Neurospine 2024;21(1):352-360.
https://doi.org/10.14245/1ns.2346778.389

Original Article

Corresponding Author

Jin Hoon Park
[ https://orcid.org/0000-0002-0903-3146

Department of Neurological Surgery, Asan
Medical Center, College of Medicine,
University of Ulsan, 88 Olympic-ro 43-gil,
Songpa-gu, Seoul 05505, Korea

Email: jhpark@amc.seoul. kr

Received: July 27, 2023
Revised: November 12, 2023
Accepted: November 16, 2023

*Danbi Park and Sang Hyub Lee
contributed equally to this study as
co-first authors.

This is an Open Access article distributed under
the terms of the Creative Commons Attribution
Non-Commercial License (https://creativecom-
mons.org/licenses/by-nc/4.0/) which permits
unrestricted non-commercial use, distribution,
and reproduction in any medium, provided the
original work is properly cited.

Copyright © 2024 by the Korean Spinal
Neurosurgery Society

INTRODUCTION

Neurospine |

Check for
pISSN 2586-6583 elSSN 2586-6591

updates

The Efficacy of Cervical Pedicle Screw
Is Enhanced When Used With 5.5-mm
Rods for Metastatic Cervical Spinal
Tumor Surgery

Danbi Park"**, Sang Hyub Lee’*, Subum Lee*, Jemin Park', Hyeon Gyu Yang',
Chongman Kim?’, Jin Hoon Park’

'Department of Neurological Surgery, Asan Medical Center, Seoul, Korea

*College of Nursing, Korea University, Seoul, Korea

*Department of Neurosurgery, Spine Center, The Leon Wiltse Memorial Hospital, Suwon, Korea
‘Department of Neurosurgery, Korea University Anam Hospital, Korea University College of Medicine, Seoul,
Korea

*Department of Industrial and Management Engineering, Myongji University, Seoul, Korea

Objective: The cervical spine presents challenges in treating metastatic cervical spinal tu-
mors (MCSTs). Although the efficacy of cervical pedicle screw placement (CPS) has been
well established, its use in combination with 5.5-mm rods for MCST has not been report-
ed. This study aimed to evaluate the efficacy of CPS combined with 5.5-mm rods in treat-
ing MCST and compare it with that of CPS combined with traditional 3.5-mm rods.
Methods: This retrospective study analyzed 58 patients with MCST who underwent poste-
rior cervical spinal fusion surgery by a single surgeon between March 2012 and December
2022. Data included demographics, surgical details, imaging results, numerical rating scale
score for neck pain, Eastern Cooperative Oncology Group performance status, and Spine
Oncology Study Group Outcomes Questionnaire responses.

Results: Preoperative Spinal Instability Neoplastic Scores were significantly higher in the
5.5-mm rod group. Greater kyphotic changes in the index vertebra were observed in the
3.5-mm rod group. Neck pain reduction was significantly better in the 5.5-mm rod group.
Conclusion: CPS with 5.5-mm rods provides superior biomechanical stability and effec-
tively resists forward bending momentum in posterior MCST fusion surgery. These find-
ings support the use of 5.5-mm rods to enhance surgical outcomes.

Keywords: Cervical pedicle screw, Cervicothoracic junction, Metastatic cervical spinal tu-
mor, 5.5-mm diameter rod, Posterior cervical spinal fusion, Kyphosis

Spine Oncology Study Group proposed using the spinal insta-
bility neoplastic score (SINS) to evaluate spinal instability in

The spine is the most common site of cancer metastasis in
the skeletal system, where metastasis spreads most commonly
after the lungs and liver."? Spinal metastasis can lead to spinal
instability resulting from osteolysis of the vertebrae and a loss
of spinal integrity. Spinal instability can result in severe pain,
neurological deficits from spinal cord compression, and spinal
kyphotic deformity due to vertebral column destruction. The
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patients with spinal metastasis.* The elements of the SINS in-
clude location, pain characteristics, bone lesion characteristics,
radiographic spinal alignment, vertebral body collapse, and
posterolateral involvement of the spinal elements. When con-
sidering the site of spinal metastasis, although it occurs in ap-
proximately 40% of patients with cancer, the cervical spine is
less commonly affected, accounting for 2%-10% of all cases.
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However, neurological sequelae of cervical spinal metastasis
can be serious even after treatment.>”

