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ONE HERBERT DOUBLE-THREADED COMPRESSION SCREW
FIXATION OF DISPLACED TYPE Il ODONTOID FRACTURE

Kao-Wha Chang, Gen-Zen Lin, Yee-Wen LinPo-Ling Liang

Surgical treatment of Type Il odontoid fractures(OFs I1) has
usually been carried out by C1.C2 arthrodesis rather than by frac-
ture fixation. An alternative treatment of direct screw fixation is
used to treat the fractures for preservation of atlantoaxial rotation
OFs II that cannot be completely reduced by closed means is gen
erally believed to be a contraindication for anterior screw fixation.
Seven patients (Group 1) with displaced OFs II that could be com
pletely reduced were treated with fracture fixation by one 45 mm
double-threaded compression screw and five patients(Group 1)
with displaced OFs II that could only be partially reduced were
treated with fracture fixation by one 3.0 mm double-threaded com
pression screw. All patients had a minimum of lyear follow-up. No
major complications occurred. No loss of reduction occurred in
Group 1 patients. Loss of reduction of averaged 0.8 mm anterior
displacement and 5 anterior angulation occurred in Group II
patients. The overall rate of fracture union was 100%, and fracture
resolution averaged 4.1 months. Ten patients presented a normal
range of cervical rotation and there were no difference of preserva-
tion of cervical rotation between the two groups. Our results sug-
gest that close reduction and compressive osteosynthesis by one
double-threaded compression screw is an optimal method of treat-
ment for displaced OFs IT that can be completely reduced as well
as some of the cases that can only be partially reduced. One hun-
dred percent rate of fracture union and preservation of cervical
rotation are the major advantages of this method.However, signifi-
cant complications have been reported by other authors. The use of

meticulous surg

1 technique is mandatory, and contrain:
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should be respected.
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The North America Cervieal Spine
Research Society carried out a multicenter
survey in the treatment of fracture of the
odontoid process, the results of which were
published by Clark et al'. The results in
dicated that patients with a Type Il
odontoid fracture(OF 1) who have either
significant displacement o angulation, or
both, should be considered for surgical sta-
bilization,

Surgical treatment of odontoid frac.
tures has usually been carried out by poste-
ior C1.C2 arthrodesis rather than fracture
fixation. The former approach compro-
mises axial rotation by 47 and flexion
extension by 10" Particularly diffeult to
‘manage is OFs 11 with concomitant ring of
1 fracture,which oceurs in 16% of OFs 1L
This fracture pattern precludes the initial
use of CLC2 posterior fusion. The acute
operative fixation of a OFs I with concom.
itant ring of C1 fracture necessitates exten-
sion of the fusion to the occiput. This
results in a mean loss of 58 of motion in the
axial plane and 23in the coronal planc’,
The loss of neck motion as a result of these
surgical procedures has lead to the develop-
ment of a direct method of fracture fixa-
tion for odantoid fractures. Nakanishi et
al and Bohler® have advocated anterior
screw fixation of the fractures as an alter-
native to posterior cervical fusion

Displaced OFs 1l that camnt be
reduced by closed means is generally
believed to be a contraindication for ante.
rior serew fixation. In this study we use one

45 mm double-threaded compression serer
fixation for OFs I that could be completely
reduced or one 30 mm double-threaded
compression screw fixation for OFs Il that
could only be partially reduced. The pur-
pose of this study was to assess the results
and to clarify the role of anterior screw f
ation for the treatment of selected OF II

MATERIALS AND METHODS

Tweleve consecutive patients with OFs
I treated with close reduction and internal
fixation with one double-threaded compres-
sion serew were reviewed. All patients had
a minimum of 1 year follow-up. The aver-
age age of the patients was 42 years (range,
19:61). Ten were male and two female.

For the purpose of the study, the
patients were categorized into the follow-
ing two groups.

1Those who had a displaced OFs 1T
that can be completely reduced and were
treated with fracture fixation by one 45
mm double-threaded compression scresy.
There were 7 patients in this group. The
average age in this group was 41 years with
225 malefemale ratio.

