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Comparison of Long-Term Outcomes between the
n-HA/PA66 Cage and the PEEK Cage Used in
Transforaminal Lumbar Interbody Fusion for
Lumbar Degenerative Disease: A Matched-Pair
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Objective: The nanohydroxyapatite/polyamide-66 (n-HA/PA66) cage is a novel bioactive nonmetal cage that is now
used in some medical centers, while the polyetheretherketone (PEEK) cage is a typical device that has been widely
used for decades with excellent clinical outcomes. This study was performed to compare the long-term radiographic
and clinical outcomes of these two different cages used in transforaminal lumbar interbody fusion (TLIF).

Methods: In this retrospective and matched-pair case control study, we included 200 patients who underwent TLIF
from January 2010 to December 2014 with a minimum 7-year follow-up. One hundred patients who used n-HA/PA66
cages were matched with 100 patients who used PEEK cages for age, sex, diagnosis, and fusion level. The indepen-
dent student’s t-test and Pearson’s chi-square test were used to compare the two groups regarding radiographic
(fusion status, cage subsidence rate, segmental angle [SA], and interbody space height [IH]) and clinical (Oswestry
Disability Index [ODI], and Visual Analog Scale [VAS] for back and leg) parameters preoperatively, postoperatively, and
at the final follow-up.

Results: The n-HA/PA66 and PEEK groups had similar fusion rates of bone inside and outside the cage at the final
follow-up (95.3% vs 91.8%, p = 0.181, 92.4% vs 90.1%, p = 0.435). The cage union ratios exposed to the upper and
lower endplates of the n-HA/PA66 group were significantly larger than those of the PEEK group (p < 0.05). The respec-
tive cage subsidence rates in the n-HA/PA66 and PEEK groups were 10.5% and 17.5% (p = 0.059). There were no sig-
nificant differences between the two groups in the SA, IH, ODI scores, or VAS scores at any time point. The n-HA/
PA66 group showed high fusion and low subsidence rates during long-term follow-up.

Conclusion: Both n-HA/PA66 and PEEK cages can achieve satisfactory long-term clinical and radiographic outcomes
in TLIF. However, the n-HA/PA66 group showed significantly larger cage union ratios than the PEEK group. Therefore,
the results indicated that the n-HA/PA66 cage is an ideal alternative material comparable to the PEEK cage in TLIF.
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Introduction

Transforaminal lumbar interbody fusion (TLIF), which
was described by Harms and Rolinger, has become a

commonly used and effective surgical treatment for lumbar
degenerative disease (LDD) with favorable outcomes.1,2 The
materials inserted into the disc space after discectomy should
provide good mechanical support in the anterior column as
well as facilitate bone growth between the two vertebral bod-
ies. Autogenous iliac crest was once considered the “gold
standard” for TLIF due to its excellent biocompatibility and
high fusion rate without immunogenicity.3 However, it
requires a second surgical site, which increases the operative
time and blood loss, and there are some donor-site complica-
tions, including hematoma, persistent pain, infection, and
fracture.4

To avoid the complications of autografts, various inter-
body implant devices, including polyetheretherketone (PEEK)
cages, carbon fiber cages, titanium mesh cages, and bioactive
glass ceramic spacers, have been designed, and their compari-
son has been widely reported.5–9 Among them, PEEK cages
could reduce stress shielding due to their lower elastic modulus,
similar to natural bone, and their radiolucency helps surgeons
observe postoperative bone healing around the implants.10–12

The low elastic modulus and radiolucency of PEEK cages make
them extremely popular with spine surgeons. However, the
osseointegration capacity of PEEK cages is relatively poor due
to their bioinert property.13

The hollow bullet nanohydroxyapatite/polyamide-66
(n-HA/PA66) cage is a bioactive nonmetal cage with good

radiolucency made by a composite of n-HA and PA66, mim-
icking the structure of natural bone.14 It has a stiffness and
elastic modulus similar to those of natural bone, which could
provide satisfactory mechanical support, high fusion rates,
and low subsidence rates in anterior reconstruction.15 To
date, the n-HA/PA66 cage has been reported to treat cervical
spondylosis and thoraco-lumbar fractures with satisfactory
long-term clinical outcomes.15–18

However, only one study compared the short-term
clinical results of the n-HA/PA66 cage and the PEEK cage in
the treatment of LDD.19 Since there is still a lack of compar-
ative studies between the two kinds of cages with long-term
follow-up, whether they could achieve similar long-term
radiographic and clinical outcomes is still questionable.
Therefore, the purposes of this study were (i) to compare the
long-term radiographic outcomes, such as the subsidence
rate, fusion rate, and state, of the n-HA/PA66 and PEEK
cages used in TLIF, and (ii) to identify whether the two dif-
ferent cages could achieve satisfactory clinical outcomes and
were maintained well during the long-term follow-up.

