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One Herbert Double-Threaded Compression Screw Fixation
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‘Summary: Sursical reatment of type I odontoid facurss (OFS) has usaally n-
aled C1-2 artrodess rather tha Factore hation. An AKerste retmen of
et scrw fton s usd 1o et he Factures T preseration ofattoasal
otstion. Type 11 OFS ihat cannot be compleely reduced by clase means are
generally beleed o b 2 comeaindicaton for anirior erew Bxation, Seven -
Hients (group ) wit displaced e 11 OF that could be compltely reduced were
iaeated with facture xation by ome 4.5-mm doublehreaded compresion e
and v patiets (soup 1) with displaced tpe 1 OFs that could oty e partily
reduced Wer reated with Facture o by ome 3.0-mim doubl.hradd com

prsson srew: Al ptients had & minima of 154 llow-up. No major com

pications oscured. No loss o reduction oceured n roup | patent. Group 1
patents had an average ks o educion of 0 mm anierr displacement and 3+
nterior angulation. The overall rat of factu ion w38 100%. and facture
esolion aveaged 4.1 monihs. Ten patiats had 4 normal ranse of cerical
oaton.and there s o diflrence i prseration ofceviclrotation beween
he D r0ups. Out el sgeest hacloss redction and compreseiv e
Ihesi by 0ne doule-Readed compresion erow s an opimal metho of et
men o dispaced ¢ 1 OF that ca bscompstely e and forsome o
hat can ony be patlly recuced. A {005 e of fractur unicn and resenation
ofcervical rotation are the major sdvantages of this et However, Smfcant
complicains e been eporid by othe nvestigatons. The e o  mlicvlons
surpcal techiique s mandtory, and contraindicaions snoul b respected. Key
Words: Odomtoid fractre-_Compresive. oo

compresion sren,

“The North America Cervieal Spine Rescarch Soci
ety carried out a multienter survey in the treatment.
of factore of the odontoid proces, the resalts of
‘which were published by Clark et al (3). The results
indicated that patients with @ type 1 odonoid frac-
ture (OF) who have significant displacement or angu.

Addrss comspondens 1nd o quess o D Koo W
s No 1151, Al 53 Secton | Crane SanRD. Tamne,
Tithons e, Tava, Repunic of i

o2

lation, o both, should be considered for surgical
stabilization.

Surgical reatment of OFs has usually entailed pos-
terior C1-2 arthrodesis rather than fracture fxation
“The former approach compromises axialrotaton by
47° and flexion-extension by 10° (3,11). Pariculaly
diffcult 0 manage are type I OFs with a concomi-
tant Aing of C1 fracture, which occursin 16% of type T
(OFs. This fracture patteen precludes th initil wse of
(€1-2 posterior fusion. The acute operative ixation of
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t5pe 1l OFs with a concomitant ring of 1 fracturc
necessitates extension of the fusion (o the occiput.
This results in 2 mean loss of S8 of mation in the
avialplane and 23°inthe coronal plane (12). The loss
ofneck motion asa result ofthese surgical procedures
hasled tothe development o direct method offac-
ture fxation for odontoid fractures. Nakanishi ct al.
($)and Bokier (2) have advocated anterior screw fixa-
tion ofthe fractures as an aliernative 10 posterior cer-
vialfusion.

Dislaced type 11 OFS that cannot be reduced by
close mears are generaly believed (0 be.a contraindi-
caion foranteior serew ixation. I this study we use
e 4.5-mm double-threaded compression screw fixs-
tion for type Il OFS that cauld be completely reduced
or one 3.0-mm double-threaded compression screw
ation fo type 1 OFS that could only be partally
educed. The purpose of this study was 1o assess the
esuls and to clrify th rol of anterior sew xation
for the reatment o seccted type 1l OFs.

MATERIALS AND METHODS

Tuelve consecutive patints with type 11 OFs
reated with cose eduction and internal xation with
ane double-threaded compression screw were fe-
viwed. All patents had a minimum of | year (range
1-2.5) follow-up, The average age of the patients was
42 years (range 19-61). Tem were men and two were

Forthe purpose o the study, the patients were cate-
gorized into the following two groups.

