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Tantalum: the next biomaterial in spine surgery?
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Abstract: Tantalum is a porous metal, whose elastic modulus, high frictional properties and
biocompatibility make it an ideal construct to facilitate adequate bony fusion in spine surgery. Since 2015,
the published literature on clinical outcomes of tantalum in spine surgery has more than doubled. A review
of the literature was performed on the PubMed (MEDLINE) database on January 27, 2019, for papers
pertinent to the use of tantalum metal in spine surgery. Thirteen studies were included in this review. For
cervical spine, we found increased fusion rates in autograft alone compared to tantalum standalone (92.8%
vs. 89.0%, P=0.001) and tantalum cages plus autograft (92.8% vs. 64.8%, P<0.0001). Complication rates in
cervical fusion were lower in patients treated with tantalum standalone versus those treated with autograft
(7.4% vs. 13.7%, P<0.0001), and autograft and anterior plate (7.4% vs. 33%, P=0.001). Autograft patients
had higher rates of revision surgery compared to tantalum standalone (12.8% vs. 2.8%, P<0.0001) and
tantalum ring with autograft (12.8% wvs. 7.7%, P<0.001). For lumbar spine, we found autograft had lower
fusion rate compared to tantalum standalone (80.0% vs. 93.4%, P<0.0001). Use of tantalum metal in spine
fusion surgery shows promising results in fusion, complication and revision rates, and clinical outcomes
compared to autograft. Although, fusion rates in short-term studies evaluating tantalum in the cervical spine
are conflicting, long-term series beyond 2 years show excellent results. This early finding may be related
difficulties in radiographic evaluation of fusion in the setting of tantalum cage use. Further studies are needed
to further delineate the timing of fusion with the implementation of tantalum in the cervical and lumbar

spine.
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Introduction a repeating dodecahedron pattern creating an appearance

similar to cancellous bone (6). Scaffolds of porous tantalum
Tantalum is a biocompatible, relatively inert transition metal have been manufactured to have a small elastic modulus
(3-25 GPa) (7-11). Porous tantalum’s elastic modulus is
similar to that of cancellous bone (3.78 GPa) and cortical

bone (14.64 GPa), thus reducing shielding, while having a

whose first reported use was as a component of surgical
sutures by Burke in 1940 (1-5). Since its introduction, it

has successfully been used in various orthopedic fields,

dentistry, hernia repair, vascular anastomoses, neural
reconstruction and cranio-facial fields (3,6). Porous
tantalum is an open-cell structure composed of tantalum in
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ten-fold higher bend strength (6,12,13). Tantalum has also
been shown to have relatively high frictional characteristics,
which allows it to maintain a strong initial stability against
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bone compared to other materials (14,15). A sign of the
high biocompatibility of tantalum is seen by its excellent
corrosion resistance (16). This resistance is provided by
a stable oxide (Ta,O;s) coating the surface of the metal
which is occasionally accompanied by macrophages, but is
associated with little to no inflammatory reaction (17,18).

One of the most appealing aspects of porous tantalum
is its high porosity, with 75-80% of the material’s volume
composed of pores (19). Moreover, the porosity of
tantalum is higher than other common metals used in
orthopedics such as Regenerex (67%), Titanium (60%),
CoCr beads (30-50%), fiber metal (40-50%) and CSTi
(50-60%). Porous implants, through their ability to allow
bone, vascular and other tissue infiltration, are effective
in providing stability for implants secondary to biological
fixation. Sagomonyants et 2/. showed that human osteoblasts
from elderly (>60 years old) female patients grew at a
significantly higher rate on tantalum substrate compared
with titanium fiber mesh and tissue culture plastic, with
4-6 and 12-16 times greater growth, respectively (20). A
more recent study by Wang ez 4/. showed that osteoblasts
cultured on porous tantalum samples adhered to the surface
and pore walls by day 3. By week 12 the surface and pores
were fully covered by interwoven bone, demonstrating that
tantalum is an ideal material for adhesion and proliferation
of osteoblasts as well as infiltration of nutrients (21).

Additionally, animal studies using porous tantalum have
been promising. A 2019 study of osteointegration of porous
tantalum in the lumbar spine of rabbits found equivalent
radiographic fusion scores compared to iliac crest autograft
at 12 months post-operatively (22). Another study of porous
tantalum in the cervical spine in a goat model showed that
the percentage of bone at the implant margins at 6 weeks
was 35%. Bony ingrowth was approximately twice as high
as polyetheretherketone (PEEK) implants at all time points
tested (23). A lumbar spine study done in pigs using porous
tantalum showed that at 3 months post-operation 11% of
tissue growth was from bone, 6% from bone marrow and
the rest from fibrous tissue (24).