The cervicothoracic junction (CTJ), where approximately 10%
of all spinal metastases occur, is the most challenging anatomi-
cal transitional area for treating spinal pathologies.*'*** Although
controversial, the consensus of surgical treatment has consistent-
ly improved biomechanical stability."”” Given that instrumenta-
tion should cross the CTJ to access lower cervical and upper
thoracic spinal metastases, considering the different biomechan-
ical characteristics of this transitional zone is important.

Previous studies have demonstrated the efficacy and safety of
cervical pedicle screw placement (CPS) in treating various spi-
nal diseases.'”'* We have also previously shown the accuracy
and safety of CPS in treating several biomechanically challeng-
ing spinal pathologies."** This study aimed to highlight the ef-
ficacy of CPS when combined with 5.5-mm single-diameter
rods and compare it with that of CPS with traditional 3.5-mm
diameter rods in treating metastatic cervical spinal tumors
(MCSTs) extending from the C2 vertebra to the CT].

MATERIALS AND METHODS

The study was conducted according to the Helsinki Declara-
tion (https://www.wma.net/policies-post/wma-declaration-of-
helsinki-ethical-principles-for-medical-research-involving-hu-
man-subjects/) and approved by the Institutional Review Board
(IRB) of Asan Medical Center, and the IRB waived the require-
ment of obtaining informed consent for this study (AMC IRB
2023-0628).

1. Patient Population and Group Classification

From March 2012 to December 2022, 58 consecutive pa-
tients with MCST (37 males and 21 females), with a mean age
of 60.1 years (range, 24-80 years), underwent posterior cervical
spinal fusion surgery by a single surgeon for MCST.

We performed palliative spinal reconstruction using CPS for
MSCT if the life expectancy was >3 months, followed by adju-
vant radiotherapy. Patients with MCSTs compressing the spinal
cord from the C2 to T2 vertebrae were included in this study.
All surgeries, including decompression and stabilization using
CPS, were performed using the posterior approach. Anterior
column support using mesh cages filled with allograft bone
chips was performed in 12 patients via the anterior approach.
In 3 cases of revision surgery, primary surgery was performed
at a different hospital, after which tumor recurrence and instru-
mentation failure developed.
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Two rods were used in this study: a 5.5-mm single-diameter
rod combined with the Legacy pedicle screw system (Medtronic
Sofamor Danek, Memphis, TN, USA), with diameters ranging
from 4.0 to 6.5 mm, was used after March 2018, and a 3.5 mm
single-diameter rod combined with the Vertex pedicle screw
system (Medtronic Sofamor Danek), with diameters ranging
from 3.5 to 4.0 mm, was used before March 2018. Although a
single-diameter 5.5-mm rod and Legacy system were used to
cross the CTJ in the 5.5-mm rod group, hybrid rods tapered
from 3.5 to 5.5 mm and dual Vertex and Legacy systems were
used to cross the CTJ in the 3.5-mm rod group before March
2018. Clinical and radiological outcomes were compared be-
tween the 2 groups.