1. Those who had displaced type 11 OFs that could
e completely reduced and treated with fracture fxa-
tion by one 4.5-mm double-threaded compression
screw, There e seven patents i his group. The
average patient age was 44 years, witha 2.5:1 malefe-
male ratio. Six patients were neurologically ntaci,
and one had teraparcsis at C6 with predominant -
paitment of the Iet side (movements against gravity
were na lnger possble with his e leg).

2. Those who had displaced type I OFS that could
only be partially reduced and treated with fracture
fixation by one 3.0-mm double-threaded compres-
sion screw, There were five men in this group. The
average patient age was 40 years. Al patients were.
neurologically intact

‘Mean time from the onset of the patient'sfracture
tothe time ofsurgery was S and 14 days for groups |
and2, espectvely(range 1-35).Clinical and adiolog-
feal cxaminations were performed. The maximum

eftand right rotatons were recorded at ollow-up ex-
‘amination. Preoperative open-mouth anteroposterior
(AP and lateral cervical spine roenigenogeams and
Sometimes computed tomography (CT) scans were
necessary to clrify the exact fracture configusation
Postoperative and follow-up radiological examina
tion included open-mouth AP, laeral. and flexion-
extension radiographs, and CT scans were necessary
o evaluate the sdcquacy of reduction, screw place-
ment, and fracture union.

In his study, the maximum let and rght rotation
were recorded at follow-up. Because ofthe lack of &
numerical record of the range of sotation before in-
Jury. the Judgment of preservation of rofation func-
tion of the cervical spine could only be made by the
patient’ description about the difference i range of
rotation between the status before njury and the sta-
s at follow-up, as well as by our inspection. The.
fange of cervicalTotation was recorded as norm ifa
patient described no iflrence ofcervial rotaion be-
for injury and a follow-up, and his maximal et and
ight rotation vas inspected as normal as & normal
person.

Immediatey postoperative radiographs and radio-
sraphs taken fler fracture union were compared 1o
quaniitate reduction los in dislacement and angula-
tion. Horizontal displacemen was measured as the
perpendicular disance in millimeters between vert-
callinesprojeetingfrom the anteror edges of he dens.
Tragment and C2 body. Angulation was determined
by measuring the angulatian between the axis of the
dens frsgment and C2 body on laeral radiographs.

OPERATIVE TECHNIQUE

Nasotracheal intubation should be performed with
atube without metal ring o faclitat transoral image
intensiicr control during surgery. Afer the patient
has ben positioned. two image intensiers are care-
ully instaled to obiain optimal transoral and lateral
views of the odontoid process. A radiolucent bite
black is placed i the patient's mouth to produce un-
obsiructed AP open-mouth images. A Mayheld three-
pointskullclamp i used o allow opiimal posioning.
of the patient’s head on the operating table. The frac-
ure is reduced under imase intensifes control and
the head fixed in the desired position. For fractures
with posterior dislocation of the odontoid process, the
ead must be shified anieriorly and hyperextended
simultancously; for ractures with anterior dislocation
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of the odontoid process, the head must be hyperex-
fended and shifted posterorly to allow the best poss-
bl reduction. If complete reduction can be achicved.
4.5-mm double-threaded compresson screw should
e chosen 10 fix the fracture during surgery. If the
displaced fracture can only be parially reduced,  3.0-
mm double-threaded compression screw should be
measured on the intraoperative lateral roentgeno-
arams 0 determine whther it can b used. I the con.-
tactarea between thedens ragment and body of C21s
100 small 0 use 3 3.0-mm screw as a fixator o ifscrew
placement paralll 10 the axis of the dens fragment is
diffcult due 1o oo much angulation between the dens
fragment and body of C2. primary posterior fusion at
€12 should be performed. The decision should be.
made before skin incision.

“The head shouldalways be immobilized in as much
extension as posible without causing reislocation of
the fracture. This will produce extension of C2 and
allow correct insertion of the screw in the axi of the
odontoid process. The possibility of deilling at the
correet caudocranial angle is always checked under
Muoroscopy before surgery is started. If adequae ex-
tension of C2 cannot beachieved (e...inthe presence.
of severe degenerative disease of the cervical spin),
primary posterior usion at €12 should be performed.