Uhose who had a displaced OFs 1T
that can only be partially reduced and were

treated with fracture fixation by one 3.0
mm double-threaded compression screw,
There were 5 mal in this group. The aver-
‘age age in this group was 40 years.

Mean time from the onset of the
patient’s fracture 1o the time of surgery
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was 5 and 14 days for Group 1 and 2 respec
tively with a range from 1 to 35 days Clini
cal and radiological examination were per.
formed. The maximun left and right rota-
tion were recorded at follow-up examina
tion. Preoperative open mouth anteropos-
terior (AP) and lateral cervical spine roent
genograms and CT scans were necessary 1o
clarify the exact fracture configuration.
Postoperative and follow-up radiological
examination included open month AP, lat
eral flexionextension as well as CT scans
were necessary to evaluate the adequacy of
reduction, screw placement, and fracture

In this study, the maximun left and
right rotation were recorded at following:
up study. Because of lack of mumerical
record of the range of rotation before
injury, the judgement of prescrvation of
rotation function of cervical spine can only
be made by the patient's discription about
the difference in range of rotation between
the status before injury and the status at
follow-up period as well as by our inspec-
tion. The range of cervical rotation was
recoded as normal if a patient described no
difference of cervical rotation before injury
‘and during follow-up and his maximal left
and right rotation was inspected as normal
a5 normal person.

Immediately postoperative ~radio-
graphs and radiographs taken after frac
ture uion were measured to quantitate
reduction loss in displacement and angula
tion Horizontal displacement was mea
sured as the perpendicular distance in milli
meters between vertical lines projecting
from the anterior edges of the dens frag.
ment and C2 body. Angulation was deter
mined by measuring the angulation
between the axis of the dens fragment and

C2 body on lateral radiographs.
OPERATIVE TECHNIQUE

Nasotracheal intubation should be per-
formed with a tube without metal ri
facilitate transoral image intensifier con
trol during surgery. After the patient has
been positioned, two image intensifiers are
carefully installed to obtained optimal tran
soral and lateral views of the odontoid
process. A radiolucent bite block is placed
in the patient’s mouth to produce unob
structed anteroposterior open-month
images. A Mayfield Three Point Skull
Clamp is used to allow optimal positioning
of the patient’s head on the aperating table.
The fracture is reduced under image inten-
sifier control and the head fixed in the
desired position. For fractures with poste-
vior dislocation of the odontoid process, the
head must be shifted anteriorly and hyper
extended simultancouslyfor fractures with
anterior dislocation of the odontoid proc.
ess, the head must be hyperextended and
shifted posteriorly to allow the best pos
sible reduction.If complete reduction can be
achieved, a 45 mm double-threaded com:
pression screw should be chosen to fix the
fracture during the surgery. If the displaced
fracture can only be partially reduced, a 3.0
mm double-threaded compression screw
should be measured on the intraoperative
lateral roentgenograms to decide whether
it can be used. If the contact area between
the dens fragment and body of C2 is too
small to use a 3.0 mm serew as a fixator or

sto

if screw placement parallel to the axis of
dens fragment is difficult due to too much
angulation between the dens fragment and
body of C2, primary posterior fusion at C1

2 should be performed. The decision should
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be made before skin incision.

The head should always be immobil
ized in as much extension as possible with.
ut causing redislocation of the fracture.
This will produce extension of C2 and
allow correct insertion of the screw in the
axis of the odontoid process The possibility

o drill a the correct caudocranial angle is
always checked under fluoroscopy before
surgery is started. If adequate extension of
€2 cannot be achieved (e in the presence
of severe degencrative discase of the cer.
vieal spine), primary posterior fusion at
€172 should be performed

Horizontal skin incision is performed
at the one or two levels distal to the dens.
Dl tap, and a double threaded compres:
sion screw of appropriate length is inserted,
under AP and lateral image intensifier con
trol from inferior endplate of the vertebral

body of C2 to the tip of the odontoid proc.
ess. All the procedures of instrumentation
are manipulated by hand, and avoid instru-
ments of motor source. The two threaded

portion of the screw shall not be located at
the fracture line to jeopardize compressive
effect of the screw.

