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Abstract
Background  This study aimed to evaluate the biomechanical effects of reinserted or revised subaxial cervical 
vertebral screws.

Methods  The first part aimed to gauge the maximum insertional torque (MIT) of 30 subaxial cervical vertebrae 
outfitted with 4.0-mm titanium screws. A reinsertion group was created wherein a screw was wholly removed 
and replaced along the same trajectory to test its maximum pullout strength (MPOS). A control group was also 
implemented. The second part involved implanting 4.0-mm titanium screws into 20 subaxial cervical vertebrae, 
testing them to failure, and then reinserting 4.5-mm revision screws along the same path to determine and compare 
the MIT and MPOS between the test and revision groups.

Results  Part I findings: No significant difference was observed in the initial insertion’s maximum insertion torque 
(MIT) and maximum pull-out strength (MPOS) between the control and reinsertion groups. However, the MIT of the 
reinsertion group was substantially decreased compared to the first insertion. Moderate to high correlations were 
observed between the MIT and MPOS in both groups, as well as between the MIT of the first and second screw in 
the reinsertion group. Part II, the MIT and MPOS of the screw in the test group showed a strong correlation, while a 
modest correlation was observed for the revision screw used in failed cervical vertebrae screw. Additionally, the MPOS 
of the screw in the test group was significantly higher than that of the revision screw group.

Conclusion  This study suggests that reinsertion of subaxial cervical vertebrae screws along the same trajectory 
is a viable option that does not significantly affect fixation stability. However, the use of 4.5-mm revision screws is 
inadequate for failed fixation cases with 4.0-mm cervical vertebral screws.
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Background
While the use of anterior cervical plate (ACP) fixation 
technology is prevalent in clinical practice [1–3], there 
remains a paucity of research addressing the biome-
chanical stability of the cervical vertebrae screw (CVS), 
which plays a crucial role as the anchoring point for the 
ACP. Cervical vertebrae screws are frequently employed 
in spinal surgeries [1–3], and screw reinsertion may 
be required in a variety of circumstances. Despite this, 
there is a lack of biomechanical investigations utiliz-
ing maximum pull-out strength (MPOS) testing on 
human cadaveric models to assess the immediate fixation 
strength following screw reinsertion. Additionally, there 
is a dearth of literature on the efficacy of 4.5-mm revision 
screws in providing adequate biomechanical stability in 
cases of failed 4.0-mm screw fixation. Consequently, the 
present study endeavors to accomplish two aims: first, 
to assess the biomechanical implications of cervical ver-
tebrae screw reinsertion using the prior trajectory, and 
second, to determine the immediate fixation strength 
of 4.5-mm revision screws for failed cervical vertebrae 
screw fixation.

Materials and methods
Specimen Preparation
Part I involved the evaluation of biomechanics after rein-
sertion using a previous trajectory on 30 subaxial cervi-
cal vertebrae (C3-7) harvested from human cadaveric 
spines. The study cohort comprised three males and 

three females, aged 51 to 84 years with a mean age of 63.7 
years. For Part II, 20 subaxial cervical vertebrae (C3-7) 
were harvested from human cadaveric spines to test the 
biomechanics of revision screw fixation for failed subax-
ial cervical vertebrae screw fixation. The cohort included 
two males and two females, aged 53 to 72 years with a 
mean age of 60.7 years. Each specimen yielded five cervi-
cal vertebrae (C3, C4, C5, C6, C7). Prior to experimen-
tation, the soft tissues, such as muscles, attached to the 
cervical vertebrae were removed, leaving the bone com-
ponents of the C3, C4, C5, C6, and C7 vertebrae intact. 
The cervical spinous process and vertebral plate were 
then embedded in the embedding box using polymeth-
ylmethacrylate (Fig.  1). All ten cervical specimens were 
obtained from individuals who had died accidentally. 
Prior to the study, the specimens underwent fluoroscopic 
screening to ensure the absence of any significant ana-
tomical abnormalities, such as fractures, deformities, 
dysplasia, pars defects, or congenital anomalies.

