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It has been more than six decades that posterior and anterior spinal fusion 
surgeries for spinal disorder treatment have been introduced. The procedure is an 
effective therapeutic method to stabilize the damaged area of the spine. It 
reduces the pressure on different spinal components and soft tissue, restores the 
spinal curvature, and corrects the anatomical abnormalities (3, 4). The common 
spinal fusion procedures include the Anterior Cervical Discectomy and Fusion 
(ACDF) (5, 6), Posterior Lumbar Interbody Fusion (PLIF) (7), and Transforaminal 
Lumbar Interbody Fusion (TLIF) (8), which are performed to treat various spinal 
disorders, such as canal stenosis, vertebral slippage, and disc herniation (9). In the 
beginning, these procedures were performed using different bone grafts to 
connect the vertebras and maintain the integrity between them (1, 2). However, 
since about 40 years ago, the application of interbody cages in these surgeries has 
become more common because the individual bone grafts caused various 
complications, leading to poor and incomplete fusion or even displacement (10). It 
has been estimated that, on average, more than 400,000 spinal fusion surgeries 
are performed annually in the United States (11), of which about 200,000 are on 
the lumbar area, while about 150,000 cases are on the cervical area (11). Moreover, 
it has been reported that about 83% of the surgeries on degenerated disks are 
performed with the help of interbody cages (12). 

As one of the most common materials used in implant manufacture, titanium is 
widely used in orthopedic and maxillofacial surgeries due to its favorable 
biocompatibility and mechanical properties (13, 14). Therefore, the use of titanium 
as the main material for interbody cages has been increasing in recent years, 
while the related designs have changed significantly over the years. According to 
studies, titanium interbody cages are safe and effective and have a high successful 
fusion rate (15). 

Introduction 

Abstract 
In recent years, spinal fusion surgery has become one of the most common treatments for spinal cord injuries, 
while the interbody cages, which replace the damaged interbody discs in the surgeries, have undergone 
extensive changes in design and material. These changes are quite visible, ranging from plain titanium cages 
made using the conventional manufacturing methods to customized porous titanium cages, which are made 
using additive manufacturing technology, or titanium-coated polymer cages. Among all the materials used in 
manufacturing the interbody cages, PolyEther Ether Ketone (PEEK) and titanium are the most common ones. 
Each of these two has its own advantages and disadvantages. Several studies have compared these two 
materials, mostly based on the two characteristics of subsidence and fusion rates. The present study 
performed a comprehensive review of the published clinical studies comparing the titanium and PEEK cages in 
order to make a comprehensive evaluation of these two. According to the reviewed studies, both materials 
had relatively similar results in subsidence rate, with no significant difference. However, it was shown that the 
titanium cages had a better fusion rate and subsequently were more likely to be successful in the clinical 
settings than the PEEK cages. 
Keywords: Spine, Titanium, Spinal fusion, Total Disc Replacement, Polymers 
 

Received: 7.5 months before printing; Accepted: 2 months before printing 

*PhD Student, Department of 
Biomedical Engineering, 
Science and Research Branch, 
Islamic Azad University, 
Tehran, Iran. 
**Assistant Professor, 
Department of Biomedical 
Engineering, Science and 
Research Branch, Islamic Azad 
University, Tehran, Iran. 
***Associate Professor, 
Department of Biomedical 
Engineering, Amirkabir 
University of Technology, 
Tehran, Iran. 
****Associate Professor, 
School of Physical Therapy 
and Graduate Institute of 
Rehabilitation Science, Chang 
Gung University, Taoyuan, 
Taiwan. 
****Associate Professor, 
Bone and Joint Research 
Center, Chang Gung Memorial 
Hospital, Linkou, Taiwan. 
 