2. Surgical Methods

The patients were placed in the prone position to allow for a
maximally horizontal lamina plane parallel to the ground. Mo-
tor-evoked potential was monitored throughout the procedure,
except under emergency conditions. The entry point of the screw
was determined from the sagittal and axial computed tomogra-
phy (CT) scan images: defined as the notch level in the sagittal
plane and medial to the lateral border of the superior articular
process by one-quarter of its width in the axial plane (or by one-
half of its width at C7)."”® A small pilot hole was created at the
predetermined entry point using a 1.8-mm diameter match head
burr. A small, curved pedicle probe (2.5-mm diameter) was
slowly inserted vertically into the global lamina plane with a
medial trajectory through the cortical hole, and the tip was
placed at the thick medial cortical pedicle wall. After identifying
the cancellous channel, applying a medially directed force with
the probe resulted in an insertion depth of approximately 30 mm.
Ball tip probe palpation was performed after forming a track
with the curved probe. Next, a straight pedicle probe, tap, and
screw were inserted. After tapping with a 3.5-mm diameter
tap, a screw was inserted. Screw diameters ranging from 3.5 to
6.5 mm were selected based upon preoperative CT measure-
ments from the axial images. The aforementioned procedures
were performed freehand or under navigation guidance if the
equipment was available. A detailed technical description of
CPS has been described previously.'>'**?"** After screw inser-
tion, the laminae were removed en bloc, and a ventral osteolytic
portion of the tumor was removed using a curet and pituitary
forceps through the posterolateral windows. When a large de-
fect after the removal of the ventral osteolytic portion of the tu-
mor created an unstable construct or when posterolateral tu-
mor removal appeared insufficient, an additional anterior ap-
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proach and mesh cage insertion were followed. However, the
posterior-only approach was used in approximately 80% of cases
(46 among 58 patients across both groups). Rods of varying di-
ameters were installed after screw insertion and decompression,
and acceptable instrumentation positions and alignments were
identified through intraoperative x-rays and CT if available.”
After decompression, allograft bone chips were used for pos-

terolateral fusion.

3. Outcome Assessments

The patients were followed up 1, 3, 6, and 12 months after sur-
gery, and comparisons were made between the two groups. The
Numeric Rating Scale (NRS) for neck pain, Eastern Cooperative
Oncology Group (ECOG) performance status, and Spine On-
cology Study Group Outcomes Questionnaire (SOSGOQ) re-
sponses were also compared. Preoperative SINS was obtained
from all patients.*

Radiological follow-up was performed at the same time in-
tervals. Segmental Cobb angle was measured by x-ray at preop-
erative, immediate postoperative, and last follow-up times. Chang-
es in the segmental Cobb angle (last follow-up — immediate
postoperative) were calculated and determined as reduction
loss. If the reduction loss was >10°, it was classified as a col-

lapse occurrence (Figs. 1-3).*

4. Statistical Analysis

All statistical analyses were performed using IBM SPSS Sta-
tistics ver. 22.0 (IBM Co., Armonk, NY, USA). Descriptive sta-
tistics are presented as frequencies, percentages, ranges, means,
and standard deviations and were used to describe the background
data. We conducted a normality test using the Shapiro-Wilk test
on the variables. If a variable did not follow a normal distribu-
tion, we employed nonparametric tests. An independent t-test
or the Mann-Whitney U-test was used for continuous data, and
the chi-square test or Fisher exact test was performed for cate-
gorical data to compare the 2 groups (5.5-mm rod group vs.
3.5-mm rod group). A paired t-test (or Wilcoxon signed-rank
test) was used to compare clinical outcomes before and after
treatment. Multivariate linear regression analysis was performed
using the backward stepwise method to adjust for variables that
might influence the outcomes. The independent variables in-
cluded age, sex, tumor location, preoperative SINS, fusion level,
CT]J cross, and rod type. The dependent variable was the change
in the segmental Cobb angle (Postoperative — last follow-up),
which indicates kyphosis progression. The statistical significance
level was set at p < 0.05 (2-tailed).
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Fig. 1. (A) A 57-year-old male patient with hepatocellular
carcinoma metastatic spinal cord compression on the C2 ver-
tebra underwent decompression and fixation from C1 to C3
using the Vertex pedicle screw system (Medtronic Sofamor
Danek, Memphis, TN, USA) and 3.5-mm rods. After 7 months,
a reduction loss of 11° was noted. (B) A 43-year-old male pa-
tient with lung cancer metastatic spinal cord compression on
the C2 vertebra underwent decompression and fixation from
Cl1 to C3 using the Legacy pedicle screw system (Medtronic
Sofamor Danek) and 5.5-mm rods. After 3 months, no change
in the immediate postoperative alignment was observed. (C)
A 45-year-old female patient with breast cancer metastatic
spinal cord compression and kyphosis on the C2 vertebra un-
derwent decompression, correction, and fixation from C1 to
C3 using the Legacy system and 5.5-mm rods. After 1 year,
the immediate postoperative alignment was well maintained.

