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BACKGROUND Treatment of severe rigid 360° fused cervical kyphosis (CK) is challenging and often requires a combined approach for ankylosis
release, establishment of sagittal balance, and fixation with fusion.

OBSERVATIONS Four patients with iatrogenic 360° fused severe rigid CK (Cobb angle $40°) were enrolled for this retrospective analysis. All
patients in the case series were female, with an average age of 27 years. All patients previously underwent posterior laminectomy/laminoplasty and
cervical tumor resection when they were children (13–17 years). They underwent correction surgery with a 540° posterior-anterior-posterior approach.
Preoperative and final follow-up radiography and computed tomography (CT) were used to evaluate kyphosis correction, internal fixation implants, and
bone fusion. The preoperative and final follow-up average C2–7 Cobb angles were −32.4° ± 12.0° and 5.3° ± 7.1°, respectively. Preoperative and final
follow-up CK angles averaged −47.2° ± 7.4° and −0.9° ± 16.1°, respectively. The mean correction angle was 46.3° ± 9.6°. At final follow-up, CT
showed stable fixation and solid bone fusion.

LESSONS The rare iatrogenic severe kyphosis with 360° ankylosis requires a combined approach. The 540° posterior-anterior-posterior approach can
completely release the bony fusion, and the CK can be corrected using an anterior plate. This technique can achieve good results and is an effective
strategy.

https://thejns.org/doi/abs/10.3171/CASE21491
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The etiological factors of cervical kyphosis (CK) deformity are
wide ranging and include congenital, iatrogenic, neoplastic, and
other factors.1,2 The most common cause is multilevel laminec-
tomy,2 after which the incidence of CK is approximately 21%.3 After
laminectomy, the posterior tension bands were destroyed, leading
to CK.4 Laminoplasty has been suggested to help reduce the risk
of CK by preserving the posterior column structures;5 however, the
incidence of CK after laminoplasty remains high (up to 10%).6 The
incidence, degree, and rate of progress of CK in adolescents after
cervical surgery are higher than those in adults because of the
incomplete ossification of the vertebral body, weakness of the neck
extensors, and propensity for ligamentous stretching.7–9 Once CK

has progressed to severe kyphosis (Cobb angle $40°), it leads to
severe nerve compression; therefore, surgical correction remains
the primary treatment option. The goal of surgery is to decompress
the cervical cord, restore cervical and global sagittal balance,
achieve spinal fusion,1,2,10 and improve the patient’s appearance
and symptoms.

Currently, the classification and treatment protocols of CK
remain controversial, and the surgical technique for severe fixed
CK (Cobb angle $40°) with circumferential ankylosis (360°
fusion) is yet to be established. In this retrospective study, we dis-
cuss the strategy of a 540° posterior-anterior-posterior approach
for four young patients with rare cases of 360° fused severe CK

ABBREVIATIONS ACCF = anterior cervical corpectomy and fusion; ACDF = anterior cervical discectomy and fusion; CBVA = chin–brow vertical angle; CK = cervical
kyphosis; CL = cervical lordosis; CT = computed tomography; JOA = Japanese Orthopaedic Association; MRI = magnetic resonance imaging; SVA = sagittal vertical
axis; T1S = T1 slope.
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after laminectomy/laminoplasty, and we review the 540° cervical
correction surgery.

Study Description
Patient Population

From June 2018 to June 2020, four patients with 360° fused
severe iatrogenic CK (after laminectomy/laminoplasty) were treated
with a 540° posterior-anterior-posterior surgery at our institute. They
were all female and aged 16–34 years and had undergone cervical
tumor resection in local hospitals when they were 13–17 years old.
Cervical medullary hemangioblastoma recurrence in situ was
observed in two patients.

Clinical Presentation
All four patients showed numbness and weakness in their upper

limbs. Two patients developed lower limb numbness, and one
patient developed neck pain. Physical examination revealed obvious
limitation of cervical movement, tendon hyperreflexia, and positive
pathological signs in four patients (Table 1).