Methods

This was a matched-pair study of patients with retrospec-
tively collected data from our hospital, and it was

approved by the local ethics committee (No. 2019–654). The
inclusion criteria were (1) patients underwent TLIF as the
primary surgery between January 2010 to December 2014,
and (2) no previous surgical intervention at lumbar. The
exclusion criteria were as follows: (1) more than three-level;

Fig. 1 The flow diagram of patients in this study
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(2) lumbar degenerative scoliosis, spinal tumors, spinal
tuberculosis, or spinal infection; (3) severe osteoporosis
(T < –2.5); and (4) postoperative clinical and radiographic
follow-up period less than 7 years. Overall, 1470 patients
underwent TLIF within this time period were identified,
while 1174 patients among them had to be excluded due to
the exclusion criteria. In the remaining 296 patients, there
were 149 patients who underwent TLIF using the n-HA/
PA66 cage (the Institution of Materials Science and Technol-
ogy, Sichuan University) and 147 patients using the PEEK
cage (Medtronic, Memphis, TN, USA). To eliminate the
selective bias, we performed a 1:1 matching pair according to
their age, sex, diagnosis, and fusion level. Finally, there was a
total of 200 patients enrolled in this study, 100 patients in
n-HA/PA66 group and 100 in PEEK group (Fig. 1).

Surgical Procedure
All patients were treated by one of four senior spine sur-
geons after general anesthesia was administered by a skilled
anesthesiologist. The patients were not randomized to the
type of cage, and the decision to use n-HA/PA66 or PEEK
cages was made by the surgeon. After pedicle screw position-
ing, TLIF was conducted as described by Meyer et al.20

Harvested local bone was acquired by removing cartilage and
fibrous tissue from excised bone, which was then morselized.
After filling the cage with morselized bone, residual bone
was inserted into the anterior and contralateral disc space,
and then the cage was inserted into the interbody space.
Finally, the spinal screw rod system was compressed longitu-
dinally, and the cage was confirmed to be located nicely
under fluoroscopy.

Clinical and Radiographic Evaluation
Information regarding operative time, intraoperative blood loss,
and complications was collected. Clinical outcome assessments
in terms of the Oswestry Disability Index (ODI) and Visual
Analog Scale (VAS) for the back and leg were evaluated in all
patients before the operation, 3 months after the operation, and
at the last follow-up. X-ray and three-dimensional CT of the
lumbar spine were taken preoperatively, postoperatively, and at
the final follow-up. The radiographic assessment on X-ray
included (Fig. 2): segmental angle (SA), the angle between the
superior endplate of the upper vertebra and the inferior
endplate of the lower vertebra; intervertebral space height (IH),
the average value of the anterior, middle, and posterior inter-
vertebral space height. The loss of SA and IH was defined as
the d-value between postoperative and final follow-up. Subsi-
dence was defined as any loss of IH more than 3 mm.21 The
fusion status was evaluated on three-dimensional CT at the
final follow-up. The success of fusion was defined when there
was continuous contact of trabecular bone between the upper
and lower end plates of the fusion segments, mature bony tra-
beculae bridging the intervertebral space (sentinel sign),22 cor-
tication at the peripheral edges of the fusion masses, and an
absence of identifiable radiographic clefts.23,24 The radiographic
assessment on three-dimensional CT included the cage union

ratio,25 percentage of fusion bone for the end plate of the verte-
bra that comes in contact with the local bone inserted within
the cage (Fig. 3), fusion rate of local bone within the cage, and
fusion rate of local bone outside the cage. A total of 60 patients
were randomly selected to undergo an evaluation to determine
the reliability of imaging measurements. One week after one
orthopaedic surgeon (Z.Z.) measured the radiographic parame-
ters for every patient, he repeated the measurements in the
60 randomly selected patients to evaluate intra-observer reliabil-
ity. Another orthopaedic surgeon (B.H.) also measured these
parameters in the 60 patients to evaluate inter-observer reliabil-
ity. The intraclass coefficients (ICCs) of the intra-observer and
inter-observer reliability were 0.877 and 0.892, respectively.

