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Background

The progression of avascular necrosis to the point of femoral head collapse necessitates
total hip arthroplasty surgery as a treatment intevention. Despite its widespread use, this
surgical procedure is often associated with a notable incidence of failure and various
postoperative complications. This study aimed to evaluate the outcomes of cementless
total hip arthroplasty (CTHA) in Vietnamese patients diagnosed with late-stage avascular
necrosis of the femoral head (AVNFH).

Methods

From Sep 2011 to Dec 2021, 150 patients were diagnosed with unilateral AVNFH at stages
IV, V, and VI at the 108 Military Central Hospital. These patients underwent laboratory
tests, CTHA, and assessments of hip function at three intervals: before surgical
procedure, 12 months after surgery, and 48 months post-surgery.

Results

Among the 150 patients with AVNFH, the femurs were classified as type B (80.7%), type A
(10%), and type C (9.3%). Of these patients, 62.0% had articular head diameters of 32mm,
while 38.0% had diameters of 36mm. The bearing surface pairings used in hip
arthroplasty included 63.3% metal-polyethylene and 36.7% ceramic-ceramic. Regarding
implant size, 86.7% used size 10-13 femoral stems, 6.0% used size 9, and 7.4% used size
14-15. In-hospital following surgery, there were no reports of thrombosis, deep infection,
femoral fracture, or acetabular fracture. Meanwhile, 80% of cases had the acetabulum
positioned in an intermediate alignment, whereas 4.0% and 16.0% were in varus and
valgus positions, respectively. Patients with AVNFH in stages IV, V, and VI showed
significant improvement in mobility, with pain levels decreasing to 0.0% and Harriss Hip
scores increasing to approximately 85 points. At 12 months postoperatively, 16.0%,
52.0%, 21.2%, and 16.7% of patients exhibited bone platforms, bone welds, radiolucent
lines, and calcar osteolysis, respectively. These figures increased to 23.0%, 89.3%, 27.3%,
and 30.7%, respectively, after 48 months. Complications at 12 months included 2.0%
superficial infection, 0.7% deep infection, and prosthetic joint loosening. At 48 months,
patients experienced deep infection, hip dislocation, and prosthetic joint loosening, each
occurring in 1.3% of cases.

Conclusion

With the posterior approach, CTHA for Vietnamese patients with AVNFH stages IV, V,
and VI demonstrated favorable and promising outcomes. Intraoperative complications
were minor, and no significant issues were observed during the 12- and 48-month
postoperative follow-up periods.
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1. INTRODUCTION

Avascular necrosis of the femoral head (AVNFH) is a patho-
logical condition characterized by insufficient blood supply
to the proximal region of the femoral head (FH), typically
resulting from vascular injury or occulation. This leads to
necrosis of the affected bone area and, ultimately, to FH
collapse and hip osteoarthritis.!"3 AVNFH predominantly
affects individuals between the ages of 30 and 50, with
a greater prevalence observed in males compared to fe-
males. Furthermore, research demonstrates that bilateral
manifestation occurs in approximately 50 to 60% of pa-
tients diagnosed with AVNFH.%5 The Steinberg classifica-
tion system delineates AVNFH into seven distinct stages:
0, I, I1, III, IV, V, and VL6 Based on the extent of femoral
head damage and the degree of hip joint function loss,
stages 0, I, II, and III are classified as early-stage AVNFH,
whereas stages IV, V, and VI are considered late-stage.’
Early-stage AVNFH in adults frequently manifests asymp-
tomatically or with non-specific symptoms that minimally
impact hip joint function,® which may contribute clinicians
to misdiagnose the condition. By the time clinical symp-
toms become clearly evident, the disease has typically pro-
gressed to a late stage.8? The specific causes of non-trau-
matic AVNFH remain unclear, several risk factors have been
implicated, including alcoholism, long-term steroid use,
hyperuricemia, elevated liver enzyme levels, gout, and dys-
lipidemia.10-11 The risk of developing AVNFH is modulated
by the presence and combination of these risk factors, with
individuals exhibiting multiple risk factors being at higher
risk.11

In the early stages of AVNFH, when the FH remains in-
tact, the primary treatment approach include either med-
ication or surgical intervention aimed at preserving the
FH.%%12 However, in the advanced stages of AVNFH char-
acterized by FH collapse, medical management proves in-
effective, thereby necessitating total hip arthroplasty
(THA).%13 It is important to note that hip replacement
surgery (HRS) for AVNFH patients often encounters various
complications due to multiple factors.!4-17 Although nu-
merous treatment strategies exist for AVNFH, total HRS re-
mains the most reliable option for alleviating pain and im-
proving hip function in advanced stages of the condition.%
18 previous studies indicate that cemented total hip arthro-
plasty in patients with non-traumatic AVNFH tends to yield
poor outcomes, with a relatively high incidence of revision
surgeries.1920 Conversely, CTHA has been reported to yield
more favorable outcomes in these patients, with a reduced
incidence of revision procedures.2! Alongside the elevated
failure and revision rates, cemented total hip arthroplasty
presents significant challenges related to the complete re-
moval of cement during revision procedures.20:22 There-
fore, recent studies have focused on implementing CTHA
using various combinations of bearing surfaces.

Previous studies have evaluated the effectiveness of
CTHA. These studies examined several commonly used
types of contact surface pairs, including metal-polyethyl-
ene (which has an arthroplasty rate of 4.5-7.1%), ceramic-
polyethylene, and ceramic-ceramic, all of which demon-

strate a relatively long lifespan without the need for hip
arthroplasty.23-24 The choice of contact surface pairs ap-
pears to influence the durability of artificial hip arthro-
plasty. Selecting ceramic-ceramic or ceramic-polyethylene
contact surface combinations for younger patients can of-
fers several notable advantages by reducing wear.2> Studies
suggest a correlation between joint longevity and aseptic
loosening, showing that both ceramic-polyethylene and ce-
ramic-ceramic surface combinations achieve nearly a 100%
arthroplasty-free outcome.26:27 Despite this, comparative
analyses of various bearing surface pairs remain limited.
Therefore, extended follow-up periods in studies are essen-
tial for a comprehensive evaluation of each surface pair’s
performance.

