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Abstract

Anterior cervical spine surgery is an established surgical intervention for cervical degenerative dis-
ease and high success rate with excellent long-term outcomes have been reported. However, indications 
of surgical procedures for certain conditions are still controversial and severe complications to cause 
neurological dysfunction or deaths may occur. This review is focused mainly on five widely performed 
procedures by anterior approach for cervical degenerative disease; anterior cervical discectomy, ante-
rior cervical discectomy and fusion, anterior cervical corpectomy and fusion, anterior cervical forami-
notomy, and arthroplasty. Indications, procedures, outcomes, and complications of these surgeries are 
discussed. 
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Introduction

Anterior cervical spine surgery has been widely 
performed as a standard procedure for cervical 
spondylosis, disc hernia, ossified posterior longi-
tudinal ligament (OPLL), spinal and spinal cord 
tumors, and vascular diseases. This surgery has 
substantial advantages to visualize and treat the 
lesions directly, since the disc hernias, spondylotic 
osteophytic spurs, and OPLL exist anterior to the 
spinal cord and spinal nerves. And damages to 
the muscles are minimal by anterior cervical spine 
surgery, because muscles do not attach to the 
middle anterior surface of the cervical vertebral 
body. On the other hand, there are disadvantages 
of the anterior cervical spine surgery. A majority 
of this procedure sacrifices the disc function after 
a fusion procedure. And, there are vulnerable 
important organs such as esophagus, trachea, and 
recurrent laryngeal nerve (RLN), and major compli-
cations may occur. This review is focused on the 
anterior cervical spine surgery as a treatment for 
cervical degenerative disease, and indication, 
procedures, outcomes, and complications are 
discussed. The articles were selected based on the 
following criteria: (1) written in English or Japanese, 

(2) studies about the effects or complications of 
anterior cervical spine surgery, and (3) guidelines 
or retrospective studies or a prospective studies 
or case reports.

General Indications and Procedures of 
Anterior Cervical Spine Surgery

Indication of the anterior cervical spine surgery for 
cervical degenerative disease is still controversial. 
But, in general, this surgery should be considered 
for the anterior lesions which compress spinal cord 
or spinal nerve, such as osteophytic spurs or disc 
hernias. Among these lesions, the cases in which 
the extent of the lesions confined to 3-disc levels 
or necessity for fusion procedure or vertebral body 
removal are supposed to be good candidates for 
the anterior cervical spine surgery. On the other 
hand, posterior cervical spine surgery is indicated 
for posterior lesions which compress spinal cord 
or nerve roots, and when the lesions are extended 
beyond 3-disc levels or OPLL with extensive dural 
ossification. In this review, standard procedures of 
the anterior cervical spine surgery; anterior cervical 
discectomy, anterior cervical discectomy with fusion 
(ACDF), anterior cervical corpectomy with fusion 
(ACCF), anterior cervical foraminotomy, and arthro-
plasty are discussed.Received November 25, 2014; Accepted February 16, 2015
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Comprehensive Reviews and Guideline 
of Anterior Cervical Spine Surgery for 

Cervical Spondylotic Radiculopathy and 
Myelopathy by Non-profit Organization 

and Medical Societies 

I. Systematic review articles of the cervical spine 
surgery by the Cochrane Collaboration

Nikolaidis et al. included two randomized studies 
of total 149 patients with radiculopathy or myelop-
athy due to cervical spondylotic diseases in their 
systematic review.1) They found low quality evidence 
that surgery provided pain relief faster than physi-
otherapy or hard collar immobilization in cervical 
radiculopathy, but there was no or little evidence 
in the long term. Low quality evidence showed 
that patients with mild myelopathy felt subjectively 
better shortly after surgery than non-surgical treat-
ment, but there was little or no difference in the 
long term. 

Jacobs et al. reviewed single or double-level 
anterior interbody fusion techniques for cervical 
degenerative disc disease.2) They collected 33 studies 
(2,267 patients) and compared different surgery 
techniques; anterior cervical discectomy, ACDF 
using autograft or allograft or a cage. There was no 
evidence that one technique was better than another 
for clinically significant pain relief for patients with 
chronic cervical degenerative disc disease. Moderate 
quality evidence showed little or no difference in 
Odom’s criteria between ACDF with iliac autograft 
and that with a metal cage. They found moderate 
quality evidence that the use of bone graft was more 
effective than discectomy alone in achieving fusion, 
and low quality evidence that ACDF with iliac crest 
autograft was more effective in achieving fusion 
than a cage, while the cage was more effective in 
preventing complications. 

