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Study Design: Retrospective case series.
Purpose: To evaluate surgical outcomes and effectiveness of an autogenic rib graft for upper cervical fixation in pediatric patients.
Overview of Literature: Autogenic bone grafts have long been considered the ‘gold standard’ bone source for posterior cervical 
fusion in pediatric patients. However, there are some unsolved problems associated with donor-site morbidity and amount of bone 
grafting.
Methods: We studied five consecutive pediatric patients who underwent atlantoaxial fixation or occipitocervical fixation (OCF) us-
ing an autogenic rib graft with at least 2 years of follow-up (mean age, 9.8 years; mean follow-up period, 73.0 months). Two patients 
underwent OCF without screw-rod constructs and three patients with screw-rod constructs. Autogenic rib grafts were used in all pa-
tients. We evaluated the surgical outcomes including radiographic parameter, bony union, and perioperative complications.
Results: The atlantoaxial interval (ADI) was corrected from 11.6 to 6.0 mm, and the C1–2 angle was corrected −14.8° to 7.8°. The 
C2–7 angle was reduced from 31° to 9° spontaneously. Two patients with OCF required revision surgery due to loss of correction. Pa-
tients did not experience any complication associated with the donor sites (rib bone grafts). Six months postoperation X-rays clearly 
showed regeneration of the rib at the donor sites. Bony fusion was achieved in all patients; however, bony fusion occurred more 
slowly in patients without screw-rod constructs compared with patients with screw-rod constructs. Bone regeneration of the rib was 
observed in all patients with no complications at the donor site.
Conclusions: Autogenic rib grafts have advantages of potential bone regeneration, high fusion rate, and low donor-site morbidity. In 
addition, a screw-rod construct provides better bony fusion in pediatric patients with OCF and atlantoaxial fixation.
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Introduction

Atlantoaxial fixation (AAF) and occipitocervical fixation 
(OCF) are occasionally indicated in pediatric patients 

with cervical instability caused by a variety of congenital 
or acquired conditions [1]. If conservative treatments are 
not effective, surgical intervention is usually required to 
achieve atlantoaxial reduction and spinal cord decompres-
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sion [2,3]. Over the past decade, the surgical procedure 
for upper cervical lesions in pediatric patients has evolved 
from a wiring technique to screw-rod constructs [2,4-6]. 
Screw-rod constructs provide biomechanical stable fixa-
tion and better bony fusion than the traditional wiring 
technique. However, screw placement may be technically 
difficult in very young children because of small bone 
size, congenital variations, possible growth potential, and 
immature ossification [7,8]. With regard to bone grafts, 
autogenic iliac crest bone has long been considered the 
‘gold standard’ bone source for posterior cervical fusion 
in pediatric patients [5,9,10]. However, there are some un-
solved problems associated with donor-site morbidity and 
amount of bone grafting. We performed upper cervical 
fixation using autogenic rib grafts with or without screw-
rod constructs on five consecutive pediatric patients. The 
purpose of this study was to evaluate the surgical out-
comes and effectiveness of autogenic rib grafts for upper 
cervical fixation in pediatric patients.

Materials and Methods

1. Patients

We retrospectively reviewed the medical records of five 
consecutive pediatric patients (two boys and three girls) 
who underwent AAF or OCF using autogenic rib grafts. 
The mean age at surgery was 9.8 years (range, 5–16 years), 
and the average follow-up period was 73.0 months (range, 
27–99 months). Four of the five patients were previously 
diagnosed with 21 trisomy. The indication for surgery 
was cervical myelopathy in four patients and axial neck 
pain in one patient. With regard to the etiology of upper 
cervical problems, four patients demonstrated os odon-
toideum and one demonstrated atlantoaxial subluxation. 
The following radiographic parameters were assessed with 
plain radiographs immediately prior to surgery, 1 week 
after surgery, and at the most recent follow-up: atlanto-
axial interval (ADI), space available for the spinal cord 
(SAC), C1–2 lordosis (C1–2), and C2–7 lordosis (C2–7). 
Additionally, rib regeneration was evaluated using chest 
X-rays 6 months after surgery. Computed tomography 
(CT) scans in the cervical spine were repeated 3, 6, and 
12 months after surgery until complete fusion could be 
confirmed, defined as an absence of hardware failure and 
presence of continuous bridging trabecular bone between 
dorsal elements on CT scans. Because of the small bone 