Statistical Analysis
All data were analyzed using SPSS 23.0 software (SPSS, Inc.,
Chicago, Illinois). Continuous data are presented as the
mean � standard deviation and were analyzed by using

Fig. 2 Measurement methods: SA (segmental angle), the angle

between the superior endplate of the upper vertebra and the inferior

endplate of the lower vertebra; IH (intervertebral space height), the

average value of the anterior (a), middle (b), and posterior

(c) intervertebral space heights
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independent Student’s t-test. Categorical data were compared
by using Pearson’s chi-square test or Fisher’s exact test. A
p-value less than 0.05 indicated a significant difference.

Results

The present study enrolled 200 patients (76 males,
124 females) with an average age of 56.2 years (range

30–78 years). The mean duration of follow-up was
95.4 months (range 86–114 months). The n-HA/PA66 cage
was used in 100 patients (n-HA/PA66 group), whereas the
PEEK cage was used in 100 patients (PEEK group) (Figs. 4
and 5). The two groups were well matched in terms of age,
sex, BMI, diagnosis, and fusion level. The demographic data
and preoperative clinical characteristics are summarized in
Table 1, with no significant differences between the two
groups.

Radiographic Outcomes
The IH significantly increased after surgery in both groups.
In the n-HA/PA 66 group, the average IH increased from
9.1 � 2.7 mm preoperatively to 12.7 � 2.2 mm postopera-
tively and slightly decreased at the final follow-up. In the
PEEK group, it increased from 8.7 � 2.8 mm before surgery
to 12.3 � 2.5 mm postoperatively and slightly decreased at
the final follow-up. The mean corrections of IH were
3.7 � 2.2 mm and 3.5 � 1.8 mm in the n-HA/PA 66 group
and the PEEK group, respectively, and the mean losses of IH
were 1.3 � 1.3 mm and 1.5 � 1.4 mm, respectively. There
were no significant differences between the two groups for
these parameters at any time point (Table 2). The SA also
did not differ significantly between the two groups. At the
final follow-up, the fusion rates of local bone inside and out-
side the cage were 95.3% and 92.4% in the n-HA/PA66

group and 91.8% and 90.1% in the PEEK group, respectively.
The cage subsidence rate at the final follow-up was 10.5%
(18/172 cages) in the n-HA/PA66 group and 17.5% (30/171
cages) in the PEEK group. No significant difference was
observed in the fusion rate or subsidence rate between the
two groups (Table 2). The mean cage union ratios exposed
to the upper and lower endplates of the n-HA/PA66 group
were significantly larger than those of the PEEK group
(79.2 � 8.7% vs 65.9 � 12.6%, p = 0.000; 88.0 � 10.6% vs
72.6 � 11.7%, p = 0.000) by sagittal three-dimensional
CT. A similar situation was also observed by coronal three-
dimensional CT (Table 3).

Clinical Outcomes
The ODI and VAS scores significantly improved in both
groups after surgery, and the effect was maintained well until
the final follow-up. There was no significant difference in
ODI or VAS score between the n-HA/PA66 group and the
PEEK group at any time point (Table 4).

Complications
No cage migration or breakage occurred in either group at
the final follow-up. For the n-HA/PA66 group, one patient
presented with leakage of cerebrospinal fluid (CSF) and
recovered after prolonged application of pressured drainage
postoperatively. There was one patient with nerve root injury
who completely recovered with proper exercise and oral neu-
rotrophic drugs within 1 year after surgery. For the PEEK
group, there was one patient with CSF leakage, one patient
with wound infection, and one patient with nerve root injury
(Table 5). All cases resolved completely by conservative
treatment.