Boselie et al. published a review article to 
assess the effects of arthroplasty versus fusion 
for radiculopathy or myelopathy, or both due to 
single-level cervical disc disease.3) They included 
9 studies with 2,400 participants. There was 
high-quality evidence that segmental mobility was 
larger in arthroplasty group at 1–2 years at the 
treated level, but no difference was detected in the 
necessity of secondary surgery at adjacent levels 
in this period. Low quality evidence showed a 
small significant difference in alleviation of arm 
pain at 1–2 years in favor of arthoplasty. Moderate 
quality evidence showed a small difference in 
neck-related functional status and neurological 
outcome in favor of arthroplasty. However, this 
review indicated the possible publication bias, 

because smaller studies showed larger difference 
for the outcome.

II. Systematic review by the Section on Disorders of 
the Spine and Peripheral Nerves of the American 
Association of Neurological Surgeons/Congress of 
Neurological Surgeons (AANS/CNS)

The evidence was classified into three levels.4) 
Briefly, Class I evidence evolved from well-designed 
randomized controlled trials (RCTs), Class II evidence 
arose from RCTs with design problems or from well-
designed cohort studies, and Class III evidence arose 
from case series or poorly designed cohort studies.

For the treatment of cervical spondylotic myelop-
athy, widely utilized techniques including ACDF, 
ACCF, laminoplasty, and laminectomy with fusion 
improved functional outcome (Class III).5) ACDF 
and ACCF exhibited similar results in multilevel 
spine decompression for lesions at the disc level 
(Class III). Without anterior plating, ACCF provided 
a higher fusion rate and a higher graft failure rate 
than multilevel ACDF (Class III). Laminectomy was 
associated with late deterioration compared to other 
types of anterior and posterior surgeries (Class III). 
Patients with mild spondylotic myelopathy (modified 
Japanese Orthopedic Association scale score > 12) 
responded to surgical decompression or nonoper-
ative therapy (Class II).6) More severe myelopathic 
patients responded to surgical decompression and 
the effects of the surgery were maintained for 5–15 
years (Class III).

Regarding the indication of the anterior cervical 
spine surgery for cervical spondylotic radiculopathy,7) 
anterior cervical discectomy and ACDF resulted in 
more rapid relief (within 3–4 months) of arm/neck 
pain, weakness, and/or sensory loss compared to 
physical therapy and cervical collar immobiliza-
tion and the effects of these surgery lasted over 12 
months (Class I). Anterior cervical foraminotomy 
also exhibited improvement in clinical function in 
a majority of the patients, but the evidence was 
weak and recurrent symptoms were seen in 30% 
(Class III). There was another review to identify 
the best techniques for anterior cervical nerve  
root decompression.8) Anterior cervical discectomy 
and ACDF were equivalent treatment strategies  
for 1-level disease regarding functional outcome 
(Class II). Anterior cervical plating improved arm 
pain better than ACDF in the treatment of 2-level 
disease (Class II). For 1-level disease, plating might 
reduce the risk of pseudo-arthrodesis and graft prob-
lems (Class III) but did not improve clinical outcome 
(Class II). Cervical arthroplasty was recommended 
as an alternative to ACDF in selected patients with 
neck and arm pain (Class II).
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III. The North American Spine Society (NASS) 
evidence-based clinical guideline for the diagnosis 
and treatment of cervical radiculopathy from 
degenerative disorders9)

In this guideline, categories of recommendations are 
classified into five levels; level A, B, C, D, and I. Level 
A and B are the generally recommended categories. 

Surgical treatment is suggested for rapid relief 
of symptoms of cervical radiculopathy from degen-
erative disorders when compared with medical or 
interventional treatment (grade B). For single-level 
cervical radiculopathy, anterior cervical discectomy 
and ACDF are suggested as comparable treatment 
strategies, producing similar clinical outcomes (grade 
B) and the addition of an interbody graft for fusion 
is suggested to improve sagittal alignment after the 
anterior cervical discectomy (grade B). Both ACDF with 
or without a plate are recommended as comparable 
treatment strategies (grade B), but a plate improves 
sagittal alignment (grade B). Either ACDF or posterior 
foraminotomy are recommended for the treatment 
of single-level degenerative cervical radiculopathy 
secondary to foraminal soft disc herniation (grade 
B). ACDF and total disc arthroplasty are suggested 
as comparable treatments with similar successful 
short-term outcomes for single-level degenerative 
cervical radiculopathy (grade B). Surgery is an 
optional treatment for this condition with long-term 
favorable outcomes (grade C). 