size, C1 and C2 were always obscured by instrumenta-
tion on lateral radiographs. Therefore, bone fusion was 
identified by reconstructive CT scan, which improves the 
accuracy to almost 90% [11,12]. This retrospective study 
was approved by the Osaka City General Hospital Institu-
tional Review Board (IRB approval no., 1506028). Written 
informed consents were obtained from all patients.

2. Surgical procedures

Posterior spinal fusion was performed with screw-rod 
constructs in three patients and without instrumenta-
tion in two patients. O–C2 fixation with autogenic rib 
grafts and Tekmilon tape (Nespron Cable System; Alfresa 
Pharma Co., Tokyo, Japan) (Fig. 1), as described by Co-
hen et al. [13], was performed in two patients (cases 1 and 
2). A novel technique using the C1 lateral mass and a C2 
pedicle screw [14,15] combined with a C2 laminar screw 
[16] was used in two patients (cases 3 and 4). In these two 
patients, a modified Brooks method using autogenic rib 
grafts was combined with a screw-rod construct [17] (Fig. 
2). In case 5, O–C4 fixation with laminar screws and lat-
eral mass screw was performed. Autogenic rib bone was 
placed from the occipital bone to the C2 lamina (Fig. 3). 
In all cases, we harvested strut rib from the 7th or 8th rib 
through transverse skin incision.

Results

Symptoms associated with cervical myelopathy improved 
after surgery. The preoperative static radiographic param-
eters in the neutral position were as follows: ADI, 11.6 
mm; SAC, 8.4 mm; C1–2, −14.8°; and C2–7, 31°. These 
findings indicated atlantoaxial subluxation that resulted 
in spinal canal narrowing, segmental kyphosis at C1/2, 
and compensatory hyperlordosis at C2–7. After surgery, 
the ADI was corrected from 11.6 to 6 mm and C1–2 angle 
was corrected from −14.8° to 7.8°, respectively. The C2–7 
angle was reduced from 31° to 9° spontaneously (Table 
1). Bone union was established in all patients; however, 
the two patients without spinal instrumentation (cases 1 
and 2) and one patient with C0–4 fusion who underwent 
revision surgery required more time for bone union. Halo 
vest fixation was needed for longer periods in two patients 
(cases 1 and 2) without spinal instrumentation. Revision 
surgeries were required for two patients (cases 2 and 5). 
In case 2, revision surgery was performed because of cor-
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rection loss and pseudarthrosis 4 months after their initial 
surgery; we added an autogenic rib graft and applied a 
Halo vest. In case 5, revision surgery was performed be-
cause of loss of correction and pseudarthrosis 6 months 
after their initial surgery. An occipital plate and screws 
were changed, and an autogenic rib graft was added. Pa-
tients did not experience any complications associated 
with the rib bone graft donor sites. Additionally, X-rays 
after 6 months clearly showed regeneration of the rib at 
the donor sites. The demographic, surgical, and clinical 
data of patients are summarized in Table 2.

