
Nontraumatic osteonecrosis of the femoral head (ONFH) 
accounts for 8%–12% of all total hip arthroplasty (THA) 

cases in the USA.1) Various operative treatments are per-
formed to interrupt disease progression. Core decompres-
sion with implantation of a tantalum rod is one of the 
options suggested for patients with early stage of ONFH.2-4) 
Implanting a tantalum rod provides bony support by act-
ing as a buttress for the subchondral bone and encour-
aging bone ingrowth around the rod. However, recent 
studies have not shown promising outcomes, as compared 
to those reported previously.5) Some patients operated on 
with decompression showed worse pain and walking diffi-
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culties and had to undergo THA.6) However, conversion to 
THA for these patients is technically demanding in terms 
of removing the metallic rod, increased blood loss, extend-
ed operative time, bone loss, and potential risk of femoral 
fracture.7) The outcomes of conversion to THA in patients 
previously treated with implantation of a tantalum rod 
have not been analyzed previously. Thus, we evaluated the 
clinical and radiographical outcomes of conversion THA. 
We described the removal technique for the implanted rod 
and potential intraoperative and postoperative complica-
tions. 

METHODS

This Institutional Review Board-approved the retrospec-
tive review conducted from April 2010 to November 2011. 
Six patients (8 hips) underwent conversion to THA due 
to failure of core decompression with an implanted tanta-
lum rod (group I). All patients were referred from other 
hospitals. All patients in group I were men and their mean 
age at surgery was 36.3 years (range, 32 to 39 years). We 
selected 50 male patients who underwent primary THA 
with the same type of implants during the same period. 
Exclusion criteria were reoperation, infection, and follow-
up loss within 3 years. Accordingly, 12 patients (16 hips) 
were available for the control group (group II). All patients 
were diagnosed with ONFH. The initial stage and extent 
of ONFH assessed by plain radiographs or magnetic reso-
nance imaging according to the Association Research Cir-
culation Osseous (ARCO) classification were described in 
Table 1.8)

All conversion and primary THA surgeries were 
performed using the modified minimally invasive two-
incision method,9) with a Delta-PF acetabular cup (Lima 
LTO, Udine, Italy) and fourth-generation ceramic-on-
ceramic (CoC; CeramTec, Plochingen, Germany) articula-
tion. The M/L Taper stem (Zimmer, Warsaw, IN, USA) 
was used in all patients, except 2 hips in group I who 
received the M/L Taper stem with Kinectiv modular neck 
(Zimmer).

A B C

Fig. 1. (A) A 32-year-old male patient 
with a tantalum rod showed Association 
Research Circulation Osseous (ARCO) 
stage III osteonecrosis of femoral head. 
(B) The postoperative radiograph showed 
remaining metallic particles (arrowhead) 
and bone loss at the lateral femoral cortex. 
(C) Last follow-up plain radiograph.

Table 1. Demographic Characteristics of the Patients

Variable Group I  
(n = 8)

Group II  
(n = 16)

Patient (hip)        6 (8)      12 (16)

Age (yr), mean (range)   36.3 (32–39)   36.6 (32–39)

Body mass index (kg/m2), mean (range)   23.7 (20.5–25.6)   22.8 (18.8–27.7)

Stage before total hip arthroplasty

    ARCO III 3 13

    ARCO IV 5   3

Etiology

Idiopathic 8   3

    Corticosteroid 0   6

    Alcohol 0   7

Follow-up (mo), mean (range)  39.8 (36–57)  42.6 (38–57)

ARCO: Association Research Circulation Osseous.
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The anterior incision in group I patients was ex-
tended about 1 cm distally to access the entry point for the 
tantalum rod. All group I patients received the Zimmer 
Trabecular Metal osteonecrosis screw (Zimmer Trabecular 
Metal Tech, Allendale, NJ, USA) (Fig. 1). The core diam-
eter of the rod was 10 mm in the porous portion and 14 
mm in the threaded portion. Thus, a 15-mm trephine was 
used to over-ream the rod. Before trephination, we cut the 
neck in the standard way using an oscillating saw. Once 
the rod was cut, the remaining portion was extracted in 
an anterograde fashion using a trephine (Fig. 2). After 
removing the tantalum rod, the same technique used for 
primary THA was applied to both groups of patients. The 
lateral cortical hole was packed with a bone graft from the 
femoral head. All subjects received the same postoperative 

physical therapy during their hospital stay. 
Clinical results were graded using the Harris hip 

score (HHS) and assessed by operative time and volume of 
blood loss.10) Preoperative and final follow-up radiographs 
were evaluated to determine inclination and anteversion 
of the acetabular component. The classification of femoral 
stem osteolysis suggested by Gruen et al.11) and classifica-
tion of stem subsidence proposed by Callaghan et al.12) 
were used to evaluate femoral stem stability. Furthermore, 
we used the DeLee and Charnley13) classification of ac-
etabular osteolysis to evaluate the acetabular components. 

