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Abstract: A titanium mesh cage (TMC) is a common device used for interbody fusion in anterior cervical corpec-
tomy and fusion (ACCF) surgery, with postoperative subsidence being a common complication. Among the many 
influencing factors, there is a paucity of research on the end-covers of the TMC. A total of 62 patients with cervical 
spondylotic myelopathy were treated with single-level ACCF. TMC without end-covers (group A), traditional TMC with 
end-covers (group B) and new TMC with end-covers (group C) were used as the fusion device. We evaluated the 
surgery time, intraoperative blood loss, postoperative drainage volume, postoperative fusion, falling height of the 
fused segment, cervical curvature and severe subsidence rate (the number of falling height of the fused segment 
> 3 mm/total surgical cases in the group). In addition, the Japanese Orthopaedic Association score was used for 
neurological status assessment and a 10-point Visual Analog Scale for postoperative neck pain. The results showed 
that the falling height of the fused segment in group A (1.9 ± 0.6 mm) was significantly greater than in group B (0.9 
± 0.2 mm) and group C (0.8 ± 0.3 mm). The area of the end-covers increased gradually in group A, group B and 
group C, while the severe subsidence rate of group A (8/20, 40%), group B (5/22, 23%) and group C (2/20, 10%) 
gradually decreased. The surgery time and blood loss in group B (116.4 ± 12.2 min, 183.5 ± 36.4 mL) were higher 
than those in group A (90.22 ± 5.60 min, 110.4 ± 20.8 mL) and group C (92.8 ± 8.47 min, 114 ± 24.0 mL). These 
results showed that there was a correlation between the postoperative subsidence and the end-covers of TMC. The 
larger the end-cover area was, the lower the severe postoperative subsidence rate was. In addition, the design of 
the end-covers extending inward was more conducive to the operation.
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Introduction

Cervical spondylotic myelopathy (CSM) is a 
common degenerative disease of the cervical 
vertebrae, which causes spinal cord compres-
sion, leading to serious consequences. Sur- 
gery is the most important treatment strategy 
for CSM, particularly anterior cervical corpec-
tomy and fusion (ACCF) being the most impor-
tant form of surgery due to its superior clinical 
outcome [1]. At present, a titanium mesh cage 
(TMC) with autogenous bone is the main cho- 
ice of interbody fusion device in ACCF. Postop- 
erative subsidence of the TMC is one of the 
most common complications, which can cause 
loosening and displacement of internal plants, 
neck pain and other related problems [2, 3]. 
There are many reasons that can account for 
the subsidence of TMC, including the patient’s 

age, osteoporosis, excessive expansion bet- 
ween vertebrae during an operation, improper 
trimming of the TMC, and so on [4-6]. The end-
covers of a TMC is also an important factor. 
Previous studies have shown that a TMC with 
end-cover reduced the postoperative subsid-
ence rate and neck pain compared to a TMC 
without end-covers [4]. When the end-covers 
are designed to match the shape of the adja-
cent endplate, the subsidence of TMC is re- 
duced [7]. These findings indicated that the 
end-covers of a TMC may be very important  
in preventing postoperative subsidence, but to 
date there is no clear correlation. The question 
remains whether we can reduce postoperative 
subsidence by changing the end-cover design. 
At present, there is a lack of relevant rese- 
arch, therefore, we aimed to improve the de- 
sign of the traditional TMC with end-covers,  
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and compared the clinical and imaging results 
among the three types (a TMC without end- 
covers, a traditional TMC with end-covers and  
a new TMC with end-covers). The purpose of 
the present study was to investigate the rela-
tionship between postoperative subsidence 
and the TMC end-covers.

