
Introduction

The treatment of fracture dislocations of the cervical spine
still varies. Several reports on various treatment protocols
have been published, but surprisingly few [3, 16] have
compared their benefits and drawbacks. There is contro-
versy as to whether conservative treatment would be suf-
ficient or surgery always necessary [2, 8, 16]. In recent
years, early operative treatment has gained increasing ac-
ceptance [1]. In our clinic, the approach changed in the
late 1980s. Before 1988, most patients were primarily
treated conservatively, using skull traction and halo vest.
Surgical fusion was undertaken when conservative treat-
ment failed to result in sufficient stabilization. Since 1988,
most fractures have been treated by means of posterior fu-
sion, using bone grafts and interspinous Roger’s wiring
(Bohlman modification [4, 15]). Closed reduction by means

of skull traction is accomplished prior to surgery. If nec-
essary, open reduction is performed. The purpose of this
study was to assess the benefits, problems and in vivo re-
sults of these two treatment protocols.

Materials and methods

Files of 106 patients who had been treated between 1977 and 1998
in Helsinki University Central Hospital were reviewed retrospec-
tively. Each patient had sustained an unstable flexion-type subax-
ial fracture dislocation of the cervical spine, based on the instabil-
ity criteria of White [22]: all anterior or posterior elements insuffi-
cient, more than 3.5 mm displacement, or more than 11° rotation
difference to that of adjacent vertebra. Only posterior column frac-
tures were included in the study, i.e., burst, compression or flex-
ion-teardrop fractures were excluded. Only patients treated conser-
vatively or by posterior fusion using bone grafts and interspinous
Roger’s wiring (Bohlman triple wire modification [4, 15]) were in-
cluded, i.e., patients who had primary anterior surgery or posterior
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stabilization by any other instrumentation were excluded. Patients
were divided into two groups on the basis of treatment method used.

The surgically treated group consisted of 51 patients. After an
initial reposition of dislocations by means of skull traction (mean
duration, 4.2 days, anatomic realignment achieved in 27 out of 
46 patients) or open posterior reduction of facet joints, stabiliza-
tion was undertaken by means of bone grafting and interspinous

wiring (Fig. 1). Forty-two (82%) patients had received surgery
within 2 weeks and 34 (67%) of these received it in the first week.
In 11 patients, the diagnosis was delayed more than 2 days (aver-
age 13 days). A Philadelphia collar (Camp Philadelphia, Cervical
Collar, Westville, New Jersey, USA) had been worn for 90 days on
average, after operation.

The historical control group of conservatively treated consisted
of 55 patients. Thirty-nine of these patients were treated by means
of skull traction (mean duration, 34 days, anatomic realignment
achieved in 35 patients) followed by application of a Philadelphia
collar (mean duration, 58 days). Nine conservatively treated patients
had been treated by means of a halo vest (mean duration, 41 days)
followed by application of a Philadelphia collar (for 46 days on av-
erage). In seven cases, Philadelphia-collar treatment (for an average
of 84 days) had been considered sufficient. More than 2 days had
elapsed from injury to diagnosis in seven cases (average 5 days).

No case was included in the study unless follow-up had lasted
for 3 months or more and 6 months or more in the case of patients
who had sustained spinal cord injury. The median follow-up was
11.9 months (3.1–41.2 months) in the operative treatment group
and 12.4 months (3.2–111.8 months) in the conservatively treated
(average 13.8 months and 24.0 months, respectively). Radiographs
obtained on admission, on discharge and at the end of follow-up
were reviewed. Displacement and kyphotic deformities were mea-
sured. To exclude the effects of radiographic magnification and
size differences among patients, displacements were standardized
for percentages of vertebral body sagittal diameters (% VBS). Neu-
rological status was assessed by using Frankel’s classification [9].
Information relating to symptoms of radiculopathy were obtained
from medical records. Demographic data, accompanying injuries
and neurological status on admission are summarized in Table 1.
The chi-square test was used in connection with statistical analysis
of ratios, and the Mann–Whitney rank sum test in connection with
statistical analysis of continuous nonparametric variables.