A suction drain i always placed and
removed in 24 hours. Patients are then
mobilized in four-post brace, which is to be
worn for 3 months,

RESULTS

The average operative time was 107
‘minites (range 93180 minutes) with an esti-
‘mated average blood loss 85 ml (range 50-
115 mi). Postoperative CT scans and AP
roentogenograms showed all screws place.
ment were excellent. No serew tip protru
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Figl A 3%vear-ald male with anteriorly displaced type Tl odontoid fractare that can be complete
1y reduced and were treated with fractuse fixation by one 43 mun double-threaded compres

A+B Preoperative open mouth anteroposterior and lateral cervical spine roenigenograms
vealed an anteriorly displaced type 1l odontoid fracture.
C+D Posterative radiographs revealed complete reduction and fracture fixation with ore 4

5 mm dable-threaded compression seresv.
‘months after surgery the fractures was healed.

E Fou

sion or late migration through the cortesx of
the dens occurred
Group one: Complete reduction and fixa-
tion with a 4.5 mm double threaded com-
pression serew

Al seven patients exhibited clinical
and radiographic union by 5 months
(range35 months, average 4 months)
Range of rotation was recorded as normal
imsix patients, with some decrease in range
of rotation in one. No loss of reduction oc.
curred. (Fig 1)

Group two: partial reduetion and fix-
ation with a 3.0 mm double-threaded com-
pression serew.

Al five patients exhibited clinical and
radiographic union by 5.5 months (range 3.6
months, average 42 months). Range of
motion was recorded as normal in four
patients, with some decrease in range of
rotation in one. Loss of reduction of aver
aged anterior 0.8 mm displacement (range
0515 mm) and Santerior angulation
(range 37" oceurred in this group. (Fig 2)

COMPLICATIONS

No patient had operative neurologic
complication ar neurologic deterioration.
Three patients had hoarseness, which
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resolved; and two patients complained of
postoperative dysphagia, which subsec
Iy resolved. There were no intraoperative

hematoma

sent

complications. No infection ¢

was recorded.
DISCUSSION

The management of OFs I continues

to be fraught with controversy. Several
ent very variable

summary articles do
rates of primary union after conservative
‘management, and a convincing argument
can be made for early surgical manage
ment of these njuriest*<.

The convention in surgical manage
ment of these injuries is posterior at

lantoaxial arthrodesis, which can be
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Fig2 A 40-year-old male with anteriorly displaced type 11 odontoid fracture that can only be
partially reduced and were treated with fracture fixation by one 3.0 mm double-threaded
compression scre.

A-+B Preoperative radiographs showing an anteriorly displaced type Il odontoid fracture.
C:+D Postoperative radiographs revealed partial reduction and fracture fixation with one
0 mm double-threaded compressian screw

E Postapera

ve CT serew showing the screw placement was adequate.

F Five months after surgery, the fracture is healed. Although there is oss of reduction of 1
mm anterior displacement and 6" anterior angulation, the cervical rotation is normal

achieved by a number of different varia
tions on the basic theme of an instrumented
posterior C1.2 fusion’.

Compared to posterior fusion at C1/2,
anterior screw fixation of dens fractures
always preserves most atlantoaxial rota-
tion; C1/2 fusion always blocks the at-
Jantoaxial joint and leads to restriction of
head rotation > 30"

Odontoid screw fixation does not nec:
essary require the direct exposure of the
fracture site, as has been advocated by
Bobler®, It has been shown that 4 signifi

cant blood supply to the odontoid process is
provided through major vascular foramens
at the base of the dens,
manipulative reduction and internal fixa:
tion without the direct exposure of the frac-
ture site may avoid damage to this vas:
culature and optimize prognosis for uncom
plicated healing with this approach. In this
study, although there was some loss of
reduction after surgery in Group Il patients.
but the rate of fusion was the same in both
group.The contact area between the frac
ture ends seems enough for achieving &

Indirect
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salid consoliation if the fracture can be
fixed by a 3.0 mm screw. We believe that
the compressive fracture fixation provided
by the double-threaded compression screw
also plays a role in achieve 100% union rate
in this study.

