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Abstract
Surgical	 decompression,	 deformity	 correction,	 and	 instrumentation	 of	 the	 upper	 cervical	 spine	
are	 challenging	 problems	 in	 cervical	 kyphosis,	 especially	 in	 infants	 and	 pediatrics.	 According	 to	
patients’	age,	surgical	exposure	 is	difficult	and	selecting	 the	appropriate	 instrument	for	 rigid	fixation	
is	 crucial.	 In	 this	 article,	 we	 present	 a	 case	 of	 2	 years	 old	 with	 cervical	 angular	 kyphosis,	 which	
was	approached	posteriorly	at	first.	Through	posterior	approach,	C3–C5	laminectomy	with	complete	
excision	of	 spinous	process	was	performed.	Then,	 the	patient’s	 position	was	 changed	 to	 supine	 and	
C3–C5	corpectomies	were	performed	anteriorly	with	a	 longitudinal	 incision,	 and	 the	 thecal	 sac	was	
decompressed.	A	 titanium	 cage	with	 appropriate	 size	 and	 graft	was	 placed	 after	 possible	 deformity	
correction	 conducted	 with	 head	 traction	 and	 neck	 extension.	Anterior	 fixation	 was	 performed	 with	
two,	2‑mm	T‑shaped	metacarpal	plates	with	 two	 screws	 in	C2	and	 four	 screws	 in	C6.	The	patient’s	
position	 was	 changed	 to	 prone	 again,	 and	 posterior	 fixation	 was	 done	 with	 two	 metacarpal	 plates	
located	 on	 lateral	masses.	We	 showed	 that	 a	 novel	 technique	 in	 correction	 and	 fixation	 of	 cervical	
kyphosis	in	pediatric	is	using	metacarpal	plates	while	they	are	fixed	to	lateral	masses.
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Introduction
Cervical	 kyphosis	 needing	 surgical	
stabilization	 is	 a	 rare	 procedure	 and	 also	
challenging	in	pediatrics.	Typical	conditions	
associated	with	cervical	kyphosis	are	Larsen	
syndrome[1,2]	 diastrophic	 dysplasia,[3,4]	
chondrodysplasia	 punctata	 (Conradi	
syndrome),[5]	 campomelic	 dysplasia,[6]	 and	
neurofibromatosis.	 Trauma,	 neoplastic	
disease,	 infection,	 systemic	 arthritis,	
radiation,	and	iatrogenic	processes	are	other	
causes	of	cervical	kyphotic	deformity.

Physical	 therapy	 and	 bracing	 are	 typically	
the	 first	 step	 in	 management	 of	 spinal	
deformity	 in	 the	 pediatric	 population.	
Surgical	 fusion	 is	 indicated	 if	 the	
deformity	 progressed	 and	 the	 patient	 did	
not	 respond	 to	 conservative	 management	
or	 if	 neurologic	 deficit	 occurred.[7,8]	Neural	
decompression,	 deformity	 correction,	
and	 spinal	 reconstruction	 are	 the	 goals	
of	 surgical	 management.	 Based	 on	 the	
patient’s	 age,	 clinical	 and	 radiological	
evaluations,	 available	 instruments,	 and	
the	 morbidity	 and	 mortality	 risks	 of	 each	

surgical	strategy,	 individualized	approaches	
should	 be	 selected.	 Anterior‑only,	
posterior‑only,	 and	 anterior‑posterior	
approaches	can	be	tailored	to	the	individual	
patient.	Although	 the	combined	approaches	
appear	 to	 result	 in	 a	 greater	 degree	 of	
deformity	 correction	 than	 the	 anterior	 or	
posterior	 alone	 approach,	 they	 carry	 a	
higher	 rate	 of	 postoperative	 morbidity	 and	
mortality.[9,10]