Discussion

Surgical treatment for upper cervical lesions in pediatric 
patients a challenge because of immature bone quality 

and smaller osseous structures, which sometimes make 
insertion spinal instrumentation quite difficult [1-4,8,18]. 
Following the development of spinal instruments, sev-
eral authors reported surgical techniques using spinal 
instrumentation for the upper cervical spine in pediatric 
patients [5,19-21]. The C1 lateral mass screw described by 
Goel and Laheri [14] and Harms and Melcher [15], and 
the laminar screw established by Wright [16], were ap-
plied in our case series. Using spinal instrumentation, the 
orthoses could be removed earlier, and thus bony union 
was achieved earlier in our series without any complica-
tions. Additionally, spinal instrumentation provided bet-
ter stability and prevented loss of correction. However, we 
did experience one instrumentation failure in case 5, in 
which occipital screws became dislodged leading to loss 
of correction. Our data suggest that a Halo vest should be 

Fig. 1. Case 1. A 5-year-old boy presented with cervical myelopathy due to os odontoideum associated with 21 trisomy. He un-
derwent OCF without a screw-rod construct. He used a Halo vest for 11 months until bony fusion was achieved. (A) Preoperative 
X-ray shows that ADI and SAC were 12 and 7 mm, respectively. (B) Sagittal view of the CT image indicates os odontoideum. (C) 
Magnetic resonance imaging displays a high-intensity change in the spinal cord on T2-weighted imaging at the cervicomedullary 
junction. (D) Postoperative X-ray shows that ADI and SAC were reduced to 5 and 12 mm, respectively. (E) Sagittal view of the CT 
image displays the autogenic rib graft. (F) Clinical photo during surgery shows OCF with the autogenic rib and Tekmilon taping. (G) 
X-ray 8 years post-surgery shows that ADI and SAC were 10 and 9 mm, respectively. (H) Sagittal view of the CT image displaying 
bony union. OCF, occipitocervical fixation; ADI, atlantoaxial interval; SAC, space available for the spinal cord; CT, computed tomog-
raphy.
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considered to provide additional stability postoperatively 
in the case of poor bone quality and OCF, even if a screw-
rod construct is used.

In pediatric patients with upper cervical fixation, graft 

bone materials should be considered. The ideal grafting 
bone has two important functions: to facilitate osteogen-
esis and provide structural support [22]. Several graft 
materials are currently available, and allograft is one such 

Fig. 2. Case 3. A 9-year-old boy presented with neck pain due to os odontoideum but did not have any neurological 
deficit. He underwent AAF with a screw-rod construct and used a Philadelphia collar for 1 month. (A) Preopera-
tive X-rays show that ADI and SAC were 12 and 7 mm, respectively. (B, C) Dynamic films show that ADI changed 
from −4 to 13 mm. (D) Sagittal view of the CT image indicates os odontoideum. (E) Postoperative X-ray shows that 
ADI and SAC were reduced to 1 and 18 mm, respectively. (F) Sagittal view of the CT image displays the modified 
Brooks method with an autogenic rib graft. (G) Clinical photo during surgery shows AAF with an autogenic rib and 
a screw-rod construct. (H) X-ray 6 years post-surgery shows that ADI and SAC were 1 and 19 mm, respectively. 
(I) Sagittal view of the CT image displays complete bony consolidation. (J) X-ray immediately after surgery. White 
arrows indicate absence of the rib because of the graft. (K) X-ray 6 months post-surgery. White arrows indicate re-
generation of the rib. AAF, atlantoaxial fixation; ADI, atlantoaxial interval; SAC, space available for the spinal cord; 
CT, computed tomography.
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Table 1. Radiographic parameters

Case

ADI (mm) SAC (mm) C1–2 (°) C2–7 (°)

Pre
PO FFU Pre PO FFU Pre PO FFU Pre PO FFU

N Ex, Flex

1 12 0, 15 5   7   7 14 12 -22   1 7 47 28 25

2 13 9, 14 8 11   5 10   7 -46  -2 -23 46 21   4

3 10 -4, 13 1   1 11 18 19    8 25 32 8 -15 12

4 13 11, 15 9 10 10 14 13   -5   7 8 9 -25   6

5 10 8, 11 7   8   9 12 11   -9   8 1 45 36 49

Average 11.6 4.8, 13.6 6   7.8      8.4 14.6 12.4 -14.8   7.8 5 31 9 19.2

ADI, atlantoaxial interval; SAC, space available for the spinal cord; N, number of the patients; Ex, extension; Flex, flexion; Pre, before surgery; PO, 1 
week after surgery; FFU, final follow-up. 

