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Postoperative cervical deformity sometimes occurs in the short or long term after primary 
surgery for cervical disorders related to the degenerative aging spine, neoplastic etiologies, 
hemodialysis, infection, inflammation, trauma, etc. Cervical kyphosis after posterior de-
compression surgery, such as laminectomy or laminoplasty, is a common problem for spine 
surgeons. However, revision surgery for cervical deformity is definitely one of the most 
challenging areas for spine surgeons. There is no doubt that surgery for cervical deformity 
carries a high risk of surgery-related complications that might result in aggravation of health-
related quality of life. Revision surgery is even more challenging. Hence, spine surgeons 
need to assess carefully the overall severity of the underlying condition before revision sur-
gery, and try to refine the surgical strategy to secure safe surgery. Needless to say, spine 
surgeons are now facing great challenges in making spine surgery a much more reliable and 
convincing entity.
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INTRODUCTION

Postoperative cervical deformity sometimes occurs in the 
short or long term after primary surgery for cervical disorders 
related to the degenerative aging spine, neoplastic etiologies, 
hemodialysis, infection, inflammation, or trauma, although the 
prevention of primary surgical failure or the proper correction 
method is truly important to achieve the successful outcome in 
the surgery of cervical spine. Cervical kyphosis after posterior 
decompression surgery, such as laminectomy or laminoplasty, 
is a common problem for spine surgeons. Loss of the posterior 
cervical tension band with or without iatrogenic injury to cer-
vical back muscles or facet joints might lead to a progressively 
increasing compression force on the anterior vertebral body of 
the cervical spine, ultimately resulting in cervical kyphosis.1 The 
needs for corrective revision surgery for cervical deformity are 
still unclear, although the technical difficulties involved in such 
procedures should be noted. Surgical strategies include direct 
decompression of the spinal cord, correction of the deformity, 
or both, using anterior, posterior, or combined circumferential 

approaches.2-6 In this review article, the rationale behind com-
plex revision surgery for cervical deformity secondary to sever-
al etiologies are discussed using illustrative cases (Table 1).

INDICATIONS FOR REVISION SURGERY 
FOR CERVICAL DEFORMITY AND 
RADIOLOGICAL SAGITTAL 
PARAMETERS WITH CERVICAL 
BIOMECHANICAL IMPLICATION

The surgical indications for revision surgery involving the 
cervical spine have not been determined. There is little evi-
dence in previously reported literature, and the decision-making 
process might depend much on the judgment of the individual 
surgeon. Papavero et al.7 retrospectively studied 102 patients 
who underwent cervical revision surgery at their 2 centers. A 
total of 107 surgeries was performed. They classified the indica-
tions for cervical revision surgery into 5 categories: (1) adjacent 
segmental disease (ASD), (2) infection, (3) implant failure, (4) 
noninfectious complications, and (5) deformity. Only 3 patients 
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Fig. 1. Radiological assessment of cervical sagittal alignment. (A) Cranial center of gravity and position. (B) Radiological param-
eters of cervical sagittal alignment. SVA, sagittal vertical axis.
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Table 1. Common etiologies of failure after primary cervical 
surgery requiring the revision surgery

    • Insufficient decompression

    • Progressive deformity (kyphosis)

    • Significant instability after decompression

    • Adjacent segmental disease

    • Local infection early or late after primary surgery

    • Implant-related complication: pseudoarthrosis

    • Implant-related complication: hardware trouble

    • Miscellaneous

(3%) required cervical revision surgery for postoperative cervi-
cal deformity, whereas the most frequent indication for cervical 
revision surgery was postoperative ASD (40%), followed by in-
fection (23%) and implant failure (22%). The primary surgery 
causing postoperative deformity included cervical laminectomy 
in 2 patients and circumferential fusion of C3–7 in 1 patient. Pa-
tients who develop cervical deformity after the primary proce-
dure might develop severe neck pain related to mechanical 
malfunction of the cervical spine, cervical myelopathy, and fi-
nally, decreasing health-related quality of life (HRQoL).8 Progres-
sive cervical kyphosis might lead to gradual compression of the 
spinal cord against the posterior surface of the vertebral body, 
resulting in cervical myelopathy. The spinal cord is compressed 
most intensely at the apex of the cervical kyphosis.

