ARCO) staging system, 
multiple clinical guidelines have achieved consensus on 
the treatment plans for ONFH [6]. However, the cur-
rent management of ONFH patients in ARCO stage III 
remains controversial and challenging [7, 8].

ARCO stage III is a stage that necrotic area of the fem-
oral head has developed stubborn collapse. At this stage, 
conservative treatments such as the use of pharmaco-
logical agents, physical therapy, and protected weight 
bearing have been proven to be hardly successful [7, 9, 
10]. Clinically, surgical treatment remains the mainstay. 
Traditional hip-preserving surgeries, including core 
decompression, vascularized or nonvascularized bone 
grafting, tantalum rod therapy, and osteotomy, etc., aim 
to restore blood supply to or remove the necrotic area. 
However, a lot of studys suggest that these techniques 
can only achieve satisfactory results in pre-collapse 
stages of ONFH [11–13]. Although total hip arthroplasty 
(THA) is generally associated with pain relief and mobil-
ity improvement at the collapse stage, the major trauma 
and a large number of potential complications cannot be 
ignored. Moreover, when performed in younger, highly 
active patients, THA often requires at least one revision 
due to common issues like aseptic component loosen-
ing, prosthesis wear, and periprosthetic joint infection 
[14, 15]. In recent years, with the trend of younger ONFH 
patients, the importance of hip-preserving surgery has 
been more and more frequently stressed [16]. Thus, it is 
quite necessary to find a reliable hip-preserving surgery 
that can effectively treat the collapsed area of ARCO III 
femoral head necrosis and delay or even stop the pro-
gression of the disease.

Based on this, our team innovatively performs a new 
minimally invasive hip-preserving surgery named “partial 
femoral head replacement” for ARCO stage III patients. 
Using this technique, the necrotic area of the femoral 
head is precisely removed through a bone tunnel at the 
femoral neck. A specially designed prosthesis is then 
implanted according to the anatomical curvature of each 
patient’s femoral head to provide biomechanical support. 
In our previous study, we have confirmed the reliable sta-
bility of this structural support using finite element anal-
ysis and individual cases [17, 18]. The aim of this study is 
to introduce this new technique in detail and report the 
preliminary results to confirm its safety and efficacy.

Materials and methods
Participants
This retrospective study was approved by the ethics com-
mittee of the Third Hospital of Hebei Medical University. 
All methods conformed to the ethical standards of the 
Declaration of Helsinki from 1964. This study included 11 
hips of 11 patients (3 females, 8 males) who were treated 
with partial femoral head replacement by the same senior 
surgeon from November 2022 and December 2022. The 
above patients who were selected met the following cri-
teria: (1) 18 to 50 years old; (2) ARCO stage III (IIIA and 
IIIB) in the weight-bearing zone of the femoral head; 
(3) strong desire for hip-preserving surgery; (4) written 
informed consent; (5) at least 12 months of follow-up; 
and (6) complete imaging data, including preoperative, 
immediate postoperative and follow-up X-rays, preop-
erative and final follow-up computed tomography (CT) 
scans, and magnetic resonance imaging (MRI) scans.

Preoperative Preparation
Preoperative CT and MRI data were used to identify 
the necrotic area of the femoral head(Fig. 1a, b). Images 
of patients’ the femoral head were obtained through CT 
scan and saved in Digital Imaging and Communications 
in Medicine (DICOM) format. And imported them into 
Materialise Interactive Medical Image Control System 
(MIMICS) to reconstructe the femoral head and the 
precise location of the ischemic areas and acquire their 
three-dimensional (3D) informations. A 3  mm K-wire 
was inserted 1  cm above the lesser trochanter of the 
femur on the model, directed towards the centre of the 
area of femoral head necrosis. On this basis, a 20  mm 

Conclusions  Our preliminary clinical results showed that partial femoral head replacement was a safe and effective 
method for the treatment of ARCO III femoral head necrosis. With the trend of younger ONFH patients and increasing 
emphasis on hip preservation, partial femoral head replacement may provide a new minimally invasive hip-preserving 
option for these patients.
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diameter bone tunnel centred on this K-wire towards an 
antero-superior segment of the head was then designed 
(Fig. 1c). The segmentation module in Mimics was used 
to calculate the profile curve of the femoral head in the 
bone tunnel, and a prosthesis matching the patient’s 
original anatomy was then designed according to the pro-
file curve. Auxiliary tools were designed to simplify the 
surgical procedure, including fixators for screws and an 
implant delivery system (Fig. 2a, b). The prosthesis, con-
sisting of a head, stem, and closure cap, was made of tita-
nium alloy (Ti6Al4V) material (Fig. 3a, b, c).