Biomechanical testing
Part I (n = 30): To assess the biomechanical properties 
of reinserted cervical vertebrae screws, we conducted 
an evaluation of the Maximum Insertion Torque (MIT) 
on both sides of the vertebral body following the place-
ment of 4.0-mm cervical vertebrae screws on both the 
left and right sides. In this experiment, the insertion 
depth of the screws (Sanyou, Shanghai, China) is 14 mm. 
The torque measurement tool employed N10DPSK, Ai 

Fig. 1  Shows the cervical laminae securely attached to polymethyl methacrylate with cervical vertebral screws inserted
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Gu, Dongguan, China. One side of the vertebral screw 
was randomly selected for reinsertion using the previ-
ous trajectory (reinsertion group), while the other side 
served as the control screw (control group). Screws were 
inserted perpendicular to the surface of the cervical ver-
tebral body within the axial plane, reaching the same 
depth, and affixed through single cortical fixation. Part 
II (n = 20): After inserting 4.0-mm diameter screws in the 
cervical vertebrae, the MPOS test was conducted. After 
the failure of the 4.0 mm screws, 4.5-mm diameter revi-
sion screws were placed in the prior trajectory. The MITs 

were then recorded, and the angle of the fixed vertebral 
body was adjusted to match the direction of the screw. 
The MPOS test was conducted at a displacement rate of 
2 mm/min along the cervical vertebral screw’s direction, 
and the depth of the reinsertion or revision screw was the 
same as that of the first insertion. MIT measurements 
were carried out using a torque screwdriver during screw 
insertion, while MPOS testing was performed using an 
Instron 8874 biomechanical testing equipment with the 
serial number is 3366 (Instron, Canton, Massachusetts) 
(Fig. 2).

Fig. 2  Portrays the experimental configuration, whereby each specimen is individually secured in a pot and aligned with the cervical vertebral screw axis 
utilizing the Instron 8874 machine (Instron, Canton, Massachusetts)
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Statistical analysis
Part I (n = 30): The present study utilized SPSS 21.0 sta-
tistical software to determine the mean and standard 
deviation of the maximum insertion torque (MIT) and 
the maximum pullout strength (MPOS). The paired-
samples t-test was employed to examine the statistical 
significance of differences in MIT or MPOS between 
the right and left sides at the initial insertion. Addition-
ally, the paired-samples t-test was utilized to investigate 
any differences in MIT or MPOS between the screw’s 
first insertion and subsequent reinsertion using a previ-
ous trajectory. To assess the correlation between the MIT 
and MPOS values of the screw’s first insertion and the 
reinsertion utilizing a previous trajectory, the Spearman 
correlation analysis was employed. Part II (n = 20): The 
current study also compared the MIT and MPOS values 
for the cervical vertebrae screw that was first inserted to 
those of the revision screw for the failed cervical verte-
brae screw. Furthermore, the Spearman correlation anal-
ysis was utilized to evaluate the correlation between the 
MIT and MPOS values of the screw (first 4.0 mm inser-
tions) in the test group and the revision screw (4.5 mm 
reinsertion) for the failed cervical vertebrae screw. Statis-
tical significance was considered at P < 0.01. The correla-
tion coefficient values were categorized as low (≤ 0.49), 
moderate (0.50–0.69), and high (≥ 0.70), following previ-
ous literature.

Results
Cervical vertebral screw MIT analysis
In Part I (n = 30) of the study, the mean maximum inser-
tion torque (MIT) for the cervical vertebral screw 
during its first insertion in the reinsertion group was 
2.57 ± 0.81(kgf.cm), which was not statistically differ-
ent from the control group’s MIT of 2.66 ± 0.85(kgf.cm) 
(P > 0.05). However, the MIT of the screw reinsertion in 
the reinsertion group (1.53 ± 0.69(kgf.cm)) was signifi-
cantly lower than that of the control group (P < 0.01). In 
Part II (n = 20), the MIT of the cervical vertebral screw 
during its first insertion (2.63 ± 0.92(kgf.cm)) was sig-
nificantly higher than that of the revision screw for failed 

cervical vertebral screw fixation (1.56 ± 0.38) kgf.cm, with 
a statistically significant difference (P < 0.01).

