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Analysis of Risk Factors Associated with Fusion Failure of Traumatic Odontoid
Fracture Type lll after Halo-Vest Immobilization

Dong Kwang Seo, MD', Jin Hoon Park, MD', Dong Ho Lee, MD? and Sang Ryong Jeon, MD, PhD'

"Department of Neurological Surgery, “Orthopedic Surgery, Asan Medical Center, University of Ulsan College of Medicine,
Seoul, Korea

Objective: The purpose of this study is to identify risk factors related to the fusion failure after halo-vest immobilization
of odontoid fracture type I11.
Methods: We retrospectively analyzed ten patients who underwent halo-vest immobilization for acute traumatic odon-
toid fracture between October 2002 and December 2011. All patients had type 111 odontoid fracture using the Anderson
and D’Alonzo classification. We reviewed digital radiographs and analyzed the images during conservative treatment with
halo-vest immobilization.
Results: The patients consisted of nine men and one woman, with mean age of 40.2 years (range: 25—56), who had no histo-
ry of medical comorbidity and significant neurologic deficit. The mean follow-up period was 6 months (range: 4—11). All pa-
tients were initially treated by halo-vest immobilization. Seven patients showed union of fractured site on radiologic findings
after halo-vest immobilization only. However, other 3 patients underwent surgery for fixation due to fusion failure. Among
the factors we analyzed such as, radiographic characteristics and clinical feature, presence of comminuted fracture, instabil-
ity of fractured fragment and failed reduction of misalignment were the factors related to fusion failure.
Conclusion: The fusion rate of halo-vest immobilization of odontoid fracture type III seem to be incomplete, but clinical
decision using the risk factors such as comminution, instability of fractured fragment and failed reduction of misalignment
improves the outcome with conservative management.

(Korean J Neurotrauma 2012;8:87-93)

KEY WORDS: Odontoid process - Spinal fractures - External fixators - Ununited fractures.
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FIGURE 1. Measurement of radiogra-
phic findings. A: A tangent line is drawn
along the anterior aspect of the odontoid
fragment and the anterior aspect of the
C2 body. A transverse line is drawn con-
necting these two lines. This distance is
measured as the displacement of frac-
tured odontoid process. B: A tangent line
is drawn along the posterior aspect of the
odontoid fragment and the posterior as-
pect of the C2 body. The angle subtend-
ed by these lines is the degree of angu-
lation of fractured odontoid process. C:
The gap between fractured odontoid pro-
cess and dens body was determined as
measured distance between inferior bor-
der of fractured odontoid process and su-
perior border of fractured C2 body. D: The
type of fracture line of odontoid process
was determined in the computed tomog-
raphy lateral reconstruction image. E:
Overall lordosis was determined as mea-
sured angle between inferior endplate of
C2 and inferior endplate of C7 in the lat-
eral view of cervical plain radiograph.
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TABLE 1. The clinical characteristics of 10 cases
Case Age (years)/ Trauma Time from injury Neurologic Associafed F/U duration  Result
no. Sex to HVI (days) symptoms injury (months) of HVI
1 54/M In-car TA 1 Both knee tingling (=) 4 Failure
sense
2 49/M In-car TA 3 (-) (=) 4 Failure
3 25/M In-car TA 2 3 day+postop 3mT (=) (=) 4 Failure
4 30/M Fall down 5 (=) (=) 5 Success
5 49/M In-car TA 2 Decreased sense ~ Compression 5 Success
on Rt. occiput fracture, T12& L1
6 42/M In-car TA 5 (=) (=) 10 Success
7 31/M In-car TA 7 Deliium&transient  Traumatic SAH 7 Success
memory
impairment
8 35/M In-car TA 4 Paresthesia on (=) 4 Success
Lt. arm
9 31/F In-car TA 9 (=) Fractures of Lt. 7 Success
femur & humerus
10 56/M In-car TA 6 (=) C5-6 ligamentous 11 Success
subluxation

xgardner-wells tong traction before halo-vest immobilization, fsustained halo-vest immobilization. HVI: halo-vest immobiliza-