In developed countries, AVNFH is common and increas-
ing in prevalence. In the United States, approximately
22,000 new cases are diagnosed annually, accounting for
nearly 10% of all patients undergoing total hip replacement
surgery.28 In South Korea, about 14,103 new cases occur
each year, representing for 50-70% of all hip arthroplasty
patients.2? Although Vietnam lacks national-scale statis-
tics, studies suggest that the rate of total hip arthroplasty
among AVNFH patients ranges from 44.6% to 61.2%.
AVNFH typically progresses and is often diagnosed at a
late stage; prior medical treatments have been insufficient,
rendering conservative management ineffective, and mak-
ing artificial hip replacement commonly necessary. Despite
ongoing debate, existing studies provide no evidence of
osteonecrosis in the the femoral neck, greater trochanter
(GT), and lesser trochanter (LT), which are the primary fix-
ation sites for artificial hip joint stems. We conducted this
study to evaluate the outcomes of CTHA in stages IV, V, and
VI of avascular necrosis of the femoral head in Vietnamese
patients.

2. MATERIALS AND METHODS

2.1. PATIENTS

This prospective study was conducted from September 2011
to December 2021, using a convenience sample that in-
cluded all patients with AVNFH who underwent CTHA at
108 Military Central Hospital. A total of 193 patients with
AVNFH underwent CTHA during this period. Of these, 34
patients were excluded for not meeting the diagnostic crite-
ria for AVNFH, and 9 were lost to follow-up. Consequently,
only 150 patients met the diagnostic criteria for AVNFH
without trauma and were classified within stages IV, V, and
VI, as defined by Steinberg’s classification and the Japan
Special Disease Investigation Committee’s criteria estab-
lished in June 2001.630 The enrollment process is illus-
trated in the Diagram 1. After enrollment, patients were
closely monitored and evaluated in accordance with the
study protocol. All 150 patients underwent CTHA and com-
pleted the primary endpoint assessment at 48 months of
follow-up, which included all of the following criteria:
» 50 patients with AVNFH at stage IV.

» 50 patients with AVNFH at stage V.
» 50 patients with AVNFH at stage VI
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DIAGNOSTIC CRITERIA FOR AVNFH

A patient is diagnosed with AVNFH when at least two of the
following five criteria are met:

X-ray image showing a collapsed FH or the presence
of a crescent sign.

An X-ray shows bone density in the FH region, with
no constricted joint space and a normal acetabulum.
Magnetic resonance imaging produces a band or line
pattern of signal reduction on T1W images.

Bone scintigraphy produces an image that highlights
areas of increased radioactive uptake as well as areas
of decreased uptake (cold spots in heated tissue).
Histopathological evidence indicates necrosis of the
bone marrow and trabecular bone.

Patients underwent comprehensive monitoring for 48
months following hip replacement surgery.

PATIENT SELECTION CRITERIA WERE AS FOLLOWS

Patients aged 18 to 60 years.

Patients diagnosed with unilateral AVNFH at stages
IV, V, or VI according to Steinberg’s classification.
Patients with AVNFH caused by factors other than
trauma.

Patients have no medical or surgical contraindica-
tions for surgery.

Patients received a single type of cementless joint,
which included a standard Corail joint stem, a stan-
dard Pinnacle acetabulum, a Marathon polyethylene
(cross-linked polyethylene) acetabular liner with a di-
ameter of 28 mm, and a ceramic acetabular liner with
diameters of 28 mm and 36 mm (Johnson & Johnson,
USA).

EXCLUSION CRITERIA

Patients < 18 and > 60 years.

Femoral head injuries classified as grade III or lower
according to Steinberg’s system.

Patients with internal or surgical disorders that in-
crease the risks associated with anesthesia, surgery,
and postoperative care.

Patients with mental disorders who refuse to comply
with treatment.

Patients and their families do not consent to CTHA

surgery.

2.2. TERMINOLOGY AND STANDARDS USED IN THE
STUDY

Pain levels: Classified by the Harris Hip Score: 1)
None or ignored it (44); 2) Slight, occasional pain
with no compromise in activities (40); 3) Mild pain,
no effect on activities, rarely moderate pain with un-
usual activity (30); 4) Moderate pain, tolerable but re-
quires concessions due to pain; some limitation of or-
dinary activity or work (20); 5) Marked pain, serious
limitation of activities (10); 6) Totally disabled, crip-
pled, pain in bed, bedridden (0).3!
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193 patients with AVNFH
underwent CTHA during 2011 -

2021

l

150 patients fulfilled the

diagnostic criteria

- Without trauma

- Classified within stages IV,
V, and VI.

- Completed the primary
endpoint assessment at 48
months of follow-up

- 34 patients were excluded
for not meeting the
diagnostic criteria.

- 9 patients were lost to
follow-up.

l

Postoperative evaluations were
conducted at pre-surgery, 24
months post-surgery, and 48
months post-surgery—serve as
the main checkpoints for all
patients to assess Harris scores,
pain levels, and complications

Diagram 1. The enrollment process for patients with
AVNFH in the study

o

o

Long-term use of steroids: “long-term steroid use”
refers to frequent, continuous, and prolonged use
(more than two weeks) or repeated cycles of steroids.
In contrast, “steroid use” can also refer to infrequent
use, typically for a few days, which is discontinued
once pain symptoms subside.32

Superficial incisional surgical site infection: Defini-
tion: An infection confined to the skin or subcuta-
neous tissue at the incision site. Time frame: Typi-
cally develops within 30 days after surgery. Clinical
manifestations: The surgical site appears swollen,
warm, red, and painful, and may discharge pus.3334
Deep incisional surgical site infection: Definition: In-
fection extends to the fascia, abdominal wall muscles,
or deeper tissues. Time frame: Occurs within 30 days
if no implant is present, or up to 1 year if an implant
is involved. Manifestations: Typically more severe,
often presenting with a deep abscess at the surgical
site.33.34