Cervical vertebral screw MPOS analysis
In Part I (n = 30), the mean maximum pull-out strength 
(MPOS) of the cervical vertebral screw in the con-
trol group was (435.89 ± 156.99) N, and the MPOS 
of the screw reinsertion in the reinsertion group 
(410.79 ± 145.09(N)) showed no significant difference 
(P > 0.05). In Part II (n = 20), the MPOS of the cervical 
vertebral screw in the test group (408.66 ± 151.87(N)) was 
significantly higher than that of the screw revision group 
(187.158 ± 85.27(N)) with a statistically significant differ-
ence (P < 0.01) (Table 1).

Correlation between cervical vertebral screw MPOS and 
MIT
In Part I (n = 30), the correlation between the MIT and 
MPOS of the cervical vertebral screw was high (r = 0.794, 
P = 0.000) in the control group. A high correlation was 
also found between the MIT of the screw inserted ini-
tially and the MPOS in the reinsertion group (r = 0.761, 
P = 0.000). The MIT of the screw reinsertion and MPOS 
in the reinsertion group had a moderate correlation 
(r = 0.547, P = 0.002). In the reinsertion group, the correla-
tion between the MIT of the cervical vertebral screw dur-
ing its first insertion and the MIT of the screw reinsertion 
was moderate (r = 0.623, P = 0.000) (Table  2). In Part II 
(n = 20), the correlation between the MIT and MPOS of 
the cervical vertebral screw in the test group was high 
(r = 0.824, P = 0.000), while the correlation between the 
MIT and MPOS of the revision screw for failed cervical 
vertebral screw fixation was modest (r = 0.633, P = 0.000) 
(Table 2).

Discussion
The anterior cervical plate (ACP) fixation technology has 
been widely adopted in clinical practice [1–3]. However, 
there is limited research on the biomechanical stability of 
the cervical vertebrae screw (CVS), which serves as the 
anchor point for the anterior cervical plate. As the use 

Table 1  Comparison of MPOS and MIT results among different groups
Min. Value Max. Value Mean Std. Deviation

MPOS of screws in control group (n = 30) 139.82 797.96 435.8992 156.99961 P1 = 0.211
MPOS of reinserted screws in reinsertion group (n = 30) 187.58 825.81 410.7913 145.08824
MIT of screws in control group (n = 30) 1.09 4.13 2.6564 0.84926 P2 = 0.111
MIT of initially inserted screws in reinsertion group (n = 30) 1.00 4.01 2.5678 0.80589
MIT of reinserted screws in reinsertion group(compared with 
initially inserted) (n = 30)

0.44 3.15 1.5267 0.68539 P3 = 0.000

MPOS of screws in test group (n = 20) 181.5840 755.4360 408.657300 151.8699985 P4 = 0.000
MPOS of revision screws (n = 20) 47.4720 380.8800 187.155600 85.2669656
MIT of screws in test group (n = 20) 1.0450 4.1800 2.637800 0.9224666 P5 = 0.000
MIT of revision screws (n = 20) 0.8360 2.2990 1.564888 0.3752815
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of ACP fixation technology increases, cervical vertebrae 
screw reinsertion using a previous trajectory is becom-
ing more common [4–6], yet the effect of CVS reinser-
tion on the maximum insertion torque (MIT) and mean 
maximum pull-out strength (MPOS) has received little 
attention in the literature. Furthermore, the biomechan-
ics of 4.5  mm diameter CVS for failed screws has not 
been extensively studied. This study aimed to evaluate 
the effect of CVS reinsertion using a previous trajectory 
on MPOS and MIT using biomechanical experiments. 
The study also aimed to determine if CVS with a diam-
eter of 4.5 mm can provide sufficient biomechanical sta-
bility after screw failure. The MPOS, a critical parameter 
indicating screw stability in clinical and scientific con-
texts, this might be better stated to indicate that pull out 
strength was quantitatively assessed under controlled 
conditions that controlled for the influence of screw 
outer diameter, feed depth, thread pitch, bone mineral 
density (BMD), and screw shape on the results. To this 
end, we measured the two parameters symmetrically on 
opposite sides of the same vertebrae [7–9].