 
 
 
 
 
Corresponding author: 
Mohammad Nikkhoo  
Email: m.nikkhoo@srbiau.ac.ir 
 



   Iranian Journal of Orthopaedic Surgery 
 Fatemi MM, et al.                                                    Vol 19, No 1 (Serial No 72), winter 2021, p 17-26 

 

18 

However, after these titanium cages became 
popular, the attention turned to other 
available materials for these implants. Various 
samples were produced, with carbon fiber 
cages being one of the most important. These 
cages have shown a relatively good fusion 
rate in clinical studies and can be a good 
option for cervical and lumbar surgeries due 
to their strength (16, 17). The interbody cages 
usually cause imaging artifacts, leading to an 
increased error rate and difficulty in diagnosis. 
Therefore, several studies have compared the 
interbody cages made from different 
materials in terms of artifacts created in CT 
scan and MRI images, and it has been found 
that carbon-fiber-reinforced polymer cages 
had more favorable results compared with 
titanium cages (18). 
The titanium cages have some other 
limitation as well, including the possibility of 
cage subsidence in the vertebral body, 
difficulty in detecting the successful fusion in 
radiographic images due to the radio-opacity 
of titanium, and the high modulus of 
elasticity, which results in the stress shielding 
phenomenon, leading to the reduction of the 
load exerted on the tissue and delayed or 
defective bone regeneration and fusion (19). 
These limitations led to the development of a 
new polymer material, the Polyether Ether 
Ketone (PEEK). The modulus of elasticity for 
PEEK is close to that of the bone, eliminating 
the problem of stress shielding caused by 
titanium. Moreover, PEEK is radiolucent, so it 
was very successful (20). In general, titanium 
alloy and PEEK both have their own 
advantages and disadvantages. However, 
both are biocompatible. Therefore, the idea 
of titanium-coated polymer interbody cages 
was raised. Moreover, the idea of interbody 
cages coated with ceramics, such as tri-
calcium phosphate, hydroxyapatite, etc., was 
investigated and yielded various results. 
Overally, these coated cages had a high fusion 
rate and low rates of failure and safety 
problems (21). Also, according to studies, 
titanium-coated cages had better results and 
were safer than bone grafts. Over time, many 
creative ideas were proposed for titanium 
cage designs, some of which were more 

effective and showed better results. For 
example, titanium cervical cages with a Z-
shaped design showed acceptable clinical 
results (23). These titanium cage designs were 
investigated by various software and 
simulation studies to find the fusion and 
subsidence rates (24). A study evaluated the 
hydroxyapatite-coated interbody cages made 
from PEEK and found that these cages had 
significantly increased adhesion, so they could 
be used for various orthopedic and spinal 
surgeries (25). 
Moreover, another study on a titanium-
coated PEEK cage using the electron beam 
method showed that the coated cages had 
higher bone coverage and integrity than the 
cages without a coating layer. Thus, the 
coated cages could be a good alternative to 
polymer cages (26). Recently, the titanium-
coated cages made from PEEK using different 
techniques have received much attention. For 
example, the VPS-coated composite cages 
used for coating the titanium on PEEK or 
carbon cages showed acceptable clinical 
results and had a high rate of successful 
fusion (27). Another study showed a high fusion 
rate and low subsidence rate one year after 
the spinal fusion surgeries using titanium-
coated PEEK cages, which was clinically 
acceptable (28). 
In recent years, additive manufacturing 
technology has significantly facilitated several 
production challenges and gave us the feature 
of implant personalization. Consequently, the 
application of this technology in interbody 
cage manufacture has also been developed. 
Using these methods, porous titanium cages 
were introduced to the market. These cages 
were made by the 3D-printing devices that 
make integrated porosities of specific and 
identical sizes, which can improve the bone 
growth process and accelerate the fusion. The 
stiffness properties of these porous networks 
are closely similar to the mechanical 
properties of the bone. These 3D-printed 
cages showed acceptable biocompatibility 
and fusion, so they can be used extensively 
(29). According to clinical studies, porous 
titanium cages had a lower subsidence rate in 
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post-operative follow-ups compared to the 
PEEK cages (30). 
Another feature of additive manufacturing 
technology is personalization, which has 
received considerable attention in the field of 
implants. Using this feature, implants can be 
personalized for each patient, with specific 
anatomical dimensions and sizes. These 
customized titanium implants can be a 
suitable alternative to the current titanium 
and PEEK cages (31). The different cage types 
discussed above are presented in Table 1 with 
the relevant commercial examples. 
Given the various designs for interbody cages 
and the raw materials used for their 

manufacture, several studies have 
investigated the different features of these 
implants. Regarding the titanium and PEEK as 
the main materials used for cage 
manufacture, a comprehensive clinical 
comparison is needed to further illustrate 
their main parameters, including the 
subsidence rate in the vertebral body (32) and 
the fusion rate (33). Therefore, the present 
study intended to make a comprehensive 
review of the literature in this field and 
summarize the latest findings of clinical 
studies in order to help orthopedic surgeons 
and neurosurgeons. 