Results

In 93 patients (90%), the dislocation was located between
C4/5, C5/6 or C6/7 (Table 1). Facet dislocation had been
bilateral in 21 of the surgically treated patients, unilateral
in 30. Nineteen of the conservatively treated patients had
suffered bilateral facet dislocation, 36 unilateral. Multiple
fractures were common. Seventeen of the surgically treated
patients and 18 of the conservatively treated patients had
two or more fractured vertebrae. Thirty-eight of the surgi-
cally treated patients and 32 of the conservatively treated
patients had fractures of the spinous process or laminae.
There were articular-process fractures in 22 of the surgi-
cally treated patients and in 35 of the conservatively treated
patients. On admission, the surgically treated patients ex-
hibited 7.0 mm (SD 4.1 mm) displacement (30% VBS) on
average (Fig. 2). In the conservatively treated patients, the
average displacement was 5.6 mm (SD 3.8 mm) (24% VBS).
Twenty-one of the surgically treated patients and 23 of the
conservatively treated patients exhibited more than 5°of
kyphotic deformity (averages, 17° and 10°, respectively).
Lordotic deformity of more than 5° occurred in seven sur-
gically treated patients (average, 11°) and 12 conserva-
tively treated patients (average, 12°).

Six of the surgically treated patients required a second
operation because of residual instability (0 days, 3 days, 
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Fig. 1A–D A 56-year-old man sustained an unstable C4/5 fracture
dislocation in an automobile accident. A Lateral radiograph taken
on admission reveals 11 mm C4/5 displacement, fracture of the tip
of C5 spinous process, unilateral facet joint fracture luxation and
contralateral subluxation. The upper part of the C5 superior articu-
lar process (arrow) is separated from the remainder of the articlar
process (asterisk) indicating a fracture of the facet joint; B the frac-
ture dislocation was successfully repositioned by skull traction; 
C left superior articular process fracture verified by CT (arrow); 
D since this flexion-type injury mainly compromises posterior col-
umn stability and there were no indications for disc removal, a pos-
terior stabilization and fusion were performed by interspinous wiring
and bone grafts tightened on both sides of the spinous processes



6 days, 41 days, 88 days and 245 days, respectively, after
the first operation). One of them had disc extrusion, which
could have caused medullary impingement, necessitating
anterior discectomy. Sixteen (29%) of the conservatively

treated patients were subjected to late surgical stabilization
because of instability, progression of neurological symp-
toms or an unacceptable anatomical result (average 54 days
(SD 40 days) after the trauma and one case 6.5 years fol-
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Table 1 Demographic data,
associated injuries and neuro-
logical status on admission

Surgical treatment Conservative treatment

Patients (F:M) 51 (11:40) 55 (10:45)

Mean age, years (range) 42.8 (16.3–80.7) 43.2 (16.8–87.1)

Trauma, patients (%)
Motor vehicle accident 28 (55%) 23 (42%)
Fall 7 (14%) 10 (18%)
Fall from a height 6 (12%) 10 (18%)
Diving 3 (6%) 3 (5%)
Other 7 (14%) 9 (16%)

Sites of associated injury, patients
Head 7 6
Chest 3 3
Abdomen – –
Pelvis 2 –
Spine 1 1
Extremity 6 10
Multiple injuries – 1

Injury level
C3/4 1 10
C4/5 11 14
C5/6 15 15
C6/7 22 16
C7/Th1 2 –

Neurological status on admission, Frankel grade
A Complete motor and sensory loss 4 7
B Preserved sensation only 3 3
C Non-functional motor activity 3 3
D Functional motor activity 3 6
E Normal neurology below injury level 38 36

Radicular symptoms or findings 24 21

Fig. 2A, B Amount of dis-
placement on admission.
A In the group of conserva-
tively treated patients; B in the
surgical group



lowing trauma). One of these patients had medullary im-
pingement caused by disc material. The average length of
primary stay in hospital was 27 days (SD 25 days) in the
surgical treatment group (Frankel grade-E patients, 18 days,
Frankel grades A–D patients, 56 days), 53 days (SD 50 days)
in the conservatively treated patients (Frankel grade-E pa-
tients, 38 days, Frankel grades A–D patients, 84 days).

Two of the surgically treated patients died in hospital,
one from myocardial infarction 8 days after trauma (a 69-
year-old man, Frankel grade E, on the third day after op-
eration), one from cerebral infarction 19 days after trauma
(a 20-year-old man, Frankel grade A, on the 19th day after
operation). Three of the conservatively treated patients
died, one from respiratory insufficiency 1 day after trauma
(an 84-year-old man, Frankel grade A, injured at C3/4),

one from pneumonia 8 days after trauma (an 87-year-old
man, Frankel grade C) and one from pulmonary embolism
18 days after trauma (a 71-year-old man, Frankel grade A).
Complications are summarized in Table 2.

