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 Background: This retrospective study from a single center aimed to compare outcomes following total hip arthroplasty (THA) 
in 302 patients diagnosed with Association Research Circulation Osseous (ARCO) stage III and stage IV osteo-
necrosis of the femoral head (ONFH).

 Material/Methods: The study included 302 patients who underwent THA for ONFH between January 2018 and September 2021. 
Patient groups included ARCO stage III (n=145) and ARCO stage IV (n=157). Outcomes measured included du-
ration of disease, operative time, intraoperative blood volume, postoperative length of hospital stay, pain mea-
sured by the visual analog scale (VAS) score, Harris hip score (HHS), and forgotten joint score (FJS).

 Results: Patients with ARCO stage III ONFH had a significantly shorter operative time (P=0.009), shorter length of hos-
pital stay (P=0.021), and reduced volume of intraoperative bleeding (P=0.021) compared with patients with 
ARCO stage IV ONFH. There were no significant differences in disease duration (P=0.310), postoperative com-
plications (P=0.07), preoperative (P=0.086, P=0.156) and postoperative (P=0.062, P=0.173) HHS and VAS scores, 
respectively. Patients with stage III ONFH reported significantly higher FJS scores at 3 months, 6 months, and 
1 year after THA.

 Conclusions: Patients who underwent hip arthroplasty for ARCO stage III femoral head necrosis experienced shorter opera-
tive time and hospital stay, less intraoperative bleeding, and better restoration of hip function than those with 
ARCO stage IV. Moreover, stage III patients were more prone to “forget” their hip arthroplasty experience with-
in 1 year of surgery.
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Background

Osteonecrosis of femoral head (ONFH) refers to the structur-
al changes and collapse of the femoral head caused by the 
death and subsequent repair of bone cells and bone marrow 
components after disruption of the blood supply to the fem-
oral head. It manifests as joint pain, functional disorders, and 
a rapid disease progression. Untimely interventions are asso-
ciated with a high risk of femoral head collapse and a poor 
prognosis. ONFH is prevalent between the ages of 30 and 50 
years, irrespective of patient sex [1].

Association Research Circulation Osseous (ARCO) is a common 
staging method used to assess the extent of osteonecrosis of 
the femur and was first introduced in 1994. The latest revi-
sions in 2019 include (1) the deletion of stage 0; (2) the di-
vision of stage III into early (IIIA) and advanced (IIIB) stages 
based on whether the degree of collapse exceeds 2 mm; and 
(3) removal of the location and size of necrosis from the stag-
ing subtypes. Bone trabecular changes and subchondral frac-
tures were seen on ARCO stage III imaging, with unchanged 
joint space and femoral head collapse £2 mm (IIIA) and >2 mm 
(IIIB). Osteoarthritic manifestations of the hip, such as narrow-
ing of the joint space, acetabular changes, and destruction, 
are visible on imaging in ARCO stage IV [2]. Koo et al [3] sug-
gested the predictability of femoral head collapse in patients 
with osteonecrosis, which adds to the spectrum of possibili-
ties for treating patients with intermediate to advanced stage 
diseases. ONFH is clinically managed by total hip arthroplasty 
(THA), as conservative treatment and hip preservation thera-
py are insufficient to satisfy the patients’ needs for daily liv-
ing. However, given the comparatively young age of onset, 
prostheses can fail to fulfill their life-long use in patients ow-
ing to years of wear, and the optimal age for THA is about 60 
to 75 years. Currently, new materials, techniques, and designs 
of artificial joint prostheses have been widely used in clinical 
practice, and the following factors should be thoroughly con-
sidered prior to the implementation of THA: (1) the necessity 
for THA; (2) expected surgical outcomes; (3) medical costs and 
risks; (4) contraindications; (5) effects on the elderly; (6) com-
plications and management measures; and (7) patient condi-
tion. The only surgical indications for the implementation of 
THA are in those patients who present with collapsed femo-
ral head, ONFH with moderate or severe persistent pain, func-
tional impairment and with ARCO stage III or above, and pain 
that cannot be relieved by other non-surgical treatments [4]. 
Despite the increasing sophistication of the techniques asso-
ciated with THA, the number of revision hip replacement cas-
es has shown a rising trend. Previous literature has report-
ed multiple causes for revision, including loosening, infection, 
dislocation, polyethylene liner wear, periprosthetic fracture, 
wear of the femoral replacement acetabulum, and mechani-
cal fracture of the prosthesis [5].Therefore, this retrospective 

study from a single center aimed to compare outcomes fol-
lowing total hip arthroplasty in 302 patients diagnosed with 
ARCO stage III and stage IV ONFH.