A B

Fig. 3 (A) Coronal cage union ratio,

percentage of coronal union cage

length. Upper, b/a � 100; lower,

c/a � 100. (B) Sagittal cage union

ratio, percentage of sagittal union

cage length. Upper, b/a � 100; lower,

c/a � 100
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Discussion

PEEK has become one of the most common materials
used as interbody cages in lumbar fusion and has shown

excellent clinical outcomes.10–12 Nevertheless, one main
shortcoming of the PEEK cage is its relatively low
osseointegration capacity due to its surface bioinert property,
which might lead to some complications, such as nonunion,
subsidence, and migration of the cage.5,7,13 As a bioactive
material, the n-HA/PA66 cage showed better biocompatibil-
ity and osteoconductive qualities.26,27 It has been widely
applied in the treatment of LDD during the past decade. In
the present study, we retrospectively reviewed 100 patients

who underwent TLIF using n-HA/PA66 cage and matched
with 100 patients using PEEK cage. Through the 7-year
follow-up, we found that the two cages all could achieve
good long-term radiographic and clinical outcomes in TLIF.
Moreover, as a bioactive material, n-HA/PA66 cage indeed
showed some advantages in lumbar fusion.

Better Fusion State in the n-HA/PA66 Cage
In this study, both groups showed satisfactory fusion rates at
the final follow-up without any significant difference, which
was similar to a previous study.15–17,19 However, the tradi-
tional method for determining the success of fusion was

A B C D E

F G H I J

Fig. 4 A 58-year-old female patient underwent TLIF with an n-HA/PA66 cage due to L5/S1 isthmic spondylolisthesis. Preoperative lumbar

radiographs (A-D). The postoperative radiographs (E-F). The final follow-up radiographs at 92 months after surgery showed that both the autogenous

bone granules within and outside the cage achieved satisfactory bony fusion (G-J). Of note, the surface of the n-HA/PA66 cage fits closely with the

bone tissue and is well integrated with both the upper and lower endplates. (Cage union rate at the upper endplate: coronal = 66.7%,

sagittal = 76.9%; at the lower endplate: coronal = 95.8%, sagittal = 92.5%)
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observing mature bony trabecula bridging the interbody
space (sentinel sign) and an absence of identifiable radio-
graphic clefts.22–24 Of note, the union ratio between the cage
and endplate is important for evaluating the solidity of
fusion, as well as for evaluating fusion itself.25 In addition,
the fusion segment becomes more stable with increasing
fusion area, which is mechanically beneficial to load trans-
mission, even with the segment determined to have fused.28

The traditional method can only qualitatively analyze
whether fusion is achieved but cannot quantitatively evaluate
the above index. To assess the fusion state of n-HA/PA66

and PEEK more precisely, we adopted the qualitative analysis
method described by Lee et al.25 At the final follow-up, we
found that the cage union ratios in both the upper and lower
endplates of the n-HA/PA66 group were significantly larger
than those of the PEEK group, indicating that the former
exhibited a better fusion state. Previous animal experiments
have demonstrated that the n-HA/PA66 cage can release
Ca2+ and PO4

3� from its surface, which gradually forms a
crystal layer on the cage surface that bridges the graft and
implant bed for osteogenesis.29–31 In addition, it is also an
ideal three-dimensional microstructure material for sufficient

A B C D E

F G H I J

Fig. 5 A 43-year-old male patient underwent TLIF with a PEEK cage due to spinal stenosis in L4-5. Preoperative radiographs (A-D). The postoperative

radiographs (E-F). The X-rays at 87 months after surgery showed bone union at the L4-5 level without internal fixation loosening, breakage, or cage

subsidence (G, H). The three-dimensional CT at the final follow-up indicated that there was still a gap between the autogenous bone granules and the

surface of the PEEK cage, and the bone integrated between the material and both the upper and lower endplates was relatively poorer than that in

the n-HA/PA66 cage (I, J). (Cage union rate at the upper endplate: coronal = 49.2%, sagittal = 51.2%; at the lower endplate: coronal = 68.2%,

sagittal = 74.3%)
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TABLE 1 Patient demographics and surgical details between the two groups>

