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Purpose: The purpose of this study was to examine the clinical outcomes and efficacy of hip resurfacing arthro-
plasty (HRA) in patients with osteonecrosis of the femora head after the failure of porous tantalum rod insertion
without rod remova.

Materialsand M ethods. Conversion to hip resurfacing arthroplasty was performed in 10 patients (11 hips) with
amean period of 14.9 months after the primary surgery. The mean follow-up period was 73.7 months. Analysis
of pre and postoperative range of motion (ROM), University of California at Los Angeles (UCLA) activity
score, modified Harris hip score, and visua analog scae (VAS) pain score was performed. Radiographic analysis
of component loosening and osteolysis was performed.

Results: The postoperative ROM showed significant improvement (P<0.05), excluding flexion contracture. The
modified Harris hip score showed improvement from 65.82 to 96.18, the UCLA score showed improvement
from 4.18 to 8.00, and the VA'S pain score was reduced from 6.09 to 1.80. All scores showed statistically signifi-
cant improvement (P<0.05). No component loosening or osteolysis was detected by radiographic anayss.
Conclusion: Satisfactory results were obtained from conversion hip resurfacing arthroplasty after failure of
porous tantalum rod insertion without rod removal. The findings of this sudy demongtrate the advantages of
HRA, including no risk of trochanteric fracture and no bone loss around the tantalum rod. In addition, the
remaining porous tantalum rod provided mechanical support, which reduced the potentia risk of femora neck
fracture or loosening. This technique can be regarded as afavorable treatment option.
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INTRODUCTION

Implantation of a porous tantalum rod is an option for
treatment of early-stage osteonecrosis of the femoral head
(ONFH). When utilizing this surgical technique, there is
no requirement for graft harvesting and it can be performed
without donor-site morbidity*®. The high-volume porosity
of porous tantalum is greater than 80% and its pores are
interconnected, enabling rapid and firm bone ingrowth®.
Furthermore, this material, which has amodulus of elastic-
ity similar to that of bone, can endure atransfer of physio-
logical load after insertion, thus minimizing stress shield-
ing*". Because of these characteristics, tantalum rod inser-
tion can be performed by addition of core decompression
in order to provide structural reinforcement at the early
stage of ONFH. Despite these beneficial attributes, unfa-
vorable clinical outcomes from use of porous tantalum rods
for the treatment of ONFH have been reported®®,

Hip arthroplasty after failure of porous tantalum rod
implantation is necessary for patients who are refractory to
conservative treatment®. Severd recent studies have report-
ed promising outcomes following conversion to total hip
arthroplasty after failure of tantalum rod insertion. Removal
of a porous tantalum rod during performance of total hip
arthroplasty may result in an increase of bone loss and a
reduction of mechanica support for the latera cortex of the
proximal femur. Furthermore, alonger period of time and
greater effort isrequired in performance of this procedure,
and extension of operating time may result in increased
blood loss and the need for transfusion, eventualy leading
to development of complications®*®. In addition, production

of metal debris can occur during removal of the implanted
tantalum rod, leading to development of other complica-
tions caused by the metal 3rd bodies”. Literature regarding
the outcome of hip resurfacing arthroplasty (HRA) after
failure of tantalum rod insertion in patients with ONFH is
limited. Therefore, in this study, HRA, where the bone stock
of the femoral head and neck is preserved without removal
of therod, was attempted. The aim of this study was to report
on related surgical techniques and to evaluate their short-
term follow-up results.

MATERIALS AND METHODS

In this study, after obtaining approva by the Ingtitutiona
Review Board (IRB) of Kyung Hee University Hospital
(No. 2016-04-205-004), the charts and radiographs of the
patients were reviewed retrospectively. Due to its retro-
spective nature, exemption from informed consent was
obtained from the IRB. Among 22 patients who underwent
core decompression with tantalum rod insertion at another
hospital, 10 patients (11 hips) who underwent HRA with-
out rod removal between May 2009 and April 2014 were
included in this study. The mean age of the patients was
37.2 years (range, 26-49 years) at the time of the tantalum
rod insertion. HRA was performed in the following cases.
Clinical failure of porous tantalum rod insertion was defined
as the presence of a subchondral bone fracture or collapse
of the femora head as observed on plain radiographs (Fig.
1) and a complaint of pain that worsened after implanta-
tion of therod in patients diagnosed with ONFH. The extent
of necrosis was determined by computed tomography per-