 

Table 1- Samples of the interbody cages introduced in different groups by the manufacturing 
companies in recent years. 

3D printed Ti cages 
Ti-coated PEEK 

cages 
PEEK cages Carbon fiber cages Titanium cages 

 
CONDUIT 

DePuy Synthes 
(34)

 

PROTI 360 

DePuy Synthes 
(34)

 

Aleutian 

Stryker/k2m 
(35)

 ETurn 
Icotec-Medical 

(36)
 

Tezo 

Ulrich medical 
(37)

 

 
Adaptix 

Medtronic 
(38)

 

 
CAPSTONE PTC 
Medtronic 

(38)
 

 
PEEK CAPSTONE 

Medtronic 
(38)

 

 
CONCORDE 

DePuy Synthes 
(34)

 

 

Ti CAPSTONE 
Medtronic 

(38)
 

 
TrellOss™-C 

Zimmer Biomet 
(39)

 

 
 

CORNERSTONE 
PTC 

Medtronic 
(38)

 

 
PEEK 

CORNERSTONE 
Medtronic 

(38)
 

 
BENGAL 

DePuy Synthes 
(34)

 

TITAN 
ENDOSKELETON TC 

Medtronic 
(38)
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Comparisons between titanium and PEEK 
cages using clinical results 
Numerous studies have been published on 
interbody cages, comparing different cage 
types in terms of different features. In the 
present review, we evaluated 180 related 
studies, of which 53 studies on the cervical 
and lumbar cages were selected. Then, the 
study subject of comparison between the 
titanium and PEEK cages was selected. Finally, 
13 studies were included in the study. These 
studies had exclusively compared the titanium 
and PEEK cages, or carbon-reinforced and 
titanium-coated cages in certain cases, and 
reported the post-operative results in the 
medium- and long-term. The present study 
was mainly focused on the two variables of 
fusion rate and subsidence rate, which have 
been studied clinically in post-operative 
follow-ups. 
The first study was conducted in Germany 
during 2008-2013. Forty participants, 
including 23 female and 17 male patients with 
the mean age of 66, underwent lumbar fusion 
surgery using the PLIF method and titanium or 
PEEK interbody cages. Titanium cages were 
used for 15 patients, while 25 received PEEK 
cages. No bone grafts were used in the 
patients. The patients underwent post-
operative follow-up using the CT scan. 
Moreover, the successful fusion was 
considered as at least 3 connected parts fused 
together. Also, the authors developed a new 
scoring system for fusion evaluation. The 
study showed a low fusion rate in both groups 
due to the lack of bony grafts, and no case of 
cage subsidence was reported. Finally, the 
authors concluded that bone grafts should be 
used in combination with interbody cages if 
possible to increase the chance of successful 
fusion (40). 
Another clinical study in Japan during 2016-
2018 compared the PEEK cages with and 
without titanium coating in the rate of 
successful fusion. The study included 149 
participants, including 84 male and 65 female 
patients with the mean age of 67, undergoing 
PLIF surgery in one level. The PEEK cages with 
and without titanium coating were used for 
80 and 69 participants, respectively. The 
patients were followed using the CT scan 