Anecdotal reports of osteointegration of porous tantalum
in human subjects has been reported in acetabular shells,
femoral stems, tibial trays and patella specimens, showing
variable levels of bone ingrowth (25). One report, included
in this review, of ingrowth in a cervical spine porous
tantalum specimen ex-planted 7 months post-operatively
showed primarily lamellar bone surrounding vascular
channels in approximately 50% of the pores, with 83% of
the bone having been formed de novo and no inflammatory
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response (26). Additionally, porous tantalum implants have
a low rate of infection. A study done by Yang et a/. saw the
use of tantalum for treatment of spinal infections found
significant improvements in pain and functional scores at
1-year follow-up, with a 0% re-infection rate (27). In fact,
of the studies included in this review, a total of 4 patients
(1.3%) out of 316 patients treated with tantalum products
experienced infections.

These biologic properties of tantalum make it a favorable
metal to utilize in spinal fusion surgery. Clinical studies
published on the use of tantalum for this purpose have
been promising. As of this time, there have been only a
handful of studies incorporating porous tantalum in spinal
surgery, most of which have been cohort studies with low
enrollment. Since 2015, the published literature on clinical
outcomes of tantalum in spine surgery has more than
doubled, yet there have been no reviews synthesizing the
findings of these novel studies. The objective of the current
review is to describe these studies in order to characterize and
summarize the clinical and radiographic outcomes associated
with the use of tantalum metal in spine fusion surgery.

Materials and methods

A review of the literature was performed on the PubMed
(MEDLINE) database on January 27, 2019, for papers
pertinent to the use of tantalum metal in spine surgery. A
multitude of search terms were used including: “tantalum”,

”» o«

“SCI‘CW , ” o«

instrumentation”, “interbody”, “fusion”, “spine”,
and “spine surgery”. Relevant articles were reviewed using
the Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) statement as a guideline. Two
researchers individually screened all full title abstracts and
confirmed the eligibility of each paper. A third reviewer was
used to address any conflicts.

Studies were reviewed for eligibility based on determined
inclusion and exclusion criteria. Study inclusion criteria
included English written published randomized control
trials, and prospective and retrospective cohort studies
that included the use of tantalum metal in spine surgery in
human subjects for any etiology. Exclusion criteria included
studies that used animals, that were published prior to 2000,
that used tantalum outside of the spine, with less than ten
patients, and that used tantalum with other metals.

Through our analysis of the studies included in this
review, the authors compared studies based on the surgical
procedure selected, number of patients included in the
study, age and sex of the patients, spinal anatomy operated
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Figure 1 Literature review flowchart.

on, time to last follow-up, and type of imaging used.
Primary outcomes examined in the present study include:
pain and functional scores, operative time, blood loss,
hospital stay, complications, subsidence, adjacent segment
degeneration (ASD), fragmentation, cobb angle, fusion
rate, and revision rate. Studies were subcategorized into
tantalum usage in the lumbar and cervical spine for outcome
comparison.

Statistical analysis was performed separately on cervical
and lumbar studies. Fusion rates, revision rates and
complications were assessed with weighted means based
on number of patients treated with that specific modality.
Data was not sufficient enough for statistical analysis
of lumbar studies. Independent students #-tests were
performed with all possible pairings. Independent samples
t-tests were also performed comparing treatment with
fusion rate, revision rate, and complication rate at final
follow-up as reported by each study and compared with
the other modalities. All analyses were performed on SPSS
version 25 on Windows PC. P values less than 0.05 were
considered significant.
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Results
Search results

Our initial search yielded 595 entries, which was
subsequently reduced down to 13 papers after title, abstract
and full-text review. Further bibliography review yielded
one additional paper for a total of 14 studies based on our
predetermined inclusion and exclusion criteria (Figure I).
One study (Yang et 4l.) was not used in this review due to
their use of Tantalum for spinal infections, which was noted
in the introduction. The studies were then grouped based
on their use of tantalum on the lumbar or cervical spine.
Our search yielded four studies on lumbar fusion and ten
studies on cervical fusion (Tuble 1).

Fusion rates

Evaluating fusion rates for patients with cervical
treatment (follow-up ranged from 1 to 11 years), we found
increased fusion rates in autograft alone when compared
to those treated with tantalum standalone without graft
supplementation (92.8% vs. 89.0%, P=0.001) and those
treated with tantalum cages plus autograft (92.8% vs.
64.8%, P<0.0001). Tantalum standalone fusion rates were
higher when compared to those treated with tantalum
ring with autograft (89.0% vs. 64.8%, P=0.002), while the
tantalum standalone fusion rates were less when compared
to those treated with autograft with anterior plate (89.0%
vs. 92.0%, P=0.031). In the setting of lumbar fusion (follow-
up ranged from 6 months to 6.8 years), patients treated with
autograft had lower fusion rate as compared to tantalum
standalone (80.0% vs. 93.4%, P<0.0001). The number of
studies for lumbar fusion were scant and thus making it
difficult to make conclusions about lumbar fusion rates
compared to cervical fusion rates. There was insufficient
data for statistical comparisons of lumbar fusion rates using
other treatment methods.