Surgical Procedures

I. Indication of anterior cervical discectomy, ACDF, 
ACCF, and anterior cervical foraminotomy 

Among the widely performed surgical procedures of 
the anterior cervical spine surgery, ACDF and ACCF 
are generally accepted surgeries for cervical spon-
dylotic myelopathy and radiculopathy as described 
above.1–8) For ACDF, the use of metal cages may 
reduce complications related to iliac bone harvesting. 
Anterior plating is reported to improve fusion rate, 
sagittal alignment, and functional outcomes and 
reduce graft problems.5,8) However, a majority of the 
studies with anterior plating was performed with 
autograft or allograft. Since high fusion rate and 
low complication rate of ACDF were shown with 
metal cages,10–12) anterior plating should be consid-
ered when using bone grafts. ACCF may improve 
the fusion rate, but increase the risk of graft failure. 
Arthroplasty may improve functional outcomes, but 
it is too early to determine its efficacy. In conclu-
sion, ACDF with metal cages and ACDF using bone 
grafts with anterior plating show better outcomes 
and fewer complications than the anterior cervical 
discectomy and anterior cervical foraminotomy, but 

ACCF can also be indicated for the lesions that 
cannot be treated by intervertebral approach. 

II. The approach side of anterior cervical spine 
surgery

The approach side of the anterior cervical spine 
surgery does not change the outcomes and complication 
rates including RLN injury.13) However, information 
should be acquired before the decision of approach 
side. It is reasonable to avoid surgery on the side of 
the previous one-side anterior cervical surgery. Patients 
with hoarseness should be examined by laryngoscope 
for vocal cord palsy, and if the paresis is detected, 
surgery should be performed on the same side to 
prevent catastrophic complication of bilateral vocal 
cord paralysis.14) Pre-existing one-side carotid artery 
stenosis rationalizes the surgery on the other side, since 
retraction on carotid artery may cause lethal stroke.15) 

III. Intraoperative monitoring
Intraoperative electrophysiological monitoring under 

total intravenous anesthesia is recommended for 
cervical spine surgery to prevent neurological deficits 
due to cervical spine positioning and intraoperative 
manipulation of the spinal cord and nerves.16) Among 
the electrophysiological monitoring procedure, tran-
scranial electrical stimulation motor evoked potential 
(MEP), sensory evoked potential (SEP), and spontaneous 
electromyography are widely performed. MEP shows 
100% sensitivity for postoperative neurological deficits 
in many reports, but the specificity is reported to be 
lower than SEP in some reports.16,17) Evidence from 
systematic reviews by Fehlings et al. showed that 
multimodality intraoperative neuromonitoring was 
sensitive and also specific for detecting intraopera-
tive neurologic injury during spine surgery. And it is 
strongly recommended for surgery where the spinal 
cord or nerve roots are deemed to be at risk.18)

Complications and Treatment

There are vulnerable important organs, such as 
trachea, esophagus, carotid artery, RLN, and sympa-
thetic nerve trunk anterior to the cervical spine. 
The complications which require intraoperative 
management or cause major morbidity/mortality 
are listed as follows: 

1. Dural tear and cerebrospinal fluid (CSF) leakage
Incidence of dural tear during the anterior cervical 
spine surgery is 1% or less in many reports.19) If 
subcutaneous CSF leak develops, it can cause not 
only poor wound healing or infection, but also neck 
mass and dysphagia.20) When dural injury occurs intra-
operatively, there are several procedures to prevent 
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postoperative CSF leakage.21) If the tear is small, dura 
can be closed with non-absorbable suture or non-
penetrating vascular closure staples. When a large 
dural defect is observed, synthetic dural substitute or 
autologous fascia can be patched. The use of absorbable 
sheet and fibrin glue substantially reduces subclinical 
epidural CSF leak and cutaneous leakage.21) For the 
anterior cervical spine surgery, there is occasionally 
not enough working space to apply sutures, staples, 
or dural patch, and in these cases, fibrin glue and 
absorbable sheet can be just placed on the dura.

2. Esophageal injury
Esophageal perforation is uncommon but life-threat-
ening complication occurs with an incidence of 
0.02–3.4%.22–25) Perforation occurs at upper esophagus 
or pyriform sinus of pharyngoesophageal junction. It 
is rarely recognized intraoperatively, but diagnosed 
within 10 days of surgery in many cases, however, in 
some cases symptoms develop several months/years 
after surgery. Anterior plating especially carries a risk 
for delayed esophageal perforation,22) but removal of 
the plate is not usually scheduled. As a consequence 
of esophageal injury, high mortality rate (4–50%) 
is reported due to mediastinitis, sepsis, or menin-
gitis, and therefore, early diagnosis and treatment 
are important.23–25) If clear fluid leakage is observed 
intraoperatively, injury site should be immediately 
investigated, and if found the tear should be repaired 
by an esophagus surgeon. Postoperative sore throat, 
dysphagia, and mis-swallowing are important local 
signs, and fever, tachycardia, and pneumoderma 
suggest the possibility for esophageal injury.23–25) In 
such suspected cases, prompt swallowing contrast 
imaging and/or endoscopy should be performed.

