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for Metastatic Spine Cancer at the
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Background: Radiation therapy (RT) performed before anterior cervical spine surgery (ACSS) may cause fascial plane fibrosis,
decreased soft-tissue vascularity, and vertebral body weakness, which could increase the risk of esophageal and major vessel inju-
ries, wound complications, and construct subsidence. Therefore, this study aimed to evaluate whether preoperative RT performed
for metastatic spine cancer (MSC) at the cervical spine increases perioperative morbidity for ACSS.

Methods: Forty-nine patients who underwent ACSS for treatment of MSC at the cervical spine were retrospectively reviewed. All
the patients underwent anterior cervical corpectomy via the anterior approach. Patient demographics, surgical factors, operative
factors, and complications were recorded. Results of patients who were initially treated with RT before ACSS (RT group) were
compared with those who did not receive RT before ACSS (non-RT group).

Results: Eighteen patients (36.7%) were included in the RT group, while the remaining 31 (63.3%) were included in the non-
RT group. Surgery-related factors, including operation time (p = 0.109), estimated blood loss (p = 0.246), amount of postoperative
drainage (p = 0.604), number of levels operated (p = 0.207), and number of patients who underwent combined posterior fusion (p
= (.768), did not significantly differ between the 2 groups. Complication rates, including esophageal injury, dural tear, infection,
wound dehiscence, and mechanical failure, did not significantly differ between the RT and non-RT groups. Early subsidence was
significantly greater in the non-RT group compared to that in the RT group (p = 0.012).

Conclusions: RT performed before surgery for MSC does not increase the risk of wound complication, mechanical failure, or vital
structure injury during ACSS. The surgical procedural approach was not complicated by previous RT history. Therefore, surgeons
can safely choose the anterior approach when the number of levels or location of MSC favors anterior surgery, and performing a
posterior surgery is unnecessary due to a concern that previous RT may increase complication rates of ACSS.
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Metastatic spine cancer (MSC) causes severe pain, neuro-
logic compromise, or spinal column instability and often
requires local treatment, including surgery and radiation
therapy (RT)."” Although surgery could provide instant
stability and effective cord decompression, it is accom-
panied by risk for patients prone to complications due to
multiple comorbidities.” Therefore, RT is often chosen as
an initial management for MSC because it does not cause
surgical damage to patients.”*” However, when symptoms
or instability progresses, despite previous RT, surgery is
required again.”

It has been suggested that preoperative RT increases
surgical complication risks.”® RT reduces neovasculariza-
tion and causes tissue fibrosis that could impede wound
healing.” Furthermore, the vertebral body within the ra-
diation field is weakened, which could occasionally result
in a compression fracture.”'” Previous studies have dem-
onstrated that preoperative RT is associated with increased
wound dehiscence, infection, and risk of compression
fracture after surgery.*””'” However, these studies have
mainly focused on the thoracolumbar spine, and studies
regarding the association between anterior cervical spine
surgery (ACSS) and complication risk due to preoperative
RT are lacking.

There are theological specifics for ACSS that might
affect complication risk due to preoperative RT.""'* First,
surgery is performed on fascial layers passing between the
esophagus and neurovascular structures.'” Preoperative
RT could cause fibrosis of the fascial plane, which could
complicate a surgical approach.” Such a complicated sur-
gical approach due to fibrosis might increase the risk of
esophageal injury, hoarseness, or dysphagia postopera-
tively.*"*" Second, corpectomy is usually performed using
an anterior approach, which is prone to subsidence or me-
chanical failure."'” Since RT weakens the vertebral body
within a radiation field, thereby causing vertebral body
fracture, the risk of subsidence could further increase

when RT is performed before surgery.” Finally, dehiscence
or infection might increase due to skin fibrosis and de-
creased vascularization (Fig. 1).*” In contrast, since the
cervical spine has a great blood supply, which promotes
wound healing, an increased risk of wound complication
due to preoperative RT demonstrated in the thoracolum-
bar spine may not apply to the cervical spine."”

Despite such specifics of ACSS, the association be-
tween preoperative RT and perioperative complication
risk of ACSS remains unknown. Therefore, the present
study evaluated whether preoperative RT performed for
MSC at the cervical spine increases perioperative morbid-
ity for ACSS.