tion, TA: traffic accident
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of WA AES AWSHALE 30019 /- A He & A W ARESTE FAE WS T CTollA
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O] AT AdE7] ZHoIQch A ShegrbdgdA SH o} o]of R R wgste] =4k & 1250 S5 7
ol A Hahd 2 mm A7 AL, ZPAFS 1 ZAA 71 5 1, 28 WAHE s Se7 A S|4 W Ak
< 1 mm, 35 Ak 12°2 Z%Ich $44= Halo 32 45 A8t (Figure 4).
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Yo 2o} =AF & 37 QiR ol A AlsiEh ThEAL 254 FAPZF REHRE AdEjoll A 2aeAo) F5et A Ay
KA SHAFOIA A9 Tashar, 2 2 384 7F 3 wBAIE WYsth A RS S SASIoL,
AL o}, A3 Anto] Z47F -3, -9°R2 ZAE|o] Halo §  AlFSH SAR2 9IQlt) Alafst Ao CT H werAbAl
o] XA FAIEA] S & = ATh EZE  HAF SHANA AT AdE7] SHR EqrEst 249
T3 TE 125 ) FHA] AR A5 CTol $12 @3] [P 4 mm A7F Q= AEiSict ofef o
A ZHE =71 S3A] R A ok, 8 Halo §808sS stglov, SaHe] a4 e 1
FAF Tl E73 8 4 (osteosclerotic margin)o] #EE  Eof [ W =79} S wido] Hs| A oF
Act. ool ERFe R drste] 24 & 4o AR ko, ARESE ASH 02 A3tk A= Halo $42%
A 1, 29 YA st St A FolA] W AAL T 39 F AR 87 A ol W AL
1785 AlRYsESlt (Figure 3). AlgYtsd), 4 Fo|= Halo 1 4S &3k,

Case 2

FIGURE 3. Imaging studies from case 1. A: Computed tomography (CT) scans of the patient showed a type Il odontoid fracture and
there was ossification of posterior longitudinal ligament at the level of C3-C4. The fractured odontoid process was slightly displaced
anteroinferiorly. B: A coronal reconstruction image revealed the comminuted fracture. C: The plain radiograph after 1 day of halo-vest
immobilization. D: The plain radiograph on 3 weeks follow up showing the change of cervical lordotic curve. E: After 14 weeks, on the
CT lateral reconstruction image, we found that the fracture site had not completely healed.
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FIGURE 4. Imaging studies from case 2. A, B: Computed tomography (CT) scans of the patient showed a type Il odontoid fracture

Dong Kwang Seo, et al.

2

with horizontal line and the fractured odontoid process was not displaced. C: The plain radiograph on 1day after halo-vest immobili-
zation. D: The plain radiograph on 5 weeks follow up showing the redisplacement of fractured odontoid process. E: The CT lateral re-
construction image on 10 weeks follow up showing the osteosclerotic margin of fractured site.

FIGURE 5. Imaging studies from case 3. A, B: Computed tomography scans of the patient showed a type Ill odontoid fracture with ir-
regular fracture line and the fractured odontoid process was displaced anteroinferiorly. C: The patient underwent the conservative treat-
ment with halo-vest immobilization at his request, (D) but the displaced odontoid process was not corrected in alignment. E: Postop-
erative plain radiograph. Note that posterior interspinous fusion combined with sustained halo-vest immobilization.
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TABLE 2. The radiological characteristics of 10 cases

e Initial evaluation (simple X-ray) MRI finding X-lgxr/nsgleorfljw Fo;l(?r\;vyup
No. Frc;;feure D|spl(or§ri;nem A(r(;%él?;gn (?nomp) (I(.jc;rgroes:) (corg_iggnr:;er]is)lon/ D/A/G/L D/A/G/L
1 Al 2 1 1 12 None 3/3/1/-3 2/3/1/-9
2 H 0 0 2 6 None 0/0/2/4 3/-26/3/6
3 Al 3 1 2 15 None 4/1/2/0 3/-11/2/7
4 H 2 29 3 25 None 1/2/1/25 1/1/1/25
5 Al 1 14 1 13 None 2/10/1/10 2/9/1/15
6 Al 2 16 3 31 None 2/11/1/27 2/16/1/33
7 Al 2 23 3 17 None 2/12/2/18 1/12/1/22
8 Al 3 =16 2 0 Cord hsi 1/3/1/20 1/0/1/22
9 Al 5 14 4 15 Ligament tear 3/11/1/12 1/7/0/6
10 H 3 -13 2 7 None 2/3/2/-3 2/3/1/—4

s#fransverse ligament of atlantoaxial joint. Al: anteroinferior displacement, H: horizontal displacement, HSI: high signal intensi-
ty, HVI: halo-vest immobilization, D: displacement, A: angulation, G: gap, L: lordosis
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