Material and Methods

Inclusion and Exclusion Criteria

The study was approved by the Ethics Committee of the Third 
Affiliated Hospital of Hebei Medical University (approval no.: 
2020-004-1). Because this was a retrospective study with anon-
ymous data, the Ethics Committee of this hospital waived the 
requirement of informed consent. The inclusion criteria were 
as follows: (1) patients who were diagnosed with ONFH (ARCO 
stage III or IV); (2) patients who underwent initial unilateral 
THA; (3) more than 1 year of follow-up; (4) in this study, all pro-
cedures were performed by surgically experienced senior sur-
geons; (5) the prostheses used were biologic total hip prosthe-
ses manufactured by Johnson & Johnson, USA, and Schluterich, 
UK, both with a ceramic-to-ceramic contact surface.

The exclusion criteria were as follows: (1) patients with previ-
ous hip revision; (2) previous femoral head osteotomy, femoral 
head nucleus pulposus decompression, femoral head decom-
pression implant; (3) bilateral hip arthroplasty; (4) symptoms 
or signs of contralateral and other large joint lesions; (5) psy-
chiatric disorders; (6) poorly controlled pre-existing underlying 
diseases; (7) contraindications to surgery an inability to toler-
ate surgery; and (8) refusal to sign the informed consent form 
and were unable to complete the treatment and follow-up.

Participants

A total of 302 patients with ONFH undergoing THA at the 
Department of Orthopedics, Third Hospital of Hebei Medical 
University from January 2018 to September 2021 were recruit-
ed and assigned to either a stage III group (n=145) or a stage 
IV group (n=157) according to their ARCO stages.

Surgical Methods

The patient was placed in a lateral position, keeping the trunk 
and pelvis perpendicular to the ground to avoid the body lean-
ing forward or backward and affecting the angle of implanta-
tion during surgery. After general anesthesia, a curved incision 
of approximately 10 cm was made through the posterior and 
lateral approaches to the hip joint, and the skin, subcutaneous 
tissue, and fascia were incised in sequence. The lower extrem-
ity was straightened and rotated inward to expose the stop of 
the external rotator muscle group behind the greater trochan-
ter, and the joint capsule was exposed by truncating the stop of 
the external rotator muscle group. The joint capsule was incised 
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in a “T” shape and then flexed, the hip was dislocated by in-
ward tucking and internal rotation, and the femoral head was 
amputated at about 1.5 cm above the lesser trochanter. The 
joint capsule and its surrounding synovial tissue were removed 
along the acetabular rim, and the acetabulum was maintained 
at 45° of abduction and 15° of anterior tilt with an acetabular 
file, gradually expanding and deepening the acetabulum un-
til the cancellous bone on the acetabular surface oozed blood 
evenly. After a successful acetabular fitting, a biological ace-
tabular prosthesis was placed. The affected limb was bent at 
the knee, flexed at the hip, and maintained in internal rotation, 
and the proximal femoral medullary cavity was expanded se-
quentially using a marrow expander. After the satisfactory ef-
fect of the femoral stem trial mold was achieved, the femoral 
stem prosthesis and femoral head prosthesis were installed, 
and the joint was repositioned. The trauma cavity was irrigat-
ed and cleaned, and the incision was sutured layer by layer.