Data were analyzed between the two groups using 
the Mann-Whitney U-test and IBM SPSS ver. 20.0 (IBM 
Co., Armonk, NY, USA). The p-value < 0.05 was consid-
ered significant. 

RESULTS

The mean HHS values were 56.5 (range, 50 to 62) prior to 
surgery and 96.0 points (range, 93 to 100) at the 3-year fol-
low-up in group I. The mean preoperative HHS in group 
II improved from 59.1 (range, 42 to 70) to 97.6 (range, 93 
to 100) postoperatively. No differences were observed be-
tween each group pre- or postoperatively (p > 0.05).

Mean operation time was 98.8 minutes (range, 70 to 
120 minutes) in group I and 78 minutes (range, 60 to 115 
minutes) in group II (p = 0.006). Total blood loss, includ-
ing intraoperative loss and postoperative drainage, were 
1,193.8 mL (range, 960 to 1,360 mL) and 944.1 mL (range, 
640 to 1,280 mL) in groups I and II, respectively (p = 0.004).

The mean acetabular inclination angle was 39.9° 
(range, 35.6° to 46.9°) and the mean acetabular antever-
sion angle was 21.1° (range, 15.0° to 30.9°) in group I. The 
inclination angle was 39.0° (range, 30.3° to 46.8°), and the 
anteversion angle was 20.5° (range, 9.4° to 31.3°) in group 
II (p > 0.05). All patients had radiographically stable im-
plants at the last follow-up. No evidence of periprosthetic 
osteolysis or subsidence of the femoral stem was observed 
in any of the patients. 

One case of an intraoperative femoral calcar crack 
was detected in group I, which was treated using a cerclage 
cable (Dall-Miles; Stryker Inc., Mahwah, NJ, USA). Addi-
tionally, 6 hips in group I shed metallic debris and one case 
of squeaking was reported among them. The clinical and 
radiographical outcomes, as well as complications were 
outlined in Table 2. The mean acetabular inclination and 
anteversion angles were 36.9° and 23.6°, respectively, in the 
squeaking hip. Thus, no relationship between orientation 
of the acetabular component and squeaking was apparent. 

A B

C D

Fig. 2. (A) Removal device for over-reaming the rod. (B) Cutting into the 
rod and trephination from the lateral femoral cortex. (C) Removing the 
remaining rod in an antegrade fashion. (D) Postoperative radiograph 
showing bone loss in the lateral cortex.
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DISCUSSION

Core decompression and implanting a metallic rod is 
one of several head-preserving options for patients with 
ONFH. Some proponents of tantalum rod implantation 
advocate its advantages including core decompression, 
enhanced bone in-growth due to the porous surface of 
the rod and prevention of further collapse of the femoral 
head.3) However, other studies show that these procedures 
are primarily advocated for early, precollapse stages of 
ONFH, such as ARCO stage I or II. The results for these 
patients are not always promising and are poorer than in 

patients with a subchondral collapse lesion.14) Varitimidis 
et al.5) reported an endpoint of 70% overall survivorship 
with revision to THA of at 71 months. Liu et al.2) reported 
a 72.49% overall survival rate at 60 months postoperative-
ly. Thus, some patients treated with core decompression 
eventually may need to undergo conversion THA. 

Extracting a rod is technically demanding due to 
strong osseointegration of the porous tantalum rod.15,16) 
Challenges include increased blood loss, longer operative 
time, bone loss along the trajectory of the rod, and the 
subsequent potential increased risk of femoral fracture. 
Retrograde extraction using a trephine may require accu-

Table 2. Outcomes and Complications in the Two Groups at the 3-Year Follow-up

Variable Group I (n = 8) Group II (n = 16) p-value

Preoperative HHS 56.5 (50–62) 59.1 (42–70) 0.569

Postoperative HHS  96.0 (93–100)  97.6 (93–100) 0.172

Operative time (min)  98.8 (70–120)  77.5 (60–115) 0.006*

Total blood loss (mL) 1,193.8 (960–1,360)  944.1 (640–1,280) 0.004*

Acetabular component (°)

    Inclination  39.9 (35.6–46.9)  39.0 (30.3–46.8) 0.976

    Anteversion  21.1 (15.0–30.9)  20.5 (9.4–31.3) 0.881

Squeaking 1 0

Periprosthetic osteolysis/subsidence 0 0

Intraoperative femoral calcar crack 1 0

Values are presented as mean (range).
HHS: Harris hip score.
*Statistically significant (p < 0.05).

