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Abs t rac t  Seventy-eight patients 
were treated with closed reduction 
and transpedicular fixation for 82 
spine fractures. The fractures were 
localised in the lower third of the 
spine and were all, according to the 
Denis classification, considered un- 
stable. Eighteen patients had neuro- 
logical deficiencies. One patient with 
a fracture in T11 was completely 
paraplegic, four patients had a cauda 
equina syndrome while the rest had 
radicular symptoms only. Primary re- 
construction of the vertebral height 
and the physiological curves of the 
spine was satisfactorily obtained. An 
improvement in the neurological 
symptoms was observed in all pa- 

tients with fractures distal to the 
spinal cord, while the patient with 
the dislocated fracture of T l l  re- 
mained completely paraplegic during 
the follow-up. The complication rate 
of the transpedicular fixation method 
used reported by other authors could 
not be confirmed in our material. Ia- 
trogenic neurological damage was 
not observed. A partial loss in the 
correction of the traumatic kyphosis 
was observed after removal of the 
implant in 11 patients. 
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Introduction 

Disability due to neural lesions or deformations of the 
spine may be the end result of a fractured vertebra [4, 5, 
10, 11, 13, 17, 21, 24]. While indications for early reduc- 
tion and stabilisation of unstable fractures in the thoracic 
part of  the spine remain controversial, this procedure is 
unquestionably valid in unstable fractures of the lower 
spine [10-12, 17]. 
Transpedicular posterior fixation techniques have im- 
proved the possibility of  reduction and stabilisation of the 
injured segments without involving non-injured parts of 
the spine [2, 10, 11, 24, 25]. 

In our department we have used closed reduction and 
posterior transpedicular fixation in the treatment of unsta- 
ble fractures of  the lower third of  the spine since 1988. 
During the first 5 years we used the "internal fixator" first 
described by Walter Dick [10, 11]. Since 1994 we have 

used the third generation of Dick's  "internal fixator", the 
Universal Spine System (USS, AO/ASIF). This report is a 
retrospective analysis of patients with unstable fractures 
of the lower third of the spine treated with this method 
from 1988 to 1994. 

Materials and methods 

Patients 

Seventy-eight patients, 47 men and 31 women, with a median age 
of 27 (14-59) years were treated for 82 unstable fractures. Fracture 
localisation was: 1 fracture in T10, 5 in T1 t, 6 in T12, 22 in L1, 17 
in L2, 12 in L3, 12 in L4 and 7 fractures in L5 (Fig. 1). Four pa- 
tients had unstable fractures in two vertebrae (1 × T12 and L4, 1 × 
L3 and L4 and 2 × L1 and L4). Twenty-two patients were poly- 
traumatised, with an Injury Severity Score (ISS) exceeding 16 [1]. 
Eighteen patients had additional lesions, but an ISS less than 16. 
The main additional lesions were fractures of the long bones, 
calcaneal fractures, maxillofacial fractures and pelvic fractures. 
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Fig. 1 Fracture localisation in 82 fractures 
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Fig. 2 Preoperative neurological symptoms in 18 patients 

Thirty-eight patients had no lesions other than the vertebral frac- 
ture(s). 

Eighteen patients had marked neurological deficiency preoper- 
atively: 1 patient was completely paraplegic (T11), 4 patients had 
a cauda equina syndrome and 13 patients had radicular symptoms 
(Fig. 2). 

Thirty-eight patients had suffered a traffic accident; 18 patients 
were injured during sports activities, while falls from a variety of 
heights during occupational or recreational activities caused the le- 
sion in the rest of the 78 patients. Fifty-five patients were em- 
ployed at the time of their injury, while 23 patients were students 

or unemployed. Median time fl-om injury to operation was 2 (0-  
11) days. 

Methods 

All patients were evaluated preoperatively and postoperatively by 
conventional radiography and CT. The criteria for instability de- 
fined by Denis [8] were used. Asymmetric pedicle distance on the 
frontal radiographic view and fracture of one or both pedicles on 
CT scan, posterior vertebral dislocation of the fractured vertebra 
on the side projection as well as more than 50% anterior height re- 
duction of the fractured vertebra were criteria used to decide on 
operative treatment (the original anterior height of the fractured 
vertebra was calculated as the arithmetic mean of the anterior 
height of the vertebrae cranial and caudal to the fractured verte- 
bra). A further absolute criterion for operative treatment was spinal 
canal narrowing (digitally measured by cross-section on CT) of 
more than 40%. 