Postoperative Treatment

All patients maintained the affected limb in an abducted neu-
tral position after THA, and their limbs were fixed with an an-
ti-rotation shoe. Postoperative antibiotics were administered 
prophylactically. The drainage tube was removed 1 day after 
surgery, and anticoagulation therapy with low-molecular-weight 
heparin was performed. After discharge, oral anticoagulation 
was administered until 35 days after surgery to prevent deep 
vein embolism in the affected limb. On the first postoperative 
day, patients were instructed by the medical staff to perform 
isometric contraction of the quadriceps muscle and function-
al exercises of ankle pumping to promote the recovery of the 
strength and blood circulation of the affected limb. If the pa-
tient had good physical condition after surgery and the mus-
cle strength of the affected limb had recovered normally, ap-
propriate standing or walking with crutches could be carried 
out with the help of healthcare personnel in the early post-
operative period. All patients were instructed to avoid exces-
sive flexion, internal retraction, and internal rotation of the af-
fected hip during activities and rehabilitation training within 
4 weeks after surgery to avoid posterior dislocation of the hip 
joint, which could compromise the surgical effect.

Outcome Measures

1)  Perioperative indices: The duration of illness, mean oper-
ative time, intraoperative bleeding, postoperative hospital 
stay, and postoperative complications were recorded.

2)  Functional recovery, postoperative pain, and awareness of 
the replaced joint: The Harris hip score (HHS) and visual an-
alogue scale (VAS) scores were measured before surgery and 
12 months after surgery. The forgotten joint score (FJS) was 
recorded at 3 months, 6 months, and 1 year after surgery 
in the 2 groups. The FJS is a scoring system that assesses 

the outcome of patients after arthroplasty and evaluates 
whether they are aware that they have had artificial joint 
surgery while performing their daily activities. The higher 
the score, the better the condition of the joint and the ear-
lier unawareness of the replaced joint, indicating that the 
artificial joint is rarely affecting daily life. The FJS has shown 
a high degree of internal consistency of question items in 
other literature, as a scoring system displaying validity and 
sensitivity to changes in joint function [6].

Statistical Analysis

IBM SPSS 19.0 (IBM Corp., Armonk, NY, USA) statistical soft-
ware was used for data analysis. A chi-square test was used 
to compare categorical variables such as sex and surgical side. 
A paired-sample t test was used to compare and analyze VAS 
scores and HHS scores within the groups, before and after 
THA. Independent-sample t tests were performed to analyze 
the mean operative time, intraoperative bleeding, postopera-
tive hospital stay, HHS, and postoperative FJS between the 2 
groups. Categorical data were expressed as counts and percent-
ages, and continuous data were expressed as mean±standard 
deviation. Significant differences were indicated by P<0.05.

Results

Patient Characteristics

A total of 302 patients were included in this study, includ-
ing 145 patients with ARCO stage III (Figure 1) and 157 pa-
tients with ARCO stage IV (Figure 2), 190 men and 112 wom-
en (P=0.167). The patient characteristics between the 2 groups 
were comparable (P>0.05; Table 1).

Perioperative Indices

All patients were followed up for 1 year, and the follow-up re-
sults showed no statistically significant difference in the mean 
duration of disease between the 2 groups (P=0.310). Patients 
with stage III ONFH exhibited markedly shorter operative time 
(P=0.009) and length of stay (P=0.021) and less intraoperative 
bleeding volume (P=0.021) than those with stage IV.

No surgical death was reported in either group. The stage III 
group reported 10 cases of lower limb deep vein thrombosis, 
1 case of joint prosthesis dislocation, 19 cases of thigh root 
pain, and 3 cases of joint abnormalities after THA. The stage 
IV group reported 102 cases of lower limb deep vein throm-
bosis, 9 cases of joint prosthesis dislocation, 67 cases of thigh 
root pain, and 12 cases of joint abnormalities. However, sig-
nificant differences were absent in the comparison of postop-
erative complications (P=0.07; Table 2).
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HHS and VAS Scores

The HHS increased from 71.43+32.42 to 93.67+25.82, and the 
VAS score decreased from 6.99±1.51 to 0.93±0.87 in the stage 
III group. The HHS increased from 68.43+36.42 to 90.77+45.82, 
and the VAS score decreased from 6.48±1.01 to 0.63±0.23 in 
the stage IV group. No significant differences were observed 

between the 2 groups in terms of preoperative (P=0.086, 
P=0.156) and postoperative (P=0.062, P=0.173) HHS and VAS 
scores, respectively. THA provided significant hip function res-
toration and pain mitigation for patients with stage III and IV 
ONFH, as shown by the elevated HHS and reduced VAS scores 
(P<0.05; Tables 3, 4).