RESULTS

Baseline demographic data are presented in Table 1. A signif-
icant predominance of male patients was observed in the 3.5-mm
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Fig. 2. (A) A 67-year-old male patient with thymus cancer metastatic spinal cord compression on the C5 vertebra underwent
decompression, fixation, and anterior support from the C4 to C6 vertebrae using the Vertex pedicle screw system (Medtronic
Sofamor Danek, Memphis, TN, USA) and 3.5-mm rods. After 1.5 years, a reduction loss of 13°-31° was observed; however, revi-
sion surgery was unnecessary because the patient’s neck pain was not severe (preoperative Numeric Rating Scale [NRS], 7 vs.
postoperative NRS, 4), and no neurological deterioration was observed. (B) A 60-year-old female patient with cervical cancer
metastatic spinal cord compression with kyphosis on the C6 vertebra underwent decompression, reduction, and fixation surgery
from the C5 to C7 vertebrae using the Legacy pedicle screw system (Medtronic Sofamor Danek) and 5.5-mm rods. On the C7
vertebra, 1 cervical pedicle screw and 1 lamina screw were used. After 1 month, the immediate postoperative alignment was un-
changed.

Fig. 3. (A) A 67-year-old male patient with lung cancer metastatic spinal cord compression on the T1-2 vertebra underwent de-
compression, anterior support, and relatively long-level fixation surgery from the C5 to T5 vertebrae using the Vertex pedicle
screw system (Medtronic Sofamor Danek, Memphis, TN, USA) and Legacy pedicle screw system (Medtronic Sofamor Danek)
with 3.5- and 5.5-mm hybrid tapered rods. After 1.5 years, the immediate postoperative alignment was well maintained. (B) A
77-year-old male patient with prostate cancer metastatic spinal cord compression on the T1 vertebrae underwent decompression
and fixation surgery from the C7 to T2 vertebrae using the Legacy system and 5.5-mm rods. After 2 years, the immediate post-
operative alignment was well maintained, and computed tomography sagittal imaging showed complete fusion.

rod group (p=0.016). Additionally, the number of patients with ~ 3.5-mm rod group, p <0.001), requiring significantly more CTJ
metastases at the C7, T1, and T2 levels was higher in the 5.5-mm  crossing instrumentation (N =31 in the 5.5-mm rod group vs.
rod groups (N =30 in the 5.5-mm rod group vs. N=6 in the = N=7in the 3.5-mm rod group, p<0.001) (Fig. 3).
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Table 1. Demographic and clinical characteristics

5.5-mm 3.5-mm
Characteristic rod group  rodgroup  p-value
(N=35) (N=23)
Age (y) 583+13.1 6274122 0208
(24-77) (26-80)
Sex 0.016*
Male 18 (51.4) 19 (82.6)
Female 17 (48.6) 4(17.4)
Histology 0.109
Lung 8(22.9) 6(26.1)
Pancreas 5(14.3) 0(0)
Liver 4(11.4) 4(17.4)
Renal 4(11.4) 0(0)
Breast 3(8.6) 0(0)
Colon 2 (5.7) 0(0)
GB 0(0) 2(8.7)
Stomach 1(2.9) 1(4.3)
Prostate 1(2.9) 1(4.3)
MM 1(2.9) 1(4.3)
Other" 6 (17.1) 8 (34.8)
Tumor location <0.001**#*
C2 3(8.6) 4(17.4)
C3-6 2(5.7) 13 (56.5)
C7-T2 30 (85.7) 6(26.1)
Revision 0.270
Yes 3(8.6) 0(0)
No 32(91.4) 23 (100)
Anterior column support 0.513
Yes 6 (17.1) 6 (26.1)
No 29 (82.9) 17 (73.9)
Preoperative SINS 142+1.7 12.4+2.7 0.004**
(11-18) (8-18)
CT]J cross <0.001%+*
Yes 31 (88.6) 7 (30.4)
No 4(11.4) 16 (69.6)

Values are presented as mean + standard deviation (range) or num-
ber (%).

GB, gall bladder; MM, multiple Myeloma; SINS, spinal instability
neoplastic score; CTJ, cervicothoracic junction.