within 12 months post-surgery. In the 6-
month follow-up, the group receiving 
titanium-coated PEEK cages had a relatively 
higher rate of endplate fusion compared to 
another group. Therefore, it can be concluded 
that titanium-coated PEEK cages were better 
than PEEK cages without coating in fusion 
rate. Moreover, both groups showed 
significant improvements using the ODI and 
JOABPEQ indices in the 12-month follow-up, 
with no significant inter-group difference in 
cage subsidence rate and screw loosening. 
However, only 45% of the patients had a 
complete fusion in the 12-month follow-up. 
These poor results can be explained by the 
relatively strict criteria used for defining the 
successful fusion. According to the criteria, 
the patients were classified into 3 groups in 
terms of fusion status, and a complete fusion 
was defined as the formation of a bony 
integration between the bodies of the 
adjacent vertebrae (41). 
Another clinical study by a German team in 
2012 compared the PEEK cages with and 
without titanium coating. The study included 
40 patients that underwent fusion surgery 
using the TLIF method and were followed 
using the CT scan for 12 months. Half of the 
patients received PEEK cages without titanium 
coating, while the rest received the titanium-
coated PEEK cages. The subsidence was 
defined as more than 1 mm of height 
reduction between the vertebrae alongside 
the visible cracks on the endplates, while the 
fusion was defined as the presence of a bony 
bridge connection between the two parts. 
According to the findings, no significant inter-
group difference was found in fusion and 
subsidence rates using the ODI and VAS 
indices. Both groups showed acceptable 
fusion rates and no case of subsidence (42). 
Another clinical study on Chinese patients 
during 2002-2004 compared the titanium and 
PEEK cages. The study included 60 patients 
that underwent cervical fusion surgery and 
were followed using plain radiography for 7 
years. 29 patients received titanium cages, 
while 31 received PEEK cages. The subsidence 
was defined as more than 3 mm of height 
reduction between the vertebrae. Moreover, 
fusion was defined by the three following 
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variables: the absence of spinous process 
movement in the lateral radiographs, the 
absence of gaps between the endplates and 
bone grafts, and the presence of a continuous 
bony connection between the endplates and 
bone grafts. Using the JOA and NDI indices, it 
was found that both groups had a fusion rate 
of 100%, while the subsidence rate was 
significantly lower in the PEEK group than the 
titanium group. The authors concluded that 
PEEK cages had better results in cervical 
fusion surgeries than titanium cages (43). 
Another study in Japan during 2008-2011 
compared the titanium and PEEK cages. The 
study included 48 patients that underwent 
fusion surgery using the TLIF method and 
were followed using the CT scan for 24 
months. 25 patients received the PEEK cages, 
while 23 received the titanium cages. The 
subsidence was defined as more than 2 mm of 
cage depression in the adjacent vertebrae, 
while the fusion was defined as the presence 
of a bony connection around the cage that 
could be observed on both sagittal and 
coronal planes in CT scan. After the 24-month 
follow-up, it was found that the group 
receiving titanium cages had a fusion rate of 
100%, while it was 76% for the group 
receiving PEEK cages. Moreover, the 
subsidence rates were 35% and 28% in the 
titanium and PEEK groups, respectively (44). 
Another study in Taiwan during 2002-2004 
compared the titanium cages, PEEK cages, and 
bone grafts. The study included 55 patients 
that underwent cervical anterior surgery and 
were followed using plain radiography for 12 
months. 27 patients received titanium cages, 
9 received PEEK cages, and 19 patients 
received only bone grafts. The fusion was 
defined as the formation of a bony connection 
throughout the segment. After a 12-month 
follow-up, the subsidence rate was 25% in the 
titanium group, while there was no case of 
subsidence in other groups. Moreover, the 
fusion rate was 46% in the titanium group, 
while it was 100% in the groups using PEEK 
cages and bone grafts. The authors concluded 
that PEEK cage application was a suitable 
alternative to other methods and 
recommended using these cages in the 
cervical area (45). 