Severe infection/sepsis: Defined as an infection that
spreads into the bloodstream (septicemia) or triggers
systemic inflammatory response syndrome (SIRS), re-
sulting in organ dysfunction. Clinical manifestations
include high fever or hypothermia, rapid heart rate,
rapid breathing, low blood pressure, and multiple or-
gan failure.33.35

X-ray evaluation according to Gruen Zones: osteoly-
sis and remodeling3¢:

Gruen et al. established a system of seven zones (di-
vided into zones 1-7 in the AP view) to map bone re-
modeling, pedestal formation, and osteolysis around
the femoral component:

Zones 1 and 7: Proximal (greater/lesser
trochanters) - areas of highest stress shielding.
Zones 2, 3, 4, 5, and 6: Distal and lateral/medial
coating surfaces - evaluated for bone density
changes and radiolucency.
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Key Clinical Applications

o Fixation Assessment: The Engh criteria distin-
guish between stable bony ingrowth and fibrous
tissue stabilization.

o Stress Shielding: Engh’s classification system is
widely employed to grade the severity of femoral
stress shielding.

o Osteolysis Monitoring: The Gruen zones (1-7)
provide a standardized framework for tracking
progressive bone resorption.

o Stability: The presence of a “pedestal” or thick-
ened cortex in the Gruen zone 4 area is often a
sign of stable fixation according to Engh

» Femur type classification: The Dorr classification of
the proximal femur (Types A, B, and C) categorizes
bone quality based on cortical thickness and in-
tramedullary canal width, primarily to guide unce-
mented and cemented stem selection in total hip
arthroplasty37:

o Type A (Type I): Characterized by thick, cham-
pagne-flute cortical bone in the diaphysis. The
funnel shape is pronounced, and the medullary
canal is narrow.

o Type B (Type II): Represents an intermediate
bone. There are some cortical thinning and
moderate widening of the medullary canal,
specifically in the proximal area.

o Type C (Type III): Defined by thin, straight cor-
tices (“stovepipe” shape). The medullary canal is
wide, and there is significant cortical bone loss
(endosteal resorption), common in elderly pa-
tients or long-term hip diseases.

» Prosthetic loosening: the loss of secure fixation of an
implanted prosthesis from its initial fixed position.

2.3. CEMENTLESS TOTAL HIP ARTHROPLASTY
APPROACH

All surgical interventions were conducted utilizing a con-
ventional posterolateral approach with the patient posi-
tioned in the lateral decubitus orientation. An incision
measuring 8 to 10 centimeters was made, centered over the
greater trochanter. The gluteus maximus muscle was in-
cised longitudinally along the direction of its fibers. Sub-
sequently, the short external rotator muscles and the joint
capsule were detached in an L-shaped manner, allowing for
posterior dislocation of the hip. The femoral head was then
resected in accordance with preoperative templating and
submitted for histopathological analysis.

ACETABULAR PREPARATION AND IMPLANTATION

The acetabulum was surgically exposed and meticulously
cleared of all soft tissue. Sequential reaming was performed
in increments of 1 to 2 millimeters to create a hemispher-
ical cavity, utilizing the transverse ligament and anterior
rim as anatomical reference points. Subsequently, a ce-
mentless acetabular shell was implanted at an inclination

angle of 40° to 45° and an anteversion angle of 20°. To
enhance fixation, one to three adjunctive titanium screws
measuring 6.5 millimeters were employed as necessary. Fi-
nally, a polyethylene liner featuring a posterior elevated
rim was inserted into the shell.

FEMORAL PREPARATION AND IMPLANTATION

The femoral canal was progressively broached to attain
press-fit fixation. Trial components were utilized to eval-
uate stability, range of motion, and limb length, ensuring
no dislocation occurred throughout functional movements.
Subsequently, the definitive cementless femoral stem and
femoral head were implanted. The sizes of the prosthetic
components were documented for research purposes.

CLOSURE

Following verification of joint stability and soft tissue equi-
librium, the capsule and external rotator muscles were
meticulously repaired. Subsequently, a drain was inserted,
and the surgical incision was closed in a layered fashion.

2.4. DATA COLLECTION

e Clinical and paraclinical data were collected prior to
surgery: Including age, gender, address, occupation,
reason for hospital admission, and previous diagno-
sis. Risk factors were evaluated alongside the assess-
ment of hip pain symptoms and hip joint mobility.
Additional pathogenic indicators were identified. The
disease was classified according to established clini-
cal staging criteria. Indicators of deterioration were
evaluated using X-ray films. Damage was assessed
and classified according to disease phases using
Steinberg’s classification scheme. The location of the
damage was determined. The joint fluid, synovial
membrane, femoral head, acetabulum, and transverse
ligament of the hip joint were examined. Microscopic
images were reviewed to identify various comorbidi-
ties.

e Data collected during and after surgery:

o Post-operative monitoring and evaluation: The
patient is advised to initiate physical exercise
immediately after recovery and to continue un-
til discharge to minimize early complications
following total hip arthroplasty. Surgical drains
were removed within 24 hours postoperatively.
Subsequent to drain removal, instructions for
walking with a support frame were provided. For
the first six weeks, the patient should bear only
light weight on the operated leg. Full weight-
bearing is allowed between six and eight weeks
after the surgical procedure.

o Monitoring and assessing clinical outcomes fol-
lowing surgery: Postoperative assessments were
performed at intervals of 7 days, 3 months, 6
months, 12 months, 24 months, and 48 months
following surgery. The three principle time
points—pre-surgery, 24 months post-surgery,
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and 48 months post-surgery—were designated
as the main checkpoints for all patients to as-
sess Harris Hip Scores, pain levels, and com-
plications. Examination criteria included surgi-
cal scar healing and the identification of early
and late complications such as thrombosis, dis-
location, and infection. Hip joint function and
symptoms were assessed using the Harris Hip
Score (HHS) scale. Additionally, pain symptoms
in the anterolateral mid-thigh region, which
typically manifest shortly after surgery and are
frequently associated with mechanical fixation
of the uncemented femoral stem, were also sys-
tematically evaluated.