Radiological Examination and Measurement
Radiological measurements included global cervical curvature, local

CK angle, correction angle, chin–brow vertical angle (CBVA), T1 slope
(T1S), C7 sagittal vertical axis (SVA), and C2–7 SVA. The global cervi-
cal curvature and local CK angle were measured using the Cobb
method. The former ranged from the C2 to the C7 inferior endplate,
and the latter from the most cranial to caudal ends of the vertebrae in
kyphosis segments. A lordotic alignment was defined as a negative
angle, whereas a kyphotic alignment was reported as a positive angle.
The straight cervical spine was defined as −4° to 14°, kyphosis as
greater than 14°, and lordosis as less than −4°.11 The correction
angle was calculated as follows: postoperative local CK angle minus
preoperative local CK angle. Intervertebral movement and deformity
reduction were assessed using extension radiographs.

Preoperative intervertebral ankylosis (intervertebral space and
facet joints), previous implants, and postoperative bone fusion status
were evaluated using computed tomography (CT) and reconstructive

methods. A solid fusion was determined when both criteria, including
no continuous radiolucent lines/area across the fusion site and pres-
ence of bridging trabeculae across the fusion site, were met.

CT angiography was used to exclude vertebral artery abnormali-
ties. Magnetic resonance imaging (MRI) was used to assess the
shape of the spinal cord and tumor residual or recurrence. Whole-
spine plain radiographs were used to measure C7 SVA to assess
the overall sagittal balance of the spine (Fig. 1).

Surgical Strategy
Because of the rigid kyphosis, preoperative cervical traction was

not performed.2 The surgical strategy was a 540° posterior-anterior-
posterior sequence. Somatosensory and motor evoked potentials
were used intraoperatively for neurophysiological monitoring. The
surgical strategy employed in case 2 is cited as an example (Fig. 2).

Posterior Facet Release and Pedicle Screw Implantation
With the patient in the prone position, a posterior approach was

employed. Dissection exposed C2–6 from the medial stump of the
lamina to the lateral margin of the facet on both sides and revealed
incomplete absorption of the lamina with the fusion of C2–5 bilateral
lateral masses into a column. We removed the previous implants
and performed laminectomy. After removal of the ligamentum fla-
vum, the spinal cord was decompressed. The position of the C2–6
pedicles was explored with a nerve dissector, and the fused bone
between the lateral masses was removed by drilling between the
adjacent pedicles. Under C-arm fluoroscopy, pedicle screws were
inserted from C2 to C6. The wound was closed temporarily.

Anterior Cervical Discectomy and Fusion (ACDF), Bone Grafting, and
Correction with an Anterior Plate

The patient was securely flipped to the supine position. We started
with a left-sided anterior Smith-Robinson approach between C2 and
C6. The surfaces of the C2–5 vertebral bodies were fused. Under C-
arm fluoroscopy, the position of the intervertebral space was deter-
mined, and the bone on the disc surface was removed by drilling.
Under the microscope, the intervertebral disc and cartilaginous endplate

TABLE 1. Clinical data obtained after admission in all patients undergoing 540° posterior-anterior-posterior approach for 360° fused rigid
severe cervical kyphosis

Case No.
Sex/Age
(yrs) Clinical Presentation Pathology

Neoplasm
Recurrence Surgical History

Postoperative
Duration (yrs)

1 F/34 Left upper limb weakness, limitation of
cervical movement, hyperreflexia, positive

pathological signs

Schwannoma No Tumor resection by
laminectomy (C1–5)

20

2 F/30 Right limb pain, limitation of cervical
movement, hyperreflexia, positive

pathological signs

Cervical cord
arteriovenous
malformation

No Tumor resection by
replacement of vertebral

lamina (laminoplasty) (C3–5)

12

3 F/16 Right limb weakness, 4/5 muscle strength
of upper limbs, gait disturbance, thenar
muscle atrophy, limitation of cervical
movement, hyperreflexia, positive

pathological signs

Cervical cord
hemangioblastoma

Yes Tumor resection by
replacement of vertebral

lamina (laminoplasty) (C2–3)

7

4 F/28 Left upper limb weakness, limitation of
cervical movement, hyperreflexia, positive

pathological signs

Cervical cord
hemangioblastoma

Yes Tumor resection twice by
laminectomy (C2–5)

11
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were removed, and the fused posterior margin of the vertebral body to
the posterior longitudinal ligament and fused uncinate joints were
removed with a high-speed burr. After the posterior longitudinal liga-
ment was resected, a suit-sized cage filled with an autogenous iliac
cancellous bone was placed in the intervertebral space. Subsequently,
a plate was implanted on the C2–6 vertebral bodies. The cervical cur-
vature was corrected to normal lordosis using the lifting force generated
by gradually tightening the screws.