Because	 of	 lack	 of	 appropriate	 and	
especially	 designed	 pediatric	 spine	
instrumentation	 and	 diminutive	 size	 of	
the	 vertebra,	 internal	 fixation	 of	 corrected	
deformity	 in	 the	 infantile	 cervical	 spine	
is	 challenging	 and	 surgical	 treatment	
may	 be	 complicated	 by	 inappropriate	 or	
nonrigid	 instrumentation	 that	 can	 lead	 to	
pseudarthrosis,	loss	of	correction,	deformity	
progression,	and	neurological	deterioration.	
Here,	 we	 report	 a	 novel	 surgical	 strategy	
and	 fixation	 method	 for	 management	 of	
cervical	kyphosis	in	pediatrics.
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Case Report
A	 2‑year‑old	 girl	 	 presented	 with	 a	 progressive	
quadriparesis	 since	 6	 months	 ago	 and	 cervical	 kyphosis.	
She	 was	 developmentally	 normal,	 but	 recently,	 she	 was	
unable	 to	 walk	 but	 able	 to	 sit	 and	 crawling	 with	 well	
truncal	control.	She	underwent	casting	for	club	foot	shortly	
after	 birth	 and	 mild	 bilateral	 flexion	 contracture	 of	 knees	
left	 untreated.	She	had	a	normal	 face,	 and	neck	movement	
was	 restricted	 on	 physical	 examination.	 All	 reflexes	 were	
exaggerated.	 Plantar	 responses	 were	 extensor	 bilaterally.	
Genetic	work‑up	 did	 not	 reveal	 chromosomal	 abnormality,	
and	 laboratory	 tests	 were	 normal.	 The	 lateral	 cervical	
X‑rays	 revealed	 75°	 kyphosis	 from	 the	C2	 to	 the	C4	with	
apex	 at	 the	 C3.	 MRI	 illustrated	 cord	 signal	 change	 and	
ventral	 cord	 compression	 [Figures	 1	 and	 2].	 Magnetic	
resonance	 imaging	 scan	 of	 the	whole	 spine	 did	 not	 reveal	
any	 other	 anomaly	 [Figure	 2].	A	CT	 scan	was	 obtained	 to	
evaluate	bony	structure	and	surgical	planning	[Figure	3].

Surgical technique

Intraoperative	 neuromonitoring	 was	 used	 during	 the	
operation.	 After	 intubation	 using	 fiber	 optic,	 the	 patient	
was	 placed	 in	 prone	 position.	 Midline	 incision	 was	
accomplished	 with	 anatomic	 exposition	 of	 posterior	 bony	
structure.	 Subperiosteal	 dissection	 was	 performed	 to	
reduce	 curve	 stiffness	 and	 bleeding.	 Distorted	 lamina	 and	
spinous	 process	 with	 bony	 impingement	 that	 hampered	
any	 kyphotic	 deformity	 correction	 was	 evident.	 C3–
C5	 laminectomy	 with	 complete	 excision	 of	 spinous	
process	 was	 performed.	 Then,	 the	 patient’s	 position	 was	
changed	 to	 supine.	 C3–C5	 corpectomies	 were	 performed	
anteriorly	 with	 a	 longitudinal	 incision,	 and	 the	 thecal	 sac	
was	 decompressed.	A	 titanium	 cage	 with	 appropriate	 size	
and	 graft	 was	 placed	 after	 possible	 deformity	 correction	
conducted	with	head	 traction	and	neck	extension.	Anterior	
fixation	 was	 performed	 with	 two,	 2‑mm	 T‑shaped	
metacarpal	 plates	 with	 two	 screws	 in	 C2	 and	 four	
screws	 in	 C6.	 Screw	 size	 was	 measured	 preoperatively	
by	 computed	 tomography.	 The	 patient’s	 position	 was	
changed	 to	 prone	 again,	 and	 posterior	 fixation	 was	 done	
with	 two	6‑hole	2‑mm	metacarpal	plates	 located	on	lateral	
masses	 and	 fixed	 with	 two	 screws	 placed	 in	 C5	 and	 C6	
lateral	masses	 in	caudal	side	and	 two	screws	placed	 in	C3	
lateral	mass	and	C2	isthmus.	After	decortication,	harvested	
autograft	 was	 placed	 on	 facets	 and	 posterolateral	 sides.	
Posterior	wound	was	closed,	and	after	immobilization	with	
cervical	 collar,	 the	 patient	 was	 placed	 in	 supine	 position.	
No	 change	 was	 observed	 in	 neuromonitoring	 parameters	
during	the	operation.