Fig. 1. The presence of a subchondral bone fracture was observed on both hip anteroposterior (A) and frog leg lateral (B)

radiographs.
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formed prior to surgery. After marking the margins of the
necrotic lesion on both the midcoronal and the midsagittal
image, measurement of the necrotic angles was performed
using PACS (Picture Archiving and Communication
System)*® (Fig. 2). Steinberg’s formulawas used for cal-
culation of the index of necrosis®®. In order to reduce the
risk of implant loosening or femoral neck fracture due to
aweak necrotic portion of the femora head, HRA was per-
formed when the size of the necrotic lesion was less than
50% and the area of the necrotic leson did not extend to the
head-neck junction®. The final decision was made intraop-
eratively for patients with small necrotic lesions, and when
the tantalum rod located in the necrotic area did not cause
disturbance during performance of the resurfacing proce-
dure. The mean age of the patients was 38.6 years (range,
26-50 years) at the time of conversion to resurfacing arthro-
plasty. All of the subjects were male. Five and six right-
and left-sided hips were included, respectively. HRA was
performed 14.9 months (range, 5-56 months) after porous
tantalum rod insertion. The mean follow-up period was 73.7
months (range, 13-159 months).

All surgeries were performed by a single high-burden sur-
geon, in the lateral position, under general anesthesiausing
the posterolateral approach (modified Gibson approach).
Excision of the short externa rotator, 1 cm from the bony
attachment, was performed, and the incision performed on
the quadratus femoris was minimized in order to preserve

the media femoral circumflex artery. The target neck-shaft
angle was 135 ; however, if there was a concern about the
femora component contacting the implanted tantalum rod,
it was compromised in order to avoid contact with the pre-
vioudly installed porous tantalum rod. The direction of the
guide pin was modified by the surgeon and a guide pin was
placed down the central axis of the femoral head and neck
in order to determine the position of the femora component
(Fig. 3A). In most cases, the tantalum rod is inserted into
the anterosuperior portion of the femoral head, where
osteonecrosis is most commonly observed, thus avoiding
impingement between the tantalum rod and the stem of the
femoral component. If the post reamer encountered the tan-
talum rod during the process of post reaming adong the guide
pin, the digtd part of the stem of the femoral component was
removed using a Hercules Steinmann pin cutter in order to
avoid impingement between the tantalum rod and the stem
of the femoral component (Fig. 4). Complete removal of
the necrotic portion was performed, while the rod was not
removed unless the protruding rod was long enough to
impede placement of the femoral component. Findly, inser-
tion of the femora implant was performed using bone
cement (Fig. 3B, C). The Durom (Zimmer, Warsaw, IN,
USA) implant was used in seven hips, MMCTM (Zimmer)
in two hips, an advanced ceramic-coated implant system
(ACCIS; Implantcast GmbH, Buxtehude, Germany) in one
hip, and Conserve Plus (Wright Medical Tech, Memphis,

Fig. 2. The necrotic angles from computed tomography. (A] The angle of the necrotic area in the midcoronal image. (B] The

angle of the necrotic area in the midsagittal image.
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Fig. 3. (A) The target neck-shaft angle of 135° was maintained by avoiding contact with the previously implanted porous tan-
talum rod at the femoral head and neck, and the position of the femoral component was determined by placement of a guide
pin down the central axis of the femoral head and neck. (B) The surrounding cartilage and soft tissue were removed. (C]

Removal of the necrotic bone before cementing.

Fig. 4. Plain radiograph demonstrating the hip resurfacing
arthroplasty performed after removal of a portion of the
femoral component rod in contact with the porous tantalum
rod.

TN, USA) in one hip. A cementless acetabular cup was
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used indl hips, and fixation of the femoral components was
performed using bone cement (Simplex P; Stryker, Mahwah,
NJ, USA).

For clinical anadlys's, measurements of the operation time,
blood loss, and transfusion volume were taken during per-
formance of resurfacing arthroplasty, and intraoperative
assessment of the extent of necrosis of the femoral head
was performed. Evaluation of the range of motion (ROM),
University of Californiaat Los Angeles (UCLA) activity
score, modified Harris hip score (HHS), and visual analog
scale (VAS) pain score was performed postoperatively and
at the last follow-up visit. Analysis of potential postopera-
tive complications, including infection, didocation, venous
thromboembolism, heterotopic ossification, femoral neck
fracture, pseudotumors, and metal alergic reactions, was
performed. Radiographic analysis was performed using pre-
operative plain radiographs, and identification of asubchon-
dral bone fracture was based on both hip anteroposterior
(AP) and frog-leg lateral views (Fig. 1). In addition, eval-
uation of femoral component position, osteolysis, and com-
ponent loosening was performed using both hip AP, groin

www.hipandpelvis.or.kr
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lateral, and frog-leg views at follow-up.

IBM SPSS Stetisticd software (ver. 21.0; IBM, Armonk,
NY, USA) was used in performance of statistical analyses.
Comparison of preoperative and postoperative ROM, UCLA
activity score, modified HHS, and VAS pain score was per-
formed using the Wilcoxon signed-rank test. Statistical sig-
nificance was set at P<0.05.