Complication rates

Complication rates in cervical fusion were lower in patients
treated with tantalum standalone versus those treated with
autograft (7.4% vs. 13.7%, P<0.0001), and autograft and
anterior plate (7.4% vs. 33%, P=0.001). Tantalum ring with
autograft patients had a lower complication rate than those
treated with only autograft (7.7% vs. 13.7%, P<0.001),
and no significant difference in complication rate when
compared to those treated with tantalum standalone only
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Table 1 Study characteristics of peer-reviewed published manuscripts utilizing tantalum in spine surgery

75

Fusion site Article Study design Num.ber of Age & sex of patients Procedure & implant Final follow-up
patients used (years)
Cervical spine  Fernandez- Retrospective 57 Tantalum (n=27): mean 1-level ACDF with 11
studies Fairen et al. cohort 47 [27-62] years; 10 M, tantalum cages vs.
(2019) 17F autologous bone graft
|ati
Autograft (n=30): mean & plating
49 [22-65] years; 11 M,
19F
Mastronardi Retrospective 88 Tantalum (n=88): mean 1-2-level ACDF with 1
et al. (2018) cohort 59 [44-83] years; 37 M, tantalum cage
51F
Tomé-Bermejo Prospective 33 Tantalum (n=33): mean 1-2-level ACDF with 4.9 (2.1-8)
et al. (2017) cohort 53 [39-75] years; 13 M, tantalum cages
20F
King et al. (2016)  Prospective 10 Tantalum (n=10): mean 1-level ACCF with 2
cohort 57+13.1 years; 6 M, 4 F tantalum cages
Papacci et al. Retrospective 99 Tantalum (n=99): mean 1-2-level ACDF with 5.6 (2.6-8.1)
(2016) cohort 49+11.9years; 47 M, 52 F  tantalum cages
Kasliwal et al. Randomized 39 Tantalum ring (n=13): 1-level ACDF with 2
(2013) controlled trial mean 45 [32-70] years;  tantalum ring packed
7M,6F with autograft vs.
Tantalum block (n=15): :2;?':3;32?’3 fiac
mean 46 [25-60] years; 9
7M,8F
Autograft (n=11): mean 45
[37-62] years; 4 M, 7 F
Lofgren et al. Randomized 80 Tantalum (n=40): median 1-level ACDF with 2
(2010) controlled trial 48 [38-59] years; 24 M, tantalum cages vs.
16 F iliac crest autograft
Autograft (n=40): median
49 [27-70] years; 26 M,
14 F
Fernandez- Randomized 61 Tantalum (n=28): mean 1-level ACDF with 2
Fairen et al. controlled trial 48 [27-62] years; 10 M, tantalum cages vs.
(2008) 18 F iliac crest autograft &
Autograft (n=33): mean plating
49 [22-65] years; 12 M,
21F
Wigfield et al. Randomized 24 Tantalum ring (n=11): 1-level ACDF with 2
(2003) controlled trial mean 47 [32-73] years; tantalum ring packed

7M,4F

Tantalum block (n=6):
mean 58 [44-73] years;
4M,2F

Autograft (n=7): mean 63

[87-85] years; 6 M, 1 F

with autograft vs.
tantalum cages vs.
iliac crest autograft

Table 1 (continued)
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N f P implant Final follow-
Fusion site Article Study design um‘ber © Age & sex of patients rocedure & implan ina’ foflow-up
patients used (years)
Lumbar spine  Cuzzocreaetal.  Retrospective 40 Polyetheretherketone 1-2-level TLIF with 1
studies (2018) cohort (n=20): mean 48 [39-57] polyetheretherketone
years; 9 M, 11 F cage vs. metal
Metal (n=20): mean 55 S:azlum or tantalum)
[43-64] years; 8 M, 12 F 9
Van de Kelft Randomized 79 Tantalum (n=40): mean 1-level PLIF with 6
et al. (2015) controlled trial 47+9.9 years; 26 M, 14 F  tantalum cages vs.
Tantalum & PF (n=39): tantalum cages & PR
mean 50+14.4 years;
24 M, 15 F
Jalalpour et al. Randomized 135 TLIF (n=68): mean 44 1-2-level TLIF 2
(2015) controlled trial [25-62] years; 36 M, 32 F  with titanium PF &
L= meands
[27-65] years: 38 M, 29 F P y
& posterolateral
autograft vs. PLF with
autograft
Lequin et al. Retrospective 26 Tantalum (n=26): mean 1-level PLIF with 1
(2014) cohort 46+11.4 years; 16 M, 10 F  tantalum cages

ACDF, anterior cervical discectomy and fusion; ACF, anterior cervical fusion; ACCF, anterior cervical corpectomy and fusion; TLIF,
transforaminal lumbar interbody fusion; PLIF, posterior lumbar interbody fusion; PF, pedicle screw fixation; PLF, uninstrumented

posterolateral fusion.