Neurological outcomes in the patients with spinal cord
injury are shown in Table 3. In the surgically treatment
group nine of the 12 spinal cord injured patients recovered
by at least one Frankel grade. Ten of the 16 conservatively
treated patients of this kind improved by at least one grade
(p=0.8, chi-square test) but one patient deteriorated. Methyl-
prednisolone had been given to two patients with spinal
cord injury who were treated surgically. One improved
from Frankel grade A to Frankel grade B, the other from
Frankel grade B to Frankel grade D. On admission, 24 of
the surgically treated Frankel E patients and 21 of the con-
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Table 3 Neurological status
on admission and at end of
follow-up

On ad- At end of follow-up, Frankel grade
mission, 
Frankel Surgical treatment Conservative treatment
grade

A B C D E A B C D E

A 1 1 1 – – 4 – – 1 –
B – 1 1 1 – 1 – 2 – –
C – – – 1 2 – – – – 2
D – – – 1 2 – – – 1 5
E – – – – 37 – – – – 36

Table 2 Complications during hospitalization and follow-up

Surgical treatment Conservative treatment

Frankel grade A to D Frankel grade E Frankel grade A to D Frankel grade E

During hospital treatmenta

Patients (patient years, py) 13 (1.89 py) 38 (1.87 py) 19 (3.78 py) 36 (3.77 py)
Respiratory complications 4 (2.1/py) 3 (1.6/py) 6 (1.6/py) 2 (0.5/py)
Cardiac complications 1 (0.5/py) 2 (1.1/py) 2 (0.5/py) –
Cerebral infarction 1 (0.5/py) – – –
Deep vein thrombosis – 1 (0.5/py) 3 (0.8/py) 2 (0.5/py)
Pulmonary embolism – – 1 (0.3/py) 1 (0.3/py)
Urinary tract infection 4 (2.1/py) – 4 (1.1/py) –
Gastrointestinal complications 1 (0.5/py) – 2 (0.5/py) 1 (0.3/py)
Decubitus ulcer – – 1 (0.3/py) –
Recurrent nerve injury – – 1 (0.3/py) –
Pulmonary air embolism – 1 (0.5/py) – –
Surgical infection – 2 (1.1/py) – 2 (0.5/py)
Loosening of pins – – – 2 (0.5/py)
Disturbance of swallowing – 2 (1.1/py) – –

During follow-upb

Patients (patient years, py) 12 (12.7 py) 37 (38.9 py) 16 (40.2 py) 36 (55.1 py)
Urinary tract infection 3 (0.24/py) 2 (0.05/py) 2 (0.05/py) –
Cerebral infarction – 1 (0.03/py) – –
Decubitus ulcer 2 (0.16/py) – 1 (0.02/py) –
Surgical infection – 1 (0.03/py) – 1 (0.02/py)

aCalculated from admission to discharge
bCalculated from discharge to end of follow-up



servatively treated Frankel E patients exhibited radicular
symptoms at the injury level. At the end of follow-up,
radicular symptoms persisted in ten and four of these pa-
tients (p=0.2, chi-square test), respectively. These num-
bers include those patients, who had persisting radicular
symptoms after late surgery, but not those patients who
had radicular symptoms cured by late surgery during fol-
low-up. Five patients without radicular symptoms or find-
ings on admission exhibited radicular symptoms at the end
of follow-up. Two had been in the surgical treatment group,
three in the conservative treatment group. At the end of
follow-up, four surgically treated patients (mean duration
of follow-up, 13.4 months, SD 1.8 months) and 14 conser-
vatively treated patients (mean duration of follow-up,
26.2 months, SD 29.8 months) were suffering from persis-
tent neck pain (p=0.01, chi-square test). A correlation be-
tween late neck pain and displacement on discharge was
found (2.8 mm in symptomatic patients vs 1.9 mm in non-
symptomatic patients, p=0.04, Mann–Whitney test). The
correlation between late neck pain and displacement at the
end of follow-up was statistically not significant (2.6 mm
versus 2.2 mm, p=0.2, Mann–Whitney test). There was no
significant correlation between kyphotic deformity and late
neck pain.

At discharge from the hospital, patients in the surgical
and conservative treatment groups exhibited on average
1.5 mm (SD 1.6 mm) (7.1% VBS) and 2.6 mm (SD 2.1 mm)
(11.3% VBS) displacement, respectively (p=0.004, Mann–
Whitney test). At the end of follow-up, the displacement
in surgically treated patients was 1.6 mm (SD 1.6 mm)
(7.9% VBS) on average. In conservatively treated patients,
the average displacement was 3.0 mm (SD 2.2 mm) (13.0%
VBS) (p=0.001), including 16 patients who underwent
late surgical stabilization. If these 16 patients and the sur-
gically treated patients who underwent a second operation
are excluded, the average displacement at the end of fol-
low-up is 1.6 mm (SD 1.7 mm) (7.7% VBS) in the surgi-
cally treated patients, and 2.9 mm (SD 2.2 mm) (13.1%
VBS) in the conservatively treated patients (p=0.006). The
16 conservatively treated patients who underwent late sur-
gical stabilization had on average a 5.1 mm (SD 2.1 mm)
re-dislocation and 13° (SD 6°) kyphotic deformity.

