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higher than those of PEEK one.

The surgical outcomes between PEEK cage and titanium fiber mesh one in one-lev-
el TLIF were investigated. Within 6 months, the bone union rates of TFM cage were
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1. Introduction

TLIF is widely performed surgical treat-
ment for degenerative spinal disorder" ?.
Many types of cages are used as TLIF spac-
ers. Cages made of titanium alloys have
shown good results’~?. However, due to the
stiffness of the titanium cage, problems such
as the subsidence in the adjacent vertebrae
are likely to occur®”.

Titanium enhances cell adhesion and osse-
ointegration favoring bone fusion, but at the
same time, may have a higher rate of sub-
sidence compared to polyetheretherketone
(PEEK) due to differences in the modulus of
elasticity™”. The mechanical properties anal-
ysis found that the Young’s modulus and
compressive strength of titanium fiver mesh
were close to those of the bone structure, and
the overall stiffness was slightly lower than
that of the polyether ether ketone (PEEK)
material, and significantly lower than that
of the titanium alloy solid module.

So, the titanium cage with low elastic
modulus is desired. Titanium fiber mesh
cages, which have lower modulus than
PEEK, have been used in our hospital. The
purpose of this study is to compare surgical
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outcomes between PEEK cage and titanium
fiber mesh one in one-level TLIF.

2. Materials and methods

(1) Patients

We have conducted an observational ret-
rospective study on medical records of all
patients who had undergone one-level TLIF
using cages, by three surgeons, from June
2017 to June 2019. A total of 40 patients with
24 months or more follow-up were included
in this study. Of those 40 patients, 19 were
treated using a PEEK cage (PEEK group),
while a titanium fiber mesh (TFM) cage was
used in 21 patients (TFM group).
(2) Surgical Procedure

The TLIF operations were performed by a
single mid-line incision with unilateral expo-
sure of the spine using pedicle screws bilater-
ally and a PEEK or TFM cage. The implants
used were any one among ILLICO® SE/
NOVEL® PEEK cage (Alphatec Spine, Inc.,
United States) and Associa (Zique)® /TFM-
B® Titanium cage (KYOCERA Inc., Japan)
(Fig. 1) filled with local bone graft from the
lamina and spinous process and posterior
instrumentation with pedicle screws. There
were no differences in the techniques on the
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implants between the two groups. After
unilateral facetectomy and partial laminec-
tomy, the intervertebral disc material and
cartilaginous end plates were removed, one
cage was inserted into the anterior end of
the intervertebral space, and local bone chips
were grafted, densely packed posterior to the

cage.

Figure 1. TFMB® Titanium cage (KYOCERA Inc., Japan).
It is made by compression molding and vacuum
sintering of pure titanium wire.

(3) Radiologic Evaluations

Bony fusion status was judged by only the
recognition of osseous continuity between
bony endplate and implant on the CT sagit-
tal images (Fig. 2(a)). The flexion - extension
radiographs were used only for the confir-
mation of no mobility, in the case of fusion
on the CT image (Fig. 2(b)). The fusion rates

Figure 2. (a) CT sagittal image.

of two groups were compared at 3-month,
6-month, 12-month and 24-month after sur-
gery.
(4) Clinical Evaluations

Clinical results were assessed using the
Japanese Orthopaedic Association (JOA)
scoring system before surgery and at 1-year
postoperative follow-up (Table 1). The pre-
operative scores and postoperative improve-
ment rates of JOA were compared between

the two groups.

Table 1. The Japanese Orthopaedic Association (JOA)
Scoring system for low back pain disorders.

Item Points

Subjective symptoms (9 points)

Low back pain 3,2,1,0
Leg pain and / or tingling 3,2,1,0
Gait 3,2,1,0

Clinical signs (6 points)
Straight-leg-raising test
Sensory disturbance

ISEN SIS
)

Motor disturbance

Restriction of activities of daily living (14 points)

Turning over while lying

2,1,0
Standing 2,1,0
Washing 2,1,0
Leaning forward 2,1,0
Sitting (~ 1h) 2,1,0
Lifting or holding heavy object 2,1,0
Walking 2,1,0
Urinary bladder function 0,-3,-6
Total* 29t0 -6

* A normal total JOA score is 29 points.

)
—v—

Extension (b)

(b) Flexion extension radiographs in the case of fusion on the CT image.

ZZERURRIRBE IR ERR O MERE Vol.29  20224F



(5) Statistical Analysis

The data from this study was analyzed by
the using of R version 4.0.2. A p value<0.05
was considered statistically significant.

The research has been approved by the
ethical committee of our hospital. The re-
quireement for informed consent was waived

due to the retrospective nature of the study.
3. Results

Table 2 shows the baseline characteristics of
both groups. There were no significant differ-
ences in age, gender, body mass index, JOA
score, cage height, or pre-existing illness.