Evaluation of paraclinical outcomes and
changes in X-rays following surgery: Postoper-
ative evaluations are conducted at intervals of
7 days, 3 months, 6 months, 12 months, 24
months, and 48 months following surgery. The
three principal time points—pre-surgery, 24
months post-surgery, and 48 months post-
surgery — constitute the primary timeframes for
comprehensive radiographic analysis across all
patients. Examination criteria include X-ray of
the pelvis, hip joint, and femur on the surgical
side, taken in both anteroposterior and oblique
views to evaluate changes around the artificial
hip joint, fractures of the acetabulum or femur,
ectopic ossification, and to measure the occu-
pancy ratio of the prosthetic shaft relative to the
medullary canal of the femur at the level be-
tween the lesser trochanter and the midpoint of
the prosthetic stem.

Figure 1. Surgical images of total hip arthroplasty in a patient with avascular necrosis of the femoral head
(Patient consent was obtained for publication, with all identifying information removed)

o Collected accidents and complications: include
surgical issues such as bleeding, vascular and
nerve injuries, acetabular fractures, and femoral
fractures. Postoperative complications encom-
pass superficial or deep infections, vascular oc-
clusion, dislocation, and joint loosening. Radi-
olucent lines were evaluated according to the
Gruen TA zones [62].

2.5. DATA ANALYSIS

Data were entered, coded, and analyzed utilizing SPSS ver-
sion 22.0. Continuous variables are reported as mean *
standard deviation or median with interquartile range, de-
pending on the distribution, while categorical variables are
expressed as frequencies (n) and percentages (%). Statis-
tical significance was defined as a p-value less than 0.05.
When applicable, adjustments for multiple comparisons
were implemented. The Shapiro-Wilk test was employed to
assess the normality of Harris Hip Scores at each time point
(preoperative, 12 months, and 48 months) across the entire
sample (N = 150). Given that normality was violated at the
12-month assessment (p = 0.006), non-parametric meth-
ods were adopted for repeated-measures analyses. Tem-
poral changes in Harris Hip Scores were examined using
the Friedman test. Upon obtaining significant results, post
hoc pairwise comparisons were conducted using Wilcoxon
signed-rank tests. A Bonferroni correction was applied to
account for three comparisons, establishing a significance
threshold of p < 0.017. Effect sizes for significant Wilcoxon
tests were calculated using the formula r = Z / VN and inter-
preted according to Cohen’s criteria as small (0.1), medium
(0.3), or large (0.5).
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3. RESULTS

Among the 150 patients eligible for inclusion in the study,
with 50 patients classified at stage IV, 50 at stage V, and
50 at stage VI. Analysis of gender distribution revealed
that stage V AVNFH was less prevalent among male pa-
tients (82.0%) relative to stages IV (90.0%) and VI (92.0%)
whereas a higher proportion of female patients was noted
at stage V (18.0%) compared to stage IV (10.0%) and VI
(8.0%) (Table 1). The age > 40 years showed the highest
prevalence across all stages, accounting for 86.2% at stage
IV, 88.0% at stage V, and 74.0% at stage VI. Those in in-
tellectual professions had the highest prevalence at stage
IV (32.0%), while workers exhibited a higher prevalence
at stage VI (52.0%). Commonly reported comorbidities in-
cluded elevated liver enzyme levels (20.7%), long-term use
of traditional medicine (44.7%), and prolonged steroid use
(26.0%). Established risk factors included steroid use
(16.7%), alcohol dependence (41.3%), and concurrent alco-
hol consumption and smoking (37.3%). The majority of pa-
tients (85.0%) had experienced the disease for > 18 months,
with 23.3% experiencing mild pain and 76.7% reporting
severe pain. All patients classified at stage VI exhibited
femoral head collapse exceeding 30%, compared to 76.0%
and 52.0% in stage V and IV, respectively. Over 90% of stage
VI patients presented with signs of congestion and carti-
lage detachment, in contrast to 76.0% and 84.0% observed
in stage IV and V, respectively (Table 1).

Regarding the femoral morphology in patients diag-
nosed with AVNFH, a predominant proportion were identi-
fied as type B femur: comprising 82.0% in stage IV, 86.0%
in stage V, and 74.0% in stage VI. In stages V and VI,
the articular head diameter measured 32 mm in 64.0% and
76.0% of cases, respectively; conversely in stage IV, 54.0%
of patients exhibited a diameter of 36 mm. The majority
of bearing surfaces utilized were either metal-polyethylene
(63.3%) or ceramic-ceramic (36.7%). The mean preoperative
Harris Hip Score was 41.6 points, with the highest mean
scores observed as 44.1 for stage IV, 42.6 for stage V, and
36.8 for stage VI. Regarding the sizes of the articular shafts,
types 10 (18.7%), 11 (26.0%), 12 (28.0%), and 13 (14.7%)
were most prevalent, whereas shank sizes of < 9 and > 14
presented only 6.0% and 7.4% of cases, respectively (Table
2).

Total hip arthroplasty was performed on a cohort of 150
patients. Among the 50 patients classified at stage IV (Fig-
ure 2), a minimal number required interventions such as
soft tissue balancing, bone grafting, sustained injury, or ne-
cessitated blood transfusions. In contrast, 6.0% and 22.0%
of patients at stages V and VI, respectively, underwent soft
tissue balancing, while 8 acetabular bone grafting was re-
quired in 8.0% and 26.0%. Furthermore, calcaneal and
femoral fractures were observed in 2.0% of stage V and
8.0% of stage VI patients, with blood transfusions admin-
istered to 2.0% and 6.0% of patients at these respective
stages. Immediate postoperative assessment revealed no
complications among patients at stages IV and V, except
for one stage IV patient who developed a superficial infec-
tion and sustained a femoral fracture. Conversely, compli-

cations including postoperative bleeding, superficial infec-
tions, hip dislocation, and femoral fractures were reported
in 2.0% to 4.0% of stage VI patients. A predominant pro-
portion of patients—ranging from 80.0% to 86.0% across
all three stages—exhibited a neutral shaft axis alignment,
whereas varus and valgus alighments were present in 2.0%
to 4.0% and 12.0% to 16.0% of patients, respectively. Fur-
thermore, 90.0% to 98.0% of patients demonstrated an ac-
etabular tilt angle between 40 and 45 degrees, with only
2.0% to 8.0% falling below 40 degrees or above 45 degrees
(Table 3).

