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Abstract. Porous tantalum rod implantation is a novel surgical
method that is used to treat avascular necrosis (AVN) of the
femoral head (hip). In the present study, the results of core
decompression and tantalum rod implantation were compared
with non‑surgical treatment for AVN, and the survivorship
of the femoral head was evaluated. In total, 60 patients with
AVN femoral head were recruited and analysed. Non‑surgical
treatment was selected by 30 patients (41 hips), 7 with a Ficat
score of I and 23 with a score of II. Non‑surgical treatment
included celecoxib, salvia miltiorrhiza and tetramethylypyrazine and a reduction in weight‑bearing activities. Surgical
treatment and porous tantalum rod implantation were selected
by 30 patients (41 hips), 10 with a Ficat score of I and 20 with
a score of II. After follow‑up (average: 33.5 months), patients
were evaluated by assessing post‑operative complications,
radiology, hip survivorship and Harris hip score. In the
surgical group, pre‑operative symptoms were significantly
alleviated. No complications, including infection, delayed
healing or fractures were reported. Final follow‑up rates of
femoral head survivorship were 4.9% in the non‑surgical
group and 36.7% in the surgical group. The Harris hip score
was significantly improved following surgery when compared
with non‑surgical treatment (P<0.05). The results indicated
that core decompression and porous tantalum rod implantation
are beneficial short‑ and mid‑term treatment methods for AVN
of the femoral head.
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Introduction
The majority of patients with avascular necrosis (AVN) of
the femoral head (hip) experience collapse of the subchondral bone, leading to osteoarthritis (1,2). Due to this, the
preservation of the femoral head in the early stages of
osteonecrosis is a primary objective. However, to the best
of our knowledge, a consensus regarding the best approach
to this is lacking.
Surgical intervention is more effective when it is performed
prior to the collapse of the femoral head, especially in patients
<48 years old (3). For AVN, treatment strategies include
subchondral bone drilling, core decompression, vascularized
bone‑grafting, femoral osteotomy, surface replacement and
total hip arthroplasty (THA) (4). However, these treatment
options have a number of limitations. Core decompression
results in a deficiency of subchondral plate support for the
weight load, leading to inconsistent outcomes (5). Vascularized
fibular grafting is limited by the morbidity associated with
graft harvest and additional time required for surgery and
potential complications during rehabilitation (6). Pain, infection and a loose association with a prosthetic are limiting
factors for hip arthroplasty (7).
A proposed alternative for AVN is a porous tantalum
rod, which is a biomaterial used to support the subchondral
bone of the femoral head, providing advantageous physical
and mechanical properties. The modulus of elasticity of
the implant is 3 GPa, which is between that of subchondral
bone (1.5 GPa) and cortical bone (15 GPa) (8). Additionally,
it is significantly less than that of a titanium alloy (110 GPa),
which minimizes stress shielding (8). The surface of the rod
has a high‑volume porosity (75‑80%) with interconnected
pores (mean; 430 µm) similar to bone, allowing for primary
stability and rapid bone in‑growth (9). Soft tissue has been
indicated to grow on the rod for 4 weeks post‑implantation in
an animal model (10). Additionally, a biomechanical fatigue
test demonstrated that the rod can bear 4‑fold the bodyweights
of humans and has an intensity that is 9.3‑fold greater than the
pressure it resists post‑implantation, permitting physiological
load‑bearing (11,12). A previous study has suggested that
beneficial results can be achieved in patients with an integral
head outline (13).
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Therefore, the purpose of the present study was to evaluate
the clinical results and survival rates of patients fitted with
the porous tantalum rod system, which was used to treat
early‑stage osteonecrosis of the femoral head.
Materials and methods
Demographics. The present study was approved by the Ethics
Committee of the Institutional Review Board of the Affiliated
Hospital of Qingdao University. Written informed consent
was obtained from all patients whose specimens and clinical
information were used for the present study.
The inclusion criteria were as follows: i) Diagnosis of early
non‑traumatic AVN of the femoral head; and ii) the ability to
withstand surgery. The exclusion criteria were as follows: i) A
history of metal allergy; ii) an infection in the hip or another
part of the body; and/or iii) previous hip surgery.
A total of 60 patients (82 hips) who had received treatment
between June 2010 and March 2015 in the Affiliated Hospital
of Qingdao University were retrospectively selected for analysis. Patients included in the study had AVN of the femoral
head with normal morphology and joint space and were
classified as Ficat stage I or II (14,15). The patients' reported
symptoms included hip pain, limp, limited range of motion
and hip dysfunction. Changes in the density of the subchondral bone was discernible by radiographic evaluation and the
configuration of the femoral heads were intact. None of the
patients had undergone any prior treatment for osteonecrosis.