A B C

Fig. 3. (A) Retrograde rod extraction. (B) Over-reaming the bone through the rod and particles around the track (arrowhead). (C) Postoperative radiograph 
showing disseminated metallic debris around the left hip implant. A trochanteric fracture during broaching was treated with a cerclage cable.
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rate orienting and maintaining trajectory from end to end, 
which is difficult even with a C-arm guide. Additionally, 
some cases showed bone overgrowth at the screw inser-
tion orifice, so the bone had to be removed with a burr. 
Repeated extraction attempts led to increased bone loss, 
particularly at the lateral femoral cortex, and generated me-
tallic particles. Bone loss may result in trochanteric fracture 
while removing hardware or broaching the femoral canal 
could cause an unstable prosthesis (Fig. 3).17,18) Generating 
metallic debris is inevitable during any removal method, 
so we performed standard neck cutting before removing 
the rod to minimize bone loss and the generation of me-
tallic particles. The modulus of elasticity of a porous tanta-
lum is similar to that of subchondral bone.19) In our cases, 
an oscillating saw was suitable to cut the rod without dif-
ficulty. The remnant portion of the rod was subsequently 
extracted using the anterograde method, and we did not 
experience any trochanteric fractures during rod removal. 
The remnant portion can be extracted in a retrograde 
fashion, but it was impossible because we used the two-
incision technique. All subjects in group I received a bone 
graft acquired from the femoral head for lateral trochan-
teric bone defects.

The proximal-fitting type femoral stem was prob-
ably affected by bone loss at the proximal femur in the 
group I. However, we had no case of subsidence of the 
femoral stem during the follow-up.

However, several complications occurred in group 
I. One patient developed an intraoperative femoral cal-
car fracture during broaching and required an additional 
cable. One case of squeaking was encountered in group I 
but no case of noise was reported in group II. The squeak-
ing was due to breakdown of the lubrication mechanism 
within the articular surface and occurs more commonly in 
hard bearing couplings, such as CoC articulation. A poly-
ethylene liner is not considered optimal in shed metallic 
debris. Metal-on-metal bearing is hard, but complications 

such as a pseudotumor or elevated serum metal ions limit 
usage. We selected stiffer material, such as that with a CoC 
articulation, which is extremely resistant to wear and bio-
logically inert. Several studies have suggested a strong as-
sociation between squeaking and edge-loading.20) Several 
studies have reported squeaking in CoC articulations. The 
incidence of squeaking is 0%–12% (Table 3).21-25) However, 
the incidence of squeaking in group I was higher than that 
in group II or other studies. 

Two main factors are suggested to generate a squeak, 
such as edge-loading and a third body. Edge-loading is re-
lated to micro-lateralization of the head relative to the cup 
during gait, as the hip allows microseparation.26) Glaser et 
al.27) suggested that squeaking is related to microsepara-
tion, which generates edge-loading and strip-wear. We 
hypothesized that squeaking was associated with dissemi-
nated metallic particles around the prosthesis. Spreading 
particles could enter the articular interface and cause mi-
croseparation of the head to the cup and generate squeak-
ing by edge-loading.

Several limitations in our study should be mentioned. 
We used the minimally invasive two-incision technique 
for all cases. This approach may have relevance to intra-
operative femoral fracture.28) Acetabular components were 
used in conjunction with a femoral stem manufactured by 
a different company. Some authors contraindicate such us-
age.29) Last, the minimum 3 years follow-up duration was 
relatively short. Thus, we could not evaluate the long-term 
effects of disseminated metallic particles, which could 
possibly cause osteolysis around the prosthesis. Long-term 
studies of these patients could resolve this issue.

The clinical scores and radiographical results of the 
group I patients were not different from those in group II. 
However, group I showed significantly greater mean blood 
loss, extended operative time, and incidence of squeaking 
(1 of 8 hips). Hence, technical difficulty and preparedness 
to reduce potential complications including trochanteric 

Table 3. Reports of Noise Including Squeaking in Patients with Total Hip Arthroplasty 

Study No. of hips Mean follow-up (mo) Liner-Head articulation Incidence of squeaking

Hamilton et al. (2010)21) 177 24 4th generation CoC 0

McDonnell et al. (2013)22) 208 21 4th generation CoC  26 (12.6)

Tai et al. (2015)23) 206 28 4th generation CoC  15 (7.3)

Kang et al. (2014)24)   94 77 4th + 3rd generation CoC 0

Park et al. (2015)25) 577 71 3rd generation CoC  8 (1.4)

Values are presented as number (%).
CoC: ceramic-on-ceramic. 
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fracture, fixation failure of the femoral stem, and squeak-
ing due to metallic debris, should be considered.
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