3. Vascular injury and stroke
Vertebral artery injury by the anterior cervical spine 
surgery is uncommon with an incidence of 0.1–0.5%, 
but often results in severe neurological deficit.26–28) 
Most of the injuries occurred during ACCF, but 
rarely during ACDF.27) Vertebral artery is located 1–2 
mm laterally from uncovertebral joints and excessive 
lateral bone removal by the Kerrison bone punch or 
high-speed drill may result in laceration of vertebral 
artery. When removing a part of Luschka joints, care 
should be taken not to expose dural root sleeve more 
than 5 mm.29,30) It is also noteworthy that the risk is 
greater more at the cephalad vertebra during lateral 
extension of the central decompression procedures, 
because inter-Luschka distance increases from C3 to 
C7.29,31) Furthermore, for the cases that require uncover-
tebral joints resection, preoperative contrast-enhanced 
three-dimensional computed tomography (3D-CT) is 
mandatory, since there is 3% incidence of anomalous, 

tortuous vertebral artery.32) Once bleeding occurs intra-
operatively, compression of the bleeding point using 
gelform or cottonoids should be tried for temporal 
hemostasis,27) and threads or vascular closure staples 
can be used for repair of arterial wall.33) When these 
trials fail, ligation of vertebral artery can be considered, 
but it may lead to cerebellar/brain stem infarction and 
the mortality rate is as high as 12%.34)

Carotid artery injury by the anterior cervical spine 
surgery is extremely rare.35) It is not well known that 
traction of normal carotid artery by retractor causes 
significant reduction in blood flow,36) and indeed, 
prolonged retraction of the normal common carotid 
artery can induce lethal stroke.15) As described 
above, preoperative evaluation of the carotid artery 
is needed for the patients with a history of previous 
stroke, and approach side should be discussed and 
long retraction should be avoided. 

4. Airway obstruction
Airway obstruction after the anterior cervical spine 
surgery is caused by retropharyngeal hematoma or 
edema of soft tissues and the incidence is 1–6%.37–39) 
It occurs minutes to 10 days after surgery, but most 
frequently, 24–48 hours. Recently, local retropharyngeal 
steroid administration is reported to reduce prever-
tebral soft tissue swelling,39) but careful hemostasis 
and avoidance of prolonged retraction are essential 
to prevent this catastrophic event. Multi-level surgery 
(> 2 disc-level), surgery cephalad to C4, bleeding 
more than 300 ml and long operation time (> 90 
min or > 5 hours) are risk factors for postopera-
tive airway obstruction.39,40) In case of the airway 
obstruction due to hematoma, early detection and 
hematoma evacuation are the keys to save patients.

5. Hoarseness and vocal code paralysis
Hoarseness after the anterior cervical spine surgery 
has been reported to be a consequence of RLN 
palsy.41) Right RLN leaves the vagus nerve and loops 
under subclavian artery, while the left RLN leaves 
vagus nerve at the mediastinum and passes over the 
aorta. After branching from vagus nerve, right nerve 
does not go into the tracheoesophageal groove until 
it approaches the cricothyroid joint, whereas left 
RLN ascends within the tracheoesophageal groove. 
Right RLN was thought to be easily injured by right 
side approach of the anterior cervical spine surgery, 
because it might cross the operative field.42) However, 
the incidence of postoperative hoarseness does not 
differ by the side of approach. The overall incidence 
of RLN palsy had been reported to be 2–3%,13,41) but 
recent prospective study showed the incidence of 
hoarseness and subclinical laryngoscopic vocal code 
paralysis was 8.3%, 15.9% at 3–7 days, and 2.5%, 
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10.8% at 3 months after surgery, respectively.43) 
Initial and persistent RLN palsy occurred much 
more often than anticipated. As a cause of RLN 
palsy, compression of the RLN within the endolarynx 
was suggested in some studies.44) Endotracheal tube 
cuff pressure monitoring and release after retractor 
placement may prevent injury to the RLN during 
anterior cervical spine surgery.

6. Dysphagia
Dysphagia is often observed after the anterior cervical 
spine surgery with an incidence of 2–60%.45,46) The 
incidence has been lower in the reports by surgeons 
(neurosurgeons and orthopedic surgeons) and higher 
in those by otolaryngologists. But, recent cohort study 
by orthopedic surgeons revealed that dysphagia was 
observed in 54% of patients at 1 year and 14% at 
2 years after the anterior cervical spine surgery.46) 
Risk factors were female gender, prolonged operative 
time, revision surgeries, multilevel surgeries, and the 
use of bone morphogenetic protein.46,47) The effect 
of anterior plating on the occurrence of dysphagia 
is still controversial,45,46) but the removal of anterior 
plating improved symptoms in 87% of the patient 
with persistent dysphagia in the previous article.48) 
It is reasonable to consider surgery to remove ante-
rior plates for the patient with severe dysphagia. 