(7.7% vs. 7.3%, P=0.423). There was insufficient data for
statistical comparisons of lumbar complication rates.

Revision surgery rates

Tantalum standalone patients had a lower rate of revision
surgery when compared to those treated with autograft
(2.8% vs. 12.8%, P<0.0001) and those treated with autograft
and anterior plate (2.8% vs. 8.0%, P<0.001), but higher
rate when compared to those treated with tantalum ring
and autograft (2.8% wvs. 0.0%, P<0.0001); note that only
one study had presented revision data for tantalum ring
with autograft. There was insufficient data for statistical
comparisons of lumbar revision rates.

Discussion
Porous tantalum use in lumbar spinal fusion surgery

Our search of the literature yielded four studies that utilized
tantalum in spinal fusion surgery involving the lumbar

spine (Table 2) (28-31). The studies applied two different

© Journal of Spine Surgery. All rights reserved.

types of surgical approaches for fusion with tantalum:
Cuzzocrea er al. and Jalalpour er al. studied transforaminal
lumbar interbody fusion (TLIF), while Van de Kelft et 4.
and Lequin ez 4/. studied posterior lumbar interbody fusion
(PLIF).

Interbody cages have been designed using a multitude
of biomaterials, with titanium and PEEK showing a high
degree of success in achieving arthrodesis. However, in
one study, higher elastic modulus of titanium resulted in
poorer clinical outcomes compared to morselized bone (28).
Cuzzocrea et al., retrospectively studied the use of TLIF in
40 patients treated with either PEEK or interbody metal,
either titanium or tantalum, with no metal selection criteria
specified. At 1-year follow-up they found similar, significant
improvements in pain and functional scores in both groups
compared to pre-operative scores (Table 2). Fusion rates
were higher in the metal group compared to the PEEK
group at 90% of patients achieving fusion vs. 69% achieving
fusion, respectively. Cuzzocrea et 4l. attributed this to the
superior osteointegrative properties of metal cages and
lower incidence of peri-prosthetic osteolysis that they found
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Journal of Spine Surgery, Vol 6, No 1 March 2020

"aieuUOlSaNb AYjiqeSIP IO PUBlOY ‘OAINY ‘Xopul Buiied Aujigesiq ‘|da ‘9¢ wioj Hoys ‘9g4S ‘xepu| Ayjigesiq AlsemsQ ‘|q0 ‘8eos Bojeuy [ensiA ‘SYA ‘euolexisyaseyiekiod
Y33d ‘uoisny |esarejolalsod paluswniisuiun ‘4d ‘uoiexiy malos ajoipad 44 ‘uoisny Apogualul sequin| Joudisod ‘qId ‘uoisny Apoguaiul Jequin| [eulweloisuel) 4171