The risk factors for AVN included corticosteroid application,
excessive alcohol consumption and trauma.
X‑ray and MRI scans of the hip joint were used to diagnose
and stage AVN of the femoral head according to the Ficat
classification. Considering economic cost, all patients were
evaluated by x‑ray during the follow‑up.
The patients were classified into two groups based on the
treatment they requested: The non‑surgical treatment group
and the surgical treatment group. The non‑surgical treatment
group included 30 patients (41 hips; 26 males and 4 females)
with a mean age of 48.1 years (31‑61 years). A total of 7 patients
exhibited Ficat stage I and 23 exhibited stage II. A total of
19 cases (8 left side, 11 right side) exhibited ipsilateral disease
and 11 patients exhibited bilateral disease. The surgical group
included 30 patients (41 hips; 26 males and 4 females) with
a mean age of 44.2 years (23‑68 years). Of these patients, 10
were classified as Ficat stage I and 20 as stage II. A total of
21 patients received a porous tantalum implant on one side
(9 left side, 12 right side) and 9 received the implant bilaterally.
Treatment. In the non‑surgical treatment group, celecoxib,
salvia miltiorrhiza and tetramethylypyrazine were applied.
The total course of the treatment was 6 weeks. Celecoxib
(Pfizer, Inc.) was orally administered at a dose of 200 mg/day
for 6 weeks for analgesia during the entire course. Additionally,
10 ml Salvia miltiorrhiza (Sanhome Pharmaceutical Co, Ltd.)
and 20 mg tetramethylypyrazine (Zhengzhou Cheuk‑Fung
pharmaceutical Co., Ltd.) diluted with 500 ml of 10% glucose
was concurrently administered intravenously daily for 10 days.
After another 2 weeks of celecoxib treatment only, the regimen
of Salvia miltiorrhiza and 20 mg tetramethylypyrazine injection
was repeated for an additional 10 days. Patients were advised
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to walk with two crutches to avoid full weight‑bearing for at
least three months and to walk <1,000 m/day. Furthermore,
patients were asked to reduce their daily activities to limit hip
movement.
In the surgical treatment group, necrotic bone was located
using x‑ray prior to surgery. Epidural anaesthesia was administered to 20 patients with ropivacaine (Humanwell Healthcare
Co., Ltd.) while the remaining 10 underwent endotracheal
anaesthesia with sevoflurane (Lunan Pharmaceutical Group,
Co., Ltd.). Patients were placed in a supine position, where
the affected hip joint was disinfected with tincture of iodine
followed by deiodination with alcohol. A 4 cm longitudinal
mid‑lateral incision was made from the tip of the greater
trochanter towards the femoral shaft. A 3.22 mm guidewire was
drilled into the centre of the osteonecrotic lesion to the level
of subchondral bone using fluoroscopic guidance, under which
core compression was conducted using cannulated reamers to
enlarge the diameter of the tunnel to a diameter of 10 mm. The
osteonecrotic bone was removed with a curette and the tunnel
was irrigated. Following this, the length of the guidewire was
measured and the tunnel was tapped. A porous tantalum rod
(Trabecular Metal; Zimmer Biomet) with a diameter of 10 mm
and a length of 70‑140 mm was then inserted into the tunnel
reaching the subchondral bone with the lateral portion of the
rod abutting the lateral femoral cortex. The incision was closed
in layers and no drainage tube was inserted.
Rehabilitation protocol began the day following surgery.
To avoid weight‑bearing, patients were allowed to walk with
crutches for 48 h post‑surgery. Hips could be flexed to ~90˚
after three weeks. Patients were permitted to start physiotherapy protocol and progress to full weight‑bearing after
fluoroscopic confirmation of the integration of the implant and
host bone.
Functional assessment. Patients received regular follow‑up
at the clinic. Harris score (16), Ficat classification (15),
symptoms, range of motion, activity and radiography were
performed/determined pre‑operatively and during the
follow‑up period. Additionally, hip survivorship, implant status
and any complications were also recorded during the follow‑up
period. Follow‑up was performed once every three months
for the first year and twice per year following that. In cases
where the follow‑up time of the patients were <24 months, for
example 18 months, then Harris scores would be recorded at 6
and 12 months up until the final follow‑up time. Harris scores
would not be recorded at 24 and 36 months in which case, as
these patients are considered lost to follow up. Failure of the
implant and hips in the non‑surgical treatment group served as
an indication for THA. Indications for THA included sustained
pain and dysfunction of the hips or dissatisfaction with either
the surgical or non‑surgical treatment.
Statistical analysis. Statistical analysis of the data was
performed using SPSS 17.0 software (SPSS, Inc.). All continuous variables were expressed as mean ± standard deviation
(SD). An unpaired t‑test was used for the comparison of two
groups. The Kaplan‑Meier method was used to analyse hip
survivorship. The difference between groups was determined
using the log‑rank test. P<0.05 was considered to indicate a
statistically significant difference.
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Table I. Comparison of Harris scores before and after treatmentsa.
Group
Non‑surgical group
Surgery
P‑value