7. C5 palsy
Postoperative C5 palsy is estimated to occur in 0–30% 
of the patients after the anterior cervical spine surgery, 
but the etiology is still unclear.49–51) There is higher 
incidence after ACCF than ACDF, especially when 
surgery involves C3/4 and C4/5 segments.50,51) In a 
review article, the overall incidence of C5 palsy after 
the cervical spine surgery for compression myelop-
athy was 4.6%, and when C5 palsy is 3–4 grade in 
manual muscle test (MMT), 96.4% of the patients 
recovered fully, whereas only 71% of the patients 
with initial MMT 0–2 grade recovered to the useful 
level.51) Injury to the nerve root during surgery, nerve 
root traction due to the shift of cervical spinal cord 
after decompression, and spinal cord ischemia and 
reperfusion injury have been proposed as mecha-
nisms of postoperative C5 palsy, but pathogenesis 
has not been clarified. There is no effective method 
for prevention, but the surgeons must know the risk 
factor and prognosis of this complication. 

8. Adjacent segment disease
Spondylotic changes are known to occur at adjacent 
discs following anterior cervical fusion surgery.12,52,53) 
In the recent systematic review of the articles  
with an average follow-up of 107 months (ranged 
24–296 months) after ACDF, the average incidence 

of asymptomatic adjacent segment degeneration is 
47.33% with a range from 16% to 96% and the that 
for symptomatic adjacent segment disease was 11.99% 
with a range from 1.8% to 36%.52) Revision surgery 
due to adjacent segment disease was performed in 
2–15% in the long-term follow-up studies.12,53,54) Cervical 
disc arthroplasty has been expected to preserve the 
range of motion of cervical segments and reduce the 
incidence of adjacent segment degeneration, however, 
the effect is still controversial. Recent meta-analysis of 
prospective studies compared arthroplasty and single 
level fusion, but the rate of adjacent-level surgery at  
2 years to 5 years of follow-up was 6.9% after ACDF 
and 5.1% after arthroplasty, with no statistical differ-
ence.55) In conclusion, there is no effective surgical 
procedure to reduce the incidence of the adjacent 
segment disease.

Informed Consent

Possible life-threatening events and the important 
complications which require intraoperative treatment 
or affects patients’ quality of life are described above. 
Scoliosis Research Society Morbidity and Mortality 
Committee collected the data of more than 100,000 
spine surgeries and reported complication rates.56) 
There is 0.3% infection, 0.3% implant failure, 0.14% 
pulmonary embolism and deep venous thrombosis, 
and 0.06% deaths after ACDF. Besides the complica-
tions listed above, these rates must also be informed 
preoperatively to the patients.

Conflicts of Interest Disclosure

There are no conflicts of interest. The author regis-
tered online self-reported COI disclosure statement 
forms through website for Japan Neurosurgical 
Society members.

References

	 1)	 Nikolaidis I, Fouyas IP, Sandercock PA, Statham PF: 
Surgery for cervical radiculopathy or myelopathy. 
Cochrane Database Syst Rev 1: CD001466, 2010

	2)	 Jacobs W, Willems PC, van Limbeek J, Bartels R, Pavlov 
P, Anderson PG, Oner C: Single or double-level 
anterior interbody fusion techniques for cervical 
degenerative disc disease. Cochrane Database Syst 
Rev 1: CD004958, 2011

	 3)	 Boselie TF, Willems PC, van Mameren H, de Bie R, 
Benzel EC, van Santbrink H: Arthroplasty versus fusion 
in single-level cervical degenerative disc disease. 
Cochrane Database Syst Rev 9: CD009173, 2012

	4)	 Resnick DK, Choudhri TF, Dailey AT, Groff MW, Khoo 
L, Matz PG, Mummaneni P, Watters WC, Wang J, 
Walters BC, Hadley MN: Guidelines for the performance 



Anterior Cervical Spine Surgery for Degenerative Disease 545

Neurol Med Chir (Tokyo) 55, July, 2015

of fusion procedures for degenerative disease of the 
lumbar spine. Part 1: introduction and methodology. 
J Neurosurg Spine 2: 637–638, 2005