uonosjul
[eoipadns |
‘syouep [enau
M8U JO paseaJoul 2'08FS 2y sebeo (9z=u)
v ‘sies} [eanp g 2'9¥g'6 ‘dn-mojjoy  :dn-mojio} [[06-0G]  wnfeuEl yum  (710g) e 10
‘sewojewsy g - - - %9 LIF%S L %96 ‘€' 1¥9'lg ‘do-axd :oaANY 06 :do-a1d 411d 1enal-| uinbs"
uoneIe0e| 9¢ ‘dn-mojjo} ‘g°gg ‘do
1001 SAIBU | -a.d :47d yesboine |4ag \eiBoyne
euowneud 2z ‘dn-mojo} ‘y'9g ‘do Yum 41d 'sA
. [e1youoiq | -aid ;4L wnjewe; |[4a yeibone
‘suoIse) [eanp g
. [esere|oleisod
‘41d yelboine 6°¢ ‘dn-mojjo} f
‘uoi3o8 Ul pUNOM gz ‘dn-mojjo} ‘9t ‘do ‘6", ‘do-aud B /poqial
[eloladns | -aud :47d wesBoine |ao 11d ueibony Upi ooedis
‘leues ul uswibel) %08 :41d Apoguayul
auoq | ‘51001 yeiboyne 0'¢ ‘dn-mojjo}  wneue} g 4d (e1=u)
aMIBU paJeled g ‘%8 4L 0z ‘dn-mojjo} ‘py ‘do ‘0'g ‘do-aud wniuew yum — (GL02) 18 18
471 wneel - - - - wneel  -aid 4L Wnfeuel |go AL wneel L eAsl-Z-L Jnoderer
6'9 ‘dn-moj|0} Jeah-g
{g'g ‘dn-moj|o} Jedkh-|
4d % wnjejuel 9g4S
17/ ‘dn-moj04
Jeah-g ‘y'6 ‘dn-moj|o}
Jesf-| :Wn[eue} 9g4S
_Mwm 92'8I725EC .QJ-\so__Q :wlo_ L1 _.a_u-zo__o,,
r1ad® Twloos-ov]  uw [0oz-t) 80 mﬂwwsmcmo-ma Dol m wcm MHQ 4d '8 S96ED
winjejuey 601 :4d® GOk 4d® =i HEL IO A L winjejuey (0s=v)
S183} [2INP ¥ 4] ‘skep  wnejuey wnejuey 06'617.6'LE [e-0l6'L ‘dn sasebeo  (5L02) /0
g wnejue 'siesy  [5l-y]v'9  [o0L-0H Ly ‘uwfogi-Gy]  dnoibJeuyye ‘dn-molo} 198'6LFvy'9y  -MOlI0} (019l €8 Wnfejues uim HioM
[eJNp g :Wnjejue]  wineluep ‘WNejue] 09 :wnjeuel Ul juesaid JoN - ‘do-aid :wnfeue] |0 ‘do-aud :wnjejuel 41d 1enel- | ap uep
0'lecFc'ce 9'¢*l'c
oo e %0 e
JO winjueyy)
%06 :[e1eW 9GLFL YL 6'2F9}  [e18w sA obeo (ov=u)
%69 ‘dn-moj|o} ‘g" 1 2¥9'09 ‘dn-moj|0} ‘628G MI3d uum  (6102) 1B e
- - - - - M3ad ‘do-aud 2334 100 ‘do-aud 1334 4L eAs-g—L  Bai00zzn)
suoneoldwon fexs $S0| poojg oul 20uUBpIsgNg sjeJuoISN{  S8WOJINO [euoloUN sauloono odk s|oIuy
T lendsoH anesadpo ' ' ’ ured SyA 2INpad0.d '

A1981ms ourds requin| ur wnjeuey SUIZIAN SAAPMIS JO SIWONN() 7 I[EL

7 Spine Surg 2020;6(1):72-86 | http://dx.doi.org/10.21037/js5.2020.01.01

© Journal of Spine Surgery. All rights reserved.



78

in their patients, leading to more stable interbody fusion.
The study did not differentiate results between titanium
and tantalum and thus conclusions on tantalum use in TLIF
cannot be inferred from this paper, but the study provides
strong evidence for the use of interbody cages made from
metal over PEEK.

The randomized controlled trial (RCT) done by Jalalpour
et al. compares the use of tantalum interbody spacer in
TLIF with pedicle screw fixation vs. posterolateral fusion
(PLF) with autograft for patients suffering from more than
1 year of low back pain. Although patients were assigned to
treatment groups randomly, the TLIF group had 41% of
their patients operated at two levels, while the PLF group
had 24% of patients have two-level fusion. Additionally,
PLF patients had more patients undergo L5-S1 fusion
compared to the TLIF group (42% vs. 25%). They found a
statistically significant difference in improvement of Visual
Analog Scale (VAS) pain score, and Disability Rating Index
(DRI) and global assessment functional scores between
their two groups, at 2-year follow-up, in favor of the
tantalum TLIF group. Additionally, their PLF group saw
an increased revision rate compared to the TLIF tantalum
groups (17.9% vs. 7.4%) due to segmental degeneration,
local pain, bone graft fragmentation vs. pseudarthrosis,
respectively. This study found a fusion rate similar to that
achieved by Cuzzocrea et a/. in their titanium/tantalum
metal group, with 87% rate in the tantalum group.

Two older studies, Van de Kelft et 4/. and Lequin
et al., looked at the use of tantalum in PLIF procedure.
Van de Kelft had two groups in their study with a follow-
up of around 6 years for both: one treated with PLIF
using tantalum stand-alone and another treated with PLIF
using tantalum and a pedicle screw fixation. At 24-month
follow-up, there were no significant differences in pain and
functional scores in the two study groups, but significantly
less operative time and blood loss in the group that did
not have the additional pedicle fixation, as they expected.
Moreover, patients in the pedicle screw fixation group
saw more dural tears (10% uvs. 5%), a higher revision rate
(2.5% wvs. 0%) due to improper screw placement, but less
ASD (2.6% vs. 9%), although not statistically significant.
With similar clinical and radiographic results at long-term
follow-up of 6 years in the group, the authors in this study
concluded that tantalum can effectively be used in the PLIF
procedure without pedicle screw fixation (Zable 2).