Surgical procedures
Patients were operated on under general anaesthesia, 
as monitored by the anaesthesiologist on the side. With 
the patient in a horizontal position, the lower limb was 
placed under traction using a traction bed to enlarge 
the hip space significantly, widening it by approximately 
5  mm (Fig.  4a). With the aid of C-arm fluoroscopy, a 
3-mm-diameter K-wire was inserted 1  cm above the 
lesser trochanter of the femur, directed towards the cen-
tre of the area of femoral head necrosis, and confirmed 
by anteroposterior and lateral radiographs. After the 

Fig. 2  The design scheme of the ancillary tool of partial femoral head replacement. (a) The model figure of the ancillary tool. (b) The physical view of the 
ancillary tool

 

Fig. 1  A 44-year-old woman with ARCO stage III of the right hip. (a) The preoperative CT. (b) The preoperative MRI. (c) The 3D reconstruction
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K-wire reached the predetermined osteonecrotic area, 
an approximately 3-cm-long skin incision was made; 
subcutaneous fascia and muscle were carefully cut layer 
by layer until reaching the bone. The trephine was then 
placed in the same direction as the K-wire and gradually 
pushed inwards (Fig. 4b). After drilling through the col-
lapsed femoral head, the bone column, which showed 
markedly degenerated and collapsed articular cartilage 
and relatively good-quality cancellous bone, was removed 
(Fig. 4c). Irrigation was used to clean up the hip joint.

The cancellous bone, containing mesenchymal stem 
cells, stromal cells, and blood cells, was cut into small 
fragments and inserted into the prosthesis stem through 
the bottom hole (Fig. 4d). The prosthesis was then pushed 
down in the direction of the bone tunnel (Fig.  4e). At 
this point, the widened joint gap allowed the head of the 
prosthesis to be slightly higher than the cartilage of the 
femoral head (Fig.  4f ). The traction force was gradually 
reduced until the acetabulum pressed against the pros-
thesis and the head of the prosthesis matched the curva-
ture of the articular surface (Fig. 4g). C-arm fluoroscopy 
was used to confirm correct positioning of the prosthe-
sis, and arthroscopy was used to confirm that the surface 
of the prosthesis head matched well with the remain-
ing articular cartilage of the femoral head. Two crossed 
screws were placed along the interrotor direction to fix 
the prosthesis (Fig. 4h). The surgery was completed after 
closing the incision (Fig. 4i).

Postoperative management and evaluations
Prophylactic antibiotics were administered periopera-
tively and continued for 24 h. Thromboprophylaxis with 
third-generation low-molecular-weight heparin was 
administered at 12  h postoperatively and continued for 

two weeks. After the surgery, all patients followed the 
same rehabilitation and training program. They walked 
with two crutches with no weight-bearing on the affected 
limb for the first one months and exercised regularly in 
bed to prevent thrombosis, muscle atrophy, and osteo-
porosis. The patients were then allowed to walk with a 
single crutch for the next two to three months depending 
on radiographic evidence of bone healing. Three months 
later, the patients were allowed to walk without assis-
tance. Follow-up examinations were scheduled at one, 
three, six, and twelve months and then once every a year 
thereafter.

Surgical efficacy was evaluated according to hip joint 
survival, postoperative imaging findings, and clinical 
scores (visual analogue scale (VAS) score for pain, Har-
ris Hip Score (HHS) for hip function, and 12-Item Short-
Form Health Survey (SF-12) scores for quality of life). The 
VAS score was divided into five grades, with 0 indicating 
no pain, 1–3 indicating mild pain, 4–6 indicating moder-
ate pain, 7–9 indicating severe pain, and 10 indicating the 
worst pain imaginable [19]. The HHS was divided into 
four grades: excellent (HHS > 90), good (HHS = 80–90), 
average (HHS = 70–80), and poor (HHS < 70) [20]. The 
SF-12 Health Survey included two major items, i.e., 
physical health and mental health scores [21]. These 
assessments were carried out both preoperatively and 
postoperatively on all 11 hips in 11 patients and by three 
researchers to reduce personal bias. Any complications 
during treatment or follow-up were accurately recorded.