As a relatively novel method for fusion 
surgeries, LLIF has attracted a great deal of 
attention. A study in the United States that 
was published in 2020 compared the titanium 
and PEEK and cages. The study included 113 
patients with a mean age of 60 who 
underwent fusion surgery in 2017 using the 
LLIF method and were under clinical follow-up 
for 12 months. 56 patients received titanium 
cages, while 57 received PEEK cages. The 
subsidence was graded on a 3-point scale 
based on a pre-validated scoring system. 
According to the findings, the titanium group 
had better results than the PEEK group in 
terms of subsidence rate (?).   
A clinical study in Japan published in 2019 
compared the titanium-coated and uncoated 
PEEK cages made using the plasma spray 
technique. The study included 26 patients 
who underwent fusion surgery in one level 
during 2016-2018 using the PLIF method and 
were under follow-up using CT scan and 
functional radiography images for 12 months. 
The patients received either uncoated or 
titanium-coated PEEK cages. No case of 
subsidence was reported in both groups, 
while the total fusion rate was 88%. 
Complete fusion was defined by fulfilling all 
the following criteria: the presence of a 
continuous bony bridge in the disk space in CT 
images, no screw loosening in CT images, no 
visible area surrounding the cage in 
radiography or CT images, and more than 3 
degrees variation in the angle of the fused 
body in the functional images. According to 
CT images, bone growth and tissue formation 
were slightly higher in the titanium-coated 
cages than in the uncoated cages. The authors 
concluded that titanium-coated PEEK cages 
had a higher fusion rate and improved clinical 
outcomes (47). 
A clinical study in Italy during 2015-2016 
compared the titanium and PEEK cages. The 
study included 40 patients who underwent 
TLIF surgery and were followed for 12 months 
using the CT scan and certain questionnaires. 
Half of the patients, who had a mean age of 
48, received PEEK cages, while the rest, who 
has a mean age of 55, received titanium 
cages. Fusion was scored based on a criteria 
suggested by Christensen et al. (48). Complete 
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fusion was considered as a continuous bony 
connection in each direction. After the follow-
up period, the groups did not have functional 
differences. Moreover, the fusion rates were 
40% and 15% for the titanium and PEEK 
groups, respectively. Therefore, the titanium 
cages had better results in the fusion rate 
than the PEEK cages (49). 
A clinical study in Japan during 2015-2016 
compared the titanium-coated PEEK cages 
and carbon PEEK cages. The study included 
126 patients who underwent PLIF surgery and 
were followed for 12 months using the CT 
scan. 92 patients received carbon PEEK cages, 
while 36 received titanium-coated PEEK 
cages. Fusion was defined as a complete bony 
connection between the vertebrae and bone 
graft in the cage and no screw loosening or 
vertebral movement in the functional images. 
A fusion stability grading was also defined in 
the study. Moreover, subsidence was defined 
as a more than 2 mm depression of the cage 
in the adjacent vertebral body. After the 
follow-up period, both groups had similar 
fusion rates with no significant differences, 
while the subsidence rate was lower in the 
titanium-coated group, so this group had 
more favorable results (50). 
A clinical trial in Germany compared the 
titanium and PEEK cages. The study included 
419 patients who underwent TLIF surgery and 
were followed for 50 months using the CT 
scan. 323 patients received PEEK cages, while 
96 received titanium cages. According to the 
findings, there was no difference between the 
groups in terms of fusion rate, side effect, or 
integrity. However, the main goal of the 
mentioned study was investigating the 
sagittal spinal balance (51). 
Due to the development in cage production, 
various and innovative designs have been 
introduced so far. For example, a titanium 
cage with a Z-shaped design has been 
introduced to the market. A clinical study in 
China in 2020 compared these new, Z-shaped 
titanium cages with PEEK cages. The study 
included 10 patients who underwent TLIF 
surgery and were followed for 3 months. 6 
patients received PEEK cages, while 4 received 
Z-shaped titanium cages. Complete fusion was 
defined as an angle change of fewer than 5 

degrees in the fused segment, while 
subsidence was defined as more than 2 mm of 
changes in the height between the vertebrae 
in radiography. The post-operative pain was 
assessed using the Visual Analog Scale (VAS) 
and the Oswestry Disability Index (ODI). 
According to the findings, the groups were 
not different in pain; however, the subsidence 
rate was 42% in the PEEK groups, while 0% in 
the Z-shaped titanium group. Moreover, the 
fusion rates were 67% and 100% in the PEEK 
and Z-shaped titanium groups, respectively. 
Therefore, the Z-shaped titanium cages were 
significantly better than the PEEK cages in 
fusion and subsidence (52). 
A study in Germany in 2020 compared the 
titanium-coated and uncoated PEEK cages. 
The study included 60 patients who 
underwent PLIF surgery at one or two levels 
and were under clinical follow-up for 24 
months. 28 patients received uncoated PEEK 
cages, while 27 received titanium-coated 
PEEK cages. 55 patients, including 36 female 
and 19 male patients, ended the follow-up 
period. The patients were evaluated using 
radiography and CT scan at 6, 12, and 24 
months post-surgery. Fusion was defined as 
the presence of a continuous bony bridge 
between the endplates of each vertebra with 
the adjacent vertebrae through the cage, 
while subsidence was defined as more than 3 
mm of any cage movement or displacement. 
According to the findings, there was no 
significant inter-group difference in the fusion 
and subsidence rates, and both groups had 
acceptable results (53). 
In the studies reviewed, a total of 1234 
participants were investigated, of which 270 
had titanium cages, 741 had PEEK cages, and 
179 had titanium-coated PEEK cages. The 
mean follow-up period was 24.3 months. 
Moreover, 145 patients were evaluated using 
plain radiography, while 736 were evaluated 
using CT scan. 353 patients were evaluated 
using both methods. Also, 135 patients 
received only the cages, while 1099 had other 
spinal implants combined with the cages. 
A summary of the findings by the mentioned 
studies is presented in Table 2. 
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Table 2 - Comparison of the important features and results of reviewed articles 