Diagnosis in such cases is based on spinal imaging parame-
ters, including sagittal or coronal parameters of the spine, such 
as local angle at the index level, C2–7 angle, C2–7 sagittal verti-
cal axis (SVA), cervical tilt angle, and chin-brow vertical angle 
(Fig. 1). Biomechanical studies have suggested that the anterior 
vertebral body supports only 36% of cervical load, with the re-
maining 64% being supported by the posterior column.9,10 The 
center of cranial gravity is situated at the middle of the nasion-
inion line, behind the sella turcica, above and slightly in front of 
the external auditory meatus.11 In cases with lordotic cervical 
spines, the instantaneous axes of rotation (IAR) of the cervical 
spine are situated posteriorly in the vertebral body; however, in 
case of cervical kyphosis, the IAR of the cervical spine might 
shift significantly anterior to the vertebral body.12-14 The center 
of cranial gravity or IAR of the cervical spine might shift more 
anteriorly with structural fatigue in the posterior tension band 
and cervical back muscles. Thoracic inlet angle (TIA), a con-
stant morphological parameter that is not influenced by pos-
ture, is defined as the angle formed by intersection of the line 
perpendicular to the center of the T1 upper endplate and the 
superior anterior sternum. As a measure of the influence of 
posture, T1 slope is defined as the angle formed between a hor-
izontal line and the T1 upper endplate. Neck tilt is defined as 
the angle formed by a vertical line passing through the superior 
anterior sternum and the line connecting the center of the T1 
upper endplate with the superior anterior sternum. T1 slope 
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and TIA for cervical sagittal balance may be as important as 
pelvic incidence about lumbar lordosis. C2–7 SVA has also been 
suggested to correlate positively with Neck Disability Index 
scores. As the T1 slope increases, so does C2–7 lordosis to 
maintain forward gaze, resulting in a greater degree of lordotic 
curvature. Similarly, C2–7 SVA tends to increase as T1 slope in-
creases. Because T1 slope indicates a compensatory change re-
lated to thoracolumbar sagittal imbalance, we should take glob-
al sagittal balance into consideration along with cervical sagittal 
alignment. Compensatory mechanisms of the thoracic spinal 
curve have been reported to become insufficient when the T1 

slope is > 25°. Harmony between the cervical spine and global 
sagittal alignment is a critical issue for patient satisfaction and 
maintenance of the HRQoL.15-18 Ames et al.19 developed a novel 
classification system for cervical deformity based on an exten-
sive review of the literature, using an expert panel to modify the 
Delphi approach. This classification system included a defor-
mity descriptor and 5 modifiers incorporating sagittal, regional 
and global spine alignments, and neurological condition. This 
proposed classification is helpful for spine surgeons to assess 
cervical deformity within the framework of global spine align-
ment and clinical parameters (Table 2).

Table 2. Classification of cervical deformity as proposed by Ames et al.19

Classification Description

Deformity descriptor

C Primary sagittal deformity apex in the cervical spine

CT Primary sagittal deformity apex at the cervico-thoracic junction

T Primary sagittal deformity apex in the thoracic spine

S Primary coronal deformity (C2–7 Cobb angle ≥ 15°)

CVJ Primary cranio-vertebral junction deformity

Modifiers

C2–7 sagittal vertical axis

   0 C2–7 sagittal vertical axis < 4 cm

   1 C2–7 sagittal vertical axis = 4–8 cm

   2 C2–7 sagittal vertical axis > 8 cm

Horizontal gaze

   0 Chin-brow vertical angle = 1°–10°

   1 Chin-brow vertical angle = -10°–0° or 11°–25°

   2 Chin-brow vertical angle = < -10° or > 25°

T1 slope minus C2–7 lordosis

   0 T1 slope - C2–7 lordosis < 15°

   1 T1 slope - C2–7 lordosis = 15°–20°

   2 T1 slope - C2–7 lordosis > 20°

Myelopathy based on modified JOA score

   0 Normal

   1 Mild

   2 Moderate

   3 Severe

Scoliosis Research Society-Schwab classification

   Coronal curve > 30° Thoracic only, thoracolumbar/lumbar only, double curve or no coronal curve