RESULTS

As confirmed in the operating room, the degree of necro-
sis of the femoral head was 34.0+9.4%. The mean size of
implants was 55.6+2.3 mm for the cup and 48.8+1.7 mm
for the head. The mean duration of surgery was 15618
minutes. The mean intraoperative blood loss was 660+
320 mL, and the mean intraoperative transfusion volume
was 224+288 mL. The preoperative and postoperative
ROM showed improvement from 1.36° to 0° for flexion
contracture, from 106.82° to 118.18° for forward flexion,
from 12.73° to 21.82° for internal rotation, from 33.18" to
43.18 for externd rotetion, from 20.45° to 27.27° for adduc-
tion, and from 33.18° t0 40.45° for abduction. Excluding
flexion contracture, the ROM values showed a significant
increase (P<0.05) (Table 1). The modified HHS showed
improvement from 65.82 preoperatively to 96.18 postop-
eratively at the last follow-up visit, whereas the UCLA

Table 1. Changes in Preoperative and Postoperative Hip ROM

score showed improvement from 4.18 to 8.00, and the VAS
pain score was reduced from 6.09 to 1.80. All scores showed
statistically significant improvement (P<0.05) (Table 2).
The mean postoperative acetabular cup inclination was
44.4+2.1° and the mean neck-shaft angle of the femoral
component was 135.9+4.7° . Loosening and osteolysis of
the acetabular and femoral components were not observed
(Fig. 5). Neck narrowing was observed in one case. However,
No progression or symptoms were observed; thus, the patient
underwent outpatient follow-up. No other complications
were observed, including infection, dislocation, or venous
thromboembolism. In addition, there were no cases of
femoral neck fracture, a common complication associated
with HRA at an early stage, or a pseudotumor due to metal-
on-meta articulations. The presence of metal debris gen-
erated during the process of post reaming caused by impinge-
ment between the post reamer and the portion of the rod was
detected on radiographsin three cases, which were confined
to the medullary cana of the neck. No significant correla-
tion was observed between the tantalum debris detected on
postoperative radiographs and functional outcome scores
at the last follow-up visit.

DISCUSSION

A wide range of results on the survival rate of porous tan-

Preoperative ROM (°) Postoperative ROM (°) P-value*
FC 1.36+3.23 0.0 0.18
FF 106.82+11.46 118.18+5.60 0.035
IR 12.73£8.17 21.82+4.05 0.016
ER 33.18£10.79 43.18£4.62 0.015
ADD 20.45+5.68 27.27+4.10 0.006
ABD 33.18£4.05 40.45+3.50 0.011

Values are presented as mean =standard deviation.

ROM: range of motion, FC: flexion contracture, FF: forward flexion, IR: internal rotation, ER: external rotation, ADD: adduc-

tion, ABD: abduction.
* Statistical significance was set at P-value<0.05.

Table 2. Changes in Preoperative and Postoperative Modified HHS, UCLA Activity Score, and VAS Pain Score

Preoperative score Postoperative score P-value*

Modified HHS 65.82+10.35 96.18+5.56 0.003
UCLA activity score 4.18%£1.17 8.00%0.77 0.003
VAS pain score 6.09+1.14 1.80£0.87 0.003

Values are presented as meanztstandard deviation.

HHS: Harris hip score, UCLA: University of California at Los Angeles, VAS: visual analog scale.

* Statistical significance was set at P-value<0.05.
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Fig. 5. Osteolysis or component loosening was not observed on hip anteroposterior (A} and lateral (B) radiographs taken at

the 94-month follow-up after surgery.