The extent of mobility impairment observed in patients
undergoing total hip arthroplasty was assessed, revealing
that prior to surgery, the proportions of patients exhibiting
severe mobility limitations were 4.0%, 24.7%, and 27.3% in
stages IV, V, and VI, respectively. At 12 and 48 months fol-
lowing the procedure, these percentages decreased to 0.0%.
Nonetheless, one patient classified in stage VI demon-
strated a recurrence of severe mobility limitation after 48
months (Table 4).

Patients undergoing total hip arthroplasty demonstrated
preoperative severe pain prevalence rates of 11.3%, 17.3%,
and 25.3% corresponding to stages IV, V, and VI, respec-
tively. At 12 months postoperatively, these rates had de-
clined markedly to 0.0%, 0.7%, and 1.3%, respectively. At 48
months following surgery, severe pain was reported by one
patient in stage VI (Table 4).

The mean Harris Hip Scores for the preoperative,
12-month postoperative, and 48-month postoperative as-
sessments were 41.2, 85.4, and 84.9, respectively (Table 4).
Normality of the score distributions was evaluated using
the Shapiro-Wilk test, which indicated that the scores were
normally distributed at the preoperative (p = .059) and
48-month (p = .117) time points, but not at 12 months (p
= .006). Consequently, nonparametric statistical methods
were employed for all subsequent analyses. A Friedman test
demonstrated a statistically significant difference in Har-
ris scores across the three time points (x%(2) = 228.415, p
< .001), with a large effect size as indicated by Kendall’s
W = 0.76. Post hoc analyses using Wilcoxon signed-rank
tests revealed significant improvements from the preopera-
tive assessment to 12 months postoperatively (Z = -10.627,
p = 2.24 x 107 26, r = 0.87) and from preoperative to 48
months postoperatively (Z = -10.627, p = 2.23 x 10~ 26,
r = 0.87). However, the difference between the 12-month
and 48-month scores was not statistically significant (Z =
-1.022, p =.307, r = 0.08). The effect sizes for the significant
comparisons were large (Table 5).

Radiographic assessment of the hip joints in patients
who underwent total hip arthroplasty demonstrated mini-
mal occurrences of subsidence, displacement, calcar hyper-
trophy, or femoral cortical hypertrophy at both 12 and 48
months postoperatively. Subsidence was observed in only
0.7% of cases, while periarticular osteolysis was identified
in 2.7% of patients (Table 6). At the 12-month follow-up,
the prevalence of bone platforms, bone welds, calcar os-
teolysis, radiolucency, and heterotopic ossification was
16.0%, 52.0%, 16.7%, 21.2%, and 4.7%, respectively. These
incidences increased at the 48-month evaluation to 23.3%,
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Table 1. Characteristics of Patients with Stage IV, V, and VI Avascular Necrosis of the Femoral Head (n=150)

Characteristics Number of patients (n, %) Total
Stage IV StageV Stage VI (n=150)
(n=50) (n=50) (n=50)
Gender
Male 45 (90.0) 41(82.0) 46 (92.0) 132(88.0)
Female 5(10.0) 9(18.0) 4(8.0) 18(12.0)
Age (year)
28-<30 1(2.0) 2(4.0) 1(2.0) 4(2.7)
31-40 6(12.0) 4(8.0) 7 (14.0) 17(11.3)
41-50 21(42.0) 21(42.0) 17 (34.0) 59(39.3)
51-65 22(44.2) 23(46.0) 25(40.0) 70(46.7)
Occupation
Officers 16 (32.0) 14 (28.0) 5(10.0) 35(23.3)
Workers 13(26.0) 13(26.0) 26(52.0) 52(34.7)
Farmers 8(16.0) 12 (24.0) 17 (34.0) 37(24.7)
Others 13(26.0) 11(22.0) 2(4.0) 26(17.3)
Comorbidities
Lupus erythematosus 0(0.0) 3(6.0) 5(10.0) 8(5.3)
Increased uric acid/Gout 0(0.0) 4(8.0) 5(10.0) 9(6.0)
Diabetes 3(6.0) 5(10.0) 7 (14.0) 15(10.0)
Increased liver enzymes 6(12.0) 12 (24.0) 13(26.0) 31(20.7)
Use of traditional medicine 12(24.0) 24 (48.0) 31(62.0) 67 (44.7)
Long-term use of steroids 9(18.0) 14 (28.0) 16(32.0) 39(26.0)
Risk Factors
Steroid Use 7(14.0) 8(16.0) 10(20.0) 25(16.7)
Alcohol Abuse 18(36.0) 20 (40.0) 24 (48.0) 62(41.3)
Alcohol Abuse + Smoking 17 (34.0) 18(36.0) 21(42.0) 56(37.3)
Duration of AVNFH (months)
<12 6(12.0) 2(4.0) 1(2.0) 9 (6.0)
12-18 11(22.0) 2(4.0) 2(4.0) 15(10.0)
18-24 12(24.0) 24 (48.0) 23(46.0) 59(39.3)
>24 21(42.0) 22(44.0) 24 (48.0) 67 (44.7)
Pain level expression
Normal 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Mild 15(30.0) 11(22.0) 9(18.0) 35(23.3)
Severe 35(70.0) 39(78.0) 41(82.0) 115(76.7)
Femoral head collapse (%)
<1 6(12.0) 0(0.0) 0(0.0) 6(4.0)
15-30 18(36.0) 12 (24.0) 0(0.0) 30(20.0)
>30 26(52.0) 38(76.0) 50(100.0) 114 (76.0)
Synovial edema
Hyperemia 38(76.0) 42 (84.0) 47 (94.0) 127 (84.7)
Papillary proliferation 0(0.0) 6(12.0) 9(18.0) 15(10.0)
Plaque formation 0(0.0) 19(38.0) 45 (90.0) 64 (42.7)
89.3%, 30.7%, 27.3%, and 6.7% respectively (Table 6). No- An evaluation of postoperative complications at 12