   PI minus LL mismatch 0: < 10°; +: 10°–20°; ++: > 20°

   C7–S1 SVA 0: < 4 cm; +: 4–9.5 cm; ++: > 9.5 cm

   Pelvic tilt 0: < 20°; +: 20°–30°; ++: > 30°

JOA, Japanese Orthopaedic Association; PI, pelvic incidence; LL, lumbar lordosis; SVA, sagittal vertical axis.
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REVISION SURGERY FOR CERVICAL 
KYPHOSIS AFTER LAMINOPLASTY OR 
LAMINECTOMY

Posterior cervical surgery might be associated with denerva-
tion and atrophic changes in cervical back muscles and mal-
function of facet joints of the cervical spine. Destruction of the 
facet joint capsule of the cervical spine and the extent of lami-
nectomies and laminoplasties might all be significantly related 
to the occurrence of postoperative kyphosis, especially in pedi-
atric patients (Fig. 2).20-23 The exact incidence of postoperative 
kyphosis after multilevel cervical laminoplasty or laminectomy 
is still unclear, although it has been suggested that laminoplasty 
has a lower risk of postoperative kyphosis compared to lami-
nectomy. Kaptain et al.22 studied 46 patients with cervical spon-
dylotic myelopathy (CSM) who underwent laminectomy. Post-
operative cervical alignment was assessed using cervical x-rays. 
Cervical kyphosis developed in up to 21% of patients during 
the 4-year follow-up period, although 36 patients (80%) be-
lieved that their initial surgery was successful. Machino et al.24 
studied a total of 520 patients who underwent cervical lamino-
plasty for CSM. The average follow-up period was 33.3 months. 
They demonstrated that sagittal alignment was slightly altered 
after surgery, with only 1.8° increase in lordosis. Range of mo-
tion (ROM) of the cervical spine was well preserved in the ma-
jority of patients (87.9%). They suggested the importance of 
postoperative care in avoiding progression of the cervical de-

formity or mechanical limitation of the cervical ROM. On the 
other hand, posterior cervical surgery using a muscle preserv-
ing technique might be extremely beneficial in avoiding cervi-
cal deformity after surgery. Shiraishi et al.25 developed their  
technique of cervical skip laminectomy that is less invasive to 
the posterior muscles of the cervical spine. They demonstrated 
that there was no significant difference between preoperative 
and postoperative cervical curvature index in patients who un-
derwent cervical skip laminectomy.

Preoperative cervical alignment has been shown to be an im-
portant predictor of postoperative kyphotic deformity. Knott et 
al.26 reported that the T1 slope was the greatest predictor of 
C2–7 SVA, and they recommended evaluation of full standing 
radiographs when T1 slope is less than 13° or more than 25°. 
They also recommended the use of C2 global SVA instead of 
the standard C7 SVA, because C2 SVA was found to be larger 
than C7 SVA, and it takes into account the position of the head. 
Kim et al.27 investigated the relationship between preoperative 
angle of the T1 slope and postoperative cervical sagittal align-
ment in patients who underwent cervical laminoplasty for my-
elopathy (none of the patients had preoperative cervical kypho-
sis). The patients were divided into 2 groups based on the pre-
operative angle of the T1 slope: high (26.5° to 43.9°) and low 
(15.4° to 26.3°), based on the 50th percentile. They reported 
that postoperative cervical kyphosis occurred twice more often 
(15.4% vs. 8.0%) in patients with high preoperative T1 slope, 
although preoperative cervical alignment was more lordotic in 
patients with a high T1 slope. A T1 slope higher than 25° might 
be associated with at least 10 cm of positive sagittal imbalance. 
T1 slope might thus be a compensatory change related to tho-
racolumbar sagittal imbalance. There is also increasing recogni-
tion of the complex interactions between global sagittal curves 
and the pelvis, and compensatory mechanisms that attempt to 
maintain global sagittal spinopelvic alignment. Some papers 
have described reciprocal changes in cervical spine alignment 
after corrective thoracolumbar deformity.28,29

More careful assessments should be performed in pediatric 
patients. Since the incompletely ossified vertebral bodies in chil-
dren offer poor resistance to compressive forces, they are more 
prone to developing wedge deformity and progressive loss of sag-
ittal balance postoperatively. Yasuoka et al.30 suggested that cervi-
cal kyphosis can develop after multilevel laminectomy in pediat-
ric patients without irradiation of the local cervical spine or facet 
injury. Anakwenze et al.31 retrospectively analyzed the clinical 
data of 255 children with spinal cord tumors. Of these 255 pedi-
atric patients, 52 patients with a biopsy-proven intramedullary 