Statistical analysis
Descriptive statistics were used to summarize the 
patients’ demographic and operation-related data. 
Data are presented as the mean and standard deviation. 

Fig. 3  The design scheme of the prosthesis of partial femoral head replacement. (a) The model figure of the prosthesis. (b) The compositions of the 
prosthesis. (c) The physical view of the prosthesis
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Statistical analyses were performed using the Wil-
coxon test and Spearman correlation test, for compari-
son between preoperative and postoperative values and 
for correlation of VAS, HHS, and SF-12 scores, respec-
tively. The statistical significance was determined at p 
value < 0.05. All statistical analyses were conducted with 
the Statistical Package for Social Sciences (SPSS) soft-
ware (version 26.0, Chicago, USA).

Results
General information
A total of 11 patients (11 hips) were included in this 
study. Of all patients, 3 were female and 8 were male, with 
a mean age of 41.2 years. The aetiologies of osteonecrosis 
were alcohol abuse in 4 patients, corticosteroid use in 1 

patient, and previous trauma in 2 patients, and ONFH 
was idiopathic in 4 patients. According to the ARCO 
classification, the preoperative imaging data showed 6 
hips in stage IIIA and 5 hips in stage IIIB. All patients suf-
fered from varying degrees of pain, movement disorders, 
and reduced quality of life. The detailed characteristics of 
the patients are shown in Table 1.

Clinical outcomes
Table  2 details the surgical characteristics and final 
follow-up clinical scores of the 11 patients. The mean 
operative time per hip was 57.27 ± 15.23  min, the mean 
estimated blood loss was 110 ± 60.62  ml, and the mean 
incision length was 3.35 ± 0.38 cm. Patients continued to 
follow up for a minimum of 12 months. The VAS scores 

Fig. 4  (a) The patient positioning. (b) The insertion of guide. (c) The bone column. (d) The combination of autologous cancellous bone. (e) The pros-
thesis implantation. (f) The determination of prosthesis position. (g) The relaxation of traction. (h) The fixation of the prosthesis. (i) The closed incision
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showed that after surgery, pain was reduced from severe 
to mild in seven hips (63.6%), from moderate to mild in 
two hips (18.2%), and from severe to moderate in two 
hips (18.2%). HHS improved with excellent results in 2 
(18.2%) hips, good results in 5 (45.4%) hips, and average 
results in 4 (36.4%) hips, and no poor results (0.0%).

Table  3 shows the differences between preoperative 
and postoperative clinical scores. The mean VAS score 
at the final follow-up was obviously lower than the mean 
preoperative VAS score (1.6 ± 1.2 vs. 7.5 ± 0.9, P < 0.01). 
The mean postoperative HHS was significantly improved 
compared to the mean preoperative HHS (90.3 ± 3.7 

vs. 42.9 ± 4.4, P < 0.01). The SF-12 scores showed that 
all patients experienced varying degrees of physical 
(42.1 ± 5.1 vs. 27.7 ± 7.1, P<0.01) and mental (44.3 ± 4.7 vs. 
36.4 ± 3.8, P<0.01) health improvement.

Complications
The final follow-up results showed that no patient suf-
fered a serious postoperative complication or death dur-
ing treatment or follow-up. Only one patient presented 
with fever 30 days after discharge. The fever was resolved 
with regular wound dressing changes and the adminis-
tration of intravenous antibiotics. According to the final 
imaging evaluation, X-ray radiographs showed adequate 
placement of all implants and no evidence of implant 
fracture, loosening, or sinking (Fig. 5a, b, c).

