
Abstract The aim of this study is to compare the results
of non-operative and anterior operative treatment of cervi-
cal burst and flexion teardrop fractures. Sixty-nine con-
secutive patients treated during 1980 to 1995 were re-
viewed retrospectively. Thirty-four of them had been treated
with skull traction or halo-vest and 35 with anterior de-
compression, bone grafting and fixation by an anterior
Caspar plate. Neurological functioning on admission and
at the end of the follow-up was assessed by using Fran-
kel’s classification. Kyphosis and spinal canal encroach-
ment by retropulsed fragments were measured radi-
ographically. Operatively treated patients recovered more
often with at least one Frankel grade (P = 0.027) and pre-
sented less narrowing of the spinal canal (P = 0.0006) and
kyphotic deformity (P = 0.00003) at the end of the follow-
up. In comparison with the conservative methods, the op-
erative Caspar technique provided superior decompres-
sion and fixation as well as promoted the healing of cord
injuries caused by burst and flexion teardrop fractures.

Introduction

Burst and flexion teardrop fractures belong to the most se-
rious lesions of the cervical spine as they are often ac-
companied by spinal cord injuries. The management of
these injuries includes an attempt to limit the spinal cord
injury by a prompt reduction of compressing elements,
this being traditionally done by skull traction.

In recent years, the treatment of cervical spine injuries
has increasingly inclined towards surgical methods. Since

an anterior surgical decompression of neural elements in
the cervical spine carries the hazard of increased instabil-
ity, additionally either external or internal fixation is re-
quired. A biomechanical evaluation of different stabiliza-
tion methods has raised doubts about the capacity of ante-
rior plating to produce a sufficiently rigid construct [9].
However, other reports have shown that the cervical spine
can successfully be stabilized by different fixation tech-
niques [1, 3]. With increasing surgical experience, the role
of conventional conservative methods for cervical com-
pressive force injuries is becoming a controversial issue
[7, 8].

We compared our results of conservative treatment with
anterior surgical treatment of cervical burst and flexion
teardrop fractures.
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Table 1 Characteristics of the patients

Conservative Operative 
treatment treatment

Patients (male : female) 34 (27 :7) 35 (29 :6)
Age (years) 30.3 (range 32.9 (range 

15–64) 17–83)

Mechanism of injury:
Motor vehicle crash (%) 53 46
Diving (%) 24 26
Other (%) 23 28

Neurological status on admission, Frankel:
A – Complete motor and sensory loss 9 13
B – Preserved sensation only 7 5
C – Non-functional motor activity 3 4
D – Functional motor activity 1 2
E – Complete neurological recovery 14 11

Associated injuries:
Head 2 5
Spine 2
Chest 2 1
Abdomen 1
Pelvis 1 2
Extremities 5 13



Patients and methods

We reviewed retrospectively the files of 69 consecutive patients
with unstable cervical burst and flexion teardrop fractures who
were treated and followed up in the Department of Orthopaedics

and Traumatology at Helsinki University Central Hospital during
the years 1980–1995. The inclusion criteria were an age of at least
15 years and either conservative treatment with skull traction or
halo-vest or alternatively anterior decompression followed by iliac
bone grafting and fixation by the anterior Caspar plate [3]. 
A follow-up of at least 6 months was also required. Exclusion cri-
teria were known malignant processes and ankylosing spondylitis.

A total of 69 patients met the inclusion criteria. On the basis of
the treatment applied, the patients were divided into conservative
and operative groups. Thirty-four of the patients were treated con-
servatively: 29 with skull traction (average duration 5 weeks) and
5 with a halo-vest (average duration 8 weeks). Afterwards, a collar
(Camp Philadelphia, Cervical Collar Company, Westville, New
Jersey, USA) was applied for 8 weeks on the average. The surgically
treated group consisted of those 35 patients who were treated with
primary reduction by skull traction followed by anterior decom-
pression, iliac bone grafting and anterior fixation by the use of the
Caspar plate (Aesculape, Tuttlingen, Germany). In the surgically
treated group a collar was used for a mean period of 11 weeks. The
neurological status on admission was assessed by using Frankel’s
five-grade classification of neurological functioning. The neuro-
logical status on admission, demographic data and associated
trauma are summarized in Table 1.