re
fe

re
n

ce 

conclusion Definition of fusion criteria Definition of 
subsidence criteria 

Type of image 
evaluation 

Follow-up 
period of 
patients 
(months) 

Number 
of 

patients 

n
u

m
b

e
r 

(40) 

There is no significant difference 
between titanium cage and PEEK. 
the reason for the weakness in 
the fusion is not using bone graft. 

The continuous bridge of the 
bone with at least 3 connected 
parts is considered as a fused 
part. A scoring system is also 

defined to determine the 
fusion rate. 

It did not happen CT SCAN 33 40 1.  

(41) 
The use of PEEK cages with 
titanium coating has a better 
fusion rate than PEEK cages. 

To define fusion, three degrees 
are defined, complete fusion is 
a continuous bony connection 
between the body of adjacent 

vertebrae. 

Cage depression more 
than one millimeter in 

the vertebrae 
CT SCAN 12 149 2.  

(42) 

Both groups showed acceptable 
fusion rates and no cage 
subsidence was observed in any 
of the cases. 

Presence or absence of bone 
connection between the two 

parts 

Decrease in height 
between vertebrae 

more than one 
millimeter with cracks 
visible on the endplate 

CT SCAN 12 40 3.  

(43) 

Cage subsidence is much lower in 
the PEEK group than in the 
titanium group, in both groups 
the fusion rate is 100%. 

Absence of spinous process 
movement in lateral 

radiographic images, no 
distance between bone graft 
and end plates in images, no 

continuous bone connection in 
end plate and bone graft 

Decreased height 
between vertebrae 

more than 3 mm 

X RAY 
RADIOGRAPHY 99 80 4.  

(44) 

100% of the group who received 
the titanium cage had complete 
fusion, while the other group 
experienced only 76% success in 
fusion rate. Cage subsidence 
occurred in the titanium group by 
35% and in the PEEK group by 
28% 

There is a bony connection 
surrounding the cage that is 
visible on both the sagittal 

plate and the coronal planes of 
the CT scan. 

Cage depression in 
adjacent vertebrae 

more than two 
millimeters 

CT SCAN 24 48 5.  

(45) 

Cage subsidence with 25% has 
been seen only in the titanium 
group and no other complications 
have been reported in the other 
two groups. Also, the fusion rate 
after 12 months was reported to 
be 46% in the titanium cage group 
and 100% in the other two groups 
of PEEK cage and bone grafts. 

The formation of bony 
connections throughout the 

segment 

No exact definition 
provided 

X RAY 
RADIOGRAPHY 12 55 6.  

(46) 

The subsidence rate in the group 
that used the titanium cage is 
more favorable than the group 
that used the PEEK cage. 

No exact definition provided 
Three grades 

according to the pre-
validated system (54) 

X RAY 
RADIOGRAPHY 

/CT SCAN 
12 113 7.  

(47) 
The use of titanium coated PEEK 
cages can be effective in fusion 
rate and better clinical results 

1  .continuous bony bridge in 
disk space in CT scan 

2. No screw loosening in CT 
scan 

3 .No visible area surrounding 
the cage in radiography or CT 

scan 
4. more than 3 degrees Change 

in the angle of in the fused 
body in the functional images 

It did not happen 
X RAY 

RADIOGRAPHY 
/CT SCAN 

12 52 8.  

(49) 

After one year, the fusion rate is 
reported to be 40% for the 
titanium group and only 15% for 
the PEEK group. 