Discussion
In the present study, one new surgical technique, named 
“partial femoral head replacement”, was introduced. This 
technique showed great promise as a safe and effective 
surgical option for ARCO III femoral head necrosis, with 

Table 1  Patient characteristics preoperatively
NO. Age (years) Sex (M/F) Risk factors Collapse side ARCO stage Preoperative

VAS
Preoperative
HHS

Preoperative
SF12 PCS

Preoperative
SF12 MCS

1 37 Male Alcohol Right IIIA 8 41 25.4 42.4
2 46 Male Idiopathic Right IIIA 7 46 25.4 32.0
3 54 Female Traumatic Right IIIB 8 49 21.7 34.0
4 45 Male Alcohol Right IIIB 6 43 35.9 37.4
5 41 Male Idiopathic Right IIIA 9 35 19.8 37.2
6 32 Male Idiopathic Left IIIB 8 43 20.5 35.8
7 49 Male Steroid use Left IIIB 7 42 33.8 40.3
8 44 Female Alcohol Right IIIA 8 38 38.5 36.4
9 39 Female Traumatic Right IIIA 7 44. 20.5 29.3
10 34 Male Idiopathic Right IIIA 6 41 36.2 35.8
11 32 Male Alcohol Left IIIB 8 50 27.2 39.9
ARCO stage: Association Research Circulation Osseous stage; VAS: Visual Analogue Score; HHS: Harris Hip Score; SF-12 PCS: 12-item short form survey physical 
component; SF-12 MCS: 12-item short form survey mental component

Table 2  Surgical characteristics and postoperative scores
NO. Operation 

side
Blood loss 
(ml)

Operation time 
(minutes)

Incision 
length (cm)

Postoperative
VAS

Postoperative
HHS

Postoperative
SF-12 PCS

Postop-
erative
SF-12 MCS

1 Right 50 50 4.0 1 97 50.7 50.6
2 Right 150 70 3.5 3 93 41.0 42.8
3 Right 35 60 3.1 2 91 47.6 35.4
4 Right 140 65 3.8 1 95 46.3 39.1
5 Right 100 55 3.2 4 92 35.9 45.7
6 Left 135 40 3.0 2 86 41.0 50.6
7 Left 20 35 3.1 0 86 44.6 40.5
8 Right 90 45 3.9 1 89 45.3 48.3
9 Right 100 60 3.0 2 90 38.3 43.5
10 Right 170 90 3.0 2 86 36.0 45.2
11 Left 220 60 3.3 1 88 36.3 45.1
VAS: Visual Analogue Score; HHS: Harris Hip Score; SF-12 PCS: 12-item short form survey physical component; SF-12 MCS: 12-item short form survey mental component

Table 3  Changes in clinical function
Outcomes Pre-operation Final follow-up P value
VAS score 7.5 ± 0.9 1.6 ± 1.2 < 0. 01
HHS score 42.9 ± 4.4 90.3 ± 3.7 < 0. 01
SF12 PCS 27.7 ± 7.1 42.1 ± 5.1 < 0. 01
SF12 MCS 36.4 ± 3.8 44.3 ± 4.7 < 0. 01
*Significant variables; VAS: Visual Analogue Score; HHS: Harris Hip Score; SF-12 
PCS: 12-item short form survey physical component; SF-12 MCS: 12-item short 
form survey mental component
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a short operative time, less trauma, a low rate of intra- 
and postoperative complications, and good functional 
recovery.

The key to treating ARCO III femoral head necrosis is 
proper management of the collapsed area. In this study, 
we used partial femoral head replacement to precisely 
remove the collapsed area through a bone tunnel at the 
femoral neck. Common hip-preserving surgeries, such 
as core decompression and tantalum rod therapy, are 
similarly performed through a core track or a window at 
the femoral neck [11, 22]. However, their results are not 
promising in patients with collapse of the femoral head. 
Because the principle of those procedures is the induc-
tion of new blood vessels and establishment of an ade-
quate blood supply to the femoral head, promoting the 
remodelling and regeneration of the femoral head [23]. 
In accordance with research on the mechanism of femo-
ral head repair, most induced new blood vessels can only 
grow into the surrounding collapsed areas, which means 
that the new blood supply is rather limited [24]. Under 
the action of new blood vessels, new bone tissue will 
grow around the collapsed region, eventually forming 
a sclerotic band over time, which may further limit the 
blood supply to the femoral head. In addition, these tech-
niques are unable to restore the spherical shape of the 
femoral head and correct the stress distribution [7, 25].