METHODS

Study Design and Patient Characteristics

This retrospective cohort study was approved by the In-
stitutional Review Board of Asan Medical Center (No.
2024-0038). Informed consent was waived due to the
retrospective nature of the study. Fifty-seven patients
who underwent ACSS owing to MSC of the cervical spine
between March 2016 and December 2019 were retro-
spectively reviewed. Patients who were followed up for
less than 3 months or had previous cervical spine surgery
were excluded; this was because they might not address
perioperative complications appropriately. Patients who
underwent a combined cervical posterior approach were
included in the study because the current study mainly fo-
cuses on perioperative complications of ACSS rather than
clinical outcomes. Surgeries were performed by 4 surgeons
(JWC, JWP, JHP, and SHP) in a single institute.

A decision to perform RT or surgery was discussed
by a medical oncologist, spine surgeon, and radiation on-
cologist, with a consideration of patient life expectancy,
performance, symptoms, future treatment plan, and insta-
bility of the spine.” For patients who were initially sched-
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uled to receive RT, the surgery option was considered
when the patients’ symptoms were aggravated or failed
to improve. A decision for surgery after RT was again
discussed during a multi-panel discussion. Patients who
underwent RT before ACSS were included in an RT group,
while those who did not undergo RT before surgery were
classified as a non-RT group. Results were compared be-
tween the RT and non-RT groups.

Surgical Procedures

The standard Smith-Robinson approach was performed
for index level. After placing the Casper self-retractors for
visualization, discectomy and corpectomy were performed
in a standard fashion. Decompression was performed until
cord decompression was confirmed with direct visualiza-
tion. After careful endplate preparation, a titanium mesh
cage or fibular allograft was inserted for reconstruction.
An anterior cervical plate was added for stability. Com-
bined posterior fixation was performed when > 2-level
corpectomy was required.”*"* Neck collar was worn for 3
months after the surgery.

Variables
Patient demographic factors, Bilsky grades, spine neo-
plastic instability score, number of levels operated, and
preoperative and postoperative motor power assessment
using the American Spinal Injury Association scale were
recorded. Surgical factors, including operation time, esti-
mated blood loss (EBL), and postoperative drainage, were
assessed. For patients who had RT before surgery, radia-
tion dosage per time, number of fractions, total dosage,
and the time interval between RT and surgery were also
recorded. Complications, including esophageal injury,
dural tear, major vessel injury, dysphagia, hoarseness, in-
fection, wound dehiscence, mechanical failure, and early
mortality defined as death within a 6-month postoperative
period, were assessed based on electronic medical records.
To assess early postoperative subsidence, total in-
terbody height (TTH) determined by the distance between
the midpoint of the uppermost vertebral upper endplate
and the lowermost vertebral lower endplate in a lateral
cervical spine radiograph in the neutral position was mea-
sured.”””” Early subsidence was defined as the difference
between the TTH measured at an immediate postoperative
period and 3 months postoperatively. Assessment of sub-
sidence was performed only for patients who underwent
one-level corpectomy and those who did not undergo
combined posterior fixation.

Statistical Analysis

All continuous variables were tested for normality using
the Shapiro-Wilk test. Continuous variables were analyzed
using the Student t-test, while categorical variables were
analyzed using the chi-square test. All data management
and analyses were performed using IBM SPSS ver. 24.0
software (IBM Corp.), and p < 0.05 was considered signifi-
cant.

RESULTS

Forty-nine patients met the inclusion criteria and were
included in the study. Thirty-one patients did not receive
RT preoperatively and were included in the non-RT group
(age, 59.7 £ 18.1 years; 18 men [58.1%]). The remaining 18
patients underwent RT before surgery for the management
of MSC and were included in the RT group (age, 59.7 £ 7.0
years; 13 men [72.2%]). The preoperative motor grade was
significantly higher in the non-RT group preoperatively (p
= 0.004), and the RT group had a significantly greater in-
cidence of diabetes mellitus (p = 0.010). Otherwise, there
were no significant differences in patient characteristics in
the 2 groups (Table 1). Hepatocellular carcinoma was the
most common primary origin of MSC in both the non-RT