Patients with spinal cord injury who recovered by at
least one Frankel grade had on average less displacement
on admission (6.9 mm (SD 4.7 mm), 28.4% VBS, both
treatment groups included) than those who did not im-
prove (11.8 mm (SD 6.6 mm), 49.3% VBS, both groups
included, p=0.08). Patients with spinal cord injury who
showed improvement in Frankel grading by the end of
follow-up had on average exhibited less displacement on
discharge (1.3 mm, SD 1.5 mm; 6.5% VBS) than patients
with spinal cord injury whose Frankel grading had not im-
proved by the end of follow-up (3.1 mm, SD 2.5 mm;
13.1% VBS, p=0.04). The correlation between neurologi-
cal recovery and displacement at end of the follow-up is
statistically not significant (1.6 mm, SD 1.8 mm, vs 2.7 mm,

SD 2.1 mm, p=0.3). For surgically treated patients, the
statistics are 0.6 mm vs 2.1 mm displacement (p=0.1) on
discharge, and 1.1 mm vs 0 mm displacement (p=0.5) at
the end of follow-up. For the conservatively treated pa-
tients, the statistics are 2.0 mm vs 3.5 mm displacement
(p=0.3) on discharge, and 2.2 mm vs 3.2 mm displacement
(p=0.4) at the end of follow-up.

At the end of follow-up, 5° or more of kyphotic defor-
mity was observed in 14 patients in the surgical group
(range 5–26°, average 14°; SD 5.9°), and in 25 conserva-
tively treated patients (range 5–47°, average 13°; SD 9.3°).
Lordotic deformity of 5° or more was observed in 13 sur-
gically treated patients (range 5–23°, average 11°; SD 4.8°)
and eight conservatively treated patients (range 5–18°, av-
erage 10°; SD 4.2°), including the 16 patients who had
been subjected to late surgical stabilization. Of the 36 con-
servatively treated patients who did not have late surgical
fusion, 20 developed kyphotic and five developed lordotic
deformity.

Discussion

Fracture dislocations of the cervical spine cause a hetero-
geneous group of injuries ranging from ligamentous in-
sufficiency to unstable fracture, involving both posterior
and anterior structures in the spinal column. Both spinal
cord and root injuries are common. Spinal cord and root
injuries associated with fracture dislocation have been
treated successfully using a number of different methods.
The question is to what extent the observed neurological
recovery is a natural outcome of this disorder. Our find-
ings indicate that perfect reduction of fracture dislocation
correlates to some extent with neurological recovery. Ac-
cording to the patient data in our study, results following
posterior fusion using interspinous wiring were anatomi-
cally better than results following conservative treatment.
However, our findings suggest that this method used for
stabilization does not per se warrant neurological recov-
ery in patients with fracture dislocation. Neurological out-
comes were very similar in both surgically and conserva-
tively treated patients. Why is this? Evidence from animal
models suggests that the severity of a spinal cord injury
depends both on the force of the initial impact and per-
sisting spinal cord compression [8, 11]. Therefore, it could
hypothetically be that, in patients with fracture disloca-
tion, it is the force of the initial impact that mainly deter-
mines the outcome. In the data we studied, the degree of
displacement on admission did not correlate statistically
significantly with outcome, although a weak association
was found. To our knowledge, no study has been con-
ducted to determine whether post-injury radiographic de-
formity correlates with occlusion of the spinal canal dur-
ing impact in fracture dislocations of the cervical spine. In
an experimental study Chang et al. [6] demonstrated that,
in burst fractures, post-injury radiographs underestimated
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and correlated poorly with the severity of spinal canal oc-
clusion during impact.