	5)	 Mummaneni PV, Kaiser MG, Matz PG, Anderson PA, 
Groff MW, Heary RF, Holly LT, Ryken TC, Choudhri 
TF, Vresilovic EJ, Resnick DK; Joint Section on 
Disorders of the Spine and Peripheral Nerves of the 
American Association of Neurological Surgeons and 
Congress of Neurological Surgeons: Cervical surgical 
techniques for the treatment of cervical spondylotic 
myelopathy. J Neurosurg Spine 11: 130–141, 2009

	6)	 Matz PG, Holly LT, Mummaneni PV, Anderson PA, 
Groff MW, Heary RF, Kaiser MG, Ryken TC, Choudhri 
TF, Vresilovic EJ, Resnick DK; Joint Section on 
Disorders of the Spine and Peripheral Nerves of the 
American Association of Neurological Surgeons and 
Congress of Neurological Surgeons: Anterior cervical 
surgery for the treatment of cervical degenerative 
myelopathy. J Neurosurg Spine 11: 170–173, 2009

	7)	 Matz PG, Holly LT, Groff MW, Vresilovic EJ, Anderson 
PA, Heary RF, Kaiser MG, Mummaneni PV, Ryken 
TC, Choudhri TF, Resnick DK; Joint Section on 
Disorders of the Spine and Peripheral Nerves of the 
American Association of Neurological Surgeons and 
Congress of Neurological Surgeons: Indications for 
anterior cervical decompression for the treatment 
of cervical degenerative radiculopathy. J Neurosurg 
Spine 11: 174–182, 2009

	8)	 Matz PG, Ryken TC, Groff MW, Vresilovic EJ, Anderson 
PA, Heary RF, Holly LT, Kaiser MG, Mummaneni 
PV, Choudhri TF, Resnick DK; Joint Section on 
Disorders of the Spine and Peripheral Nerves of the 
American Association of Neurological Surgeons and 
Congress of Neurological Surgeons: Techniques for 
anterior cervical decompression for radiculopathy. 
J Neurosurg Spine 11: 183–197, 2009

	 9)	 Bono CM, Ghiselli G, Gilbert TJ, Kreiner DS, Reitman 
C, Summers JT, Baisden JL, Easa J, Fernand R, 
Lamer T, Matz PG, Mazanec DJ, Resnick DK, Shaffer 
WO, Sharma AK, Timmons RB, Toton JF; North 
American Spine Society: An evidence-based clinical 
guideline for the diagnosis and treatment of cervical 
radiculopathy from degenerative disorders. Spine 
J 11: 64–72, 2011

10)	 Hida K, Iwasaki Y, Yano S, Akino M, Seki T: Long-
term follow-up results in patients with cervical disk 
disease treated by cervical anterior fusion using 
titanium cage implants. Neurol Med Chir (Tokyo) 
48: 440–446; discussion 446, 2008

11)	 Hwang SL, Lin CL, Lieu AS, Lee KS, Kuo TH, Hwang 
YF, Su YF, Howng SL: Three-level and four-level 
anterior cervical discectomies and titanium cage-
augmented fusion with and without plate fixation. 
J Neurosurg Spine 1: 160–167, 2004

12)	 Sugawara T, Itoh Y, Hirano Y, Higashiyama N, Mizoi 
K: Long term outcome and adjacent disc degenera-
tion after anterior cervical discectomy and fusion 
with titanium cylindrical cages. Acta Neurochir 
(Wien) 151: 303–309; discussion 309, 2009

13)	 Kilburg C, Sullivan HG, Mathiason MA: Effect of 

approach side during anterior cervical discectomy 
and fusion on the incidence of recurrent laryngeal 
nerve injury. J Neurosurg Spine 4: 273–277, 2006

14)	 Manski TJ, Wood MD, Dunsker SB: Bilateral vocal cord 
paralysis following anterior cervical discectomy and 
fusion. Case report. J Neurosurg 89: 839–843, 1998

15)	 Yeh YC, Sun WZ, Lin CP, Hui CK, Huang IR, Lee 
TS: Prolonged retraction on the normal common 
carotid artery induced lethal stroke after cervical 
spine surgery. Spine 29: E431–E434, 2004

16)	 Higashiyama N, Sugawara T, Mizoi K: Strengths and 
limitation of intraoperative motor evoked potential 
monitoring during spinal cord and spine surgery. 
Spinal Surgery (Jpn) 28: 40–46, 2014

17)	 Malhotra NR, Shaffrey CI: Intraoperative electro-
physiological monitoring in spine surgery. Spine 
35: 2167–2179, 2010

18)	 Fehlings MG, Brodke DS, Norvell DC, Dettori JR: 
The evidence for intraoperative neurophysiological 
monitoring in spine surgery: does it make a differ-
ence? Spine 35: S37–S46, 2010

19)	 Yoshihara H, Yoneoka D: Incidental dural tear in 
cervical spine surgery: analysis of a nationwide 
database. J Spinal Disord Tech 28: 19–24, 2015