*p<0.05. ¥p<0.005. **p <0.001. "Other primary cancer diagnoses
included urothelial carcinoma, laryngeal, cardiac, gastrointestinal
stromal tumor, cervical, uterine leiomyosarcoma, thymic, esophagus,
lymphoma, urachal, maxillary, and metastasis of unknown origin.

The SINS was also significantly worse in the 5.5-mm rod
group than in the 3.5-mm rod group (14.2+1.7 vs. 12.4+2.7,
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Table 2. Comparison of surgical details, complications, and
segmental Cobb angle changes between the 5.5-mm and 3.5-mm
rod groups

5.5-mm 3.5-mm
Variable rod group  rod group p-value
(N=35) (N=23)
No. of instrumented levels 0.248
2 12(343)  12(522)
3 6(17.1) 5(21.7)
4 8(22.9) 4(17.4)
5 6 (17.1) 0(0)
6 1(2.9) 0(0)
7 2(5.7) 2(8.7)
Postoperative revision surgery 0.556
Yes 1(2.9) 2(8.7)
No 34(97.1)  21(91.3)
Complications 1.000
Yes 5(14.3) 3(13.0)
Major' 1 2
Minor* 4 1
No 30(85.7) 20 (87.0)
Instrument pullout or fracture 1.000
Yes 0(0) 0(0)
No 35(100) 23 (100)
A Segmental Cobb angle
Postoperative—preoperative 22+123 6.5+129  0.205
<-10 4(11.4) 2(8.7)
10t 0 13 (37.1) 7 (30.4)
1to 10 12 (34.3) 7 (30.4)
>10 6 (17.1) 7 (30.4)
Last follow-up-postoperative -1.1+2.1 -7.4+£10.7  0.011*
<-10 0(0) 4(17.4)
-10to 0 35(100) 19 (82.6)
Follow-up duration (mo) 12.6+143 11.8t16.,5 0.849

Values are presented as number (%) or mean + standard deviation.
*p <0.05. "Major complications included deep infection, anterior ad-
ditional surgery, cage protrudes forward, and incomplete decom-
pression. *Minor complications included dura tears.

p=0.004).

Surgical details are presented in Table 2. No significant differ-
ences in the number of instrumented levels, postoperative revi-
sion, complications, instrument pullout, and fracture were ob-
served between the 2 groups. However, in the 3.5-mm rod group,
significantly more cases of index vertebral collapse occurred
during the follow-up (4 cases, p=0.021), and the change in the
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Table 3. Comparison of clinical outcomes and performance
status between the 5.5-mm and 3.5-mm rod groups

5.5-mm 3.5-mm
Variable rod group  rodgroup  p-value
(N=35) (N=23)
Neck NRS
Preoperative 79%25 59+3.1  <0.001*%*
Postoperative 1.1+£1.4 2.5%1.6 0.005*
ANRS* -6.7+£2.6 -3.3+3.2 0.001**
SOSGOQ
Preoperative 20.1+£154  34.3%34.8 0.373"
Postoperative 70.1+£17.2  57.5%13.7 0.103"
ECOG PS$*
Preoperative 1.000°
0-1 8 (72.7) 8 (80.0)
2-4 3(27.3) 2(20.0)
Postoperative 0.408"
0-1 10 (66.7) 10 (83.3)
2-4 5(33.3) 2(16.7)
Follow-up duration (mo)  12.6+143  11.8+16.5 0.849

Values are presented as mean + standard deviation or number (%).
NRS, Numeric Rating Scale; SOSGOQ, Spine Oncology Study Group
Outcomes Questionnaire; ECOG PS, Eastern Cooperative Oncology
Group performance status scale.

*p<0.05. **p<0.005. **p <0.001. "As this is a retrospective study,
some data on these items are missing. Nonparametric analyses were
performed on data that were not normally distributed. *ANRS =
postoperative NRS—preoperative NRS. ‘(ECOG-PS is a nearly 50-year-
old tool used in both research and oncology treatment. It is strongly
associated with survival in advanced cancer. Studies have divided
patients into two groups based on ECOG-PS 2 or higher to evaluate
outcome measures; therefore, we analyzed the data using this criteri-
on in this study.

segmental Cobb angle was greater (-1.1+2.1 in the 5.5-mm rod
group vs. -7.4+10.7 in the 3.5-mm rod group, p=0.011) (Figs.
1-2).

