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ABSTRACT

Femoral head osteonecrosis in the paediatric population is difficult to treat, with the primary goals of management being prevention of sub-
chondral collapse and the avoidance of early total hip replacement. This study aims to describe the use of a porous tantalum rod implant to
provide mechanical support in preventing femoral head collapse in a paediatric population. A retrospective chart-based analysis of patients with
osteonecrosis of the hip was performed at our institution to identify those who had undergone tantalum rod insertion. A total of 10 patients
(fives males and five females, median age 12.5 years, 9–18) had tantalum rods implanted between December 2013 and February 2018. One
patient was excluded due to follow-up at a different institution.The radiographic degree of osteonecrosis was characterized according to the Ficat
classification and the Kerboul angle. Radiographic assessment of pre- and post-operative plain films was performed.The outcomemeasures were
Tonnis grade and percentage collapse of the femoral head. Nine patientswith amean follow-up time of 18.4monthswere included in the analysis.
There was no significant increase in the femoral head collapse percentage post tantalum rod insertion compared to pre-operatively (P= 0.63).
There was a significant increase in the Tonnis grade post-operatively (P < 0.05), with sub-group analysis showingminimal increase in Ficat Stage
1 patients.This study is the first to examine the role of tantalum rod insertion in preventing femoral head collapse in a paediatric population, with
results suggesting potential benefit in a subset of patients.

INTRODUCTION
Avascular necrosis (AVN) is a challenging condition arising in
both adult and paediatric populations. The femoral head is the
most common site for this pathology [1]. The natural history of
the condition is commonly progression to collapse of the femoral
head [2–6].Without effective treatment, this will result in loss of
congruity between the femoral head andacetabulumwithdegen-
eration of the hip joint and osteoarthritis [2–7].Thus AVN leads
to pain, restricted mobility and often an early requirement for
arthroplasty.

Common causes of AVN in children include trauma, slipped
capital femoral epiphysis (SCFE), corticosteroid treatments,
sickle cell disease, septic arthritis and chemotherapy treatments
[8–10]. Idiopathic AVN has also been reported [8].

Treatment of AVN aims to prevent the progression of the
disease and theneed for total hip arthroplasty (THA) [11].Non-
surgical treatment has been described including non-weight
bearing, physiotherapy and medications such as bisphospho-
nates and anti-hypercholesterolaemia agents [12, 13]. Surgical
joint preserving techniques that have been described are decom-
pression, decompression and non-vascularized or vascularized

bone grafting, trapdoor grafting, rotational osteotomies, tanta-
lum rod insertion and various arthroscopic techniques [14, 15].
More recently this has involved the use of growth factors, stem
cells, bone marrow aspirate concentrate and platelet-rich plasma
as adjuncts to surgical techniques [16, 17].

Tantalum is a transition metal which has been manufactured
into porous biomaterial for various orthopaedic applications. It
has been demonstrated to have desirable characteristics for bone
ingrowth in animal models [18]. A cylindrical tantalum rod of
10mm diameter has been manufactured by Zimmer (NJ, USA)
as an implant for AVN intervention.

Previous studies have explored the potential for tantalum rod
insertion to prevent femoral head collapse in adult populations,
with mixed results [7, 12, 14]. There has been minimal explo-
ration into its use in a paediatric population. This study aims
to assess the efficacy of tantalum rod insertion in preventing
femoral head collapse in AVN in a paediatric population.

MATERIALS AND METHODS
A retrospective chart-based analysis of patients with avascular
necrosis of the hip was performed at our institution to identify
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Table I. Demographic characteristics and aetiology of included
patients

No. Age Sex Aetiology

1 11 F Femoral neck fracture
2 13 M SCFE
3 18 M Septic arthritis
4 8 F SCFE
5 12 F SCFE
6 14 F Chemotherapy
7 14 M SCFE
8 12 F SCFE
9 13 M Femoral neck fracture

those who had undergone tantalum rod insertion. All patients
who were identified with a minimum of 6 months of follow-up
with X-rays were included in the study. A total of 10 patients
(fives males and five females) with a median age of 12.5 years
(range, 9–18 years) at the time of surgery had tantalum rods
implanted between December 2013 and February 2018. One
patient was excluded due to follow-up at a different institution.
Five implants were in patients with AVN secondary to previous
SCFEs, two in AVN due to femoral neck fractures, one in AVN
following septic arthritis and one in AVN post-chemotherapy
treatment (Table I). The operations were performed by four dif-
ferent fellowship trained surgeons (L.D., M.J., J.B. and D.S.). All
nine were unilateral cases.