Prior to surgery

6 months

12 months

24 months

36 months

Final follow‑upb

60.50±5.20
61.20±5.00
>0.05

69.45±13.92
86.06±11.59
<0.05

67.87±14.42
83.83±10.61
<0.05

64.34±11.29
78.95±12.34
<0.05

60.72±11.93
72.71±13.15
<0.05

57.50±10.25
68.63±17.11
<0.05

In cases where the follow‑up time of the patients were <24 months, for example 18 months, then Harris scores would be recorded at 6 and
12 months up until the final follow‑up time. Harris scores would not be recorded at 24 and 36 months in which case, as these patients are
considered lost to follow up. bTime range of final follow‑up, 18‑83 months.
a

Results
In the non‑surgical treatment group, 27 cases (37 hips) were
followed up and 3 cases (4 hips) were lost to follow‑up. In the
surgery group, 26 cases (36 hips) were followed up and 4 cases
(5 hips) were lost to follow‑up. The mean follow‑up time was
33.5 months (range: 18‑83 months). No difference in age was
noted between groups (P>0.05). The average surgical time for
tantalum rod implantation was 53 min (range; 40‑80 min). The
mean blood loss was 80 ml (range; 50‑150 ml) and no infusion
was required. No intra‑operative or immediate post‑operative
complications occurred. The mean total hospitalization time,
including those recorded before and after surgery, was 5 days
(range; 3‑7 days). No complications, such as infection of the
incision, delayed healing, fracture or trochanteric bursitis,
were recorded.
No difference in Harris score was identified between the
non‑surgical treatment and tantalum rod implant groups before
treatment (P>0.05). Harris score increased at six months in
the surgical group and then gradually decreased until the final
follow‑up (Table I). Significant differences in Harris score
existed between the two groups at each stage of the follow‑up
(P<0.05).
Radiographic results at 12 months post‑treatment revealed
that 21 hips in the non‑surgical treatment group exhibited an
intact femoral head outline and a normal joint gap (Fig. 1A).
The head appeared to have collapsed in the remaining 20 hips.
In the surgical treatment group, the position of the tantalum
rod in 31 hips was unchanged 12 months post‑operatively,
with a normal femoral head outline (Fig. 1B). However, partial
collapse of the head was noted in the remaining 10 hips. At
the final follow‑up, only 5 hips in the non‑surgical treatment
group retained a normal femoral head outline and collapse of
the head and narrowness of the joint gap were noted in the
remaining 36 patients. THA was performed in 25 patients
(28 hips) with Ficat stage IV due to accelerated pain, collapse
of the femoral head and enlargement of the cyst region. In the
surgical treatment group, 15 hips continued to exhibit normal
implantation and a normal femoral head (Fig. 2A). The femoral
head collapsed in the remaining 26 patients (Fig. 2B), including
4 patients (5 hips) who later underwent THA (Fig. 2C).
The significant differences between the two groups were
verified using the log‑rank test (log rank=20.330; P<0.001).
The survival curve revealed that the survival rate of the
patients in the non‑surgical treatment group and surgical treatment group was 70.7 and 92.7% in the first year, respectively
and 48.8 and 75.6% after 3 years, respectively. Final follow‑up