Posterior Rod Assembly
The patient was again placed in the prone position. Rods were

shaped into a suitable curvature, which was secured into the C2–6
screw heads on both sides. A negative pressure drainage tube was
placed in the operative area, and the posterior incision was perma-
nently closed.

Follow-Up
The patients were evaluated at 6 months and 1 year postopera-

tively. The Japanese Orthopaedic Association (JOA) scale improve-
ment rate was calculated as (last follow-up JOA − preoperative JOA)/
(17 − preoperative JOA)� 100% to assess neurological function.

Statistical Methods
Preoperative and latest follow-up JOA and radiological measure-

ments were recorded, as well as the intraoperative fusion span in
this operation and the resection span in the previous laminectomy/
laminoplasty. The mean ± standard deviation for the normally dis-
tributed data and median (interquartile range) for the nonnormally
distributed data were calculated.

Surgical Outcome
All patients underwent 540° correction (combined with intraspinal

tumor resection in two patients) under a single episode of anesthe-
sia in one stage. The mean operative time was 667 ± 268 min.
The average amount of bleeding was 500 ± 258 ml. Patient 3
underwent subsequent intracranial tumor resection after recovery.

Clinical Outcome
Patient 2 developed postoperative dysphagia, which was

relieved 3 days later. The follow-up period ranged from 12 to 24
months. All patients showed remission of symptoms at the last fol-
low-up. The JOA improvement rate was 45.63% ± 37.00%.

FIG. 1. Preoperative assessment of case 2. A: Lateral cervical spine radiograph reveals severe local cervical kyphosis angle (50.4°) with an apex cen-
tered over C3–4. B: Radiographs in flexion show no reduction of the kyphosis deformity. C: Sagittal CT reconstruction reveals the incomplete interbody
fusion between C2 and C5. D and E: CT three-dimensional reconstruction shows the fixed nature of the deformity with circumferential ankylosis between
C2 and C5. F: Sagittal MRI reveals draping of the spinal cord over the posterior aspect of the vertebral bodies. G:Whole-spine plain radiograph shows
the translation of the cervical spine in the sagittal plane. TIA = thoracic inlet angle; PT = pelvic tilt; PI = pelvic incidence; SS = sacral slope; LL = lumbar
lordosis.
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Patient 1 had residual upper limb weakness. Patient 2 showed
complete remission. Patient 3 had residual gait instability and lim-
ited upper limb movement at the last follow-up. Patient 4 had resid-
ual upper limb sensory and motor disorders.

Radiographic Outcome
Preoperative

The preoperative mean global cervical curvature was −32.4° ±
12.0°. The preoperative local CK angle averaged −47.2° ± 7.4°.
Patient 1 had an obvious upward gaze. Patients 1 and 4 had C7 SVA
#50 mm. All had a normal C2–7 SVA (Table 2).

Follow-Up
The mean postoperative C2–7 Cobb angle was −5.3° ± 7.1°.

Two patients had a lordotic alignment, and the other two presented
with a straight alignment. The postoperative local CK angle aver-
aged 0.9° ± 16.1°. The mean correction angle was −46.3° ± 9.6°.

Global spinal balance was improved in all patients with C7 SVA
falling within 50 mm of the posterosuperior aspect of the sacrum
(Fig. 3). However, case 3 (Supplemental Fig. 1) had anterior cervi-
cal translation (C2–7 SVA >40 mm) after surgery (Table 2).

Spinal fusion was achieved in all patients at the last follow-up.