Table 1. Patient Characteristics

Non-RT group RT group p-

Vit (n=31) (n=18)  value
Age (yr) 59.7 +18.1 59.7+7.0 0.993
Sex (male : female) 18:13 13:5 0.372
Body mass index (kg/m’) 226+37 219+27 0.489
Hypertension 9(29.0) 6(33.3) 0.780
Diabetes mellitus 6(19.4) 10(55.6)  0.010*
Smoking 7(22.6) 5(27.8)  0.730
Bilsky grade 18+1.0 18+09 0937
Pathologic fracture 27 (87.1) 10(55.6) 0.125
SINS 10.8+2.1 116+32 0348
Preoperative AIS motor grade 47+0.4 42+0.7 0.004*
Postoperative AIS motor grade 49+04 47+05 0.109
Postoperative RT 18 (58.1) 14(77.8)  0.081
Survival period (mo) 19.6+23.8 15.3+10.0 0.651

Values are presented as mean + standard deviation or number (%).

RT: radiation therapy, SINS: spine instability neoplastic score, AlS: American
Spinal Injury Association impairment scale.

*0 <0.05.
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Table 2. Primary Pathology of Metastatic Spine Cancer

(6 patients, 19.4%) and RT (8 patients, 44.4%) groups. The
distribution of the primary origin of MSC was not signifi-

Variable Non-RT group RT group p-value cantly different between the 2 groups (p = 0.057) (Table 2).
HCe 6(19.4) 8 (44.4) 0.057 Among 18 patients included in the RT group, 15 patients
(83.3%) underwent surgery due to persistent or aggravat-
Breast 6(19.4) 0 . . ; .
ing neck or arm pain, while the other 3 patients (16.7%)
Prostate 1(3.2) 2(11.9) had surgery due to new onset neurological deficits. Three
Other gastric origin 1(3.2) 1(5.6) patients (16.7%) in the RT group demonstrated aggrava-
_ tion of pathologic compression fracture.

Hematologic 4(12.9) 0 . . . .
Surgery-related factors, including operation time (p
Others 13(41.9) 7(38.9) =0.109), EBL (p = 0.246), amount of postoperative drain-

Values are presented as number (%). Comparison was performed using a
chi-square test.
RT: radiation therapy, HCC: hepatocellular carcinoma.

age (p = 0.604), number of levels operated (p = 0.207), and
number of patients who underwent combined posterior
fusion (p = 0.768), did not significantly differ between

Table 3. Treatment-Related Factors

Variable
Operative factor
Operation time (min)
EBL (mL)
Postoperative drainage (mL)
Number of levels operated

Combined posterior fusion

Radiation therapy factor
Dosage per time (Gy)
Number of fractions
Total dosage

Time interval from RT to surgery (mo)

Non-RT group RT group p-value
291.2 £165.7 225.6 £58.4 0.109
250.0 £198.7 183.3£141.4 0.246

76.7 +48.6 66.33 + 45.7 0.604
1.3+06 1.1£03 0.207
22(71.0) 10 (55.6) 0.768
52.0+35.7
89x24
425.1 + 204.1
2611

Values are presented as mean + standard deviation or number (%). All analyses were performed using Student t-test.

RT: radiation therapy, EBL: estimated blood loss.

Fig. 2. lllustrative case 1. A 61-year-old woman with a previous history of breast cancer presented with intractable neck pain. The preoperative sagittal
magnetic resonance imaging (A) and lateral radiograph (B) show a pathological fracture of the C7 vertebral body (dashed circles). (C) Anterior cervical
corpectomy and fusion using a mesh cage and anterior cervical plate was performed. (D) However, the neck pain recurred 6 months after the surgery.
Mechanical failure with cage dislodgement was observed in the radiograph. (E, F) Revision posterior fusion of C3—T5 was performed for reconstruction.
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Table 4. Perioperative Complications

Variable Ng(ig;JI?)T ngng p-value
Complication
Esophageal injury 0 0 NA
Dural tear 0 1(5.6) 0.340
Major vessel injury 0 0 NA
Dysphagia 11(35.5) 4(22.2) 0539
Hoarseness 7(22.6) 2(11.1) 0701
Infection 2(6.4) 0 0.329
Wound dehiscence 0 0 NA
Mechanical failure 0 1(5.6) 0.340
Early mortality 1(3.2) 0 1.000
Subsidence
Immediate postoperative TIH 55.0+12.7 486+10.6 0.213
Three months postoperative TIH ~ 48.0+14.3 46.8+10.2 0.824
Subsidence 47 +3.1 18+14  0012*

Values are presented as number (%) or mean + standard deviation.
Complications were analyzed using the chi-square test, and TIH and
subsidence were analyzed using the Student t-test.