demonstrated a survival rate of 4.9% in the non‑surgical treatment group and 36.7% in the surgical treatment group (Fig. 3).
The mean delay from the first treatment to THA was
17.64±5.82 months (SD, months) in the non‑surgical treatment
group and 42.38±9.35 months in the tantalum implantation
group (Table II).
Discussion
In the present study, the follow‑up data of patients with early
AVN of the femoral head who received either non‑surgical
treatment or tantalum rod implantation was retrospectively
analysed. The results indicated that porous tantalum rod
implantation improved hip joint function to a certain extent,
effectively delaying the requirement for THA caused by
collapse of the femoral head and the narrowing of the joint gap
and did not increase the risk of associated surgical complications.
Indications for THA treatment include collapse of the
femoral head and narrowing of the joint space, demonstrating
the importance of the outline of the femoral head (17).
Therefore, the outline of the femoral head and hip joint
must be preserved prior to collapse of the femoral head and
subchondral plate, especially in patients <48 years old (18).
Previous research has indicated that a subchondral bone
buttress may be effective in halting or preventing the progression of osteonecrosis of the femoral head (19). Due to their
minimally invasive characteristics, subchondral bone drilling
and decompression were popular means of treatment despite
their potential to weaken the cancellous bone within and adjacent to the necrotic area (20).
Mechanical support of the femoral head is necessary for
weight‑bearing and to delay disease progression, especially
in patients with early‑stage disease (21). This understanding
has led to the development of bone transplant with or without
blood supply and free fibular transplantation to prevent
femoral head collapse (22). However, inconsistent effects and
clinical results, shortage of mechanical support and aggressive
secondary trauma has limited the achievement of satisfactory
results (23).
An advantage of the porous tantalum rod is that the
implant is minimally invasive and avoids the morbidity associated with vascularized and non‑vascularized bone‑grafting
strategies, such as extensive surgical procedures, protected
weight‑bearing or risk of disease transmission (24).
Veillette et al (25) evaluated the results of the tantalum rod
in 44 patients (60 hips; mean age; 35 years) with a mean
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Figure 1. A 44‑year old male patient exhibiting bilateral Ficat stage II disease. (A) Pre‑therapy. (B) Post‑operatively (12 months) after the implantation
of porous tantalum rod. An x‑ray revealed that the position of the tantalum
rod was unchanged and that the femoral head outline was normal. R indicates
the right side.

follow‑up period of 24 months. According to the Steinberg
classification (26), 1 hip (2%) was classified as stage I, 49
hips (84%) were classified as stage II and 8 (14%) hips
were classified as stage III. The overall survivorship rates
were 91.8% at 12 months, 81.7% at 24 months and 68.1%
at 48 months. A total of 9 hips (15.5%) were converted to
THA. Shuler et al (27) compared the results between vascularized fibular grafts and tantalum rod implants. No patient
required patient‑controlled analgesia or transfusion. In the
tantalum implant group, the mean blood loss and operative time were reduced compared with those in the fibular
graft group. All surviving implants (86%) resulted in good
to excellent outcomes. Kaplan‑Meier analysis at 39 months
revealed 86 and 67% survivorship rates for implant and
fibular grafts, respectively. A modified technique, including
bone marrow mesenchymal stem cells and vascularized iliac
grafting with a tantalum rod, was used in 24 patients with
end‑stage necrosis of the femoral head. After 64.35 months
of follow‑up, only five hips were converted to THA. The