Material and methods

Description of the 3 types of TMC

A TMC without end-covers is a hollow reticu- 
lated cylinder fabricated from titanium alloy. 
There is no special design at both ends, which 

could be trimmed according to the length re- 
quirements (Figure 1A). The traditional TMC 
with end-covers is also a titanium alloy hollow 
reticulated cylinder, both ends of which are co- 
vered by an annular end-cover extending out-
wards for 2 mm. The surface of the end-covers 
was designed to be serrated to prevent the 
TMC from slipping. The leading edge of the 
upper end-cover had a bulge, and the lower 
end-cover was inclined up and down by 10°. In 
order to avoid the end-cover protruding back-
wards and pressing the spinal cord, the rear 
edge was designed to be flush with the outer 
edge of the cylinder (Figure 1B). The new TMC 

Figure 1. (A) shows a TMC without end-covers, (B) shows a traditional TMC with end-covers, (C) shows a new TMC 
with end-covers. (A-1, B-1, C-1) are lateral views, (A-2, B-2, C-2) are top views, (A-3, B-3, C-3) are bottom views.
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with end-covers was similar to the traditional 
one, but its end-covers were designed to ex- 
tend 2 mm inwards and the outer edge was 
flush with the cylinder. The surface of the new 
TMC with end-covers was completely covered 
by serrations and the lower end-cover was de- 
signed with an arc-shaped inclination of 10°,  
so that it fitted more closely with the upper  
end plate of the lower vertebral body (Figure 
1C). The 3 types of TMCs had different sizes, 
which could be selected according to the oper-
ation requirements.

From January 2017 to December 2018, a total 
of 62 patients with CSM underwent single-le- 
vel ACCF. All the patients were treated conse- 
cutively and alternately with a TMC without 
end-covers (group A), a traditional TMC with 
end-covers (group B) or a new TMC with end-
covers (group C), according to the order of ad- 
mission. All the TMCs were produced by China 
Weigao Instrument Co. Ltd. The inclusion crite-
ria for the study were: (1) spinal cord compres-
sion caused by intervertebral disc herniation, 
osteophyte proliferation or ossification of the 
posterior longitudinal ligament and the range  
of lesion involved in the distance between the 
adjacent intervertebral spaces; (2) strict con-
servative treatment was ineffective (conserva-
tive treatment for at least 6 months) and nerve 
injury was gradually aggravated; (3) T value of 
bone mineral density was > -2.5. The exclusion 
criteria were: (1) patients with osteoporosis 
whose T value of bone mineral density was ≤ 
-2.5; (2) ossification of posterior longitudinal 
ligament of cervical vertebrae over more than  

2 intervertebral spaces; (3) developmental cer-
vical spinal stenosis; (4) ossification of the cer-
vical ligamentum flavum; (5) patients with non-
degenerative diseases such as cervical frac- 
ture, infection, tumor, ankylosing spondylitis, 
etc.; (6) mental disorders. All data were collect-
ed and reviewed by an independent observer 
who was not directly involved in the medical 
and nursing work of the patients.

Operation procedures

The cervical vertebrae were exposed through 
the Smith Robinson approach on the right side 
under endotracheal anesthesia. C-arm fluoros-
copy was used to determine the target verte-
bral body. After the intervertebral discs adja-
cent to the target vertebral body were remo- 
ved, the target vertebral body was cut to the 
front of the dura mater. The cut vertebral bod-
ies were cut into bone fragments and placed 
into TMC as bone graft material. The TMC fill- 
ed with autogenous bone was implanted into 
the decompression groove (Figure 2). Finally, a 
titanium plate was used for fixation. All pati- 
ents wore a neck circumference for 1 month.

Outcome assessment

The patients were followed-up for at least 12 
months and received X-ray and CT scans to 
evaluate the subsidence of the TMC, cervical 
curvature and the fusion of the operative seg-
ments. A severe subsidence of TMC was de- 
fined at 12 months after the operation as the 
height by which the fused segment decreased 

Figure 2. The 3 types of TMC were placed in the decompression groove after subtotal vertebral body resection. (A) 
TMC without end-covers, (B) traditional TMC with end-covers which protruded outwards, (C) new type of TMC with 
end-covers flush with the outer edge of the body.
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by ≥ 3 mm compared to day 1 after the opera-
tion. The height of the fused segment was de- 
fined as the line between the midpoint of the 
upper and lower endplates of the adjacent ver-
tebrae [8]. Evaluation of cervical curvature was 
based on the C2-C7 Cobb angle (Figure 3). 
Interbody fusion was defined as the fusion of 
mature bone trabeculae across the TMC and 
the adjacent upper and lower endplates [9]. 
The Japanese Orthopaedic Association (JOA) 
scoring system was used to evaluate functions 

of the nervous system [10]. Postoperative neck 
pain was graded using a 10-point visual analog 
scale (VAS) [11]. All data were collected and re- 
viewed by an independent, experienced spine 
surgeon and a radiologist (Figure 4).