In 67 of the cases, the fifth, sixth or seventh cervical vertebra
was fractured. Displacement of the posterior vertebral body cortex
towards the spinal canal and kyphosis at the level of the injury
were measured from the lateral view radiographs obtained on ad-
mission. In order to exclude the effect of magnification and inter-
patient variations in size, the displacement was expressed in per-
centage of the sagittal diameter of the adjacent superior vertebral
body. On admission, the mean posterior displacement of the poste-
rior cortex was 24% in the conservative treatment group and 24%
in the operative treatment group. The average kyphosis was 6.6
and 8.0 deg, respectively. On the basis of the hospital records, we
evaluated the neurological status and the radiographic measures
also at the time of dismissal and the end of follow-up. The average
follow-up was 28.9 months (range 6 months–14 years) in the con-
servative treatment group and 15.9 months (range 6 months–3 years)
in the operative treatment group.

The chi-square test was used for statistical testing of propor-
tions and the Mann-Whitney rank sum test for continuous non-
parametric variables.

Results
Three patients of the conservatively treated group died:
one (53 years old, Frankel grade B) of pneumonia 7 days
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Table 2 Number of complications during the primary hospital
stay and follow-up

Conservative Operative 
treatment treatment

Hospital Follow- Hospital Follow-
stay up stay up

Cardiac 2 4
Respiratory 12 1 10 1
Urologic 7 6 8 5
Gastrointestinal 2 4
Deep venous thrombosis 4 2
Pulmonary thromboembolism 2
Decubitus ulcers 3 6 5 5
Loosening of the screws 2
Local pain at pin sites 1 1
Other 6 2
Total patient-years 5.2a 67.4b 4.5a 39.7b

a Calculated from admission to discharge
b Calculated from discharge to the end of follow-up

Table 3 Frankel’s classification at the end of the follow-up by
classification on admission

Neurological Neurological status at follow-up
status on
admission Conservative group Operative group

A B C D E A B C D E

A 9 8 2 2
B 4 1 1 1 3
C 2 1 3 1
D 1 1 1
E 13 11

Fig.1A–C A 17-year-old man
sustained a C5 burst fracture in
a motorcycle accident. He was
tetraplegic (Frankel grade A).
A On the lateral radiograph a
C5 burst fracture with an ante-
rior teardrop fragment could be
seen. Also, the seventh verte-
bra was compressed and had
an anterior fragment. B The in-
jury was treated with skull
traction for 6 weeks, and a par-
tial reposition was observed.
On the follow-up 2 years later,
the patient was able to move
by wheelchair. No neurological
recovery could be seen
(Frankel grade A). C On the
lateral radiograph a marked
kyphotic deformity had devel-
oped

A CB



after the injury, one (83 years old, Frankel grade B) of
myocardial infarction 82 days after the injury, and one 
(43 years old, Frankel grade E) of pneumonia 99 days af-
ter the injury. One patient (33 years old, Frankel grade A)

in the operatively treated group died of respiratory insuf-
ficiency 96 days after the injury. Complications during the
treatment and the follow-up (Table 2) occurred almost ex-
clusively among patients graded Frankel A, B and C.
Three patients in the conservatively treated group under-
went later surgical stabilization (2, 5 and 10 months after
the injury). In the operative treatment group two patients
had to be operated on for a second time: one because of
loosening of a screw and the other because excessively
long screws were used in the first operation.

The neurological recovery of the patients can be seen in
Table 3. In the conservatively treated group, 4 of the 
18 patients who were graded from Frankel A to D on ad-
mission improved by at least one grade during the follow-
up. Similarly, in the operatively treated group, from the to-
tal of 23 patients graded from A to D, 13 improved at least
one grade, whereas 10 did not (P = 0.027, chi-square test).
None of the patients in either group deteriorated neurolog-
ically. Although two patients in the conservatively treated
group and 14 patients in the operatively treated group had
received high-dose methylprednisolone therapy, this did
not improve the probability of neurological recovery com-
pared with those who did not receive corticoids.