While it is a goal of surgeons to prevent the need for 
reinsertion of cervical vertebrae screws (CVS), this may 
not always be feasible in practice [10–12]. The most 
common reasons for revision surgery and replacement 
of CVS are as follows: (1) the presence of a hematoma 
that causes spinal cord compression following anterior 
cervical spine surgery, necessitating revision surgery to 
remove the hematoma and alleviate the compression; (2) 
incomplete intraoperative decompression resulting in 
nerve root or residual spinal cord compression, requiring 
subsequent surgery to achieve complete decompression; 
and (3) the emergence of additional pressure-causing fac-
tors, such as adjacent segment degeneration after anterior 
fusion, requiring revision surgery to relieve compression 
or prolong the treated segment. In such cases, complete 
removal of the CVS is necessary before reinsertion. Dur-
ing revision surgery, surgeons may have concerns about 
the impact of screw reinsertion on the rigidity of the 
CVS when utilizing the previous trajectory. However, 
our research has demonstrated that subsequent sur-
gery with the original screw in the same trajectory can 
be performed without significant reduction in biome-
chanical rigidity, provided that the CVS trajectory is not 
disturbed.

Cervical vertebrae screw (CVS) fixation failure is a 
common issue, often resulting from compromised screw 
trajectory [13–15]. Factors that can compromise screw 
trajectory include: (1) osteoporosis-induced bone loss, 
bone thinning, and fragile bone trabeculae leading to 
high bone brittleness and weak screw fixation; (2) subop-
timal surgical technique, such as inexperience, cervical 
lordosis, or poor fracture reduction, which can lead to 
CVS stress and eventual failure; (3) inappropriate post-
operative exercise, unprotected external fixation, and 
noncompliance with recommended functional exercises, 
which can exacerbate internal fixation site damage; and 
(4) trauma after discharge from the hospital, leading to 
further internal fixation site damage and screw failure. 
In such cases, physicians may elect to replace 4.0  mm 
cervical vertebral screws with 4.5  mm diameter screws. 
However, the biomechanical stability of the larger diam-
eter revision screws remains uncertain following screw 
failure. Our investigation has revealed that a 4.5  mm 
diameter revision screw does not offer sufficient biome-
chanical stability if the cervical vertebral screw trajectory 
is disrupted. Thus, it is crucial to take appropriate mea-
sures to prevent screw failure and ensure proper CVS 
trajectory during initial fixation to mitigate the need for 
revision surgery.

Conclusion
Reinserting cervical screws along the same trajectory can 
prevent fixation failure and maintain stability, despite 
reduced insertion torque. But, using 4.5-mm revision 
screws for 4.0-mm screw fixation failure may not provide 
enough pullout strength. Surgeons should consider indi-
vidual patient conditions and anatomy before choosing 
treatment options.

Limitation
Considering the constraints associated with anterior cer-
vical screws, which may not offer optimal clamping, we 
chose polyaxial screws over cervical anterior vertebral 
body screws, introducing a notable limitation. The screws 
are inserted as vertically as possible to the anterior sur-
face of the cervical vertebral body. However, this process 
may introduce some deviation. Given the variability in 
screw designs this argument may also be an extrapola-
tion. We acknowledge that the restricted sample size may 

Table 2  Correlation between screw insertion torque and pullout strength in different groups
r P

Correlation between MIT and MPOS of the screw in control group (n = 30) r = 0.794 P = 0.000
Correlation between MIT with the screw first insertion and MPOS in reinsertion group (n = 30) r = 0.761 P = 0.000
Correlation between MIT of the screw reinsertion and MPOS in reinsertion group (n = 30) r = 0.547 P = 0.002
Correlation between MIT of the screw first insertion and MIT of the screw reinsertion in reinsertion group (n = 30) r = 0.623 P = 0.000
Correlation between MIT and MPOS of the screw in test group (n = 20) r = 0.824 P = 0.000
Correlation between MIT and MPOS of the revision screw for failed cervical vertebrae screw (n = 20) r = 0. 633 P = 0.000
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impact the generalizability of our findings and is indeed a 
limitation of the study.
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MPOS	� Maximum pullout strength
MIT	� Maximum insertional torque
ACP	� Anterior cervical plate
CVS	� Cervical vertebral screw
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