Horizontal skin incisionis erformed at one o o
fevels distl (0 the dens. Dril. p, and a double-
threaded compression screw of appropriste ength is
inserd under AP and latral image intensifir con.
trol from the inferior end plat of the vrtebral body
0 C2 o thetp ofthe odontoid process. Al theproc-
dures of instrumentation are manipulated by hand,
and instruments of motor source are avoided. The.
two-threaded portion of thescrew shall not be ocated
at the fracture line to jeopardize the compressive cf-
et of the screw.

A sucton drain i always placed and removed afer
24 h. Patients are then mobilized in a four-pos brace,
which i to be worn for 3 monhs

RESULTS

The average operative time was 107 min (range 93-
150), with an estimated average blood loss of 85
(range S0-115). Postoperative CT scans and AP
roenigenograms showed excellent placement of ll
serews, No screw tip protrusion o e migration
through the cortex o the dens oecurred.

5Dt 7o 1 154

Group 1: Complete Reduction and Fixation with
'45-mm Double- Threaded Compression Serew

All seven patients extibited clinical and radio-
raphic union by 5 months (range 35, average ).
Range of rotation was recorded as normal in six pa-
tients, with some decrease n range of rolation in one.
patient (20° 10 the sight, 157 10 the lef). No loss of
reduction oceurred (Fig. 1).

Group I: Partal Reduction and Fixation with a 3.0-
‘mm Double-Threaded Compression Screw

Al five patients exbibited clincal and radiograph
union by 5.5 moniths (range 3-6. average 4.2) Range
of motion was recorded a5 normal in four patients,
with some decrease i range of otation in one patient
(15° 10 the right, 25° to the ef). This group experi-
enced an average oss of reduction of0.8 mm anterior
displacement (range 0.5-1.5) and 5° anterior angul
tion (range 3-7°) (Fig. 2),

COMPLICATIONS

No patient had operative neurologic complication
or neurologic deerioration. Eleven of the 12 patients
were neurologically intactat presentation and at latest
follow-up. In the remaining patient, the tetrzparess
ad partially resalved but a pronounced hemiparesis
remained on theIeft side. The paresis of his right side
ad resolved. Three patients had hoarsencss, which
resoed; and two patients complained of postopers-
ve dysphagia, which subsequently resolved. There
were no intraoperative complications, Noinfection or
hematoma was recorded.

DISCUSSION

The management of iype I OFs continues 10 be
fraught with controversy. Several summary articles
document variable rtes of primary union after con-
Servative management, and 4 convincing argument
can be made for carly surgical managemen of these
injuries (3,10,11).

“The convention i surgical management of these
injuris is posterior atlantoaxial arthrodesis, which
can be achieved by a number of diflerent variations
o the basictheme ofan instrumented posterior C1-2
fusion (3).

Compared with posterior fusion 4t C172, anterior
Sctew fxation of dens ractures shways preserves most
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atlantoaxial rosation; C1/2 fusion always blocks the
atlantoaxial jointand leads t restricton of ead rota-
tion =30° (6).

‘Odontoid screw fisation does nol necessarly re-
quire diret exposure of the fracture sit, s has been
advocated by Bobler (2). I has been shown ihat &
sinifcant blood supply 10 the odontoid proces is
provided through major vascula foramens at th base
of the dens. Indirect manipulative reduction and i
ternal fiation withoutthe dircet exposure of the fr
1wre site may avoid damage 10 this vascolature and
optimize prognosis for uncomlicated healing with
this approach. In this study, there was some 1oss of
reduction aer surger in group Il patents but the
e offusion was the same in both groups. The con-
tact area between the fracture ends secms enough for
achieving 3 slid consalidation if the racture can be
fixed by 4 3.0-mm screw. We helieve that the com-
pressive fracture fixation. provided by the double-
hreaded compression serew alsaplays olen achien-
ing 2 100% union rat i this study.