A B

Figure 1.  (A) Anteroposterior projection of preoperative X-ray of Association Research Circulation Osseous (ARCO) stage III patient 
shows collapsed femoral head with normal joint space. (B) Anteroposterior projection of postoperative X-ray of ARCO stage 
III patient shows well-positioned hip joint prosthesis.

A B

Figure 2.  (A) Anteroposterior projection of preoperative X-ray of Association Research Circulation Osseous (ARCO) stage IV patient 
shows the absence of joint space and severe periacetabular hyperplasia. (B) Anteroposterior projection of postoperative 
X-ray of ARCO stage IV patient shows well-positioned hip joint prosthesis.
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Forgotten Joint Scores

Moreover, patients with stage III ONFH reported earlier un-
awareness of the replaced joint and higher postoperative com-
fort at 3 months, 6 months, and 1 year after THA than those at 
stage IV, indicated by the higher FJS scores (P<0.05; Table 5).

Discussion

THA, a classical surgical procedure for the management of hip 
disease, is currently the most common and effective method 
for the treatment of advanced ONFH [7]. In the present study, 
THA for ARCO stage III patients resulted in shorter operative 
time, less intraoperative bleeding, and fewer postoperative 

Stage III Stage IV P

Age(years) 49.37±11.31 51.18±12.42 0.779

Sex 0.167

 Male 75 115

 Female6 70 42

BMI (kg/m2) 26.05±4.62 25.77±3.96 0.496

ASA classification 0.419

 I 84 51

 II 61 106

Prosthesis type 0.074

 Johnson & Johnson, USA 129 134

 British Schluter 16 23

Surgery side 0.564

 Left 71 94

 Right 75 63

Table 1. Patient characteristics.

Variables Stage III Stage IV P-value

Operation time (min)  62.25±27.75  80.24±27.55 0.009

Intraoperative bleeding (ml)  250.29±175.00  369.09±232.41 0.010

Postoperative length of stay (days)  9.76±1.87  12.62±2.23 0.008

Duration of disease (month)  17.4±19.463  66.6±99.548 0.310

Table 2. Perioperative indices.

Stage III Stage IV P-value

Preoperatively

 HSS  71.43±32.42  68.43±36.42 0.086

 VAS scores  6.99±1.51  5.98±1.51 0.156

Postoperatively

 HSS  93.67±25.82  90.77±45.82 0.062

 VAS scores  66.48±1.01  0.63±0.23 0.173

Table 3.  Association Research Circulation Osseous (ARCO) stage III vs IV Harris hip score (HHS) and visual analogue scale (VAS) score 
in patients with femoral head necrosis after total hip arthroplasty.
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complications. Prolonged operative time and excessive intra-
operative hemorrhage are associated with an increased risk 
of postoperative complications due to a long exposure of the 
surgical field, and the current finding was consistent with the 
research results of Orland et al [8]. Benefits from the abridged 
operative time include shortened anesthesia time and the cor-
responding reduced anesthetic risks and toxic adverse effects 
of anesthetic drugs [9]. In the present study, ARCO stage III 
patients had a shorter hospital stay than those with ARCO 
stage IV disease. Long hospital stay and long-term bed rest 
result in limited limb movement and reduced body activities, 
which can easily cause poor blood circulation and the occur-
rence of lower limb deep vein thrombosis. The results of the 
present study were in line with the findings of Bawa [10] and 
Gruenwald [11]. Prolonged operation time and excessive in-
traoperative bleeding can foster the formation of postopera-
tive complications and delay the postoperative care process, 
resulting in prolonged postoperative recovery and difficulty in 
“forgetting” the hip prosthesis.