At 3-month after surgery, the bone union of
no patient (0%) was found in the PEEK group,
and that of 16 patients (76.2%) was found in
the TFM group. (p<0.01) At 6-month after
surgery, 9 patients (47.4%) in the PEEK group
and 18 patients (85.7%) in the TFM group
were confirmed as bone union. (p=0.017) At
12-month, 14 patients (73.7%) in the PEEK
group and 18 patients (85.7%) in the TFM
group were confirmed as bone union. (p=0.44)
At 24-month after surgery, 15 patients (78.9%)
in the PEEK group and 18 patients (85.7%) in
the TFM group were confirmed as bone union
(p=0.40) (Table 3). The statistically signifi-
cant differences between the PEEK and TFM
groups were observed at 3- and 6-month after
surgery (Fig. 3).

Before surgery, JOA score of PEEK group
was 16.975.04 (meanTstandard deviation) and
that of TFM group was 15.8+4.16. No sig-
nificant differences were found between both
groups (Fig. 4). At one year after surgery, the
improvement rate of JOA in the PEEK group
was 84.5714.1% and that in the TFM group
was 90.7%7.92%. No significant differences
were found between both groups (Fig. 5).
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Table 2. The baseline characteristics of patients in
the PEEK and TFM groups.

PEEK TFM p

number 19 21
Age(mean£SD) 68.95+15.10 68.10+12.88 0.85
Sex(Female number) 5 9 0.45
BMI(mean +SD)

24.30+3.21 24.34+5.92 0.98

preoperative JOA score

16.89+5.04 15.76 £4.16 0.44
(mean +SD)
Cage height

8.79+1.23 8.76 £1.09 0.94
(mean=SD)
Diabetes mellitus 4 3 0.88
Hypertention 12 11 0.71
Heart disease 3 4 1
Kidney disease 3 0 0.196
Liver disease 1 1 1

Table 3. The bone union rates of the PEEK and TFM
groups at each point after surgery.

3month 6month 12month 24month

PEEK 0 47.4 73.7 78.9 (%)

TFM 76.2 85.7 85.7 85.7 (%)
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Figure 3. The fusion rates in the PEEK and TFM
groups at 3, 6, 12, and 24 months after surgery.
Significant differences between the two groups
were observed at 3 and 6 months after surgery.

*p <0.06 *p < 0.01
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Figure 4. JOA scores between the PEEK and TFM
groups before surgery.
No significant differences were found between the
two groups.

4. Discussion

It is widely accepted that thorough disc
space preparation is the most important fac-
tor in achieving fusion. However, the use of
instrumentation can significantly enhance
the chances of fusion success. There is an
array of different materials used in inter-
body cage construction, including PEEK and
titanium. The elastic modulus of PEEK is
similar to that of bone, and it can decrease
the risk of endplate fracture and subsid-
ence'”. However, PEEK relies on large graft
windows to allow fusion as its smooth sur-
face, hydrophobic properties and the lack of
porosity and osteoconductivity do not facili-
tate bony ongrowth, ingrowth and through-
growth'" . Tts lack of incorporation into
bone leads to shedding of submicron parti-
cles which drive osteolysis manifesting in
inflammation™ .

It has been reported that fusion rates are
far higher when using titanium over PEEK
as the interbody cage material for TLIF
procedures. Standard titanium block cages
contain large graft windows and like PEEK,
have no ability to allow bony ingrowth and

il
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Figure b. The improvement rate of JOA between the
PEEK and TFM groups at one year after surgery.
No significant differences were found between the
two groups.

through-growth'”. Titanium has a great-
er elastic modulus than bone, resulting in
increased risk of endplate fractures and
subsidence'. However, due to their biolog-
ical inertness, titanium cages do not cause
osteolysis'. Although the elastic modulus of
titanium is unalterable, the modulus can be
manipulated and decreased by processes that
introduce porosity. Titanium, which has an
elastic and porous structure, should be use-
ful as an interbody cage for TLIF.

Titanium with fiber mesh structure has a
low modulus, reducing the risk of endplate
fracture and subsidence. Futhermore, the
three-dimensional porous structure is con-
siderd to promote bony ongrowth, ingrowth
and through-growth. It is reported that
3D-printed porous titanium-alloy facilitat-
ed greater bony ingrowth and ongrowth in
comparison to solid PEEK and titanium-al-
loy in vivo ovine model'®. The high ability of
osteoconduction and osteoinduction in bioac-
tive porous 3D titanium are also shown'™ .

In this study, only one-level TLIF was
conducted not to be affected by the status
of other vertebrae. Up to 6-month after sur-
gery, the bone union rate was significantly
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higher in the TFM group than the PEEK
group. It was suggested that the material
and structural properties of the TFM cage
were effective for early postoperative bone
fusion. At least 12 months after operation,
there was no significant difference in the
bone fusion rate between the PEEK and
TFM groups. Moreover, there was no sig-
nificant difference in the JOA improvement
rate 1 year after the operation between the
two groups. Over long term of 1 year or
more, the results of TFM and PEEK were
the same, but the bone fusion rate on TFM
was clearly faster. After TLIF using the
TFM cage, early return to society can be ex-
pected.
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