Fig. 2. Illustrative case of cervical kyphosis after cervical lami-
noplasty. (A) Plain lateral x-ray, (B) T2-weighted sagittal mag-
netic resonance image.
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spinal cord tumor had complete clinical data. These patients in-
cluded 18 females and 34 males with an average age of 8.1 years. 
The average time to latest follow-up was 7.6 years. Moderate or 
severe deformity of the cervical spine (scoliosis > 25° and/or sag-
ittal kyphosis angle > 20°) was noted in 21 of 37 patients (57%) 
who underwent laminectomy or laminoplasty alone but in 4 of 
15 patients (27%) who underwent fusion surgery. Removal of 
more than 3 laminae was associated with development of post-
operative deformity of the cervical spine in these pediatric pa-
tients. Thus, prophylactic measures against the development of 
this complication in pediatric patients need to be investigated in 
greater detail. Spinal fusion at the time of spinal cord tumor exci-
sion might be considered an option to prevent postoperative de-
formity of the cervical spine in pediatric patients.

REVISION SURGERY FOR 
POSTOPERATIVE IMPLANT FAILURE

Implant failure after primary surgery of the cervical spine is 
another big concern for spine surgeons. Implant failure might 
include conditions such as subsidence, dislocation, migration 
or breakage of the implant itself, osteolysis, anterior bone loss 
or vertebral fracture at the local or adjacent segment, local ky-
phosis, infection, and pseudoarthrosis, sometimes resulting in 
a serious situation that requires revision surgery.7,32-35 Although 
spine surgeons are trying to avoid the postoperative implant 
failure in the primary surgery, the possible risk for it cannot be 
ignored. Revision surgery might be required in cases of pseu-
doarthrosis, ASD, inadequate decompression of the spinal cord 
or nerve root, iatrogenic segmental instability, or significant de-
formity of the cervical spine after primary surgery.33 However, 
revision surgery is expected to be technically more demanding 

than the primary surgery, and appropriate surgical indications 
and planning are necessary for safe surgery.

Deen et al.32 performed a prospective study of early compli-
cations of posterior rod-screw fixation of the cervical and upper 
thoracic spine. A total of 888 screws were placed in 100 patients. 
Perioperative complications included radiculopathy in 4 patients 
(0.45% per screws), infection and wound complications in 4 
patients, screw malposition in 2 patients, loss of alignment in 1 
patient, and cerebrospinal fluid leakage in 1 patient. Early com-
plications related to implant failure included pseudoarthrosis 
(n= 2: 0.22% per screw placed) and screw breakage (n= 2: 0.22% 
per screw placed). Revision surgery was performed in 8 of the 
100 patients (8%). Okamoto et al.34 analyzed 142 consecutive 
patients who underwent posterior cervical fusion using either 
cannulated Magerl screws or a multiaxial pedicle screw-rod 
system. Implant failure was recognized in 6 of the 142 patients 
(4.2%): 5 with rheumatoid arthritis and 1 with athetoid cerebral 
palsy (CP). Implant failure included occipital plate, cervical ped-
icle or Magerl screw breakage and disconnection of the screw-
rod system, although there was no rod fracture in their study. 
Implant failure was recognized from 1 month to 42 months af-
ter surgery. One study suggested that when surgeons plan to 
perform revision surgery, they must consider the cause of the 
underlying problem.35 Although there has been a clear consen-
sus of surgical indication or technical options for revision sur-
gery for the cervical spine, it is absolutely mandatory for sur-
geons to examine the following points: (1) the patient’s clinical 
history, including details of previous cervical surgeries, (2) gen-
eral physical condition of the patient, including comorbidities, 
(3) laboratory data, (4) imaging results, and (5) availability of 
postoperative support, since the revision surgery is expected to 
carry a significantly higher risk of perioperative complications 

Fig. 3. Illustrative case of revision surgery for postoperative pseudoarthrosis. (A) Cervical computed tomography (CT) before 
surgery. (B) Cervical CT after the primary surgery of anterior odontoid screw fixation. (C) Cervical CT at 6 months after prima-
ry surgery. Arrow indicates the pseudoarthrosis. (D) Cervical CT after revision surgery of posterior C1–2 fixation demonstrat-
ing complete osseous fusion.