Discussion
CK is divided into flexible and fixed deformities according to

whether it can be reduced by extension movement or traction.2,12

Flexible CK is reducible with the help of hyperextension and traction;
however, fixed CK is associated with anterior or posterior ankylosis,

and no improvement is observed after extension and traction. There-
fore, ankylosis should be released to restore the normal curvature.2,13

In 2014, Hann et al.12 proposed the basic strategies for surgical cor-
rection of cervical deformity. They stated that correction of anterior
fused and posterior fused rigid kyphosis should be performed by using
the anterior-posterior and posterior-anterior-posterior approaches, respec-
tively. However, guidelines for the rare 360° fused rigid kyphosis have
not been established. Local release and correction by a single approach
is mostly ineffective because of its extensive circumferential fusion area.
Furthermore, the correction angle of a single approach is limited.1,12

Thus, a combined approach is required for both circumferential lysis and
ideal correction angle for iatrogenic, circumferentially fused, severe CK
($40°). We review the 540° correction procedure and present our
strategy.

Observations
Characteristics of CK

There is no accepted range of parameters for cervical deformity;
however, the available evidence suggests that T1S minus cervical lor-
dosis (CL) <15°, C2–7 SVA <40 mm, and CBVA between −10° and
120° are generally acceptable ranges.14 We summarize the charac-
teristics of CK of the patients as follows: a 360° fused fixed CK with a
severe kyphosis angle $40°; round CK with smooth curvature and
retained vertebral body height, as well as the intervertebral space;
severe anterior surface fusion of the vertebral bodies; deformed pos-
terior structure; the cervical sagittal balance not translated, with C2–7
SVA <40 mm; most patients having the normal preoperative CBVA;
most patients having the compensatory decreased T1S. This patient

FIG. 2. Intraoperative images of case 2. A: Ponte osteotomy is used to release ankylosing facet joints. B and C: Posterior pedicle screw implantation.
D: The intervertebral space has been fused during the anterior approach. E:With the help of C-arm fluoroscopy, the release of intervertebral space fusion
was performed after the position of the intervertebral space was determined. F: Anterior cervical plate implantation. G: Cervical lordosis was corrected by
an anterior plate and screws. Posterior rods were assembled.
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population is unique because of their young age, due to which their
compensatory capacity is greater. In addition, their horizontal gaze
function and sagittal cervical balance (C2–7 SVA <40 mm) were
retained in the long-term history of the illness. Despite kyphosis pro-
gression, most developed cervicothoracic hyperlordosis (T1S
decreased) to maintain a C2–7 SVA <40 mm. This sagittal cervical
balance saves energy expenditure while maintaining the horizontal
gaze function. That is, to maintain an effortless horizontal gaze,
hyperlordosis at the cervicothoracic junction compensates kyphosis
at the cervical spine. Laminectomy at a high level of the cervical spine
(C1–4) is usually associated with changes in kyphosis, whereas a low
level (C5–7) increases lordosis.15 Abnormal cervicothoracic hyperlor-
dosis may also be associated with increased lordosis resulting from
C5 (low level) laminectomy/laminoplasty.

Previous 540° Correction Surgery Reported in the Literature
O’Shaughnessy et al.,2 Hann et al.,12 and Lee et al.16 performed

posterior-anterior-posterior correction surgery to treat cervical kyphosis
(Supplemental Table 1). The main correction procedure is anterior;
therefore, pedicle screws are not necessary. The steps include poste-
rior release and screw placement, anterior release and ventral reduc-
tion technology to correct the curvature, and finally posterior rod
assembly. O’Shaughnessy et al. proposed the following advantages:
The posterior corrective approach at the end of the operation can help
provide direct observation of the lamina and nerve root state and avoid
nerve injury, and, after posterior release, it is easier to perform anterior
release; the disadvantage is the possible displacement of anterior
bone grafts during the final posterior approach.2