20)	 Schaberg MR, Altman JI, Shapshay SM, Woo P: 
Cerebrospinal fluid leak after anterior cervical disc 
fusion: an unusual cause of dysphagia and neck 
mass. Laryngoscope 117: 1899–1901, 2007

21)	 Sugawara T, Itoh Y, Hirano Y, Higashiyama N, 
Shimada Y, Kinouchi H, Mizoi K: Novel dural closure 
technique using polyglactin acid sheet prevents 
cerebrospinal fluid leakage after spinal surgery. 
Neurosurgery 57: 290–294; discussion 290–294, 2005

22)	 Pichler W, Maier A, Rappl T, Clement HG, Grechenig 
W: Delayed hypopharyngeal and esophageal perfo-
ration after anterior spinal fusion: primary repair 
reinforced by pedicled pectoralis major flap. Spine 
31: E268–E270, 2006

23)	 Dakwar E, Uribe JS, Padhya TA, Vale FL: Manage-
ment of delayed esophageal perforations after ante-
rior cervical spinal surgery. J Neurosurg Spine 11: 
320–325, 2009

24)	 Gaudinez RF, English GM, Gebhard JS, Brugman JL, 
Donaldson DH, Brown CW: Esophageal perforations 
after anterior cervical surgery. J Spinal Disord 13: 
77–84, 2000

25)	 Orlando ER, Caroli E, Ferrante L: Management of 
the cervical esophagus and hypofarinx perforations 
complicating anterior cervical spine surgery. Spine 
28: E290–E295, 2003

26)	 Burke JP, Gerszten PC, Welch WC: Iatrogenic vertebral 
artery injury during anterior cervical spine surgery. 
Spine J 5: 508–514; discussion 514, 2005

27)	 Inamasu J, Guiot BH: Vascular injury and complica-
tion in neurosurgical spine surgery. Acta Neurochir 
(Wien) 148: 375–387, 2006

28)	 Neo M, Fujibayashi S, Miyata M, Takemoto M, 
Nakamura T: Vertebral artery injury during cervical 
spine surgery: a survey of more than 5600 opera-
tions. Spine 33: 779–785, 2008



T. Sugawara546

Neurol Med Chir (Tokyo) 55, July, 2015

29)	 Oh SH, Perin NI, Cooper PR: Quantitative three-
dimensional anatomy of the subaxial cervical spine: 
implication for anterior spinal surgery. Neurosurgery 
38: 1139–1144, 1996

30)	 Pait TG, Killefer JA, Arnautovic KI: Surgical anatomy 
of the anterior cervical spine: the disc space, vertebral 
artery, and associated bony structures. Neurosurgery 
39: 769–776, 1996

31)	 Vaccaro AR, Ring D, Scuderi G, Garfin SR: Vertebral 
artery location in relation to the vertebral body as 
determined by two-dimensional computed tomog-
raphy evaluation. Spine 19: 2637–2641, 1994

32)	 Curylo LJ, Mason HC, Bohlman HH, Yoo JU: Tortuous 
course of the vertebral artery and anterior cervical 
decompression: a cadaveric and clinical case study. 
Spine 25: 2860–2864, 2000

33)	 Yanagisawa T, Mizoi K, Sugawara T, Suzuki A, Ohta 
T, Higashiyama N, Takahashi M, Sasajima T, Kinouchi 
H: Direct repair of a blisterlike aneurysm on the 
internal carotid artery with vascular closure staple 
clips. Technical note. J Neurosurg 100: 146–149, 2004

34)	 Shintani A, Zervas NT: Consequence of ligation of 
the vertebral artery. J Neurosurg 36: 447–450, 1972

35)	 Inamasu J, Guiot BH: Iatrogenic carotid artery injury 
in neurosurgery. Neurosurg Rev 28: 239–247; discus-
sion 248, 2005

36)	 Pollard ME, Little PW: Changes in carotid artery 
blood flow during anterior cervical spine surgery. 
Spine 27: 152–155, 2002

37)	 Sugawara T: [Required knowledge for spinal surgeon 
(3) anterior cervical spine surgery]. No Shinkei Geka  
41: 1023–1034, 2013 (Japanese)

38)	 Bertalanffy H, Eggert HR: Complications of anterior 
cervical discectomy without fusion in 450 consecu-
tive patients. Acta Neurochir (Wien) 99: 41–50, 1989

39)	 Lee SH, Kim KT, Suk KS, Park KJ, Oh KI: Effect of 
retropharyngeal steroid on prevertebral soft tissue 
swelling following anterior cervical discectomy and 
fusion: a prospective, randomized study. Spine 36: 
2286–2292, 2011