Changes in clinical outcomes are presented in Table 3. Al-
though no significant differences in the SOSGOQ and ECOG
scores were observed between the 2 groups, neck pain reduction
was significantly greater in the 5.5-mm rod group than in the
3.5-mm rod group (postoperative-preoperative: -6.7 +2.6 in
the 5.5-mm rod group vs. -3.3+3.2 in the 3.5-mm rod group,
p=0.001).

Multivariate linear regression analysis also showed that only
rod diameter was a significant variable (p=0.034) associated
with kyphotic progression after fusion surgery (Table 4).
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Table 4. Multivariate linear regression of the change in the
segmental Cobb angle between postoperative and last follow-
up, indicating kyphosis progression

Variable B 95% CI SE p-value
Group

35-mmrod  Reference

5.5-mm rod -4.82 -9.28 to -0.37 2.22 0.034*
CTJ cross

No Reference

Yes -3.25 -7.83to 1.34 2.29 0.161
CI, confidence interval; SE, standard error; CT]J, cervicothoracic
junction.
Model Fit: R*=0.228, Adjusted R*=0.200.
*p<0.05.
DISCUSSION

The primary goals of surgery for MCST are to relieve pain,
slow neurological deterioration, and maintain spinal stability.
Metastatic cervical spinal surgery involves neural decompres-
sion and stabilization using screws and rods.>**'>!* Although the
gold standard for treating MCSTs is corpectomy, followed by
graft insertion and plate fixation, via the anterior approach, a
paradigm shift has caused the preferential selection of the pos-
terior approach because of its biomechanical superiority. This is
influenced more than ever by the widespread use of CPS and
technological advances in spinal navigation.>>”!**

We have illustrated the safety and effectiveness of CPS in man-
aging various complex spinal conditions, such as cervical spinal
tumors, even when using the free-hand technique.>*'”!92
After safely adjusting to the free-hand technique, we could avoid
mismatches between the navigation-guided images and the real
rotated vertebral body when using navigation during CPS."*
Although these advanced image-guided techniques have im-
proved the accuracy of CPS, they have also increased the costs
and operative times. Additionally, the operating room has be-
come cumbersome, and surgeons relying on these technologies
risk losing surgical skills and experience.'” However, consider-
ing that MCST surgery is frequently performed under emer-
gency conditions, our free-hand technique-based CPS experi-
ence has been extremely beneficial.

A previous study reported that the posterior approach for
MCST was sufficient, even with lateral mass screw placement
(LMS).” However, LMS requires longer fixation levels than CPS
to avoid instrumentation failure. Another study showed that
the combination of the anterior and posterior approaches led to
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better outcomes and more perioperative complications.” They
also used LMS, indicating that LMS should be performed with
the additional anterior approach to achieve reasonable stability.
Despite the occurrence of four index vertebral collapses in the
3.5-mm rod group, no patient exhibited implant pullout or
fracture, probably because we used CPS. This contrasts with the
results of previous studies where LMS was used and such com-
plications were reported.”** Notably, 2 types of CPS (i.e., Vertex
or Legacy) can maintain initial pullout strength; however, 5.5-mm
rods can only sustain postoperative alignment and reduction,
in line with previous reports.” This result suggests that the use
of four 3.5-mm rods and CPS can sustain the initial reduction
although we did not use the aforementioned combination. Al-
though a study reported that nearly 2.8% of hardware failure
cases required revision surgery, our series had none.” Nonethe-
less, reduction loss at the last follow-up was significantly greater
in the 3.5-mm rod group (-7.4£10.7) than in the 5.5-mm rod
group (-1.1+2.1), with a p-value of 0.011, although no screw-
related complications occurred in either group. Furthermore,
multivariate linear regression analysis showed that the type of
rod (5.5 mm vs. 3.5 mm) was the only significant variable af-
fecting reduction loss. These results suggest that 5.5-mm rods
can effectively resist the forward bending momentum forces that
cause reduction loss.