Statistical analysis

SPSS (ver. 23.0) was used for all statistical 
analyses. Measurement data was expressed 
as the mean ± standard deviation. One-way 

Figure 3. A-1, A-2, A-3. Show the height of the fused segment and the curvature of the cervical vertebra, 1 day after 
operation, with TMC without end-covers, traditional TMC with end-covers and new TMC with end-covers. B-1, B-2, 
B-3. Show images 1 year after the operation with TMC without end-cover, traditional TMC with end-covers and new 
TMC with end-covers. It can be seen that the subsidence of TMC without end-covers was more obvious and accom-
panied by the displacement of TMC.
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ANOVA was used for multi-group (group A, 
group B and group C) comparisons and the 
SNK-q method was used for further pairwise 
comparisons (group A vs B, A vs C, B vs C). 
Student’s t test was used to compare the pre-
operative and postoperative data (cervical cur-
vature, JOA score, VAS score). A chi-squared 
test was used to compare counting data (gen-
der and resection segment) among group A, B 
and C. The significance level was set at P < 
0.05. 

Results

Comparison of preoperative data among 3 
groups

Among the three groups, 20 cases were treat-
ed with TMC without end-covers (group A);  
10 males and 10 females, age range 39-66 
years, average age 63.45 ± 2.60 years. There 
were 22 patients in the traditional TMC with 

end-covers group (group B); comprised of 10 
males and 12 females, age range 40-68  
years, average age 64.4 ± 2.3 years. A total  
of 20 cases were treated with the new TMC 
with end-covers (group C); 9 males and 11 
females, age range was 42-71 years, average 
age 64.4 ± 2.3 years. Vertebral resection seg-
ment: in group A, 2 cases were C4, 10 cases 
were C5, 8 cases were C6; in group B, 2 cases 
were C4, 9 cases were C5, 11 cases were C6; 
in group C, 2 cases were C4, 9 cases were C5, 
9 cases were C6, and there was no statistical 
differences between the 3 groups (Table 1). 

Comparison of intraoperative and postopera-
tive data among 3 groups 

The average surgery time of group A (90.22 ± 
5.60 min) and group C (92.8 ± 8.47 min) was 
shorter than for group B (116.4 ± 12.2 min, P < 
0.05). The quantity of blood loss in group A 
(110.4 ± 20.8 mL) and group C (114 ± 24.0  

Figure 4. A typical case is, using 
the new TMC with end-covers, of 
a woman who underwent sur-
gery at the age of 46. The height 
changes of her cervical fusion 
segment are shown in the figure, 
in which (A-1) was 1 day after her 
operation, (A-2) was 3 months 
after the operation, (A-3) was 6 
months after the operation, (A-4) 
was 12 months after the opera-
tion and (A-5) was 24 months af-
ter the operation. It can be seen 
that the new TMC with end-cov-
ers effectively reduced postop-
erative subsidence.
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Table 1. Comparison of preoperative data of 3 groups

Items Group A  
(n = 20)

Group B  
(n = 22)

Group C  
(n = 20) F value P value A vs B

P value
A vs C

P value
B vs C
P value

Age (year) 60.45 ± 3.2 64.4 ± 2.28 63.45 ± 2.60 1.723 0.232 0.132 0.651 0.254
Gender 20 22 20 0.940 0.768 0.752 0.976
    male 10 10 9
    female 10 12 11
Resection segment C4 2 C4 2 C4 2 0.979 0.806 0.946 0.949

C5 10 C5 9 C5 9
C6 8 C6 11 C6 9

Table 2. Comparison of intraoperative and postoperative data in 3 groups

Items Group A
(n = 20)