The size of the posterior displacement of the vertebral
body fragments seen on admission did not correlate with
the neurological outcome. However, those 17 patients
who recovered one or more Frankel grades had signifi-
cantly less displacement at the end of the follow-up than
those 24 who did not recover (mean 7.2% vs 18.3% of the
sagittal vertebral body diameter, P = 0.0006, Mann-Whit-
ney rank sum test). A similar trend can be seen both
among the conservatively treated (17.1% vs 23.4%, n =
18, P = 0.22) and the surgically treated (3.9% vs 12.6%, 
n = 23, P = 0.049). Those patients who were treated oper-
atively had at the end of the follow-up significantly less
displacement than those treated conservatively (7.4% vs
21.5%, P = 0.0001).

At the end of the follow-up, the conservatively treated
patients had more kyphosis at the injured level (mean 12.6
deg of kyphosis, SD 10.0 deg in the conservative treat-
ment group, 2.2 deg of lordosis, SD 13.9 deg in the oper-
ative treatment group, P = 0.00003, Mann-Whitney rank
sum test) (Figs. 1, 2). Between dismissal and the end of
the follow-up, the kyphotic deformity progrediated 5 deg
or more in 8 patients in the conservative treatment group
and in 4 surgically treated patients.

Discussion

Comparative studies between conservative and surgical
modes of treatment have remained few, and because of
ethical reasons, the desired prospectively planned and ran-
domized study will apparently remain undone.

Although the Frankel scale for neurological evaluation
lacks the sensitivity and accuracy of more sophisticated
methods, it is widely used for clinical studies. An im-
provement of one grade means a major improvement in
the patient’s capabilities.
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Fig.2A–D A 21-year-old man sustained a C7 burst fracture in an
automobile accident. He had a total loss of motor and sensory
functions below the injured level (Frankel grade A). A–C On ad-
mission, the radiological examination revealed a C7 burst fracture
and retropulsation of bony fragments into the spinal canal. The pa-
tient underwent an anterior decompression and Caspar plate fixa-
tion. On the follow-up 11 months later, the patient was capable of
moving by wheelchair and had limited motor functioning in the
lower extremities (Frankel grade C). D The lateral radiograph
showed preservation of the alignment and no kyphotic deformity

A

C

B

D
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The severity of the cord injury is determined by the
force of the initial impact and the persistent compression
[5]. In this study the radiographic status on admission did
not correlate with the initial neurological status or the out-
come. This supports the experimental observations that in
burst fractures the post-injury occlusion of the spinal
canal underestimates and poorly correlates with the corre-
sponding measures during impact [4]. Those neurologi-
cally compromised patients who were treated surgically
recovered better than their conservatively treated counter-
parts. Within both treatment groups it can be seen that the
perfect reduction of retropulsed vertebral body structures
was to some extent associated with the healing of the spinal
cord injury, which is in harmony with earlier studies [5,
10]. By conservative means, the reduction of retropulsed
fragments was often incomplete. This finding is consis-
tent with experimental evidence that when the spinal
canal is subject to an encroachment of less than 35%, in-
direct reduction by distracting the posterior longitudinal
ligament is unlikely [6]. A delay after the trauma may also
influence the result of the reduction.

High-dose corticoid therapy did not seem to modify
the neurological outcome in the small number of patients
who received the therapy. Even if the efficiency of methyl-
prednisolone is unquestionable [2], the effect is possibly
not powerful enough to cause a substantial improvement
in the Frankel grading.

The number and profile of complications were quite
similar in both of the treatment groups. The complications
were strongly associated with motor impairment and im-
mobilization. Of the observed complications 94% occurred
in the patients with Frankel grade A-C spinal cord injury.
This association overwhelms the possible differences be-
tween the two treatments. However, during the hospital
stay 4 conservatively treated patients with total motor loss
had deep venous thrombosis. No thrombosis was ob-
served in the surgically treated patients. This difference
can probably be explained by anticoagulation therapy, and
it reflects the limitations of the study setting used. During
the follow-up 2 surgically treated patients (Frankel grade
B and D) had deep venous thrombosis.

Several conservatively treated patients developed late
kyphotic deformity. Even more worrying is that in many
of these patients the deformity progrediated during the
follow-up. Whether this will in the course of time cause
significant degenerative changes or stenosis remains un-
solved. In conclusion, compared with conservative meth-
ods, anterior decompression and Caspar plating provided
a superior decompression and a more rigid fixation, pro-
moting the healing of cord injuries caused by burst and
flexion teardrop fractures.
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