The patients were placed in prone position. The lamina and 
transverse processes of the vertebral body cranial and caudal to the 
fractured vertebra were prepared by the use of a midline incision. 
Anatomic landmarks in determining the correct position of the 
transpedicular screws were the facet joints and the transverse 
processes. An image intensifier placed with the C-arm beneath the 
operating table allowed fluoroscopy in different planes. Fluo- 
roscopy was used to identify the fractured vertebra and the pedic- 
ular and intravertebral position of the screws, and to confirm the 
reduction and restoration of the height and shape of the fractured 
vertebra. Only occasionally, and mainly in the lower thoracic 
spine, fluoroscopy was used in the frontal plane to confirm the po- 
sition of the screws. At the introduction of the method we con- 
trolled the correct position by insertion of Kirshner wires into the 
pedicle, and fluoroscopy in different planes. The Kirshner wires 
were replaced by Schanz screws after predrilling of the pedicles 
with a 3.5-mm drill bit. Today we introduce the screws directly af- 
ter having opened the pedicle with an awl, and do not use Kirshner 
wires. Through manipulation of the transpedicular screws, recon- 
struction of the physiological spine configuration was achieved af- 
ter having placed the paravertebral rods and the fixation clamps. 
After correction of the spine configuration the clamps were tight- 
ened on the pedicle screws. Restoration of the height of the frac- 
tured vertebra and the anterior part of the spinal canal was then ob- 
tained by distraction on the paravertebral rods. The rods guaran- 
teed stability in the sagittal plane. When instability in the frontal 
plane was present, or suspected, a transverse rod fixed to the par- 
avertebral rods with clamps (in the early operated cases a trans- 
verse cerclage wiring) was added. 

In the patients with two fractures of the lumbar spine, segmen- 
tal transpedicular fixation was performed in the two with two un- 
injured vertebrae between the fractured vertebrae, while in the pa- 
tient with L3 and L4 fracture both fractured vertebrae were re- 
duced and stabilised with transpedicular fixation from L2 to L5. 

In 63 fractures a transpedicular bone graft according to Dani- 
aux [7] was performed. Autologous cancellous bone was harvested 
from the left posterior crest by the use of an acetabular reamer as 
described by Dick [9]. Laminectomy was performed in one patient 
only, while a partial laminectomy was performed in two patients. 
In four patients a postero-lateral fusion by bone graft was added, 
because of a mainly ligamentous lesion. The majority of the poly- 
traumatised patients had their major lesions treated by surgery dur- 
ing one anaesthesia only. 

In all patients with neurological deficiency, treatment with 
high-dosage corticosteroids as recommended by Bracken et al. [3] 
was started on admittance to the hospital. 

Postoperative conventional radiography documented the reduc- 
tion result, and a postoperative CT scan of the fractured vertebra 
confirmed the position of the pedicular screws and the restoration 
of the spinal canal. The postoperative correction of the traumatic 
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deformity of the spine in the sagittal plane was evaluated by mea- 
suring the kyphotic angle between the end-plates of the adjacent 
vertebrae in conventional radiograms. Radiological documentation 
after implant removal was obtained with the patient in standing po- 
sition. 

All patients were mobilised with a three-point brace on the 2nd 
or 3rd day after surgery or as soon as was permitted by the other 
lesions. 

The patients were all followed clinically at 6 and 12 weeks as 
well as 1 year after surgery. In all patients who did not undergo 
postero-lateral fusion, the implant was recommended to be re- 
moved 12-18 months after surgery. Median observation time was 
25 (5-48) months. 

Results 

Median stay in a recovery or intensive care unit was 21 
(10-40) days. 54 patients were discharged for further re- 
habilitation to a rehabilitation centre, while 24 patients 
were dismissed from hospital to their homes for further 
rehabilitation by ambulatoric physiotherapy. 

Eight general complications occurred. Three patients 
suffered local superficial infections and one had a deep 
wound infection. The superficial infections were treated 
with antibiotics after cultures had been obtained. In the 
patient with deep infection, removal of the implant and 
the use of  gentamycin beads was carried out 6 months af- 
ter the index operation. The further course of this patient 
was uneventful and the early implant removal did not in- 
fluence the final result in this polytraumatised patient, 
who had the fracture located in her fifth lumbar vertebra. 
In addition, three patients were treated with antibiotics 
due to pneumonia in the early postoperative period, while 
one patient had to be treated with heparin and oral antico- 
agulation medication because of a thromboembolic com- 
plication. 

No neurological complications were associated with the 
operations. Fatigue fracture of  one or more screws was 
observed at late controls, without having an influence on 
the final result, in six patients. Pedicular, but extracorpo- 
ral, position of the screws was observed in three patients 
at the early postoperative CT controls. This did not influ- 
ence the stability of  the bone/implant construct nor the fi- 
nal result in any of the patients. The median anterior 
height reduction of the fractured vertebra at the final fol- 
low-up was 10% (0-20%) in comparison to the preopera- 
tive anterior height reduction of 30% (0-90%). A reduc- 
tion of the preoperative spinal canal narrowing from me- 
dian 35% (0-55%) to 11% (0-20%) postoperatively was 
recorded, as measured digitally on cross-sectional CT im- 
ages. A primary correction of the traumatic kyphotic de- 
formation was obtained in all patients. A partial loss of 
correction of median 5 ° (0-18 ° ) was registered in 54 pa- 
tients after removal of  the implant, at a median of 13 
(5-16) months postoperatively. This loss of  correction did 
not correlate with loss of vertebral height, but was mainly 
due to a change in the intervertebral disc cranial to the 
fractured vertebrau In some patients with fractured screws, 
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Fig. 3 Neurological symptoms at the last follow-up 

the implant was removed only partially. No screws frac- 
tured before 12 weeks after surgery and implant failure 
did not influence the final outcome in any of the reported 
patients. 