Postoperative	 cervical	 kyphosis	 was	 11°	 and	 about	 85%	
correction	 was	 achieved	 [Figure	 4].	 She	 was	 discharged	
with	cervicothoracic	orthosis	 [Figure	5],	 and	after	6‑month	
follow‑up,	 radiographic	 studies	 obtained	 showed	 evidence	
of	osseous	fusion.	At	 the	12‑month	follow‑up,	examination	
illustrated	 consecutive	 improvement	 in	 the	 patient’s	

neurological	 status	 and	 she	 was	 able	 to	 walk.	 Cervical	
motion	and	alignment	was	acceptable.

Discussion
Progressive	 cervical	 kyphosis,	 if	 left	 untreated,	 can	 cause	
neurological	compromise,	dysphagia,	and	 impaired	gaze.[11]	
Surgical	 treatment	was	performed	to	achieve	the	correction	
of	 deformity	 and	neural	 decompression.	Surgical	 treatment	
options	 include	 posterior	 cervical	 fusion,	 anterior	 cervical	

Figure 1: Radiographic study of the patient with cervical kyphosis at 
anteroposterior and lateral views

Figure 2: Whole-spine magnetic resonance imaging study of the patient 
with cervical kyphosis

Figure 3: Computed tomography scan showed about 86° kyphosis. 
Furthermore, the size of bony elements was well defined by computed 
tomography scan
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fusion,	 or	 both.[11,12]	 Decompression	 requires	 anterior	
vertebrectomy	 because	 the	 apex	 of	 the	 kyphosis	 is	 the	
source	of	the	cord	impingement.

In	 patients	 without	 neurological	 deficit,	 posterior‑only	
approach	 and	 fusion	 can	 limit	 posterior	 growth	 while	 has	
not	 significant	 impact	 on	 anterior	 column.	This	might	 lead	
to	 gradual	 correction	 of	 deformity	 by	 continuous	 growth	
of	 anterior	 column.	 However,	 in	 anterior‑only	 surgical	
approaches,	 The	 anterior	 fusion	 and	 posterior	 growth,	
might	lead	to	kyphosis	progression

Johnston	 et al.[2]	 studied	 the	 effect	 of	 posterior‑only	
cervical	 fusion	 on	 a	 series	 of	 four	 patients	 with	 cervical	
kyphosis	 due	 to	 Larsen	 syndrome.	 They	 reported	 that	
early	 posterior	 cervical	 fusion	 in	 infancy	 leads	 to	 stability,	
prevented	 progression	 of	 deformity	 and	 even	 gradual	
correction	 of	 deformity	 by	 continuous	 anterior	 column	
growth.	One	patient	 in	 their	series	developed	hyperlordotic	
deformity	 and	decompression	performed	due	 to	 neurologic	
deficit.	 Martus	 et al.[13]	 series	 of	 five	 Larsen	 patients	
supports	 a	 previous	 study	 that	 posterior	 arthrodesis	 alone	
in	 pediatric	 cervical	 kyphosis	 by	 allowing	 further	 anterior	
column	 growth	 can	 correct	 the	 deformity.	 Furthermore,	
they	 advocated	 that	 hyperlordosis	 may	 be	 developed	 after	
posterior	fusion	and	required	close	monitoring.