Parameters n-HA/PA66 cage (n = 100) PEEK cage (n = 100) t / X2 p value

Age (years) 56.5 � 11.2 56.0 � 11.9 �0.432 0.811
Sex (n) 0.285 0.771

Male 37 39
Female 63 61

BMI (kg/m2) 24.3 � 3.0 24.3 � 3.3 0.032 0.975
Diabetes (n) 9 11 0.222 0.637
Smoking (n) 12 14 0.177 0.674
T-score for BMD �0.5 � 1.2 �0.3 � 1.5 �0.345 0.618
Diagnosis (n) 0.870 0.886

Spinal stenosis 38 40
Recurrent lumbar disc herniation 4 2
Degenerative spondylolisthesis 33 35
Isthmic spondylolisthesis 25 23

Surgical level (n) 0.025 0.876
One-level 28 29
Two-level 72 71

Operative time (min) 198.5 � 37.2 187.0 � 34.6 0.457 0.562
Intraoperative blood loss (ml) 385.2 � 110.5 381.7 � 126.3 �0.311 0.650
Follow-up time (moths) 96.3 � 11.8 94.5 � 8.7 0.829 0.315

Abbreviations: BMD, bone mineral density; BMI, body mass index.

TABLE 2 Radiographic and fusion state between the two groups

Parameters
n-HA/PA66

group PEEK group t / X2 p value

Fusion rate (%)
Local bone inside the cage 95.3 (164/172) 91.8 (157/171) 1.786 0.181
Local bone outside the cage 92.4 (159/172) 90.1 (154/171) 0.610 0.435

IH (mm)
Preoperative 9.1 � 2.7 8.7 � 2.8 0.591 0.556
Postoperative 12.7 � 2.2* 12.3 � 2.5* 1.016 0.312
Final follow-up 11.4 � 2.1*,# 10.8 � 2.3*,# 1.584 0.116
Correction 3.7 � 2.2 3.5 � 1.8 0.358 0.721
Loss 1.3 � 1.3 1.5 � 1.4 �0.791 0.431
Final subsidence rate (%) 10.5 (18/172) 17.5 (30/171) 3.570 0.059

SA (�)
Preoperative 15.3 � 8.0 15.4 � 8.0 �0.070 0.944
Postoperative 17.9 � 8.5 17.7 � 7.4 0.158 0.875
Final follow-up 17.6 � 8.2 17.3 � 7.3 0.224 0.823
Correction 2.6 � 3.6 2.3 � 4.3 0.470 0.639
Loss �0.3 � 1.5 �0.4 � 3.1 0.205 0.838

Abbreviations: IH, intervertebral space height; SA, segmental angle; # p < 0.05 compared with post-operation; * p < 0.05 compared with pre-operation.

TABLE 3 Comparison of cage union rate at the final follow-up between the two groups

Parameters n-HA/PA66 group PEEK group t / X2 p value

Coronal
Upper endplate 74.6 � 12.2 66.2 � 10.8 4.282 0.000*
Lower endplate 75.6 � 14.0 71.6 � 8.8 2.518 0.027*

Sagittal
Upper endplate 79.2 � 8.7 65.9 � 12.6 6.024 0.000*
Lower endplate 88.0 � 10.6 72.6 � 11.7 5.112 0.000*

*Statistical significance between two groups (p < 0.05).
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proliferation of rat bone marrow mesenchymal stem cells,
and the dynamic perfusion culture condition can signifi-
cantly improve osteogenic effectiveness.30 In contrast, the
PEEK cage is a bioinert cylinder without osteo conduction or
osteoinduction. This might explain why the n-HA/PA66
group showed a significantly larger ratio directly fused to the
endplate than the PEEK group at the final follow-up.

Subsidence Rates of the Two Different Cages
Cage subsidence is a common complication after TLIF and is
associated with fusion failures and poor clinical outcomes.4

It is influenced by the lower fused segment, amount of
morselized bone, number of fused segments, endplate
manipulation, cage size, cage position, and the material char-
acteristics of the cage.5,6,32 Both n-HA/PA66 and PEEK cages
have a low Young’s modulus that is similar to natural bone,
resulting in lower stress shielding.33–35 Furthermore, the