Abumi et al.,13 Sin et al.,17 Yoshihara et al.,18 Garg et al.,19

Funayama et al.,20 and Srivastava et al.21 performed anterior-poste-
rior-anterior correction surgery (Supplemental Table 2). The most
important operation is the posterior approach; therefore, pedicle
screws are necessary. The first step is anterior release. Because
posterior fusion is not released, it is impossible to select the appro-
priate cage. During the subsequent posterior release, temporary fix-
ation rods are required when both sides are released. Correction is
performed by posterior manual manipulation of the Mayfield clamp
or loading compression force and other posterior reduction techni-
ques. Finally, a structural intervertebral graft is performed using the
final anterior approach. Yoshihara et al.18 proposed the advantage
as the possible prevention of anterior graft displacement when
using the anterior approach at the end of the surgery and the disad-
vantage as the increased risk of posterior pharyngeal wall edema
and airway obstruction by the two consecutive anterior exposures.

Compared with the anterior-posterior-anterior approach, the strength
of the anterior correction by distraction, bone grafting, and the application
of a multilevel anterior plate in the posterior-anterior-posterior procedure
is higher than that of the posterior internal fixation system under the con-
dition of circumferential release; hence, the corrective effect is higher.
The primary correction procedure for the anterior-posterior-anterior sur-
gery is loading the posterior screw compression. Because the screw rod
in the posterior approach is fixed, the effect of anterior intervertebral
space distraction and bone graft reduction may not be ideal; hence, the
corrective effect is slightly poor.

Lessons
Posterior-Anterior-Posterior Approach

Due to the powerful corrective effect of lifting each vertebra with
a plate after intervertebral release and dilation, our treatmentTA
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strategy was to release the circumferential bony fusion and subse-
quently to use an anterior plate to correct kyphosis. Thus, we chose
the posterior-anterior-posterior sequence. The first step was to
release the facet joints using the Ponte osteotomy technique during
the posterior approach. The second step was to release all verte-
bral segments through the anterior intervertebral space. The CK
was corrected using intervertebral distraction and the lifting effect of
the anterior plate. The stability of the cervical spine is greatly influ-
enced by the 360° release. In order to avoid failure of the anterior
fixation system and improve the fusion rate, the third step was to
use the posterior pedicle screw for posterior fixation with fusion.

The first and second stages of the surgery were the most criti-
cal. In the first step of Ponte osteotomy, the bony fusion facet joints
were completely ground to achieve the release. Stewart et al.22

reported the application of a Cobb periosteal elevator in the anterior
intervertebral space to fracture the fused facet joints by rotating and
stretching, thus achieving posterior release. However, this technique
was not considered feasible, because the facet joints were completely
fused into a columnar shape.

The second step of the operation was to release the anterior col-
umn through the intervertebral space. Most scholars have adopted
anterior cervical corpectomy and fusion (ACCF) for anterior
release.13,17–19,21 For patients with angular CK or complete interver-
tebral fusion, where intervertebral release is not possible, the ACCF
technique is a reasonable choice to relieve spinal cord compres-
sion. However, in round CK cases where the intervertebral space is
still retained, multilevel intervertebral release and distraction can
provide better corrective results because ACDF can achieve better

release of the fused uncinate joints on both sides of the interverte-
bral space than ACCF. Moreover, the risk of fusion cage collapse of
ACDF is also significantly lower than that of ACCF.10 With five lev-
els of ACDF, the cervical spine can be realigned with a cumulative
correction of approximately 30°.14 However, the difficulty of perform-
ing ACDF in this group was indistinguishable intervertebral spaces
due to the anterior complete surface fusion. Intraoperatively, C-arm
fluoroscopy was performed to identify the intervertebral spaces to
remove the fused bone and uncinate joints. Attention should be
paid to avoid endplate injury and cage collapse caused by the devi-
ation of the drill from the intervertebral space, as well as vertebral
artery injury on both sides.

Fassett et al.4 suggested that the application of the anterior plate
is optional because it increases stability. However, in our practice,
we consider the anterior plate to be necessary because it provides
not only more stability but also a strong corrective effect and higher
corrective angles after intervertebral release, dilation, and cage
implantation.