Thedegree of AVNwas staged according to themodified Ficat
classification outlined by Ficat in 1985 [19] and the Kerboul
angle. This angle which was described by Kerboul et al. in 1974
was used to determine the extent of osteonecrosis by measuring
the arc of the femoral head involved in necrosis on an AP as well
as lateral radiograph, and calculating the sum of the two angles
[20]. Kerboul angles were categorized as small (<150o), mod-
erate (151–200o) or large (>200o). Of the nine patients, three
were Ficat Stage I, three were Stage II and three were Stage III
(Table II). Six patients had a large Kerboul angle, two patients
had a moderate Kerboul angle and one patient had a small Ker-
boul angle (Table II). Patients were assessed radiologically for
the progression of femoral head collapse and the progression
of radiographic arthrosis. The most recent post-operative X-ray
available at the time of data collection was used in the analysis.

Radiographic outcomes recorded included the Tonnis grade and
percentage collapse of the femoral head seen.

Radiographic evaluation was performed by the authors of this
study—two fellowship trained orthopaedic surgeons and a resi-
dent. In cases of a difference in scores, a discussion was had until
consensus was reached.

Ethics
The study was classified as a clinical audit and ethics approval
was obtained through the Royal Children’s Hospital Human
Research Ethics Committee with reference numberQA/58895/
RCHM-2019.

Surgical technique
All surgeons involved followed the same technique. Patientswere
placed in the supine position on a radiolucent table. A lateral
approach to the proximal femur was utilized. Any existing met-
alware was identified and removed with intra-operative X-ray
guidance. The entry point and rod trajectory in the femoral cor-
tex was proximal to the lesser trochanter to reduce the risk of an
iatrogenic fracture Fig. 1.

Statistics
Wilcoxon signed ranks test was used to compare pre-operative
and post-operative collapse percentage and Tonnis grade. Anal-
ysis of variance was used to assess for any differences in
pre- and post-operative collapse percentage and Tonnis grade
according to Ficat stage. A P value of <0.05 was considered
significant. Analyses were conducted using Stata version 12.0.

RESULTS
Nine patients were included in the final analysis with a
mean follow-up of 18.4months (range 6–48months). Com-
paring collapse percentage of the femoral head pre- and post-
operatively, there was an increase from a mean of 7.78± 15.22
to10.66± 16.83 (Table II)whichwasnot significant (P= 0.63).
Sub-group analysis indicated that most of the increase in col-
lapse percentage was in Ficat Stage II hips and there was min-
imal increase in Ficat Stage I, but this did not reach statistical
significance (P= 0.06).

Comparing the Tonnis grade pre- and post-operatively, there
was an increase from a mean of 0.56± 0.73 to 1.33± 1.22

Table II. Avascular necrosis classification and radiographicmeasurements of included patients

No. Ficat Kerboul angle Pre-operative collapse % Post-operative collapse % Pre-operative Tonnis grade Post-operative Tonnis grade

1 1 Large 0 4.9 1 2
2 3 Large 41.7 7.5 2 2
3 3 Small 3 2.5 0 1
4 2 Large 0 26 1 3
5 3 Moderate 25 50 1 1
6 1 Moderate 0 0 0 0
7 2 Large 0 5 0 1
8 2 Large 0 0 0 1
9 1 Large 0 0 0 0

Mean 7.78 10.66 0.56 1.33
Standard deviation 15.22 16.83 0.73 1.22
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Fig. 1. Pre-operative radiograph prior to tantalum rod insertion (a) and post-operative radiograph at 14months with tantalum rod in situ (b).

(Table II) which was significant (P < 0.05). Sub-group analysis
indicated that most of the increase in Tonnis grade was in Ficat
Stage II hips and there was minimal increase in Ficat Stage I, but
this did not reach statistical significance (P= 0.57).

DISCUSSION
Femoral headAVNpresents a difficult problem tomanage inpae-
diatric populations, where preservation of the native head and
delay of THA is the goal of treatment.The aim in treatment with
tantalum rod insertion is to provide support to the subchondral
bone aswell as theopportunity forbone ingrowth tohelpprevent
progression to femoral head collapse.