In	 patients	 with	 established	 neurologic	 deficit,	 anterior	
decompression	 and	 stabilization	 combined	 with	 posterior	
cervical	 fusion	 and	 fixation	were	 recommended	 to	 prevent	
increasing	 deformity	 from	 posterior	 element	 growth	
and	 to	 enhance	 the	 stability	 of	 fixation.	 The	 absence	 of	
anterior	 column	 growth	 and	 therefore	 gradual	 correction	
of	 kyphotic	 deformity	 is	 a	 disadvantage	 of	 combined	
anterior	 and	 posterior	 fusion.	 The	 risk	 of	 spinal	 cord	
injury	 during	 anterior	 decompression	 in	 cervical	 kyphosis	
is	 relatively	 high	 and	 hypoplastic	 vertebrae,	 and	 also,	
severe	kyphotic	deformities	made	the	anterior	instrumented	
fusion	 technically	 demanding	 and	 quite	 dangerous	 in	

pediatrics.	 Sakaura	 et al.[14]	 recommended	 posterior‑only	
fusion	 for	mild	 and	flexible	 cervical	 kyphosis	 and	 anterior	
decompression	with	combined	anterior	and	posterior	fusion	
in	 patients	 with	 severe	 kyphotic	 deformity	 and	 Larsen	
syndrome.

Our	 patient	 underwent	 combined	 anterior	 and	 posterior	
decompression	 and	 instrumented	 fusion.	 Surgery	 goals	
were	 to	 improve	 the	 neurological	 deficit	 and	 cervical	
alignment,	 rigid	 fixation,	 and	 successful	 fusion.	 In	
preoperative	 evaluation	 of	 the	 patient,	 no	 correction	 was	
observed	 in	 lateral	 dynamic	X‑ray	 study.	This	 showed	 that	
the	curve	 is	 rigid.	Furthermore,	during	surgery,	 the	 rigidity	
of	 curve	was	 evident.	 To	 eliminate	 the	 bony	 impingement	
between	the	spinous	processes,	first,	we	performed	spinous	
process	 resection	 because	 we	 believed	 that	 elongated	
and	 deformed	 spinous	 process	 and	 lamina	 may	 prevent	
deformity	 correction	 after	 anterior	 decompression	 and	
instrumentation.	Then,	to	reduce	curve	stiffness	and	the	risk	
of	 neurologic	 compromise	 and	 also	 the	 deformed	 lamina	
observed	 in	 surgery,	 we	 performed	 laminectomy.	 Even	
after	 laminectomy,	 during	 anterior	 approach,	 the	 curve	
was	 rigid	 and	 it	 was	 impossible	 to	 correct	 the	 deformity	
without	 corpectomy,	 and	 therefore,	 we	 were	 forced	 to	 do	
corpectomy	 and	 use	mesh	 cage	 instead	 of	 discectomy	 and	
grafting.	 Due	 to	 unavailability	 of	 pediatric‑specific	 spinal	
instruments	 in	 our	 country,	 it	 was	 not	 easy	 to	 choose	 an	
appropriate	 instrument	 for	 cervical	 rigid	 fixation	 in	 a	
2	 year‑old	 patient	 with	 such	 small	 vertebral	 size.	 We	
performed	 both	 anterior	 plating	 and	 posterior‑lateral	 mass	
fixation	 with	 a	 2‑mm	metacarpal	 plate	 and	 achieved	 rigid	
fixation	 and	 fusion.	Since	 the	major	 cervical	 kyphosis	was	
from	 C2	 to	 C4	 with	 apex	 at	 C3,	 to	 preserve	 neck	motion	
and	especially	head	flexion,	we	planned	 to	 limit	 the	 fusion	
to	 C2	 and	 did	 not	 include	 occiput	 in	 the	 fusion	 construct.	
The	 operation	 time	 in	 our	 three‑stage	 procedure	 was	
340	 min.	 According	 to	 operation	 time,	 hemostasis	 during	
the	 operation	 is	 so	 important.	 The	 patient’s	 position	 was	

Figure 5: The patient experienced no deficit at postoperative course and 
orthosis was fixed for her

Figure 4: Postoperative imaging at anteroposterior and lateral views and 
sagittal computed tomography scan images
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changed	 two	 times	 during	 procedure,	 and	 care	 was	 taken	
to	 avoid	 additional	 neurological	 injury.	 Intraoperative	
neuromonitoring	 was	 used	 during	 procedure	 to	 prevent	
neurological	 complication.	We	 believe	 that	 cervicothoracic	
orthosis	 in	 the	 patient	 with	 cervical	 kyphosis	 is	 an	
appropriate	way	to	achieve	solid	fusion.
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