Fig.3Fig.3Fig.3Fig.3
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than the primary surgery.

1.  Illustrative Case of Revision Surgery for Postoperative 
Pseudoarthrosis After Anterior Screw Fixation for 
Odontoid Fracture

A 67-year-old man suffered from severe neck pain after a fall. 
Cervical computed tomography (CT) demonstrated an Ander-
son type 2 odontoid fracture (Fig. 3A), for which anterior screw 
fixation was performed. The patient had an uneventful postop-
erative course, and cervical CT performed soon after surgery 
demonstrated successful osteosynthesis (Fig. 3B). However, the 
patient complained of severe neck pain about 6 months after 
the initial surgery. Cervical CT at this time showed clear evi-
dence of pseudoarthrosis (Fig. 3C), for which revision surgery 
of posterior C1–2 fixation was performed. Cervical CT late af-
ter revision surgery demonstrated successful osseous fusion at 
the odontoid process (Fig. 3D).

REVISION SURGERY FOR DESTRUCTIVE 
SPONDYLOARTHROPATHY RELATED 
TO HEMODIALYSIS

Destructive spondyloarthropathy (DSA) related to hemodi-
alysis is generally attributed to deposition of beta-2-microglob-
ulin and amyloid in the synovial structures of the spine.36,37 DSA 
is usually recognized mainly at the C5–7 cervical spine level due 
to greater mechanical stress at this level.38,39 In previous studies, 
mean age at surgery for DSA was 57 years. The average dura-
tion of hemodialysis before surgery was estimated as 13.5–14.9 
years. Two-thirds of patients were male and one-third were fe-

male.39,40 Patients with DSA usually have numerous comorbidi-
ties, such as hypertension, bleeding tendencies, diabetes, and its 
associated conditions, cardio-pulmonary disorders, cerebrovas-
cular diseases. Patients with DSA are also reported to have a 
statistically higher incidence of osteoporosis and lower bone 
mineral density.41 Maruo et al.42,43 proposed a radiological clas-
sification of DSA, in which progression of destructive changes 
is classified into 4 stages: stage 0, no change; stage 1, marginal 
erosion; stage 2, endplate erosion and disc space narrowing; 
and stage 3, spontaneous fusion (Fig. 4). The types of destruc-
tive changes are classified into 3 types. Type A is defined as de-
structive kyphosis, type B as spondylolisthesis, and type C as 
epidural amyloidosis, including extradural amyloid deposits or 
hypertrophied ligaments (Fig. 5).42,43 Types A and B can be eval-
uated by plain lateral radiographs, whereas type C should be 

Fig. 4. Schematic drawing of the classification of progression of destructive spondyloarthropathy, as proposed by Maruo et al.42,43

Stage 0 Stage 1 Stage 2 Stage 3

Normal Marginal erosions Endplate erosions Fibrous or bony union

Fig.4

Stage 0 Stage 1 Stage 2 Stage 3

Normal Marginal erosions Endplate erosions Fibrous or bony union

Fig. 5. Schematic drawing of the type of destructive spondy-
loarthropathy, as proposed by Maruo et al.42,43

Type A Type B Type C

Destructive kyphosis Spondylolisthesis Extradural amyloid deposit

Fig.5

Type A Type B Type C

Destructive kyphosis Spondylolisthesis Extradural amyloid deposit
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Fig. 6. Illustrative case of revision surgery for cervical destructive spondyloarthropathy. (A) Lateral cervical x-ray before surgery. 
(B) Lateral cervical x-ray after primary surgery of cervical laminoplasty. (C) Lateral cervical x-ray at 4 years after the primary sur-
gery. (D) Lateral cervical x-ray after the revision surgery of posterior occipital-cervical fixation showing correction of cervical 
kyphosis.