tably, calcar resorption was generally minor (1-2 mm) and months indicated that 2.0% of patients developed superfi-
did not compromise the axial or rotational stability of the cial infections, whereas 0.7% experienced deep infections
femoral stem. and prosthetic loosening. In comparison, at 48 months fol-

lowing hip arthroplasty, 1.3% of patients reported occur-
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Table 2. Features of femur classification, joint head, set of load-bearing surfaces, Harris score, and articular shaft
dimensions of patients prior to hip arthroplasty surgery (n=150)

Characteristics Number of patients (n, %) Total
Stage IV Stage V Stage VI (n=150)
(n=50) (n=50) (n=50)
Femur types
A 5(10.0) 3(6.0) 7(14.0) 15(10.0)
B 41(82.0) 43(86.0) 37(74.0) 121(80.7)
C 4(8.0) 4(8.0) 6(12.0) 14(9.3)
Articular head diameter
32mm 23(46.0) 32(64.0) 38(76.0) 93(62.0)
36 mm 27 (54.0) 18(36.0) 12(24.0) 57 (38.0)
Pair of bearing surfaces
Metal - polyethylene 32(64.0) 29 (58.0) 34 (68.0) 95 (63.3)
Ceramic - ceramic 18(36.0) 21(42.0) 16(32.0) 55(36.7)
Preoperative Harriss score 44.1+7.2 42.6+6.2 36.8+4.2 41.6+6.2
Matching shank size
8 0(0.0) 0(0.0) 0(0.0) 0(0.0)
9 3(6.0) 4(8.0) 2(4.0) 9(6.0)
10 6(12.0) 8(16.0) 14 (28.0) 28(18.7)
11 16(32.0) 10(20.0) 13(26.0) 39(26.0)
12 13(26.0) 18(36.0) 11(22.0) 42(28.0)
13 9(18.0) 6(12.0) 6(11.0) 21(14.7)
14 2(4.0) 2(4.0) 3(6.0) 7(4.7)
15 1(2.0) 2(4.0) 1(2.0) 4(2.7)

14032012
BENH VIEN TWQD 108 66.8 % KHOA CHAN DOAN HINH ANH

1863

Figure 2. X-ray images of the patient’s hip before and after cementless total hip arthroplasty (Patient consent
was obtained for publication, with all identifying information removed).

rences of deep infections, hip dislocations, and prosthetic
loosening (Table 6). These complications were subse-
quently managed successfully through two-stage revision
arthroplasty.
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Table 3. Intraoperative and postoperative outcomes of hip arthroplasty surgery in patients with femoral head

necrosis in the study (n=150)

Characteristics

Number of patients (n, %)

Stage IV StageV Stage VI
(n=50) (n=50) (n=50)

Surgical outcomes
Soft tissue balance intervention 0(0.0) 3(6.0) 11(22.0)
Acetabular base bone graft 0(0.0) 4(8.0) 13(26.0)
Calcar and femoral fractures 0(0.0) 1(2.0) 4(8.0)
Acetabular fractures 0(0.0) 0(0.0) 0(0.0)
Neurological injury 0(0.0) 0(0.0) 0(0.0)
Major vascular injury 0(0.0) 0(0.0) 0(0.0)
Blood transfusion 0(0.0) 1(2.0) 3(6.0)
Near-term outcomes after surgery
Vascular complications 0(0.0) 0(0.0) 0(0.0)
Postoperative bleeding 0(0.0) 0(0.0) 1(2.0)
Superficial infection 1(2.0) 0(0.0) 2(4.0)
Deep infection 0(0.0) 0(0.0) 0(0.0)
Hip dislocation 0(0.0) 0(0.0) 1(2.0)
Femoral crack 1(2.0) 0(0.0) 2(4.0)
Femoral fracture 0(0.0) 0(0.0) 0(0.0)
Acetabular fracture 0(0.0) 0(0.0) 0(0.0)
Joint Shaft Position
Intermediate 43(86.0) 42(84.0) 40 (80.0)
Inward Bend 1(2.0) 1(2.0) 2(4.0)
Outward Bend 6(12.0) 7(14.0) 8(16.0)
Acetabular inclination angle (°)
<40 2(4.0 1(2.0) 1(2.0)
40-45 46(92.0) 49 (98.0) 45(90.0)
> 45 2(4.0) 0(0.0) 4(8.0)

4. DISCUSSION

4.1. INDICATIONS FOR CTHA AND CONTACT SURFACE
PAIR

Previous research has indicated that CTHA in patients with
AVNFH is associated with comparatively poorer outcomes.
For instance, Cornell et al.38 and Saito et al.17 reported re-
vision rates of 39% and 28%, respectively, among patients
undergoing this procedure. Conversely, total hip arthro-
plasty utilizing either new-generation cement or cement-
less techniques has demonstrated improved clinical results.
Studies conducted by Ritter,3° Kantor,*0 Garino,4! and
Brinker,4? documented revision rates of 1.5%, 12.5%, 4.6%,
and 10.0%, respectively, highlighting a notable reduction in
failure rates among patients treated with these approaches.
Therefore, evidence suggests that CTHA is associated with
a significant decrease in the incidence of prosthetic failure.