“Type 11 OFs that cannot be reduced by close means
are generally believed 0 bea contraindication or an-
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erior screw iation. The main concern is casy tech-
nique failure and poor unctional preservation. By us-
ing small sized double-threaded compression screw
fixtion, some partially reduced type 1 OFs can be
treated by direet anierior screw fxation without
much dificuly i the contact area between the deas
fragmentand body of C2 i large cnough for 3 0-mm
screw and the axs of the dens ffagment can be rc-
duced 10 approximately parall 0 the screw place-
ment. By our experience,the lexibilty ofthe 3. 0-mm
screw cnabies the serew 10 probe and proceed slong
the medullary caity Ofthe deas fragment, and thus
help the displaced dens fractures o be further
reduced.

In group I patints,the range of cervieal rotation
was recorded as normal in six patents, with some de-
crease i range ofrotation n one. In group 1 patinss,
the range o cericalrotaion was rcorded as normal
i four patiens, with some decresse in the range of
cotation in ane. There was no statistcal diffrence.
between the tWo groups in prescrvation of cervical
rotation. The atlantoaxial rotation can function nor-
mally even if the fracture is healed in a mildly dis-
placed alignment

Significant complications with anterior screw fixa-
ton of type 11 OFs have been reported by others.
‘Worsdorferetal. (13) reported 11 complicationsin 23
patients: six serew break-outs, three nonunions, one
‘avulson af the caroid arter. and one fracture-redis-
location with late myclopathy and csophagotracheal
fistula, Acbietal. (1) reported two serew break-outs,
‘one postoperative hematoma, and one nonuaion in
15 cases. Fui et . (5) noted two nonunions among
10 cases. These reports show that a carcul sureical
echnique is mandatory when performing anterior
serew fxation of dens Fractures.

‘Common 10 allthese reports s the approach fo the
upper cervical spine through a high but othervise
standard collarlne type of incision with axial traction
eing appled 10 the head throughout the operation,
biplane image intensiir conteol, and the use of can-
cellous serows to atain sabilization safely. But as
noted, we used single double-hreaded compression
screw fxation instead of two-serew xation, which
was recommended by some investigaors (47) 0 al-
low for more reducton stablity and to minimize the
likelihood of implant falure. Recendly, morphology.
studiesofthe dens demonsirated that the diametrical
dimensions of the dens in 2 significant percentage of
paticnts would be insulficient 1o accommodate the
passtge of two screws (9). This serles has shown suc-
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cess with the double-threaded serew with pich diffr-
ence between the two threads, which has the effect of
drawing together the (o bone fragments, producing
compresson acrossthe fracture and thus igid nter-
nal fxadlon. With an additional 3-month external
support by a cervicothoraci brace, the compressive
osteosymthess achieved a 100% union rate within 6
montths and no serew fracture occurred,

“Thistehnique s technically exacting one,both in
ferms of operative setup and the actual performance.
of the operation. Satsfactory head positioning with
fracture-fragment alignment i the best possble rc-
duction at the time of surgery s critcal 10 allow for
the proper angl of screw insertion. Althaugh this s
ot well documented in our seris, it i ot at all un-
common 10 spend as much time positioning the
tient and the fuoroscopy equipment as one sctuslly
spends in executing the surgicalprocedure. Exact pre.
operative postoning is imporant 10 the succes of
the operstion

It should b sressed that theline ofncision i often
made one or two levels distal to the dens, and disec-
tion developed cephalad deep tothe anteror longit-
inalligament will expose the anterior anteroinfrior
border of C2 for serew access with ltle diffculy in

-

5

mostcircumstances Srict attention mustbe given o
the iniial entey point. Unless these entering serews
begin at the inferior end plate of C2 anteiorly rather
than the snterior surfuce inferiory, there will be
definite propensity for postrior screw angulation
Subsequent posterior screw angulation decreases the
interity of the screws purchase. and therefore the
sk for fracture displacement is incrcased.

CoNCLUSION

“This study shows that a single anterior double
thrcaded compression screw fxation in these two
aroups led 0 3 high union rate (1005 in our seres),
preserves aantoaial rotation, and allows early o
Bilization with onlylight external support. The proce-
dure can be safe and effctive notonly for type 11 OFs.
that can be completely reduced but alo for some of
the cases tha can be partially reduced if performed
properly. However,this procedure require thorough
preoperative planaing and adherence 1o technical
detais.
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