Lequin et al. performed a retrospective study
using tantalum stand-alone cages in PLIF. They saw
improvements in pain (VAS) and functional (Roland Morris

© Journal of Spine Surgery. All rights reserved.
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Disability Questionnaire) scores at 15.3-month follow-
up, with good subjective outcomes; yet they were unable
to calculate significance due to insufficient pre-operative
scores. They saw a complication rate of 34.6%, with a
15% revision rate secondary to hematoma formation,
cerebrospinal fluid (CSF) leak, recurrent severe back
pain or translucency around cage. This complication and
revision rates were higher than those found in the Van de
Kelft study, which specified that a single surgeon performed
all the operations. Lequin did have a 96% fusion rate at
15.3-month follow-up. This was the highest fusion rate
in the literature for tantalum use in lumbar spine, which
could be possibly due to the longer follow-up allowing
more time for osseous integration. The study yielded a
mean subsidence of 7.5%=+11.6% (similar to that described
in the literature), but also found disc height significantly
increased at 1-year follow-up (P<0.001) (7able 2). This rate
of subsidence was higher than that found in the Van de
Kelft study, even though both studies measured subsidence
the same way. The authors note that their subsidence
percentage correlates with what is described in the
literature. They argue that in the short-term, subsidence
is not correlated with clinical outcomes (31), nor does
additional posterior pedicle screw fixation improve rates of
subsidence (32,33).

Assessing differences in outcomes between TLIF and
PLIF is difficult due to a lack of a head-to-head studies We
found similar improvements in VAS back pain scores in
the four studies at their last follow-up (7able 3). The PLIF
studies were also more likely to cause dural tears, while the
TLIF studies had higher risks of nerve injuries.

Porous tantalum use in cervical spinal fusion surgery

Nine manuscripts were identified for their use of tantalum
metal in cervical spine fusion, ranging from 2003 to 2018
(Table 4). Eight of the nine studies described the use of
tantalum in anterior cervical discectomy and fusion (ACDF),
while one of the studies, King er a/., utilized anterior
cervical corpectomy and fusion (ACCF).

The King et al. study retrospectively looked at ten
patients treated with ACCF using tantalum stand-alone
cages (34). They found stable cervical lordosis and 100%
fusion rates at 2-year follow-up. Rates of subsidence
appeared to decrease over time, and all patients experienced
improved clinical outcomes, with zero patients undergoing
revision surgery (Zable 4). Their data supports the use of
tantalum stand-alone cages in up to two-level ACCE.
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Table 4 Head-to-head comparison of porous tantalum in TLIF and PLIF. Changes in scores are between pre-operative scores and final follow-up

. Procedure type/time to Change in VAS Functional Change in L

Article ) ) Complications
follow-up pain score score used functional score

Cuzzocrea et al. (2018) TLIF with tantalum -7.4 oDl -55 Not reported
implant/pre-op 1-year
follow-up

Jalalpour et al. (2015) TLIF with titanium PF -6 ODI -24 2 battered nerve
and tantalum implant roots, 1 bone
with interbody and fragment in root
posterolateral autograft/ canal, 1 superficial
pre-op 2-year follow-up wound infection

Van de Kelft et al. (2015) PLIF with tantalum -6.4 oDl -14.47 2 dural tears
implant/pre-op 2-year
follow-up
Tantalum with tantalum -6.7 ODI -14.37 4 dural tears
implant and PF/pre-op
2-year follow-up

Lequin et al. (2014) PLIF with tantalum -4.75 RMDQ -11.8 2 hematomas,

implant/pre-op to post-
op

2 dural tears, 4
increased or new
neurologic deficits,
1 superficial wound
infection

TLIF, transforaminal lumbar interbody fusion; PLIF, posterior lumbar interbody fusion; PF, pedicle screw fixation; VAS, Visual Analog Scale;
ODI, Oswestry Disability Index; RMDQ, Roland Morris disability questionnaire.

ACDF using autograft from iliac bone graft has been
in use since the 1950s (35,36). The clinical results are
typically satisfactory, but infections, hematomas and
longstanding pain from donor site are frequently described
in the literature. Allografts come with risks of producing
an immunogenic response from the host, disturbing fusion
healing (37). Thus, the search for an implant that could
model bone has been sought after for ACDF. Porous
tantalum has been found to be more osteoconductive
than other available biomaterials as mentioned previously
(6,7,19).