The complete extraction of cement during revision
arthroplasty poses significant challenges, particularly in
patients who initially underwent CTHA. Consequently, pri-
oritizing CTHA with various combinations of contact sur-

faces presents several benefits. Seyler*3 reported success
rates of 95.5% and 92.9% for ceramic-ceramic and metal-
polyethylene contact pairs, respectively. Kim*4 achieved a
100% success rate utilizing highly cross-linked ceramic-
polyethylene contact pairs. Similarly, Byun et al.4> docu-
mented a 100% success rate with ceramic-ceramic contact
pairs, while Min%6 reported a 100% success rate employing
a highly cross-linked polyethylene socket liner in conjunc-
tion with a metal femoral head. In the present study, we
employed 55 contact surface pairs composed of generation
IV ceramic-ceramic material (BIOLOX delta) and 95 pairs
of highly cross-linked metal-polyethylene. Throughout the
follow-up period, no instances of ceramic fracture were
observed, and our outcomes were consistent with those
reported in prior research. This favorable result may be
attributed to the relatively lean body habitus of most pa-
tients, their low postoperative activity levels, and the ab-
sence of participation in high-impact sports such as run-
ning or competitive athletics. Given the follow-up duration
of only four years, polyethylene wear of the joint socket
liner has not yet been assessed.
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Table 4. Evaluation of clinical outcomes after total hip arthroplasty surgery in patients with femoral head

necrosis (n = 150)

Characteristics

Follow-up period (months; n, %)

Preoperative 12 months AS" 48 months AS’
Level of travel restrictions
Stage IV
Normal 0(0.0) 46(30.7) 43(28.7)
Mild 44 (29.3) 4(2.7) 7(4.7)
Severe 6(4.0) 0(0.0) 0(0.0)
Stage V
Normal 0(0.0) 43(28.7) 42(28.0)
Mild 13(8.7) 7(4.7) 8(5.3)
Severe 37(24.7) 0(0.0) 0(0.0)
Stage VI
Normal 0(0.0) 42(28.0) 40(26.7)
Mild 9(6.0) 8(5.3) 9(6.0)
Severe 41(27.3) 0(0.0) 1(0.7)
Pain levels
Stage IV
Normal 0(0.0) 42(28.0) 44(29.3)
Mild 33(22.0) 8(5.3) 6(4.0)
Severe 17 (11.3) 0(0.0) 0(0.0)
Stage V
Normal 0(0.0) 40 (26.7) 42 (28.0)
Mild 24 (16.0) 9(6.0) 8(5.3)
Severe 26(17.3) 1(0.7) 0(0.0)
Stage VI
Normal 0(0.0) 38(25.3) 42(28.0)
Mild 12(8.0) 10(6.7) 7(4.7)
Severe 38(25.3) 2(1.3) 1(0.7)
Harriss scores
Stage IV 441+7.2 85.9+6.8 86.1+7.4
Stage V 42.6+6.2 85.7+5.2 84.6+52
Stage VI 36.8+4.2 84.5+4.7 83.9+3.8
Mean 412+6.7 854+56 84.9+57
Note: “AS: After Surgery
Table 5. Wilcoxon Signed Ranks Test
Comparison V4 p Effect size (r) Significance*

12 months - Preop -10.627 <.001 0.87 Yes

48 months - Preop -10.627 <.001 0.87 Yes

48 months - 12 months -1.022 .307 0.08 No

*Significant at Bonferroni-corrected o= 0.017

4.2. OUTCOMES OF CEMENTLESS TOTAL HIP
ARTHROPLASTY

Cementless total hip arthroplasty yielded significant and
sustained enhancements in both functional capacity and
pain alleviation across all stages of the disease. Prior to

surgery, no patients exhibited normal ambulatory ability,
with severe mobility limitations being particularly preva-
lent in stage VI. By twelve months postoperatively, ap-
proximately 28.0-30.7% of patients had regained normal
mobility, and instances of severe restriction were nearly
eradicated. These improvements remained consistent at
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Table 6. Assessment of laboratory findings after cementless total hip arthroplasty in AVNFH patients (n = 150)

Characteristics

Mornitoring time (month; n, %))

12 months AS’ 48 months AS”
Hip X-ray
Subsidence of the joint shaft 1(0.7) 0(0.0)
Displaced 0(0.0) 0(0.0)
Presence of a bony base 24 (16.0) 35(23.3)
Presence of a bone weld 78 (52.0) 134 (89.3)
Calcar osteolysis 25(16.7) 46(30.7)
Calcar osteophyte hypertrophy 0(0.0) 0(0.0)
Femoral cortical hypertrophy 0(0.0) 0(0.0)
Periarticular osteolysis 0(0.0) 4(2.7)
Radiolucent lines 32(21.2) 41(27.3)
Heterotopic ossification 7(4.7) 10(6.7)
Complications
Embolism 0(0.0) 0(0.0)
Superficial infection 3(2.0) 0(0.0)
Deep infection 1(0.7) 2(1.3)
Hip dislocation 0(0.0) 2(1.3)
Prosthetic joint loosening 1(0.7) 2(1.3)
Acetabular fracture 0(0.0) 0(0.0)
Femoral shaft fracture 0(0.0) 0(0.0)

Note: “AS: After Surgery

forty-eight months, with 26.7-28.7% of patients maintain-
ing unrestricted ambulation, indicating a durable mid-term
functional recovery.

Pain assessments followed a comparable trajectory. Pre-
operatively, all patients experienced pain, with severe pain
reported in 11.3-25.3% of cases. At twelve months post-
surgery, 25.3-28.0% of patients were pain-free, and the
prevalence of severe pain declined to 0-1.3%. By forty-
eight months, the proportion of pain-free patients in-
creased further to 28.0-29.3%, with severe pain being vir-
tually absent.

These findings are corroborated by significant postoper-
ative improvements in Harris Hip Scores, which exhibited
large effect sizes, thereby confirming the clinical relevance
of the benefits observed. The stability of these outcomes
between twelve and forty-eight months postoperatively un-
derscores the reliability of the mid-term results. Nonethe-
less, extended longitudinal follow-up is necessary to as-
certain the long-term durability of these outcomes,
particularly in light of the estimated 15-20-year lifespan of
cementless prosthetic implants.