Fig. 3. Case 5. A 7-year-old girl presented with cervical myelopathy due to AAS and VS. She underwent occipitocervical fixation with a screw-rod 
construct. Six months after surgery, she underwent an additional surgery due to correction loss and pseudarthrosis. (A) Preoperative X-ray shows 
that ADI and SAC were 10 and 9 mm, respectively. (B) Sagittal view of the CT image indicates AAS and VS. (C) Magnetic resonance imaging dis-
plays a high-intensity change of the spinal cord on T2-weighted imaging at the cervicomedullary junction. (D) A three-dimensional CT image indi-
cates the 1st intersegmental artery on the left side. (E) Postoperative X-ray shows that ADI and SAC were reduced to 7 and 12 mm, respectively. (F) 
Sagittal view of the CT image displays the occipital plate and screw construct with an autogenic rib graft. (G) X-ray 6 months after initial surgery 
indicates dislodgement of the occipital screws and loss of correction. (H) Sagittal view of the CT image 6 months following the initial surgery dem-
onstrates dislodgement of the screw and fracture of the skull. (I) X-ray 6 months post revision surgery shows that ADI and SAC were 8 and 11 mm, 
respectively. (J) Sagittal view of the CT image displays complete bony union. AAS, atlantoaxial subluxation; VS, vertical subluxation; ADI, atlanto-
axial interval; SAC, space available for the spinal cord; CT, computed tomography.
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candidate for cervical spinal fixation. Zhang et al. [12] 
compared the fusion rate between autograft and allograft 
for pediatric patients with AAF, reporting that 94% of 
the fusion rates with allograft was comparable with 100% 
of the fusion rate with autograft. However, Reintjes et al. 
[9] reported 80% rate of bony fusion with allograft and 
94% bony fusion with autograft. The advantages of auto-
genic bone are the low cost and reduced potential risk of 
viral infection. However, morbidity at the donor site can 
be substantial in some cases. The iliac crest is the most 
frequently selected site to harvest autogenic bone to in-
corporate into cervical spinal fusion constructs. A major 
limitation of the iliac crest is donor-site morbidity, includ-
ing chronic pain, wound infection, hematoma, abdominal 
wall hernia, meralgia paresthetica, buttock anesthesia, 
‘gluteal gait’ disturbance, and fracture of the ilium [10]. 
Compared with the iliac crest, a rib autograft is rarely used 
in cervical spinal constructs. Sawin et al. [10] reviewed the 
fusion rates and donor-site morbidity for both autogenic 
rib and iliac crest bone grafts in posterior cervical fusions, 
finding that fusion rates were significantly higher with 
98.8% of patients with rib graft constructs achieving fu-
sion compared with 94.2% with crest graft constructs. Rib 
graft donor-site morbidity was significantly lower than 
iliac crest graft (3.7% versus 25.3%). Thus, they concluded 
that autogenic rib grafts were superior for upper cervical 
fixation in pediatric patients. In our series, bony union 
was achieved in all patients with no donor-site morbidity. 
Additionally, regeneration occurred within 6 months after 
surgery in all patients. Therefore, in our opinion, an auto-
genic rib graft should be the first choice for bone grafting 
in pediatric patients with upper cervical fixation.

This study had some limitations that warrant discus-
sion. We examined a small sample size with no control 
group, and the follow-up periods were relatively short.

Conclusions

Our data showed that autogenic rib grafts have advan-
tages, including good potential bone regeneration, high 
fusion rate, and low donor-site morbidity. Additionally, 
screw-rod constructs are able to provide better bony fu-
sion without Halo vests in pediatric patients with AAF. 
However, clinicians should consider Halo vests for OCF if 
a screw-rod construct is used.
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