Figure 2. A 52‑year‑old female patient exhibiting right side Ficat stage II
disease. (A) Post‑operatively (12 months) after the implantation of a porous
tantalum rod. An x‑ray revealed that the position of the tantalum rod was
unchanged and the femoral head outline was normal. (B) Post‑operatively
(15 months) after the implantation of porous tantalum rod. An x‑ray revealed
that the position of the tantalum rod was unchanged, whereas the femoral
head on the right side had collapsed. (C) A total of 12 months after total hip
arthroplasty. An x‑ray revealed that the prosthesis was not loose and in a
good position. R indicates the right side.
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Table II. Mean delay from the first treatment to THA.
Group
Time (months)

Non‑surgical
group

Surgical group

P‑value

17.64±5.85

42.38±9.35

<0.001

Figure 3. Survivorship curves. The survival rates of the patients in the
non‑surgical treatment and surgical treatment groups were found to be
70.7 and 92.7% in the first year, respectively; 48.8 and 75.6% after 3 years,
respectively. The final follow‑up survival rate was 4.9% in the non‑surgical
treatment group and 36.7% in the surgical treatment group.

success rate of this method was 89.47% for the Association
Research Circulation Osseous (ARCO) stage III and 75% for
ARCO stage IV (28). A further study used a 3D finite element
method to compare the tantalum rod with fibula implantation and the core decompression model (29). When the
tantalum rod was inside the osteonecrotic area, shortening
the implant or fibula implant reduced the collapse values of
the femoral head when the necrotic area was large (120˚).
A meta‑analysis of clinical trials for porous tantalum rod
implantation, including six randomized controlled trials and
controlled clinical trials with 256 patients, was performed to
analyse the efficacy and safety of the procedure compared
with vascularized or non‑vascularized bone grafting (30).
The results revealed that this less invasive method was more
effective and tolerable in early‑stage patients with a necrotic
femoral head, with the advantages of a better Harris score,
a significantly reduced incidence of femoral head collapse
and reduced blood loss (30). These data demonstrated
that a tantalum rod can provide structural support for the
subchondral bone, in addition to core decompression and
bone growth, due to the porous nature of the tantalum.
In the present study, the terminal time point for the final
follow‑up was established as collapse of the femoral head,
indicating failure of the mechanical support by the tantalum
implants and subchondral bone (31). THA was not selected
as the criterion because certain patients would not accept the
surgery, despite the presence of symptoms including pain and
hip dysfunction, due to the fear of surgery or financial reasons.
Due to this, the actual clinical results of the tantalum rod
implant could have been overestimated if THA was selected
as the failure criterion for survivorship analysis. In fact, the
mechanical role of the tantalum rod in supporting the head
was not applicable when collapse occurred.