Group B
(n = 22)

Group C
(n = 20)

F
value

P
value

A vs B
P value

A vs C
P value

B vs C
P value

Surgery time (min) 90.22 ± 5.60 116.4 ± 12.2 92.8 ± 8.47 7.436 0.012 0.015 0.675 0.033
Blood loss (ml) 110.4 ± 20.8 183.5 ± 36.4 114 ± 24.0 6.548 0.018 0.023 0.851 0.033
Postoperative drainage (ml) 121.4 ± 21.3 136.2 ± 26.6 124 ± 19.8 0.362 0.706 0.488 0.882 0.556
hospital stay (day) 5.8 ± 0.62 6.1 ± 0.55 6.35 ± 0.81 0.508 0.618 0.554 0.386 0.674
infection 0 0 0

mL) was less than in group B (183.5 ± 36.4  
mL, P < 0.05). There was no significant differ-
ence between the three groups in terms of 
postoperative drainage and hospital stay. It 
should be noted that there were no cases of 
infection in the three groups (Table 2). 

Comparison of clinical and imaging data 
among 3 groups 

In this study, all patients were followed up for 
12 to 24 months, with an average of 18 mon- 
ths. All decompression segments achieved 
bony fusion. There were no complications such 
as spinal cord injury, cerebrospinal fluid leak-
age, esophageal fistula, wound infection or in- 
ternal fixation displacement. In the postopera-
tive follow-up, the falling height of the fused 
segment in group A (1.9 ± 0.6 mm) was signifi-
cantly greater than in group B (0.9 ± 0.2 mm) 
and group C (0.8 ± 0.3 mm). The severe sub- 
sidence rate of TMC in group A (8/20, 40%)  
was higher than that in groups B (5/22, 23%) 
and C (2/20, 10%), with the rate in group B 
being higher than in group C. The cervical cur-
vature and postoperative neck pain at the final 
follow-up were all improved compared with th- 
at of pre-operation (P < 0.05), with no signifi-
cant differences between the 3 groups (P < 
0.05). Similarly, the JOA scores of the 3 groups 
at the final follow-ups were higher than those  
at pre-operation (P < 0.05). The improvements 

of group B and C were more obvious than gr- 
oup A (P < 0.05) (Table 3).

Discussion

In the surgical treatment of CSM, ACCF is one 
of the most common operations [12]. It can 
directly decompress the compressed spinal 
cord and restore and maintain the height of  
the vertebral body and the curvature of the  
cervical vertebra [13-15]. There are many types 
of interbody fusion devices available, from the 
initial autogenous iliac bone to the currently 
used TMCs [16, 17]. At present, a TMC with 
autogenous bone is the most common choice 
for interbody fusion [18, 19]. It has many ad- 
vantages, such as avoiding the complications 
of pain, hematoma and infection at the bone 
extraction site during autogenous iliac bone 
transplantation [20-22]. The subsidence of a 
TMC is one of the most common complica- 
tions, although the clinical significance of whi- 
ch remains controversial [23-25], but theoreti-
cally, maintaining the height of the TMC is of 
clear significance for the recovery and mainte-
nance of cervical curvature and intervertebral 
height. In this way, the stenosis in the interver-
tebral foramen and degeneration of the liga-
mentum flavum can be prevented from caus- 
ing the recompression of the spinal cord and 
nerve roots [26, 27]. There are many reasons 
for the subsidence of TMC [28, 29], but the 
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Table 3. Comparison of clinical and imaging data of 3 groups

Items Group A
(n = 20)

Group B
(n = 22)

Group C
(n = 20)