Three comparison studies were identified examining
tantalum versus autograft. The two Fernandez-Fairen
studies differed in length of follow-up, 11- vs. 2-year
follow-up (38,39). The Lofgren study differed in that it did
not use plating with its autograft like the two Fernandez-
Fairen studies did, and thus used autograft as a stand-alone
construct (37). All three studies found similar improvements
in functional and pain scores between their two groups,
with the 2018 Fernandez-Fairen study showing that these
improvements last at least 11 years, the longest follow-up

© Journal of Spine Surgery. All rights reserved.

time known to date. The studies found significantly less
operative time (P<0.05) and blood loss (P<0.05) for their
tantalum groups compared to the autograft groups, but
similar days of hospitalization (7able 4).

As noted earlier, the morbidity of autograft at donor site
is of significant concern. The 2018 Fernandez-Fairen study
found 21.1% of their patients suffering from 4/10 pain
at donor site, with 12.1% have this pain for >12 months.
Additionally, 6% of patients suffered from hematoma
formation at donor site, 6% had loosened screws and
3% had loosened plates in the autograft group. Lofgren
et al. only reported one complication at 2-year follow-
up of sensory deficit in their autograft group (Tuble 4).
These complications can be avoided with the use of porous
tantalum, decreasing the morbidity of spinal fusion.

Rates of subsidence were higher in the tantalum
groups for both Fernandez-Fairen studies. The 2018
study saw 44% of patients treated with tantalum have
a mean of 2.2-mm subsidence, while their autograft
group saw 33% of patients afflicted with a mean of
0.5-mm subsidence, with no progression after the 6-week

7 Spine Surg 2020;6(1):72-86 | http://dx.doi.org/10.21037/js5.2020.01.01
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time point. This subsidence was not significantly correlated
with associated lordosis or kyphosis of any segment in any
group (P>0.1). Additionally, with similar outcomes in both
groups, this subsidence does not appear to be clinically
or radiographically correlated at 11-year follow-up. In
their 2008 study, which was at a much shorter follow-up,
tantalum group was 7.1% of patients afflicted with 3-mm
subsidence, and in their autograft group, 6% were affected
with 1-2-mm subsidence. The subsidence rate found in
the 2018 paper was consistent with the range found with
other cages such as titanium, carbon or PEEK (7able 4)
(40-42). The 2018 study also notes the higher rate of post-
operative kyphotic alignment in the tantalum group, which
they attribute to the fact that the tantalum stand-alone
group did not use a plate (43,44). Additionally, their rate of
ASD was similar between groups, and similar to reported
ASD in ACDF reported in the literature. The onset of
ASD after fusion using tantalum did not correlate with the
postoperative sagittal alignment nor the subsidence of the
implant (P>0.5). In fact, Fernandez-Fairen, notes that the
ASD might not lead to significant clinical deterioration.
They found that radiographic ASD was not correlated with
clinical deterioration; only the ODOM score was correlated
with radiographic deterioration. None of the patients in this
study that suffered from ASD had to have revision surgery
and were managed successfully by conservative treatment.
Fusion rates were similar in both the Fernandez-Fairen
studies between the tantalum and autograft groups (2018:
96% vs. 100%, 2008: 89.3% wvs. 84.4%, respectively, neither
was significantly different). It is interesting to note that in
the Fernandez-Fairen study from 2018 that had an 11-year
follow-up, both groups had higher fusion rates, suggesting
osseous integration, especially for tantalum, may take 2 or
more years. The Lofgren et 4l. study found a significant
difference in fusion rates at 2-year follow-up with the
tantalum group showing 69% fusion and the autograft
group showing 92% fusion (Table 4). They attribute this low
fusion rate to a couple of factors. First, although they used
the same criteria for evaluating fusion radiographically,
they had more stringent criteria for measuring movement
between spinal processes (45). Second, they did not
remove smokers from the analysis as the Fernandez-
Fairen study did. In light of this data, however, all three
studies reported lower revision rates for non-union in
their tantalum groups. Mastronardi et 4/. also noted
differences in fusion rates for smokers and non-smokers in
their tantalum treated ACDF group; they saw a fusion rate
of 87.8% wvs. 48.9% after 6 months in their non-smokers
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vs. smokers, respectively. Although, both of these groups
reach 100% at 12 months (46).