According to Christensen et al. 
(48), the possibility of three 

degrees of fusion is defined. a 
complete and continuous bony 
connection in each direction is 

considered fusion. 

No exact definition 
provided CT SCAN 12 40 9.  

(50) 

Both groups showed the same 
fusion rate, but the subsidence 
rate was lower in the titanium 
group and had better results. 

Complete bony connection 
between the vertebrae and the 
bone graft in the cages with no 

loosening of the screws or 
movement of the vertebrae in 

functional images 

Depression more than 
2 mm in the adjacent 

vertebrae body 

MPR-CT/CT 
SCAN 12 128 10.  

(51) 
The type of cage did not affect the 
fusion rate or side effects or 
integrity of the segment. 

No exact definition provided No exact definition 
provided CT SCAN 50 419 11.  

(52) Higher fusion rate and lower 
subsidence rate in titanium cages 

The angular changes of the 
segment should be less than 5 

degrees 

Height changes over 2 
mm 

X RAY 
RADIOGRAPHY 3 10 12.  

(53) Both types of cages have shown 
acceptable results 

Existence of complete bony 
connection of the end plates of 

each vertebrae with the 
adjacent vertebrae through the 

cage 

3 mm Displacement of 
the cage and above  

X RAY 
RADIOGRAPHY 

/CT SCAN 
24 60 13.  
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At first, we will discuss the evolutionary course 
of the design and structure of interbody cages in 
recent decades. The related studies were 
reviewed to illustrate the strengths and 
weaknesses of the cages made of different 
materials, such as titanium, PEEK, and carbon 
fiber cages, titanium-coated PEEK cages, and 
titanium cages made by additive manufacturing 
methods. The two main materials of titanium 
and PEEK, which are the materials most 
extensively used for cage manufacture, were 
selected, and the main objective of the present 
study was to compare these two cages. We 
reviewed the previous clinical studies and found 
that they had controversial results. Therefore, 
we intended to have a complete review of the 
clinical properties of these two cages to make a 
proper comparison in order to help the 
healthcare professionals and surgeons. 
The included clinical studies were those 
investigating the lumbar and cervical fusion 
surgeries with anterior or posterior approaches. 
The variables studied included the fusion rate, 
subsidence rate, patient pain index, sagittal 
alignment, range of motion, and other variables. 
Our focus was on the two main variables of 
fusion and subsidence rate, as well as the 
potential complications because if the two 
factors of successful fusion and lack of 
subsidence are not achieved, revision surgery 
will be needed to remove the used implant. 
Therefore, the risk of infection and other 
complications will increase (55). Moreover, the 
risk of Adjacent Surface Degeneration (ASD) in 
the adjacent vertebrae increases, leading to 
interbody disc degeneration at the adjacent 
levels and thus increasing the number of 
segments requiring surgery in the future (56). 

We tried to include the clinical trials 
investigating both cervical and lumbar surgeries. 
Moreover, there was an acceptable 
geographical distribution because the studies 
were conducted in different parts of Europe, 
Asia, and the Americas. Also, the follow-up 
durations were quite sufficient, two years on 
average, so the results were reliable. The 
included studies had various sample sizes and 
yielded different and controversial results. 
The main limitation of the present study was 
the differences in the definitions used for fusion 
and subsidence in the studies included. This 
difference in criteria could affect the final 
results. Also, there was a lack of conclusive and 
firm results in the included studies. Therefore, 
there is a need for more extensive clinical 
studies with more stringent variables. 
According to our review, titanium and PEEK 
cages are not different in the subsidence rate. 
They both showed acceptable and similar 
results in subsidence with no significant 
difference. In terms of the most important 
variable, fusion rate, there were controversial 
results. However, generally, titanium cages 
were better than the PEEK cages in the fusion 
rate. This conclusion can be generalized to the 
cages made by additive manufacturing 
techniques and also coated cages. Nowadays, 
big companies are focusing on the porous 
titanium cages made by additive manufacturing 
methods. This area has received more attention 
because titanium cages have proved their 
capabilities. Moreover, there has been an 
increasing trend in the development of additive 
manufacturing technology. There have been 
studies on the production of porous titanium 
cages personalized for a specific patient using 
3D printers. These cages have shown acceptable 
results as well (57). 
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