As a significant part of the instability in fracture dislo-
cations is caused by posterior column disruptions, the most
logical solution in these injuries is restoration of the pos-
terior column integrity. Interspinous wiring is, however,
ineffective in multiple, contiguous spinous-process or lam-
inar fractures. In Bohlman triple-wire technique, with bone
grafts and an interspinous tension band construct, bone
quality and wires cutting through the spinous processes
are thought to be less of a problem than in conventional
Roger’s wiring. Interspinous cervical fusion is generally
safer than posterior sublaminar techniques, as the spinal
canal is not unnecessarily entered. It is also technically
less demanding than anterior approaches or posterior lat-
eral mass plating. The posterior approach allows, when
necessary, a relatively safe open reduction of facet joints –
which can be difficult, or occasionally impossible, by using
anterior techniques. In biomechanical testing, posterior
triple-wire fixation has provided posterior column stabil-
ity comparable with lateral mass plating [15]. The type of
surgery, anterior or posterior, not only depends on the di-
rection of instability and type of fracture, but is also influ-
enced by spinal canal compromise with bone fragments,
epidural hematoma or herniated disc material. Traumati-
cally herniated disc material causing medullary compres-
sion [7, 14], either before or after reduction, is a probable
confounding factor in a retrospective study setting of this
kind. Most of the cases in this series were treated before
the era of MRI. The incidence of posteriorly herniated
disc material is high [21] in facet dislocations.

Neurological deterioration, due to posteriorly herniated
disc material causing medullary impingement at the mo-
ment of vertebral reduction, is a rare [10, 20], but feared,
complication. With the evolution of MRI, herniated disc
material can be identified and complications of this kind
avoided by choosing anterior surgery. On the other hand,
imaging takes time and, especially in cord compression,
time could be a critical factor. Should these patients un-
dergo MRI scanning prior to reduction? This is a contro-
versial topic [1, 13, 17]. We agree with Hart and Vaccaro
[13], who state that patients with complete or nearly com-
plete cord injuries attributable to bony narrowing of the
spinal canal have little to lose and the most to gain, and
should undergo immediate closed repositioning prior to
MRI. In our opinion, patients with less severe neurologi-
cal symptoms should also be imaged by MRI, either be-
fore or after skull traction has been applied. The decision
as to whether skull traction is applied prior to MRI should
be based on the severity and progression of the neurolog-
ical symptoms and on the degree that these symptoms can
be attributed to bony encroachment of the spinal canal. In
other words, what will harm the patient more – the delay
caused by imaging or the risk of additional cord compres-
sion by disc material? The current literature does not pro-

vide enough information to solve this dilemma. Emergent
decompression using skull traction is supported by results
from animal studies, where neurological recovery has cor-
related with early decompression, ranging from minutes
to a few hours after the impact.[8] Until recently, fracture
dislocations in neurologically intact, awake patients have
been repositioned in our clinic by skull traction under close
neurological monitoring. If any signs of neurological de-
terioration occurred, urgent MRI was performed followed
by discectomy and anterior fusion, when necessary. Today,
a more cautious approach, with MRI prior to reposition-
ing, is used increasingly often in our clinic. In dislocations
irreducible by skull traction, MRI should be done prior 
to anesthesia and open reduction. In our opinion, the indi-
cations and timing for radiological investigations, more
specifically MRI, require further study. According to
Hadley [12], cervical spine facet luxation without appar-
ent fracture does not respond well to conservative treat-
ment. We think that such injuries should be studied sepa-
rately from fracture dislocations.

The beneficial effects of methylprednisolone treatment
in spinal cord injuries have been demonstrated by Bracken
[5], although the safety of such treatment is questionable
[19]. Two of the patients whose data we studied received
methylprednisolone treatment. We restricted our data to the
mid-1990s, as an increasing proportion of corticosteroid-
treated patients probably would have introduced unwanted
bias. Pettersson [18] showed that methylprednisolone treat-
ment helped prevent whiplash-associated disorder (WAD).

Incidences of complications in surgically and conser-
vatively treated patients were similar. Conservative treat-
ment had clear disadvantages, however. The average stay
in hospital was longer. Late deformities and instability
were very common in the conservatively treated patients,
and almost one-third (29%) had to undergo late surgical
stabilization. Beyer [3] concluded that non-anatomical re-
duction and residual cervical translation are associated
with late neck pain and stiffness. We also found a correla-
tion between incidence of late neck pain and extent of
residual displacement. Conservative treatment also corre-
lated strongly with occurrence of chronic neck pain.

We conclude that, in our clinic, the transition from con-
servative treatment to surgical stabilization using bone
grafting and interspinous Roger’s wiring resulted in better
anatomic end results, with complication rates as low as
with conservative treatment methods. Appropriate reduc-
tion of fracture dislocations correlated with neurological
recovery in spinal-cord-injured patients, although surgical
stabilization by this method per se does not seem to affect
the neurological outcome. Late neck pain is correlated with
residual displacement, and it was more common in con-
servatively treated patients. The briefer periods of hospi-
talization required by surgically treated patients allow re-
habilitation to be started earlier than in conservatively
treated patients.
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