Core decompression may be helpful to alleviate symptoms
after surgery (32). A meta‑analysis was employed to identify
22 studies using a single surgical core decompression technique (33). A similar procedure identified 8 studies that treated
patients non‑surgically (34). The success rates for core decompression were 84, 63 and 29% for Steinberg stages I, II and III,
respectively. Non‑surgically treated patients with stage 0, I, II
and III (AVN) demonstrated success rates of 86, 61, 59 and
25%, respectively. χ2‑analysis revealed that the success rate of
core decompression was significantly increased compared with
that of non‑surgical treatment for stage I hips only. A prospective study compared core decompression with tantalum rod
insertion in 60 patients. No favourable results were observed
for the tantalum rod compared with multiple small drill
holes (35). An additional study assessed survivorship and
prognostic factors for radiographic progression and conversion
to THA after tantalum rod implantation (36). After a mean
follow‑up period of 44.8 months, 29.82% of the hips exhibited radiographic progression and 19.30% were converted to
THA. The overall survivorship rate was 72.49% at 60 months
post‑operatively. Corticosteroid use and bone marrow oedema
were predictors of radiographic progression and bone marrow
oedema was an independent prognostic factor for conversion
to THA (36). Tantalum rods have also been used in combination with intra‑arterial infusion of peripheral blood stem cells
mobilized by granulocyte‑colony stimulating factor via the
medial circumflex femoral artery (37). The results revealed
that targeted intra‑arterial infusion of stem cells could enhance
the efficacy of the tantalum rod.
In the present study, patient symptoms were completely or
partially alleviated after tantalum rod implantation, indicating
a benefit of core decompression prior to rod implantation.
Positive early clinical results were associated with the survivorship of femoral head, reduced complications, sufficient
strength to allow physiological load‑bearing capabilities and
short hospital stay. Transparent line, loosening, translocation or abnormal bone density were not noted around the
implant during the follow‑up, demonstrating the primary and
secondary stability of the rods. These results may be attributed to the notion that the modulus of elasticity in the rod was
similar to that of donor bone and the distal threads of the rods
and high frictional stability of the implant prevent loosening.
In addition, all the patients included in the current study were
classified as Ficat stage I or II, indicating that the shape of the
femoral head was relatively normal without collapse. Collapse
was not considered to be a rational indication for tantalum
rod implantation, given that the rod itself does not provide the
characteristics necessary for repair or reconstruction.
The non‑surgical treatments used in the present study
included medication and reduction in weight bearing.
However, it was difficult for certain patients to strictly follow
the strategy due to their reduced quality of life and daily
activities, especially walking with double crutches. Salvia
miltiorrhiza is thought to increase peripheral vascular flow,
improve microcirculation, inhibit thrombosis and enhance
soft tissue repair (38). This agent has been used in TCM to
treat hypertension, cervical spondylosis and AVN of the
femoral head (39). Similar pharmacological activity has
been reported for tetramethylpyrazine, an ingredient derived
from Ligusticum wallichii (40). This agent acts as a calcium
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channel blocker and has been used in TCM to treat cerebral
embolism, insufficient cerebral blood supply and AVN of the
femoral head with positive results (41,42). However, the protective mechanism of this drug in osteonecrosis remains unclear.
Survivorship of the affected femoral head in the non‑surgical
treatment group of the current study was lower compared
with that in the surgical treatment group, indicating the poor
results of non‑surgical treatment and the protective advantage
of subchondral support. However, the short‑ or mid‑term
protection for this implant and the difficulties of prosthesis
re‑implantation requires further analysis.
It was demonstrated in the present study that a porous
tantalum rod could, to some extent, preserve the structural
integrity of the femoral head and protect the subchondral
bone plate from collapse. However, there are a number of
limitations to tantalum rod implantation. Porous tantalum rod
implantation is suitable for patients with a small femoral head
necrosis area. Considering that a tantalum rod can only serve
a point supporting role (diameter; 10 mm), it is not suitable
for patients with multiple foci and a large necrosis area (43).
Another disadvantage of the tantalum rod is that it is expensive
and as a foreign body implant, it may require removal when
deep tissue infection occurs which will increase the risk of
fracture (35). After the failure of tantalum rod implantation,
it was converted to THA. Extracting a rod is technically
demanding due to strong osseointegration of the porous
tantalum rod (10). Challenges inclu0de increased blood loss,
longer operative time, bone loss along the trajectory of the
rod and the subsequent potential increased risk of femoral
fracture (44,45). For this reason, additional data and further
prospective studies are required to support the conclusion that
tantalum rod implantation is more effective than bone transplant or core decompression and to assess the risks, benefits
and financial issues for patients.
In conclusion, when compared with non‑surgical treatment,
core decompression and porous tantalum rod implantation are
suitable treatment methods for AVN of the femoral head with
beneficial short‑ and mid‑term results.
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