The final step was assembly of the posterior rods to strengthen
stability. The biomechanical properties of pedicle screws were better
than those of lateral mass screws, which fixed the three-column
structure of the spine and had a pullout resistance four times higher
than that of lateral mass screws.23

The combined approach has higher rates of complications and
mortality.1 The patients in our series recovered well without any com-
plications. It can be inferred that the 540° posterior-anterior-posterior
sequence is an effective method for the treatment of 360° fused CK.
At the latest follow-up, case 3 presented with T1S minus CL >15°
accompanied by C2–7 SVA >40 mm, which was considered to be
caused by the short segment and insufficient prebending of the ante-
rior plate. We believe that the recovery of T1S minus CL <15° is the
key to surgical correction for patients with normal CBVA. For patients
without small T1S (case 3), the anterior corrective segment and cur-
vature of the plate should be increased appropriately to correct the
CL to a larger range in order to avoid postoperative sagittal cervical
translation (C2–7 SVA >40 mm); for patients with compensatory
decreased T1S (except case 3), the achievement of CL is not
demanding, because preoperative sagittal cervical balance was not
translated (C2–7 SVA <40 mm).

In summary, rare iatrogenic severe kyphosis with 360° ankylosis
requires a combined approach. The 540° posterior-anterior-posterior
approach can completely release the bony fusion, and the CK can
be corrected using an anterior plate. This technique can achieve
good results and is an effective strategy.

Acknowledgments
We thank Editage for English language editing.

References
1. Han K, Lu C, Li J, et al. Surgical treatment of cervical kyphosis. Eur

Spine J. 2011;20(4):523–536.
2. O’Shaughnessy BA, Liu JC, Hsieh PC, Koski TR, Ganju A, Ondra

SL. Surgical treatment of fixed cervical kyphosis with myelopathy.
Spine (Phila Pa 1976). 2008;33(7):771–778.

3. Kaptain GJ, Simmons NE, Replogle RE, Pobereskin L. Incidence
and outcome of kyphotic deformity following laminectomy for cervi-
cal spondylotic myelopathy. J Neurosurg. 2000;93(2 suppl):199–204.

4. Fassett DR, Clark R, Brockmeyer DL, Schmidt MH. Cervical spine
deformity associated with resection of spinal cord tumors. Neuro-
surg Focus. 2006;20(2):E2.

FIG. 3. Cervical and global balance images at the 9-month follow-up
of case 2. A: Postoperative lateral radiograph reveals satisfactory cor-
rection. B: Sagittal CT reconstruction shows a solid fusion. C: Sagittal
MRI shows no compression of the spinal cord. D:Whole-spine plain
radiograph shows good sagittal globe spine balance. E and F: Photo-
graphs reveal the patient’s good condition with no deformity. PT = pel-
vic tilt; PI = pelvic incidence; SS = sacral slope; LL = lumbar lordosis.

6 | J Neurosurg Case Lessons | Vol 3 | Issue 3 | January 17, 2022



5. Nowinski GP, Visarius H, Nolte LP, Herkowitz HN. A biomechanical
comparison of cervical laminaplasty and cervical laminectomy with
progressive facetectomy. Spine (Phila Pa 1976). 1993;18(14):
1995–2004.

6. Ratliff JK, Cooper PR. Cervical laminoplasty: a critical review.
J Neurosurg. 2003;98(3 suppl):230–238.

7. Deutsch H, Haid RW, Rodts GE, Mummaneni PV. Postlaminectomy
cervical deformity. Neurosurg Focus. 2003;15(3):E5.

8. Cattell HS, Clark GL Jr. Cervical kyphosis and instability following
multiple laminectomies in children. J Bone Joint Surg Am.
1967;49(4):713–720.

9. Xiaolong S, Xuhui Z, Jian C, Ye T, Wen Y. Weakness of the neck
extensors, possible causes and relation to adolescent idiopathic
cervical kyphosis. Med Hypotheses. 2011;77(3):456–459.

10. Tan LA, Riew KD, Traynelis VC. Cervical spine deformity-part 1:
biomechanics, radiographic parameters, and classification. Neuro-
surgery. 2017;81(2):197–203.