RT: radiation therapy, TIH: total interbody height.

*p<0.05.

the 2 groups. All the patients included in the RT group
received conventional external beam RT. The total dosage
of radiation performed was 425.1 + 204.1 Gy. The interval
between RT and surgery was 2.6 + 1.1 months (Table 3).

One patient (5.6%) included in the RT group had
a dural tear, which was managed conservatively using a
lumbar drain and bed rest for 3 days. Two patients (6.4%)
had an infection in the non-RT group, while there was no
infection in the RT group. There were no patients with
esophageal injury, major vessel injury, and wound de-
hiscence in both groups. The incidence of complications
did not significantly differ between the 2 groups. In the
non-RT group, mechanical failure of cage dislodgement
occurred in 1 patient (5.6%) (Fig. 2), and there were no in-
strument-related complications in the RT group (p = 0.340)
(Table 4). One patient (5.6%) in the RT group underwent
surgery that was assisted by an ear, nose and throat (ENT)
surgeon. However, this was preoperatively planned due to
the extensiveness of the tumor, and not due to the compli-
cated approach of an orthopedic or neurosurgeon (Fig. 3).
Otherwise, there were no patient records of difficult surgi-
cal procedure.

Fig. 3. lllustrative case 2. A 65-year-old man who was being followed
up for hepatocellular carcinoma presented with severe neck pain. His
neurological status was intact. (A) The preoperative lateral cervical
spine radiograph demonstrated osteolysis of the C3-5 vertebral bodies
with kyphotic deformity. (B) Sagittal T1 gadolinium-enhanced magnetic
resonance imaging shows metastatic mass compressing the spinal cord
and protruding anteriorly of the vertebral body. Due to the extensiveness
of the metastatic mass, an ear, nose and throat (ENT) surgeon was
consulted preoperatively for the surgical procedure. With the help
of the ENT surgeon, the surgical procedure was performed without
complication. (C) C3-5 corpectomy and C2—7 posterior fusion were
performed. The patient experienced no neck pain without neurological
complications for 3 years of follow-up.

The TTH measured immediately after the surgery
(p = 0.213) and at 3 months postoperatively (p = 0.824)
did not demonstrate significant intergroup differences
between the RT and non-RT groups. However, early sub-
sidence was significantly greater in the non-RT group
compared to that in the RT group (p = 0.012) (Table 4).