In the present study, patients in the stage III group exhibit-
ed higher postoperative HSS scores than those in the stage IV 
group, which may be attributable to the significantly impaired 
mobility caused by the severe deformation of the femoral head 
and acetabulum and changes in the surrounding soft tissues. 
Moreover, the heavier intraoperative blood loss in stage IV pa-
tients than in stage III patients may be ascribed to the fact that 
more time was needed during surgery to remove the diseased 
femoral head, clean up the malformed acetabular medial wall 

and periacetabular osteophytes, and release the surrounding 
contracted muscles to achieve a better acetabular cup place-
ment and joint mobility [12]. Shimizu et al [13] concluded that 
femoral head collapse has been reported in 32% to 79% of pa-
tients within 3 years of diagnosis. Disease progression leads to 
collapse of the femoral head and contracture of the joint capsule 
and muscles, resulting in reduced range of motion of the hip. 
In the present study, patients in the stage III group had more 
enhancement in the range of motion of the hips than those in 
the stage IV group, which was consistent with the results of 
Shimizu et al. The lower VAS scores in stage III patients than 
stage IV patients indicated milder postoperative pain. In a pro-
spective study including 222 patients with osteoarthritis treat-
ed with THA, Fortin et al [14] concluded that patients with the 
worst function and pain at the time of surgery had worse func-
tion 2 years after surgery, which was attributed to the timing 
of total joint arthroplasty. This is consistent with the present 
study, in which patients in the stage III group exhibited bet-
ter hip function restoration and milder pain than those in the 
stage IV group. Larsson et al [15] demonstrated the availability 
of the FJS score to assess how well a patient can “forget” the 
hip prosthesis in postoperative daily life. The present study con-
firmed that as femoral head necrosis progressed and the earli-
er the patients underwent hip replacement surgery, the earlier 
they could “forget” the presence of a hip prosthesis. Evidence 
in the present study also suggested patients with earlier stag-
es of disease were more prone to “forget” the implanted pros-
thesis. Thus, the FJS score is recommended for the long-term 
evaluation of patients after hip replacement.

Variables Stage III Stage IV P-value

FJS at 3 months postoperatively  15.21±7.25  10.14±5.12 P<0.001

FJS at 6 months postoperatively  30.24±8.95  21.61±6.74 P<0.001

FJS at 12 months postoperatively  36.59±9.11  30.24±7.51 P<0.001

Table 5.  Results of independent sample t test for Association Research Circulation Osseous (ARCO) stage III vs stage IV forgotten joint 
scores (FJS) in patients with femoral head necrosis after total hip arthroplasty.

Preoperatively Postoperatively P-value

Stage III

 HSS  71.43±32.42  93.67±25.82 0.016

 VAS scores  6.99±1.51  0.63±0.23 0.024

Stage IV

 HSS   68.43±36.42  90.77±45.82 0.041

 VAS scores  5.98±1.51  0.73±0.53 0.037

Table 4.  Visual analogue scale (VAS) score and Harris hip score (HHS) before and after total hip arthroplasty in patients with femoral 
head necrosis at Association Research Circulation Osseous (ARCO) stage III and stage IV.
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The present study has the following limitations. First, this study 
did not evaluate other factors that could affect the outcome 
of hip arthroplasty, such as the possibility that rehabilitation 
may increase the range of motion of the hip and promote fur-
ther recovery of the hip joint [16]. Second, all artificial biolog-
ical total hip prostheses applied in this study were made by 
Johnson & Johnson and Schluter, all of which had ceramic-to-
ceramic contact surfaces. Failure to apply other types of hip 
prostheses failed to clarify whether other types of hip prosthe-
ses have an effect on the outcome after hip replacement [17]. 
Third, the short follow-up of this study failed to identify dis-
tant complications after hip arthroplasty, such as aseptic loos-
ening after hip arthroplasty, as it has been shown that aseptic 
loosening currently accounts for the leading cause of revision 
after THA [18].
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