OFs 11 that can not be reduced by
closed means is generally believed to be a
contraindication for anterior screw fixa
tion. The main concern is casy technique
failure and poor functional preservation.
By using small size double-threaded com.
pression screw  fixation, some partially
reduced OFs I1 still can be treated by direct
anterior screw fixation without much diffi
culty only if the contact area between dens.
fragment and body of C2 is large enough
for a 30 mm screw and the axis of dens
fragment can be reduced to approximately
parallel to the screw placement. By our
experience, the flexibility of the 3.0 mm
screw enable the screw to probe and to pro-
ceed along the madullary cavity of the dens.
fragmentand thus help the displaced dens
fractures to be further reduced.

In group | patients, range of cervical
rotation was recorded as normal in six
patients, with some decrease in fange of
rotation in one. In group II patients, range
of cervical rotation was recorded as nor
mal in four patients,with some decrease in
range of rotation in one. There is no statis-
tic difference between the two groups in
preservation of cervical rotation. The at
latoaxial rotation can function normally
even if the fracture is healed in a mild dis-
placed alignment.

Significant complications with ~this,
technique have been reported by others.
Worsdorfer et al* reported 11 complica-
tions of 23 operated patients: 6 screw
break-outs, 3 nonunions, 1 avulsion of the

carotid artery, and 1 fracture- redislocation
with late myelopathy and esophagotracheal
fistula Aebi et al’ reported 2 screw break
1 postoperative hematoma, and Inon
union in 15 cases; and Fuii et al'® noted 2
nonunions among 10 cases. These reports
Show that a careful surgical technique is
mandatory when performing _anterior
screw fixation of dens fractures.

Common to all these reports is the
approach to the upper cervical spine
thraugh a high but otherwise standard
collar-Tine type of incision with axial trac
tion being applied to the head throughout
the operation, biplane image intensifier
control, and the use of cancellous screws to
atain sabilization safely. But as noted, we
used single double-threaded compression
screw fixation instead of two screw fixa
tion which was recommanded by some
authors™ 1o allow for more reduction sta
bility and to minimize the likelihood of
implant failure. Recently, Morphology
studies of the dens demostrate the diametri-
cal dimensions of the dens in a significant
percentage of patients would be insufficient
to accomodate the passage of two screws'"
We believe the placement of two screws
within the confine of the odantoid process
can be very difficult in Chinese. This series
has shown success with the double-threaded
Screw with pitch difference between the
two threads which has the effect of draw.
ing together the two boe fragments,
producing compression across the fracture
and thus rigid internal fixation. With addi
tional three-month external support by cer-
vicothoracic brace, the compressive
n6

osteosynthesis got 1009 union rate wit

months and no screw fracture oceurred.
This technique is a most technically

exacting one, both in terms of operative
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setup and the actual performance of the
operation Satisfactory head positioning.
with fracture-fragment alignment in the
best possible reduction at the time of sur-
gery is critical to allow for the proper angle
of screw insertion. Although this is not well
documented in our series, it is not at all
. uncommon to spend as much time position
ing: the patient and the fluoroscopy equip:
ment as one actually spends in executing
the surgical procedure. Exact preoperative
positioning is most important to the su
cessful undertaking of the operation

It should be stressed that the line of
incision s often made one or two levels dis-
tal to the dens, and dissectiondeveloped
cephalad deep to the anterior longitudinal
ligament will expose the anterior anteroin
ferior border of C2 for screw access with
little difficulty in most  circumstances.
Strict attention needs to be given Lo the ini-
tial screw entry point. Unless these enter-
ing screws begin at the inferior endplate of
€2 anteriorly rather than the anterior sur-
face inferiorly, there will be a definite pro-
pensity for posterior screw angulation. Sub-
sequent posterior serew  angulation
decreases the integrity of the screw’s pur-
chase, and therefore the sk for fracture
displacement is increased.

CONCLUSION

This study shows that one anterior
doublethreaded compression screw fixa.
tion of these two group patients leads to a
high union rate (in our series, 100%), pre-
serves atlantoaxial rotation, and allows
early mobilization with only light external
support. The procedure can be safe and
effective not only for OFs II that can be
completely reduced but also for some of the

cases that can be partial reduced If perfor
med properly. It does, however, require
thorough preoperative planning and follow
ing the techniqual details.
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