DISCUSSION

Anterior and posterior approaches to the cervical spine
have their own advantages and limitations; however, care-
fully selecting an appropriate surgical approach that con-
siders the specifics of pathology is of great importance to
achieving optimal outcomes.” Furthermore, since surgery
for MSC is often extensive for patients who are prone
to complications, the significance of selecting a surgical
strategy should be further emphasized.” Moreover, if RT
performed preoperatively as an initial treatment modality
for MSC increases the complication rates of ACSS, sur-
geons should consider performing the posterior approach
instead for patients who underwent preoperative RT. A
posterior approach of the cervical spine is rather a simple
procedure than an anterior approach, which requires fas-
cial plane dissection between vital structures."” Previous
studies have demonstrated that RT performed for head
and neck cancers increases the risk of fibrosis, osteone-
crosis, and infection of the radiation field, which could be
applied equally for MSC of the cervical spine.'” Therefore,
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the current study was conducted to elucidate whether
preoperative RT performed for MSC increases the surgical
complications of MSC and identify whether this would be
a critical factor when deciding a surgical method.
Previous reports suggest that radiation-induced
fibrosis could occur with RT.” Radiation injury triggers
excessive collagen production and remodels normal tissue.
If radiation injury triggered fibrosis of the fascial plane uti-
lized during the ACSS, a surgical approach would be diffi-
cult with an increased risk of vital structure injury, includ-
ing the esophagus or major vessel injury.” Furthermore,
radiation is known to cause mucosal injury and muscle
shortening, as well as atrophy, which might change the
esophageal wall structure prone to injury.*"” Difficulty in
an approach owing to fibrosis might increase the incidence
of hoarseness or dysphagia, which are related to recurrent
laryngeal nerve injury and excessive soft-tissue traction.
However, the current study showed that the surgical ap-
proach is not complicated by RT performed before sur-
gery. Although 1 patient underwent the surgical approach
with the help of an ENT surgeon (Fig. 3), this was due to
the extensivity of MSC, and not by previous RT history
or a complicated approach. The surgery time did not in-
crease owing to previous RT history, and RT did not cause
injuries to structures that are nearby and in the approach
pathway. Furthermore, the incidence of dysphagia and
hoarseness were similar between the 2 groups. Therefore,
previous RT history does not seem to complicate surgical
procedures of the standard Smith-Robinson approach.
The wound dehiscence or infection rate of MSC
surgery has been reported to be higher (9.5%-42.0%)
compared to surgeries for other degenerative causes.*”*" >’
RT also has theological specifics that could increase the
risk of surgical site infection and wound dehiscence.”
Radiation induces decreased vascularity and cell death in
soft tissues, which raises concerns about wound healing.s)
Previous studies have demonstrated conflicting results
regarding the association between wound complication
and RT.”*” Schilling et al.” reported that preoperative RT
is a risk factor for wound-related complications after sur-
gery in an MSC cohort. However, Vargas et al.” suggested
that the rate of wound complication did not significantly
differ between the RT and non-RT cohorts. In the cur-
rent study, wound dehiscence or infection did not occur
in the RT group, and wound complication rates were not
significantly different compared to those of the non-RT
group. The wound complication rate of ACSS is reported
to be significantly lower (0.2%-0.49%) compared to that
of the thoracolumbar spine, which may apply equally for
MSC surgery."”’ Furthermore, studies reporting increased

wound complication rates with preoperative RT for MSC
were mostly reported before 2000, and the literature has
had very few studies in nearly 20 years since 2001 that ad-
dressed the association between wound complication and
preoperative RT for MSC.® Modern surgical environments
and RT techniques could have possibly decreased the
wound complication rate for MSC.”

RT weakens the vertebral body included in the ra-
diation field, which could occasionally cause compression
fracture.”"” Jawad et al.'” reported that the compression
fracture rate after stereotactic body RT for MSC was 3%,
and solitary metastasis was a risk factor owing to a more
aggressive treatment approach. Vargas et al.” also sug-
gested that the compression fracture rate after stereotactic
body RT for MSC was 22.2% during a 5-year follow-up.
The results of these studies raise concern for subsidence
or mechanical failure following surgery for MSC after
RT. Construction of corpectomy is inherently prone to
subsidence compared to anterior cervical discectomy and
fusion since it has a longer lever arm and fewer fixation
points.”"** However, the present study demonstrated that
RT was not associated with an increased risk of subsidence
or mechanical failure. There were no cases of mechani-
cal failure in the RT group, and the amount of subsidence
after 3 months of follow-up was significantly less in the RT
group.

Type of RT and dosage are factors that could affect
complication rates.”*” It has been reported that the verte-
bral compression fracture rate is higher in the stereotactic
body RT compared to that of an external beam RT.” In-
creased dosage and hypofractionation also increase the
likelihood of complications.” However, the current study
was unable to clarify the association between RT type/dos-
age and complications, since all the patients underwent
conventional external beam radiation and the number
of patients with complications was small. Further stud-
ies with larger cohorts should be conducted to clarify this
manner.

The majority of patients in the RT group (15/18,
83.3%) underwent surgery after RT due to persistent neck
pain or arm pain, and not many patients suffered from
new onset neurological deficits (3/18, 16.7%). However,
we cannot provide a success rate of initial RT to control
pain due to MSC of the cervical spine since the current
study was conducted with patients who had operations.
Therefore, the current study has limited capacity to pro-
vide information regarding indications to perform RT or
surgery at an initial stage. Further evaluation would be
needed to clarify how the initial treatment modality (RT
or surgery) could be selected for patients with MSC at the
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cervical spine.