40)	 Sagi HC, Beutler W, Carroll E, Connolly PJ: Airway 
complications associated with surgery on the ante-
rior cervical spine. Spine 27: 949–953, 2002

41)	 Beutler WJ, Sweeney CA, Connolly PJ: Recurrent 
laryngeal nerve injury with anterior cervical spine 
surgery risk with laterality of surgical approach. 
Spine 26: 1337–1342, 2001

42)	 Netterville JL, Koriwchak MJ, Winkle M, Courey 
MS, Ossoff RH: Vocal fold paralysis following the 
anterior approach to the cervical spine. Ann Otol 
Rhinol Laryngol 105: 85–91, 1996

43)	 Jung A, Schramm J, Lehnerdt K, Herberhold C: Recur-
rent laryngeal nerve palsy during anterior cervical 
spine surgery: a prospective study. J Neurosurg 
Spine 2: 123–127, 2005

44)	 Kriskovich MD, Apfelbaum RI, Haller JR: Vocal 
fold paralysis after anterior cervical spine surgery: 
incidence, mechanism, and prevention of injury. 
Laryngoscope 110: 1467–1473, 2000

45)	 Bazaz R, Lee MJ, Yoo JU: Incidence of dysphagia 

after anterior cervical spine surgery: a prospective 
study. Spine 27: 2453–2458, 2002

46)	 Lee MJ, Bazaz R, Furey CG, Yoo J: Risk factors for 
dysphagia after anterior cervical spine surgery: a two-
year prospective cohort study. Spine J 7: 141–147, 2007

47)	 Joaquim AF, Murar J, Savage JW, Patel AA: Dysphagia 
after anterior cervical spine surgery: a systematic 
review of potential preventative measures. Spine J 
14: 2246–2260, 2014

48)	 Fogel GR, McDonnell MF: Surgical treatment of 
dysphagia after anterior cervical interbody fusion. 
Spine J 5: 140–144, 2005

49)	 Gandhoke G, Wu JC, Rowland NC, Meyer SA, Gupta 
C, Mummaneni PV: Anterior corpectomy versus 
posterior laminoplasty: is the risk of postoperative 
C-5 palsy different? Neurosurg Focus 31: E12, 2011

50)	 Hashimoto M, Mochizuki M, Aiba A, Okawa A, 
Hayashi K, Sakuma T, Takahashi H, Koda M, Takahashi 
K, Yamazaki M: C5 palsy following anterior decom-
pression and spinal fusion for cervical degenerative 
diseases. Eur Spine J 19: 1702–1710, 2010

51)	 Sakaura H, Hosono N, Mukai Y, Ishii T, Yoshikawa 
H: C5 palsy after decompression surgery for cervical 
myelopathy: review of the literature. Spine 28: 
2447–2451, 2003

52)	 Carrier CS, Bono CM, Lebl DR: Evidence-based 
analysis of adjacent segment degeneration and 
disease after ACDF: a systematic review. Spine J 
13: 1370–1378, 2013

53)	 van Eck CF, Regan C, Donaldson WF, Kang JD, Lee 
JY: The revision rate and occurrence of adjacent 
segment disease after anterior cervical discectomy 
and fusion: a study of 672 consecutive patients. 
Spine 39: 2143–2147, 2014

54)	 Hilibrand AS, Carlson GD, Palumbo MA, Jones PK, 
Bohlman HH: Radiculopathy and myelopathy at 
segments adjacent to the site of a previous anterior 
cervical arthrodesis. J Bone Joint Surg Am 881: 
519–528, 1999

55)	 Verma K, Gandhi SD, Maltenfort M, Albert TJ, 
Hilibrand AS, Vaccaro AR, Radcliff KE: Rate of 
adjacent segment disease in cervical disc arthro-
plasty versus single-level fusion: meta-analysis of 
prospective studies. Spine 38: 2253–2257, 2013

56)	 Smith JS, Fu KM, Polly DW, Sansur CA, Berven SH, 
Broadstone PA, Choma TJ, Goytan MJ, Noordeen 
HH, Knapp DR, Hart RA, Donaldson WF, Perra JH, 
Boachie-Adjei O, Shaffrey CI: Complication rates 
of three common spine procedures and rates of 
thromboembolism following spine surgery based 
on 108,419 procedures: a report from the Scoliosis 
Research Society Morbidity and Mortality Committee. 
Spine 35: 2140–2149, 2010

Address reprint requests to: Taku Sugawara, MD, PhD, 
Department of Spinal Surgery, Research Institute 
for Brain and Blood Vessels-Akita, 6-10 Senshu-
Kubota-machi, Akita, Akita 010-087, Japan.

		  e-mail: sugawara-taku@akita-noken.jp