The results of this study demonstrated that therewas no signif-
icant worsening in collapse percentage overall with tantalum rod
insertion, particularly in Ficat Stage I patients. While the Tonnis
grade did increase overall, this occurred mainly in Ficat Stages
II and III. The results indicate that there may be a role for tan-
talum rod insertion in preventing femoral head collapse in AVN,
particularly in the pre-collapse stages. To the author’s knowledge,
this is the first study to examine the efficacy of tantalum rods in
a paediatric population.

Our findings are in line with previous studies of tantalum rods
in adult populations. Aldegheri et al. [12] examined Harris hip
scores pre- and post-operatively in a series of 10 implants in
patients with a mean age of 42 years and found that 90% showed
a marked improvement with tantalum rod insertion with no fur-
ther progression on MRI. Similarly, Vatrimidis et al. [14] in a
study of 26 hips found a significant clinical improvement asmea-
sured by Harris hip score post-operatively following tantalum
rod insertion. Additionally, 50% of patients did not have radio-
graphic progression of disease and the outcomewas significantly
better in patientswith pre-collapse stages of disease. A recent sys-
tematic review which included 550 hips across 10 studies found
a significant clinical improvement with tantalum rod insertion as
measured byHarris hip score [21]. Additionally, they found that
77.9% of patients had stable lesions radiographically over amean
of 3.1 years.

In contrast, Ma et al. [7] concluded from a study of 104 hips
that tantalum rod insertion with autologous bone grafting from
the iliac crest was not a viable treatment option for osteonecrosis
of the femoral head due to a significant worsening in Harris hip
score, radiographic progression and conversion to THA. How-
ever, the authors did note that there was a significant difference
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in radiographic progression between Association Research Cir-
culation Osseous (ARCO) Stage II and III hips.

Tantalum rod insertion does not appear to have inferior
outcomes when compared to other treatment methods. A
meta-analysis by Zhang et al. [22] of six studies, three of which
included data on Harris hip score, found that tantalum rod
insertion improved scores significantly more than bone graft-
ing with autogenous vascularized or non-vascularized bone.
The meta-analysis included five studies which assessed post-
operative femoral head collapse and found that it occurred sig-
nificantly more in patients who underwent bone grafting com-
pared to tantalum rod insertion [22]. Miao et al. [23] com-
pared another common treatment, that of core decompression,
against tantalum rod insertion for femoral head osteonecrosis.
In a randomized prospective study of 60 patients, they found a
significant improvement in the Harris hip score post tantalum
rod insertion, but no significant difference in the score or in the
radiographic stage when comparing the two treatment groups.

The potential need for future THA is an important consider-
ation in the use of tantalum rods. Olsen et al. [11] examined 21
patients that required conversion toTHAfollowingprevious tan-
talum rod insertion.When compared to amatched control group
ofpatients thatunderwentTHAforAVNwithoutprevious tanta-
lum rod insertion, they found no significant difference in Harris
hip scores or linear wear rates between the groups. Although
therewas a high rate of retained tantalumdebris post-operatively,
this did not impact outcomes in the short term (mean follow-up
4.2 years).

There were limitations to this study including its retrospective
nature.The sample sizemade it difficult to extrapolate findings to
a larger population; however, it may be considered a pilot study
and future studies with a larger cohort size can build upon the
findings with further sub-group analysis.The relatively short fol-
low up period with a mean of 18.4 months was a limitation as
it may have prevented potential progression to collapse at a later
stage in some patients from being included in the analysis.

Due to the small sample size it was not possible to analyse
for difference between the various aetiologies of AVN, surgeon
involved and follow-up durations which may have been poten-
tial confounding variables. Additionally, due to the retrospective
nature no clinical outcomes were measured and these may differ
from the radiological outcomes. Future studies should consider
incorporating this as an outcome measure.

CONCLUSION
Tantalum rods are one of a number of treatment options aimed at
preventing femoral head collapse in AVN. Previous adult studies
of tantalum rod insertion have demonstrated positive results in
this regard [12, 14, 21]. To our knowledge, this is the first study
involving paediatric patients. The results are in line with adult
studies, indicating a potential role for tantalum rod insertion as
part of treatment to prevent progression to femoral head collapse
in AVN, particularly in pre-collapse stages. Future studies in a
paediatric population should include a larger cohort size with
clinical outcomes and monitoring for progression to THA with
longer follow-up to allow for generalizability and comparison to
existing studies.
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