The current study has a few limitations. First, the
study was conducted with a limited sample size. There-
fore, although the current study suggests that preoperative
RT may not increase the complication rates of ACSS, the
results should be further clarified with a larger cohort.
Second, radiographic measurement of TIH was performed
with only radiography and not with computed tomography
or magnetic resonance imaging since we did not routinely
obtain these images postoperatively. Certain errors of
measurement could have occurred since the magnification
of radiography may be different.”” Third, as previously
mentioned, the current study has limitations in identifying
whether different radiation types or dosages could affect
surgical complications. Fourth, patients who underwent a
combined posterior approach were also included. Ideally,
including patients who had anterior surgery only would
be more appropriate. However, patients with a combined
posterior approach were included due to the limited num-
ber of patients who underwent anterior only surgery, and
the current study focused mainly on perioperative com-
plications and not efficacy or radiographic findings of the
operation. Finally, the study is not free from inherent bias,
as it is a retrospective study.

by a previous RT history. Therefore, surgeons can safely
choose an anterior approach when the number of levels or
MSC location favors anterior surgery, and there would be
no need to perform a posterior surgery due to a concern
that previous RT may increase the complication rates of
ACSS. These results would need verification with a larger
cohort.

CONFLICT OF INTEREST

No potential conflict of interest relevant to this article was
reported.

ACKNOWLEDGEMENTS

The current study was awarded the best oral presentation
award at the 2023 Korean Society of Spine Tumor Confer-
ence.

ORCID
Jae Hwan Cho  https://orcid.org/0000-0002-1178-9778
Dong-Ho Lee https://orcid.org/0000-0003-3704-6355

Chang Ju Hwang https://orcid.org/0000-0001-5666-3135

In conclusion, RT performed before surgery for  Jae Woo Park https://orcid.org/0000-0002-6891-9246
MSC does not increase the risk of wound complication,  Jin Hoon Park  https://orcid.org/0000-0002-0903-3146
mechanical failure, or vital structure injury during ACSS.  Sehan Park https://orcid.org/0000-0001-8959-8579
Procedure of the surgical approach was not complicated
REFERENCES

1. Davarski AN, Kitov BD, Zhelyazkov CB, et al. Surgical man-
agement of metastatic tumors of the cervical spine. Folia
Med (Plovdiv). 2013;55(3-4):39-45.

2. Ahmed KA, Stauder MC, Miller RC, et al. Stereotactic body
radiation therapy in spinal metastases. Int ] Radiat Oncol
Biol Phys. 2012;82(5):e803-9.

3. Guckenberger M, Sweeney RA, Hawkins M, et al. Dose-
intensified hypofractionated stereotactic body radiation
therapy for painful spinal metastases: results of a phase 2
study. Cancer. 2018;124(9):2001-9.

4. Parks, Park JW, Park JH, et al. Factors affecting the progno-
sis of recovery of motor power and ambulatory function af-
ter surgery for metastatic epidural spinal cord compression.
Neurosurg Focus. 2022;53(6):E11.

5. Hong SH, Chang BS, Kim H, Kang DH, Chang SY. An up-
dated review on the treatment strategy for spinal metastasis
from the spine surgeon’s perspective. Asian Spine J. 2022;
16(5):799-811.

6. Vargas E, Mummaneni PV, Rivera J, et al. Wound complica-
tions in metastatic spine tumor patients with and without
preoperative radiation. ] Neurosurg Spine. 2022;38(2):265-
70.

7. Vargas E, Susko MS, Mummaneni PV, Braunstein SE, Chou
D. Vertebral body fracture rates after stereotactic body
radiation therapy compared with external-beam radiation
therapy for metastatic spine tumors. ] Neurosurg Spine.
2020;33(6):870-6.

8. Straub JM, New J, Hamilton CD, Lominska C, Shnayder Y,
Thomas SM. Radiation-induced fibrosis: mechanisms and
implications for therapy. J] Cancer Res Clin Oncol. 2015;
141(11):1985-94.

9. Schilling AT, Ehresman J, Huq S, et al. Risk factors for
wound-related complications after surgery for primary and
metastatic spine tumors: a systematic review and meta-
analysis. World Neurosurg. 2020;141:467-78.