4.3. SURGICAL ERRORS AND COMPLICATIONS

The complication rates observed in the present study were
consistent with those documented in the existing literature
for primary total hip arthroplasty. Deep infection was iden-
tified in 0.7% of patients at 12 months postoperatively, with
a slight increase to 1.3% at 48 months; notably, one pa-
tient experienced recurrent infection at both time points.
These findings suggest the effectiveness of the periopera-

tive prophylaxis and wound care protocols employed. Pros-
thetic joint loosening, defined as the loss of stable fixation
of the implanted prosthesis from its original position, was
detected in 1.3% of patients at 48 months, corresponding
to the same two cases with infection. This incidence is mar-
ginally higher than the 0.516% rate reported in the litera-
ture review by El et al.27 Both cases of loosening were sub-
sequently managed successfully through two-stage revision
arthroplasty.

Hip dislocation was identified in 1.3% of patients at the
48-month follow-up and was managed through closed re-
duction and conservative treatment. This incidence is likely
attributable to patient-specific factors rather than technical
errors during the initial surgery, as the lack of early dislo-
cations indicates that sufficient intraoperative stability was
attained.

No patients required blood transfusions or experienced
vascular or neural injuries during the surgical procedures.
To reduce the risk of hemorrhage and nerve damage, the
Charnley frame was positioned posterior to the hip joint
after traversing the gluteus maximus muscle layer. At this
stage, sterile gauze was employed to elevate the adipose
tissue situated between the iliotibial trochanter and the
gluteus maximus, thereby facilitating the retraction of the
entire iliotibial trochanter and sciatic nerve to enhance
surgical visualization. Prior to incising the iliotibial
trochanteric mass in conjunction with the hip capsule,
blood vessels were cauterized using an electrocautery de-
vice to mitigate the risk of sciatic nerve injury attributable
to anatomical variations. To prevent damage to major blood
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vessels and the venous plexus located anterior to the ac-
etabular socket, bone augmentations were strategically
placed near the socket margin, and the socket was oriented
such that the screw holes resided in the superior quadrant,
where bone density is greatest. This configuration ensured
that drilling and screw placement avoided injury to critical
vascular structures. Throughout the surgeries, no instances
of femoral shaft or acetabular fractures were observed.
Femoral fractures may arise from inadequate preparation of
the femoral canal or socket, inaccurate assessment of canal
dimensions relative to the femoral reaming instruments, or
the selection of oversized sockets or stems. Consequently,
preoperative measurements of the joint capsule and pros-
thetic components were obtained using patient-specific ra-
diographic imaging to optimize implant sizing and place-
ment.

4.4. X-RAYS CHANGES

Several cases of femoral stem subsidence, measuring ap-
proximately 2-3 mm, were documented at three months
following surgery; however, these occurrences were non-
progressive and did not lead to joint displacement. The
stems, characterized by a wedge-shaped design with hor-
izontal grooves and a complete hydroxyapatite (HA) coat-
ing, likely enhanced resistance to subsidence and optimized
bone-implant integration. This design may be especially
advantageous for patients presenting with compromised
femoral bone quality or type C femurs.

Radiographic assessment verified the absence of dis-
placement in both femoral and acetabular components rel-
ative to their initial placements, including in acetabular
reconstructions performed without screw reinforcement,
thereby demonstrating effective biomechanical fixation.
Furthermore, signs of bone ingrowth surrounding the
femoral stems were identified, indicative of initial mechan-
ical stability succeeded by biological integration. This
process is attributed to the hydroxyapatite (HA) coating,
which promotes osseointegration.

Radiographic evaluations conducted at 12 and 48
months postoperatively demonstrated an increase in the
prevalence of calcar osteolysis, rising from 16.7% to 30.7%,
as well as an increase in radiolucent lines, from 21.2% to
27.3%. Despite this observed escalation, the majority of
these changes were predominantly benign in nature. Calcar
resorption was generally minimal, measuring between 1
and 2 mm, and did not compromise the axial or rotational
stability of the femoral stem. These findings are consistent
with those reported by Engh et al.,36 who established that
femoral stems can sustain strong biological fixation despite
adaptive bone remodeling occurring in the proximal region.
Likewise, most radiolucent lines were less than 0.5 mm in
width and remained non-progressive throughout the study
duration, indicating that they likely represent stable fibrous
tissue rather than imminent mechanical failure. Notably,
two cases involving deep infection exhibited progressive ra-
diolucent lines that preceded subsequent implant loosen-
ing. This observation emphasizes that while minor, stable
radiographic changes are common and generally accept-
able, progressive lesions—especially when accompanied by

relevant clinical signs—should prompt consideration of un-
derlying pathologies such as periprosthetic joint infection.
Collectively, these findings affirm the satisfactory mid-term
durability of the implant and underscore the necessity of
integrating radiographic findings with clinical assessment
for comprehensive evaluation.

4.5. LIMITATIONS

This study presents several limitations. Firstly, the lack of
a control group, such as patients undergoing cemented to-
tal hip arthroplasty (THA), precluded direct comparative
analysis of implant performance relative to alternative fix-
ation techniques. Secondly, the four-year follow-up period,
although sufficient for evaluating medium-term outcomes,
restricts the ability to draw definitive conclusions regarding
implant durability and the incidence of late complications,
including wear-induced loosening or osteolysis. Thirdly, as
the study was conducted at a single military hospital, the
results may have limited applicability to civilian popula-
tions, which often exhibit differing demographic profiles
and activity levels. To validate these findings, future re-
search should involve multicenter studies with extended
follow-up durations and more heterogeneous patient co-
horts.

5. CONCLUSION

CTHA exhibits favorable outcomes in treating late-stage
AVNFH in the Vietnamese population. Postoperative as-
sessments revealed a marked enhancement in hip function,
accompanied by a low incidence of complications, espe-
cially those potentially resulting in joint failure. Addition-
ally, the findings demonstrated a correlation between the
severity of AVNFH and less favorable surgical outcomes,
highlighting the critical need for timely surgical interven-
tion to achieve optimal and sustained hip function.
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