Fig.6Fig.6Fig.6Fig.6

A B C D

evaluated by magnetic resonance (MR) images.
The optimal surgical management of cervical DSA in patients 

with long-term hemodialysis is still unclear. Surgical fusion of 
the cervical spine in patients with DSA is usually challenging 
because of the high risk of osteoporosis, resulting in hardware 
failure and instability. Sudo et al.44 examined patients on long-
term hemodialysis who underwent cervical spine fusion. Their 
study reported that 40% of patients required subsequent sur-
gery to extend the length of the instrumentation due to adja-
cent level disease. They noted that the considerable mismatch 
between construct stiffness and osteoporotic bone resulted in 
additional stress on adjacent segments. They also suggested that 
the facet joint components were often severely osteoporotic, 
and cervical pedicles maintained the integrity of the cervical 
spine. Surgical treatment options for cervical DSA include an-
terior decompression and fusion, posterior decompression alone, 
posterior decompression and fusion, and circumferential de-
compression and fusion, as with other cervical deformities. There 
have been many reports of hardware failure and the need for 
revision surgery after anterior corpectomy or discectomy and 
fusion due to fragility of the bones in dialysis patients.45-47 In 
addition, invasive surgical procedures might increase the risk of 
postoperative complications and mortality in patients on long-
term hemodialysis who have multiple comorbidities and poor 
health condition. Chikuda et al.48 reported that dialysis-depen-

dent patients had a 10-fold higher risk of in-hospital mortality. 
Therefore, cervical deformity surgery, including revision for 
DSA, requires not only a trained expert spine surgeon, but also 
a medical team for perioperative management of the patient’s 
comorbidities, including hemodialysis.

1. Illustrative Case of Revision Surgery for Cervical DSA
A 40-year-old man who underwent hemodialysis for more 

than 15 years presented with gait disturbances due to acute de-
terioration of cervical myelopathy. Preoperative cervical x-rays 
demonstrated multilevel stage 0 and type C DSA at C2/3, C4/5, 
and C5/6 (Fig. 6A). Cervical laminoplasty was performed from 
C3 to C6 with C2 dome laminectomy (Fig. 6B). Cervical x-ray 
obtained 4 years after the surgery showed progressive DSA (from 
stage 0 to stage 2) at C4/5, although his postoperative course 
was stable. However, the patient complained of severe neck pain 
about 10 years after the initial surgery. Cervical x-ray showed 
more advanced changes with cervical kyphosis (stage 3 at C4/5 
and type A at C4/5/6) (Fig. 6C). MR images showed progres-
sion of a retro-odontoid pseudotumor with destructive changes 
in the lateral atlantoaxial joint on the right side (Fig. 7A). Poste-
rior cervical fusion was finally performed using an occipital 
plate, occipital condyle screw and C1 lateral mass, and subaxial 
pedicle screws (Fig. 6D). The patient’s symptoms, including se-
vere neck pain, decreased immediately after the revision sur-
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gery. MR images obtained 3 years after the revision surgery 
demonstrated significant reduction of the retro-odontoid pseu-
dotumor (Fig. 7B) and radiographs showed no apparent cor-
rection loss with no instrumentation failure and maintenance 
of global sagittal balance (Fig. 7C).

AVOIDANCE OF REVISION SURGERY IN 
CERVICAL SPONDYLOTIC 
MYELOPATHY PATIENTS ASSOCIATED 
WITH ATHETOID CEREBRAL PALSY

Cervical spine surgery in CSM patients with associated athe-
toid CP is much more complex and difficult, making it a chal-
lenging surgery. The involuntary head and neck movements as-
sociated with athetoid CP result in progressive multi-interver-
tebral instabilities, kyphosis, and flexion myelopathy, which can 
cause severe cervical myelopathy. Additionally, the degree of 
involuntary neck movement varies from patient to patient, and 
changes depending on psychogenic stress or emotional chang-
es, such as pain. In patients with mild involuntary neck move-
ments without intervertebral instability and cervical kyphosis, 
laminoplasty might be indicated. However, in patients with se-
vere involuntary neck movements and cervical kyphosis, cor-
rective cervical fixation with decompression of the spinal cord 

Fig. 7. Illustrative case of revision surgery for cervical destruc-
tive spondyloarthropathy (same patient as in Fig. 6). (A) T2-
weighted sagittal magnetic resonance (MR) images at 10 years 
after the primary surgery demonstrating retro-odontoid pseu-
dotumor. (B) T2-weighted sagittal MR images obtained 3 years 
after the revision surgery demonstrating significant reduction 
of the retro-odontoid pseudotumor. (C) Whole spine x-ray 
demonstrating global sagittal harmony.