F
value

P
value

A vs B
P value

A vs C
P value

B vs C
P value

Falling height of fused segment (mm) 1.9 ± 0.6 0.9 ± 0.2 0.8 ± 0.3 6.796 0.016 0.034 0.030 0.648
Severe subsidence 8 5 2
Cervical curvature
    preoperation 6.4 ± 1.2 6.2 ± 1.2 5.8 ± 1.6 0.154 0.859 0.845 0.622 0.741
    final follow-up 9.1 ± 1.1 9.8 ± 1.4 9.5 ± 1.3 0.228 0.800 0.521 0.698 0.795
    P value 0.028 0.015 0.021
JOA score
    preoperation 8.8 ± 1.3 9.1 ± 1.6 9 ± 1.8 0.028 0.972 0.809 0.881 0.945
    final follow-up 12 ± 1.3 14.8 ± 1.3 15 ± 1.5 4.497 0.044 0.039 0.040 0.867
    P value 0.024 0.003 0.004
VAS score
    preoperation 6.3 ± 1.5 6.8 ± 1.2 6.4 ± 1.4 0.112 0.896 0.668 0.935 0.720
    final follow-up 3.1 ± 1.4 2.3 ± 1.7 2.0 ± 1.5 0.410 0.676 0.552 0.389 0.826
    P value 0.036 0.010 0.010

end-cover is also a factor that cannot be ig- 
nored. We found that the height of the fusion 
segment was significantly decreased in the 
patient group treated with TMCs without end-
covers compared to the group who received 
TMCs with end-covers. Accordingly, the severe 
subsidence rate of the former was significantly 
higher than that of the latter. This finding may 
be due to the lack of an end-cover in the for- 
mer device, resulting in less area of contact 
between the TMC and the vertebral endplate. 
At the same time, we also found that the se- 
vere subsidence rate of the new TMC with end-
covers was lower than that of the traditional 
implant. The contact area of the same type of 
TMC with end-covers was larger than without 
end-covers and the new TMC with end-covers 
was bigger than the traditional implant. Com- 
pared with the new TMC with end-covers, the 
posterior edge of the traditional implant was 
less than 1/4 or so, which resulted in the con-
tact area with the adjacent vertebral body be- 
ing significantly less than with the former. In 
addition, the traditional TMC was designed for 
point contact at the front edge of the end-co- 
ver, which may increase the local pressure. 
There was a clear relationship between the 
area of the TMC end-cover and severe postop-
erative subsidence. The larger the area of the 
end-cover, the lower the severe subsidence of 
the TMC. We also found that the end-cover of 
the new TMC should not be enlarged without 
limit. It would produce a decrease in the inner 
diameter and contact area between the bone 
graft and endplate, leading to the fusion rate  

of the decompression segment being decreas- 
ed. However, the critical value of the end-cover 
area extending inwards needs further study.

During an operation, the surgery times and 
blood losses in the group given the traditional 
TMC with end-covers were significantly more 
than those who received treatment with TMCs 
without end-covers and the new TMCs with 
end-covers. According to relevant research,  
the cervical vertebrae of Chinese people is 
smaller than that of European and American 
people [30]; however, it should be noted that 
the traditional TMC with end-covers was de- 
signed with reference to the anatomical data  
of Europeans and Americans. Therefore, when 
the traditional TMC with end-covers was im- 
planted into the decompression groove of the 
vertebral body, because the outer edge of the 
end cover was 2 mm longer than the diameter 
of the TMC body, the implant technology need-
ed stricter control. It required that both sides  
of the TMC were parallel to the decompression 
groove. If the edge of the end-covers protruded 
from the anterior edge of the vertebral body, it 
was not conducive to the placement of the tita-
nium plate, which could lead to incompatibility 
between the titanium plate and the vertebral 
body. If there was rotation of the TMC during 
the implantation operation, leading to the edge 
of the end-cover protruding from the posterior 
edge of the vertebral body, it may well com-
press the spinal cord or nerve roots, producing 
serious clinical consequences for the patient. 
However, if the small TMC was replaced, the 
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height and curvature of the cervical spine could 
not be restored well, which may lead to a poor 
postoperative patient experience. The above 
procedures in longer exposure times and more 
bleeding, but at the same time indicated that 
the extension of the end-cover inwards was a 
reasonable compromise. The new TMC design 
is worth recommending because of the incre- 
ased area of the end-covers and being more 
conducive during the operation. Due to our 
short observation time and small number of 
cases, further studies will be needed to evalu-
ate the long-term subsidence and related com-
plications of the new TMCs with end-covers.
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