Open surgery, including osteotomy and resurfac-
ing arthroplasty etc., can be used to remove the col-
lapsed segments and replace them with normal tissue or 
implants [12, 26]. However, this approach causes severe 
damage to the original blood supply and soft tissue, 
increases various potential complications, and even has 
an impact on subsequent total hip arthroplasty [27, 28]. 
Partial femoral head replacement, in contrast, has the 
advantages of a minimally invasive technique. The use of 
a minimally invasive approach without opening the hip 
joint, together with dedicated instruments, minimizes 
soft tissue damage and preserves the original blood sup-
ply to the femoral head, reducing both the operative time 
and blood loss during the procedure. Traditionally, mini-
mally invasive hip surgery is often challenged by a small 

field of view and uncleaned necrotic tissue, which seri-
ously limit the treatment. We designed the bone tunnel 
in advance by 3D reconstruction and removed necrotic 
areas precisely under image positioning [29]. In addi-
tion, this procedure preserves the most bone stock with-
out compromising subsequent treatment. In the event of 
ONFH progression, implant failure, or major complica-
tions at any time, there is always the option of revision to 
THA.

Apart from the advantages of the surgical procedure, 
the short-term results of partial femoral head replace-
ment in treating ARCO stage III ONFH patients are also 
impressive. The SF-12 scores showed that all patients 
reported improved physical (42.1 vs. 27.7) and mental 
(44.3 vs. 36.4) health after the surgery. In ARCO stage 
III, due to the obstruction or interruption of blood flow 
in the arteries and veins, there is high pressure and intra-
medullary oedema in the bone, which causes great pain to 
patients [30]. The bone tunnel that we designed releases 
intraosseous hypertension and effectively reduces the 
VAS score for pain (7.5 vs. 1.6). In terms of joint function, 
the prosthesis is custom-made to match each patient’s 
anatomy and femoral head contour, which does not 
interfere with hip joint activity and minimizes changes 
in biomechanical conduction. Additionally, two crossed 
screws are inserted to prevent rotation of the prosthesis. 
The above configuration provides powerful mechanical 
support in the repair stage, preventing collapse of the 
femoral head secondary to creation of the tunnel [17]. 
Autologous cancellous bone implanted into the prosthe-
sis can provide a highly osteoconductive, osteoinductive, 
and osteogenic substrate, enhancing the bioactivity of the 
implant for subsequent bone healing [31]. In this study, 
an apparent change in the HHS was obtained in the early 
postoperative period (38.3 vs. 83.3). It is also worth not-
ing that no signs of aggravation of femoral head necrosis 
or femoral head collapse occurred during follow-up, sug-
gesting that partial femoral head replacement may pro-
mote revascularization of the femoral head and prevent 
progression of ONFH to some extent.

Fig. 5  A 44-year-old woman with ARCO stage III of the right hip. (a) The preoperative X-ray. (b) Six-month follow-up. (c) Twelve-month follow-up
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This retrospective study is the first to report partial 
femoral head replacement for precise minimally invasive 
treatment of ARCO III femoral head necrosis. Although 
preliminary clinical results have demonstrated its safety 
and efficacy, there are still several limitations that should 
be noted. Firstly, this study had a small sample size and 
a short follow-up period. Secondly, all reported opera-
tions were performed by the same surgeon at a single 
center. In addition, the titanium alloy prosthesis causes 
metallic artefacts on MRI imaging, which interferes with 
the assessment of post-operative conditions. These limi-
tations may cast doubt on the validity of this technique. 
In the future, further trials including more patients and 
long-term results from multicentre studies will be needed 
to confirm the reliability of this new treatment.

Conclusion
In conclusion, we designed partial femoral head replace-
ment specifically for ARCO stage III patients and dem-
onstrated its safety and promising short-term efficacy. 
Facing the great challenge of both a trend of ONFH 
younger patients and increasing emphasis on hip preser-
vation, partial femoral head replacement may provide a 
new minimally invasive hip-preserving option for these 
patients, and it may be considered a potential treatment 
option in clinical practice in the future.
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