Fig.7Fig.7Fig.7

A B C

and nerve roots needs to be performed. Although postoperative 
halo-vest orthosis has been recommended to obtain osseous 
stability at the fixation sites, various complications related to 
halo-vest orthosis in patients with CP have been reported.49,50 
Recently, combination use of botulinum toxin51,52 and/or mus-
cle release techniques50 have been recommended to periopera-
tively control the involuntary neck movements. Onari et al.49 
reported a 25% incidence of atlantoaxial subluxation after ante-
rior and posterior combined fusion for subaxial lesions at a mini-
mum of 5-year follow-up. Demura et al.53 reported adjacent 
segment instability in 17.6% of patients (3 of 17 cases) after pos-
terior decompression and fixation using pedicle screws for CSM 
associated with athetoid CP. Watanabe et al.54 also reported the 
clinical outcomes after posterior spinal fusion using cervical 
pedicle screw constructs for CSM associated with athetoid CP. 
In their study, 6 of 31 patients (19.4%) demonstrated nonunion: 
at the uppermost instrumented vertebral level in 4 patients and 
lowermost instrumented vertebral level in 3 patients (1 patient 
showed nonunion at both locations). This suggests that surgeons 
must pay critical attention to avoidance of implant failure or 
pseudoarthrosis in surgeries for CSM associated with athetoid 
CP, especially in patients with severe involuntary neck move-
ments and cervical kyphosis.

1.  Illustrative Case of Revision Surgery for Postoperative 
Occipital Bone Erosion After Posterior Cervical Fixation
A 56-year-old man with athetoid CP suffered from gradual 

worsening of tetraparesis. Cervical x-ray and MR images dem-
onstrated multilevel stenosis with cervical kyphosis (Figs. 8A, 
9A). The patient underwent combined surgery of anterior dis-
cectomy and fusion at C4/5, followed by posterior cervical screw 
fixation using cervical pedicle screws with iliac bone grafting 
between C1–2 using the McGraw method (Fig. 8B). His post-
operative course was uneventful. However, since screw loosen-
ing at the lower level (Th2) was recognized 6 months after the 
surgery, the fusion level was extended down to Th4 with sub-
laminar taping. The patient complained of severe local pain around 
the occipital area 1 year after the second surgery. Cervical CT 
demonstrated occipital bone erosion caused by the rostral tip of 
the rod on the right side and minor breakage of the C1 lateral 
mass screw on the left side (Fig. 8C, D). Revision surgery in-
volving removal of the C1 screws bilaterally and cutting of the 
rostral side of the rods was performed (Fig. 8E). MR images af-
ter revision surgery demonstrated acceptable decompression 
and correction of the deformity (Fig. 9B).
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Fig. 8. Illustrative case of revision surgery for postoperative occipital bone erosion. (A) Lateral cervical x-ray before surgery. (B) 
Lateral cervical x-ray after primary surgery of posterior cervical fixation. Cervical CT 1 year after primary surgery demonstrat-
ing occipital bone erosion on the right side (arrow) (C) and minor screw breakage on the left side (arrow) (D). (E) Lateral cervi-
cal x-ray after revision surgery demonstrating removal of the C1 screws bilaterally and replacement of the screw-rod system.

Fig.8Fig.8Fig.8Fig.8Fig.8

A B

C

D E

Fig. 9. Illustrative case of revision surgery for postoperative 
occipital bone erosion (same patient as in Fig. 8). (A) T2-wei-
ghted sagittal magnetic resonance (MR) images before sur-
gery. (B) T2-weighted sagittal MR images after revision sur-
gery.

Fig.9Fig.9

A B

CONCLUDING REMARKS

Revision surgery for cervical deformity is considered one of 
the most challenging areas for spine surgeons. There is no doubt 
that surgery for cervical deformity carries a high risk of surgery-
related complications, which can potentially worsen HRQoL. 
Several recent studies have suggested the importance of imag-
ing parameters, such as C2–7 SVA, chin-brow vertical angle, 
center of gravity of the head-C7 SVA, T1 slope, and C2–7 lor-
dosis, to improve the patient’s HRQoL after surgery. Since revi-
sion surgery is more challenging than the primary procedure, 
spine surgeons need to assess carefully the overall severity of 
the underlying condition before revision surgery and try to re-
fine the surgical strategy to secure safe outcomes. Needless to 
say, spine surgeons face great challenges in making their sur-
gery a much more reliable and convincing entity.
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