n-HA/PA66 cage shape is characterized by a wide rim with
several shallow recesses, and the PEEK cage also has a high
and regular jag. These unique shapes could significantly
increase the friction and footprint area, which dispersed the
pressure on the cage surface. Thus, diverse previous studies
have reported that these two kinds of cages are superior to
titanium mesh cages in reducing the subsidence rate after
cervical reconstruction.15,33,34,36,37 In this study, satisfactory
subsidence rates were achieved in both groups through long-
term follow-up. Of note, although there was no significant
difference, a slightly lower cage subsidence rate was observed
in the n-HA/PA66 group (10.5% vs 17.5%, p = 0.059).
Kumar et al.38 reported that a larger area of contact between
the cage surface and endplate could produce a lower stress
distribution. Although the footprint area is an important fac-
tor of subsidence in the early stage of fusion, successful bony
fusion and the fused area inside cages are more important in
terms of the final subsidence rate.25,38 Therefore, the rela-
tively larger cage union ratio in the n-HA/PA66 group might
be the reason for the slight difference in the cage subsidence
rates between the two groups at the final follow-up.

Long-Term Outcomes of the Two Different Cages
The long-term radiographic and clinical outcomes were satis-
factory in both the n-HA/PA66 and PEEK groups. There
were no significant differences in IH or SA at preoperative,
postoperative, or final follow-up between the two groups.
The mean magnitudes of loss in IH of the operative segment
were also similar (n-HA/PA66 group vs PEEK
group = 1.3 mm vs 1.5 mm, p = 0.431). Although both
groups showed slight loss of IH during follow-up, the VAS
and ODI scores were obviously improved after surgery, and
this effect was maintained well at the final follow-up. Thus,
the above long-term follow-up data suggest that n-HA/PA66
cages are comparable with PEEK cages as ideal implants for
application in TLIF.

TABLE 4 Clinical outcomes between the two groups

Parameters n-HA/PA66 group PEEK group t / X2 p value

VAS back
Preoperative 6.7 � 1.5 6.2 � 1.8 �0.648 0.485
3-month postoperative 3.4 � 1.1* 3.1 � 1.6* 0.311 0.672
Final follow-up 1.9 � 0.8*,# 2.2 � 0.6*,# 0.215 0.836

VAS leg
Preoperative 6.3 � 1.3 6.8 � 1.7 0.215 0.611
3-month postoperative 2.1 � 0.8* 2.4 � 1.1* �0.871 0.357
Final follow-up 2.0 � 0.9* 1.8 � 1.0* 0.457 0.581

ODI scores
Preoperative 53.5 � 7.8 50.8 � 6.5 �0.225 0.637
3-month postoperative 32.7 � 10.2* 35.1 � 13.8* 0.715 0.471
Final follow-up 14.6 � 5.1*,# 15.2 � 4.8*,# 0.302 0.632

Abbreviations: ODI, Oswestry Disability Index; VAS, Visual Analog Scale; # p < 0.05 compared with 3-month post-operation; * p < 0.05 compared with pre-
operation.

TABLE 5 Complications and re-admissions between the two
groups

Parameters n-HA/PA66 group
PEEK
group t/X2 p value

Perioperatively
CSF leakage 1 1
Wound infection 0 1
Nerve root injury 1 1
Epidural hematoma 0 0

Implant-related
Screw loosening 0 0
Screw broken 1 2
Cage retropulsion/migration 0 0

Re-admission 0 0
Total 3 5 0.521 0.721

Abbreviation: CSF, cerebrospinal fluid.
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Strengths and Limitations
The present study firstly reported the long-term follow-up
outcomes of the two cages used in TLIF through a relatively
large sample size. Furthermore, we used cage union ratio to
evaluate the fusion state on three-dimensional CT, and
found that bioactive n-HA/PA66 cage had better fusion
effect than the PEEK cage. However, several limitations still
exist in our study. First, it was a retrospective study from a
single center. Prospective studies are necessary to confirm
the present findings. Second, the choice of the two different
cages was not randomized, and the final results might be
influenced by surgeon-related factors to a certain degree.

Conclusion
This retrospective and matched-pair study demonstrated that
both n-HA/PA66 and PEEK cages can achieve high fusion
and low subsidence rates in TLIF, with an average 7-year
follow-up. As a bioactive material, the n-HA/PA66 group
showed significantly larger cage union ratios than the PEEK
group. And the use of both cages can obtain satisfactory
long-term clinical outcomes. Therefore, our results indicated
that the n-HA/PA66 cage is an ideal alternative material
comparable to the PEEK cage in TLIF.
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