11. Grob D, Frauenfelder H, Mannion AF. The association between
cervical spine curvature and neck pain. Eur Spine J. 2007;16(5):
669–678.

12. Hann S, Chalouhi N, Madineni R, et al. An algorithmic strategy for
selecting a surgical approach in cervical deformity correction. Neu-
rosurg Focus. 2014;36(5):E5.

13. Abumi K, Shono Y, Taneichi H, Ito M, Kaneda K. Correction of
cervical kyphosis using pedicle screw fixation systems. Spine (Phila
Pa 1976). 1999;24(22):2389–2396.

14. Tan LA, Riew KD, Traynelis VC. Cervical spine deformity-part 2:
management algorithm and anterior techniques. Neurosurgery.
2017;81(4):561–567.

15. Tatter C, Fletcher-Sandersj€o€o A, Persson O, et al. Incidence and
predictors of kyphotic deformity following resection of cervical intra-
dural tumors in adults: a population-based cohort study. Acta Neu-
rochir (Wien). 2020;162(11):2905–2913.

16. Lee SH, Kim KT, Lee JH, et al. 540° Cervical realignment proce-
dure for extensive cervical OPLL with kyphotic deformity. Spine
(Phila Pa 1976). 2016;41(24):1876–1883.

17. Sin AH, Acharya R, Smith DR, Nanda A. Adopting 540-degree
fusion to correct cervical kyphosis. Surg Neurol. 2004;61(6):
515–522.

18. Yoshihara H, Abumi K, Ito M, Kotani Y, Sudo H, Takahata M.
Severe fixed cervical kyphosis treated with circumferential osteot-
omy and pedicle screw fixation using an anterior-posterior-anterior
surgical sequence. World Neurosurg. 2013;80(5):654.e17–654.e21.

19. Garg B, Mehta N, Vatsya P. Surgical strategy for correction of
severe, rigid, post-tubercular cervical kyphosis: an experience of
two cases. Spine Deform. 2020;8(4):801–807.

20. Funayama T, Abe T, Noguchi H, et al. Severe, rigid cervical
kyphotic deformity associated with SAPHO syndrome successfully
treated with three-stage correction surgery combined with C7 verte-
bral column resection: a technical case report. Spine Deform.
2021;9(1):285–292.

21. Srivastava S, Marathe N, Bhosale S, Gautham S. Correction of
postlaminectomy cervical kyphosis in an operated case of cervical
spine primitive neuroectodermal tumor. Asian J Neurosurg.
2019;14(3):1017–1020.

22. Stewart TJ, Steinmetz MP, Benzel EC. Techniques for the ventral
correction of postsurgical cervical kyphotic deformity. Neurosurgery.
2005;56(1)(suppl):191–195.

23. Ito Z, Higashino K, Kato S, et al. Pedicle screws can be 4 times
stronger than lateral mass screws for insertion in the midcervical
spine: a biomechanical study on strength of fixation. J Spinal Disord
Tech. 2014;27(2):80–85.

Disclosures
The authors report no conflict of interest concerning the materials or
methods used in this study or the findings specified in this paper.

Author Contributions
Conception and design: Chen, Qiang Jian. Acquisition of data: Chen,
Liu, Duan, Fengzeng Jian. Analysis and interpretation of data: Chen,
Liu. Drafting the article: Qiang Jian, Liu. Critically revising the article:
Liu, Duan, Guan, Fengzeng Jian. Reviewed submitted version of
manuscript: Duan. Statistical analysis: Qiang Jian. Administrative/
technical/material support: Liu. Study supervision: Chen, Duan.

Supplemental Information
Online-Only Content
Supplemental material is available with the online version of the article.
Supplemental Tables and Figure. https://thejns.org/doi/suppl/10.3171/

CASE21491.

Correspondence
Zan Chen: Xuanwu Hospital, Capital Medical University, Beijing, China.
chenzan66@163.com.

J Neurosurg Case Lessons | Vol 3 | Issue 3 | January 17, 2022 | 7

https://thejns.org/doi/suppl/10.3171/CASE21491
https://thejns.org/doi/suppl/10.3171/CASE21491