The CT]J is a biomechanically challenging region for spinal
surgery and one of the major risk factors for poor surgical out-
comes in MCSTs.*'*"* Interestingly, although the 5.5-mm rod
group had significantly more lesions located at the CT]—a re-
gion more unstable than C3-6—with a higher mean SINS than
the 3.5-mm rod group, the postoperative collapse rate was sig-
nificantly lower in the 5.5-mm rod group than in the 3.5-mm
rod group.* Considering that no significant differences in the
number of fixation levels and the presence of anterior recon-
struction were observed between the 2 groups, 5.5-mm rods
could be regarded as strong contributing stabilizers in avoiding
postoperative collapse.

Nearly 80% of our patient population was fixed in less than
four levels, compared with previous studies in which longer-level
fixations were required.>”*'** Longer instrumentation of more
than 7 levels was highly associated with instrumentation failure.”
Our surgical policy in this MCST palliative situation is to adopt
minimally short-segment fixation with the decompression of
clinically significant compressive lesions, which is also used as a
single surgeons policy.’

Traditionally, the consensus was instrumentation of 2 levels
above and 2 below with tumor decompression.”* However,
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considering the development of radiation and chemotherapy,
surgeons have a greater chance of encountering patients with-
out an appropriate fixation point who are not traditional surgi-
cal candidates because oncologists request surgery more fre-
quently. In this situation, if the surgeon attempts to determine a
more stable fixation point, longer-level instrumentation is inev-
itable, resulting in more complications.”>*” This paradigm shift
made reducing the instrumentation levels and long incision-as-
sociated complications and conducting a short-segment fusion
for MCST and thoracic spinal metastatic tumors difficult, re-
sulting in our entire practice pattern.”*>%*

In the 5.5-mm rod group, 3 minor (dura tears) and 1 major
(i.e., deep wound infection) complications occurred, which re-
quired revision surgery, with an overall complication rate of
14.2%. In the 3.5-mm rod group, 2 major (incomplete decom-
pression and cage dislodgement) and 1 minor (dura tear) com-
plications occurred, with an overall complication rate of 13.1%.
No vertebral artery injury or CPS-related complications occurred
in either group. In this study, the overall complication rate was
lower than that in previous studies.”*

According to previous studies, most patients experience a
loss in kyphotic reduction even after fusion surgery, leading to
neck pain.*** Rajshekhar et al.** reported a reduction loss of
>10° in 50.5% of patients over an average follow-up duration
of 22.2 months; however, in our study, only 4 patients (17.4%)
in the 3.5-mm rod group showed a reduction loss of >10°,
which we defined as collapse. This discrepancy may be attrib-
uted to the shorter survival duration of patients with MCST.**
Furthermore, we believe that the more pronounced kyphotic
reduction losses and collapses in the 3.5-mm rod group than
those in the 5.5-mm rod group are associated with increased
neck pain.

This study has several limitations. This was a retrospective
analysis that involved a small number of cases: a large propor-
tion in the 3.5-mm rod groups was at a relatively early phase,
whereas a large proportion in the 5.5-mm rod group was at a
relatively late phase. However, these findings have been advanced
throughout the struggle to overcome the frequently occurring
mechanical failure of MCSTs due to their biomechanical fragile
nature; therefore, these findings are clinically meaningful.

Additionally, we did not analyze the effects of screw diameter
in this study, which may be an important factor for construct
durability. Nonetheless, in our study, no instrument failure oc-
curred, including screw pull out or screw fracture, regardless of
the screw diameter. A systematic review also reported a signifi-
cantly low screw-related complication rate in CPS placement.”
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Therefore, we believe that once a CPS is properly inserted, in-
strument failure is very low, regardless of the screw diameter.

CONCLUSION

In this study, 5.5-mm rods significantly reduced index verte-
bral collapse after MCST posterior fusion surgery using CPS,
although no screw pullout and fracture occurred in either the
3.5-mm or 5.5-mm rod group. This result indicates that 5.5-mm
rods can successfully resist forward bending momentum that
can develop after MCST posterior fusion surgery. Furthermore,
5.5-mm rods showed complete biomechanical stability, even in
the CTJ-crossed instrumentation for MCSTs.
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