10. Jawad MS, Fahim DK, Gerszten PC, et al. Vertebral com-



293

11.

12.

13.

14.

15.

16.

17.

Cho et al. Radiation Therapy-Related Preoperative Complications in Metastatic Cervical Spine Cancer Surgery

Clinics in Orthopedic Surgery * Vol. 16, No. 2, 2024 « www.ecios.org

pression fractures after stereotactic body radiation therapy:
a large, multi-institutional, multinational evaluation. ] Neu-
rosurg Spine. 2016;24(6):928-36.

Vigo V, Pastor-Escartin F, Doniz-Gonzalez A, et al. The
Smith-Robinson approach to the subaxial cervical spine: a
stepwise microsurgical technique using volumetric models
from anatomic dissections. Oper Neurosurg (Hagerstown).
2020;20(1):83-90.

Park PJ, Lehman RA. Performing the 3-level anterior cervi-
cal discectomy and fusion (ACDF): technical pearls to max-
imize fusion rates and reduce postoperative complications.
Clin Spine Surg. 2022;35(10):447-50.

Sroussi HY, Epstein JB, Bensadoun RJ, et al. Common oral
complications of head and neck cancer radiation therapy:
mucositis, infections, saliva change, fibrosis, sensory dys-
functions, dental caries, periodontal disease, and osteora-
dionecrosis. Cancer Med. 2017;6(12):2918-31.

Lin ZC, Bennett MH, Hawkins GC, et al. Hyperbaric oxy-
gen therapy for late radiation tissue injury. Cochrane Data-
base Syst Rev. 2023;8(8):CD005005.

Vaccaro AR, Falatyn SP, Scuderi GJ, et al. Early failure of
long segment anterior cervical plate fixation. ] Spinal Dis-
ord. 1998;11(5):410-5.

Park S, Lee DH, Lee CS, Hwang CJ, Yang JJ, Cho JH. Ante-
rior decompression and fusion for the treatment of cervical
myelopathy caused by ossification of the posterior longitu-
dinal ligament: a narrative review. Asian Spine J. 2023;17(3):
582-94.

Alhashash M, Alkharsawi M, Shousha M. Incidence and
local risk factors of infection after anterior sub-axial cervi-
cal spine surgery: retrospective database analysis of 4897

18.

19.

20.

21.

22.

23.

24.

25.

consecutive procedures. Arch Orthop Trauma Surg. 2023;
143(2):717-27.

Sasso RC, Ruggiero RA Jr, Reilly TM, Hall PV. Early recon-
struction failures after multilevel cervical corpectomy. Spine
(Phila Pa 1976). 2003;28(2):140-2.

Lee CH, Kim KJ, Hyun SJ, Yeom JS, Jahng TA, Kim HJ. Sub-
sidence as of 12 months after single-level anterior cervical
inter-body fusion. Is it related to clinical outcomes? Acta
Neurochir (Wien). 2015;157(6):1063-8.

Lee JC, Jang HD, Ahn J, Choi SW, Kang D, Shin B]. Com-
parison of cortical ring allograft and plate fixation with
autologous iliac bone graft for anterior cervical discectomy
and fusion. Asian Spine J. 2019;13(2):258-64.

Omeis IA, Dhir M, Sciubba DM, et al. Postoperative surgi-
cal site infections in patients undergoing spinal tumor sur-
gery: incidence and risk factors. Spine (Phila Pa 1976). 2011;
36(17):1410-9.

Bauer HC. Posterior decompression and stabilization for
spinal metastases: analysis of sixty-seven consecutive pa-
tients. ] Bone Joint Surg Am. 1997;79(4):514-22.

Quraishi NA, Rajabian A, Spencer A, et al. Reoperation
rates in the surgical treatment of spinal metastases. Spine J.
2015;15(3 Suppl):S37-43.

Das AK, Purohit DK, Gupta A, Kataria R. Comparison of
radiological and clinical outcomes between expandable and
non-expandable cages following cervical corpectomy: a sys-
tematic review and meta-analysis. Asian Spine J. 2023;17(3):
567-81.

Kim GU, Park WT, Chang MC, Lee GW. Diagnostic tech-
nology for spine pathology. Asian Spine J. 2022;16(5):764-
75.