talum rods has been reported in previous studies. Tsao et
a.? reported asurvivd rate of 72.5% in patients who under-
went primary tantalum rod insertion at 48 months; conver-
sion total hip arthroplasty was performed in 22 of 113 hips
three years after primary tantalum rod insertion surgery for
treatment during early stages of ONFH. Veillette et .2, who
conducted an evaluation of 58 hips that underwent tanta-
lum rod insertion, reported a survival rate of 68.1% at 48
months. Of these patients, conversion tota hip arthroplas-
ty was performed in nine of the 58 hips. Floerkemeier et d.®
reported a reduction in the survival rate to 44% at a mean
of 1.45 years after surgery. Olsen et a.® reported afailure
rate of 56% at 18 months after primary tantalum rod inser-
tion for treatment of ONFH. Many other studies have aso
reported unfavorable results after performance of tantalum
rod insertion in the early stages of ONFH. According to the
findings of histopathologic retrieval analysis conducted by
Tanzer et a.?, possible reasons for these results could be
that the porous tantalum rod provided insufficient mechan-
ical support for the subchondral bone of the necrotic area,
and that there was no occurrence of bone regeneration in the
necrotic area. Findings from multiple studies have reported
on failure after porous tantalum rod insertion in alarge num-
ber of patients, and conservative management isnot an option
for these patients. Thus, conversion to hip arthroplasty isthe
preferred treatment in most cases. Conversion total hip
arthroplasty is the conventional treatment option after fail-
ure of rod insertion®. Rod removal in conversion total hip
arthroplasty is atechnically demanding procedure due to
the high volume of interconnected porosity on the surface
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of the tantalum rod, which enables strong osseointegration
and rapid bone growth®#, |n addition, the risks of rod
removal include tantalum debris, increased operation time,
blood and bone loss, and increased risk of femoral frac-
ture’®®, Lee et a.?, who used the trephination technique
for removal of the existing rod for conversion to total hip
arthroplasty, reported on the inevitable occurrence of bone
loss and metallic debris during performance of this pro-
cedure. Periprosthetic osteolysis or subsidence was not
observed during a follow-up period of three years®. Olsen
et a.9, who performed 21 conversion total hip arthroplasty
procedures after failure of rod insertion, reported that radi-
ographic tantalum debris was observed in 21 cases. No
increase in liner wear resulting from metallic debris was
observed during the short-term follow-up. In addition, no sig-
nificant differences were observed with regard to the clin-
ical or radiographic outcomes compared with those of pri-
mary total hip arthroplasty®. Residue associated with metal-
lic debris during the removal of implanted tantalum rods
is unavoidable. However, research on the long-term follow-
up for evaluation of the potential complications related to
metallic debrisislimited.

Although severa studies have reported on conversion
total hip arthroplasty after failure of rod insertion, few stud-
ies examining HRA performed after failure of porous tan-
talum rod insertion have been reported. As demonstrated
by the clinical results of this study, advantages of HRA after
failure of tantalum rod insertion in ONFH include no risk
of trochanter fracture and no bone loss, which can occur dur-
ing removal of atantalum rod, and it enables a higher activ-
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ities than totd hip arthroplasty. Metal debris generated dur-
ing the process of removing a portion of the rod is confined
to the medullary canal of the neck and the amount gener-
ated islessthan that for the removal of implanted tantalum
rods. Therefore, in this study, HRA was performed without
removal of the tantalum rod, which reduces the potential
risks associated with removal of the rod, asin conversion
total hip arthroplasty. As described in the results section,
ROM, modified HHS, UCLA activity score, and VAS pain
score showed Sgnificant postoperative improvement. In addi-
tion, no component loosening or osteolysis was ohserved by
radiographic andysis, and there was no occurrence of pseudo-
tumors, a complication associated with metal-on-metd artic-
ulations.

As demonstrated in this study, patients who chose to
undergo conversion HRA were more likely to be younger
and to participate in vigorous physical activity. A larger-
sized femoral head can be used with metal-on-metal artic-
ulation in performance of hip-resurfacing arthroplasty.
When compared with ceramic-on-ceramic articulation, use
of this procedure enables participation in vigorous activities
involving relatively high impacts, with alower risk of dis-
location with a wide ROM, and no risk of ceramic frac-
ture*?", Another advantage of resurfacing arthroplasty is
that the previously inserted rod is maintained, providing
mechanical support to the femora component by filling the
bone defect and securing stability of the femora component.
The remaining tantalum rod provides mechanica support
to the femoral neck; therefore, it is expected that its pres-
ence will reduce the risk of femoral neck fracture, a com-
mon complication associated with HRA3),

This study has severd limitations. First, the sample size
was relatively small. Second, the mid-term follow-up peri-
od was relatively short (73.7 months). As such, conduct of
long-term follow-up studies will be required in order to fur-
ther evaluate pseudotumors, alergic reactions, and other
adverse reactions to metal on metal articulations, and to
examine the effect of the femoral component after implan-
tation of aporous tantalum rod. Third, conduct of acompar-
ative analysiswill be required in order to compare the oper-
ation time, blood loss, and transfusion volume in the group
of patients who underwent total hip arthroplasty. Finally,
conduct of further studies including measurement of serum
metal ion levels will be required in order to determine the
correlation between meta ion levelsand clinical outcomes.

www. hipandpelvis.or.kr

CONCLUSION

In this study, favorable radiographic and clinical results
were obtained from performance of HRA without rod
removal after failure of the porous tantalum rod in patients
with ONFH, suggesting that HRA offers some advantages,
including no risk of trochanteric fracture and no bone loss
around the tantalum rod. In addition, by providing mechan-
ical support to the femoral head and neck, the presence of
the remaining porous tantalum rod can reduce the poten-
tial risk of femoral neck fracture or loosening following
HRA. Therefore, HRA without rod removal can be regard-
ed as a favorable and aternative option for treatment of
patients with ONFH after failure of porous tantalum rod
insertion.
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