Three studies looked at tantalum stand-alone in ACDF
treatment that further provide strong support for the use
of tantalum in cervical spine fusion. Tomé-Bermejo ez al.,
Mastronardi e 2. and Papacci et 4l., all found significant
improvements in measured pain and functional scores at
last follow-up (46-48). Operative time in Matronardi ez al.
and Papacci er a/. and hospitalization times in Mastronardi
et al. and Tomé-Bermejo et al. were similar to other studies
in this review that used tantalum. In terms of subsidence,
Mastronardi e 4/. and Papacci et al. reported 0% subsidence
rate, while Tomé-Bermejo er al. saw 26.82% subsidence
in 11 discs (Table 4). They note that during the process of
bone remodeling, it is expected that cages will settle <2 mm
into the vertebral body until fusion occurs, whereas if more
than that occurs, it may be secondary to inappropriate,
intraoperative endplate preparation. They found subsidence
lead to no subjective and clinical difference in their patients,
consistent with Fernadez-Fairen found in both their studies.

Mastronardi et a/., Tomé-Bermejo et a/. and Papacci
et al. had 0%, 0%, and 1% ASD, while both Mastronardi
and Tomé-Bermejo had 0% fragmentation rate in their
tantalum treated patients. Fusion rates in these two studies
were 97.7% and 100%, and only Mastronardi and Papacci
had to revise operations (2.3% of patients for implant
failure) and 1.0% revision rate for infected hardware,
respectively.

Two studies looked at tantalum stand-alone cages in
ACDF placement in addition to autograft control and
tantalum ring (filled with iliac crest autograft) groups:
Kasliwal er a/. and Wigtield ez al. (26,49). Both studies
had 2-year follow-up and found improvements in pain
and functional scores in all of their groups; more so in
the tantalum groups, but not statistically significant. It is
important to note that the Wigfield study used an older
tantalum construct (Hedrocel in the form of Novus ring
or block). Both studies had similar operative times, blood
loss and number of days hospitalized in all three arms of
their studies and were comparable to other studies included
in this review (Table 4). Wigfield saw a 0% fragmentation
rate, while Kasliwal saw fragmentation in 27.8% of their
tantalum patients, which they attributed to failure to fusion
in these patients at 24 months. Additionally, Wigfield had a
0% revision rate for tantalum groups and 14.28% revision
for control, while Kasliwal had a 5.12% revision rate for
tantalum groups secondary to non-union.

The most significant result from the Kasliwal study is
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their low fusion rate. Whereas, they found 100% fusion in
their autograft group, their tantalum groups were only 38%
fused at 2-year follow-up. The authors do not provide any
explanation for their poor fusion rates (7able 4). This sharply
contrasts what was found in the Wigtfield study, which had
to halt study recruitment when they saw low fusion rates
in the tantalum groups initially, where they found 100%
fusion rate at 24-month follow-up for both tantalum groups
and an 85.7% fusion rate for their control group. The
authors state their concern of having a large rate of revision
surgery due to low fusion rates as a reason to halt the
study, even though clinically the patients were not affected.
They attribute this late fusion to two factors. First, a study
done by AO ASIF Research Institute that observed bone
remodeling initially might be a temporary porosis associated
with necrosis due to periosteal damage or interruption
of blood supply. Once the blood supply is restored, bony
ingrowth can proceed (50). Their second reason is due to
difficulties in radiographic interpretation of fusion. They
state that the high radiopacity of tantalum makes it easily
visible on radiographs but makes it difficult to assess the
bridging trabecular bone for assessment of fusion. Thus,
angulation with dynamic images becomes more important
for this purpose (49). They determined fusion by looking
at angulation (<2 degrees) and alterations of interspinous
process distance (<2 mm), which are more stringent criteria
than other studies in this review. A study done by Levi et a/.
found that tantalum produced more streak artifact on CT,
but less on MRI, permitting MRI reading to be better able
to image surrounding bony structures to assess fusion (51).
Blumenthal ez al. suggested that plain radiographs might
underestimate the degree of fusion in 1 out of 5 cases, with
different thresholds of accepted angulation leading to vastly
different rates of fusion (52). Both studies state that fusion
rates were not correlated with clinical outcomes.

Conclusions

Tantalum application has demonstrated extraordinary
benefit in several subspecialties, including hip arthroplasty
revision and has a potential role in spine surgery. Its use in
the lumbar spine has demonstrated excellent fusion rates
and outcome scores comparable to those of other interbody
cages in the literature. PLIF and TLIF studies suggest a
potentially higher rate of subsidence with tantalum use
however no apparent clinical consequence. In case series,
low rates of subsidence and acceptable clinical outcomes are
noted in up to 2 level ACDF surgery. Fusion rates in short-
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term studies evaluating tantalum in the cervical spine are
conflicting, although long-term series beyond 2 years show
excellent fusion rates. This early finding is partially related
to the difficulty in radiographic evaluation of fusion in the
setting of tantalum cage use. Further studies are needed
to tease out the timing of fusion with the implementation
of tantalum in the cervical spine. Blood loss, operative
time, and hospital length of stay are more likely related to
approach and harvesting of autograft than individualized
cage composition.
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