All 13 patients with fractures of the lumbar spine and 
radicular neurological symptoms improved their neuro- 
logical status during the follow-up. Three of four patients 
with a cauda equina syndrome regained normal bladder 
and bowel function, but showed some sensoric and mo- 
toric neurological disturbance at the final follow-up. One 
patient with cauda equina syndrome still had some dys- 
function of his bladder. 

The patient with complete paraplegia caused by a dis- 
located fracture of the 11 th thoracic vertebra showed only 
a slight improvement of  her neurological status (sensibil- 
ity) at the final follow-up 14 months after injury (Fig. 3). 
She was still dependent on a wheelchair, but had started 
training with walking aids (crutches and locking braces). 
Eight patients had changed their occupational status after 
the injury and 12 patients had some kind of working dis- 
ability, qualifying for a partial disability compensation 
from the national health insurance. 

Twenty-one patients are still in ambulatoric control due 
to other reasons than their fractured spine. 

To illustrate the results, Figs. 4-9  present the plain film 
and CT series of a 20-year-old male patient who suffered 
an unstable fracture of his second lumbar vertebra. 

Discussion 

An injury of the spine may include an injury of the neural 
structures in the spinal canal. This may be an acute injury 
to the neural elements or a potential injury caused by the 
persistent instability of the vertebral column. The criteria 
for instability in spine fractures are discussed in the liter- 
ature [8, 9, 17-19, 24]. Injuries with neural deficiency and 
obvious mechanical instability have to be differentiated 
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Fig.4 A, B Preoperative plain radiograph of an unstable fracture 
in L2 in a 20-year-old man who suffered a climbing accident. 
There was no neurological deficiency 

Fig. 5 Preoperative CT scan of the fractured vertebra showing the 
pedicle fracture, the fragmentation of the vertebral body and the 
intraspinal fragment 

Fig. 6 A, B Postoperative plain radiograph after closed reduction 
and transpedicular fixation. No bone grafting was carried out 

Fig.7 Postoperative CT scan of the reduced vertebra showing re- 
duction of the fragments and widening of the spinal canal 

Fig.SA, B X-ray control 1 year after the accident, following 
metal removal, showing restored anatomy and configuration of the 
spine 

Fig. 9 CT scan 1 year after the accident showing consolidated 
pedicle and restored spinal canal 

from injuries with no, or no imminent, neural lesion, and 
from instabilities causing progressive deformation of the 
spine. To classify the spinal injury we have used the three- 
column spine model and its significance in the classifica- 

tion as described by Denis in 1983 [8]. A spinal injury is 
defined as unstable when, during mobilisation without 
any stabilisation (by external or internal means), increas- 
ing deformity is to be expected or when a neurological de- 
ficiency is imminent or immediately apparent. Further- 
more, a reduction of the anterior height of the fractured 
vertebra exceeding 50% of the estimated anterior height 
as well as major reduction of the spinal canal due to ver- 
tebral fragment protrusion, was considered an indication 
for operative treatment even if no neurological symptoms 
were present. Acute injury of the spinal cord is followed 
by post-traumatic oedema causing microvascular changes 
of the cord. Haemorrhage from the fracture site into the 
spinal canal may compromise the neural structures fur- 
ther. Experience during the last decades in the treatment 
of dislocated or unstable fractures of the long bones and 
the pelvis has proved that the best way to prevent this 
post-traumatic oedema and haemorrhage is to reduce and 
stabilise the fracture [20]. Even if the value of primary op- 
erative treatment in spinal cord injury remains under dis- 
cussion, reduction and stabilisation of the unstable spine 
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is generally accepted as the treatment of choice [9-12, 
16]. 

The value of CT in the classification of thoracolumbar 
fractures is unquestionable. CT scans of the fractured area 
of the spine are of great value in deciding whether surgery 
is indicated [19]. Three-dimensional reconstruction of the 
spine by data tomography is now possible [6]. We have no 
experience with this imaging technique in spine injuries. 
The information this additional diagnostic tool gives may, 
however, change the indications for surgery of spine in- 
juries in the future. The AO/ASIF classification of spine 
injuries gives information about the pathomorphology, 
severity and prognosis of the lesion [18]. Treatment rec- 
ommendations are further information provided by this 
classification. In the future we intend to evaluate this clas- 
sification model in the treatment of spine fractures. 

Direct surgical approach to the ~teural structures be- 
comes unnecessary. Restoration of the vertebral body by 
distraction and by restoration of the physiological lordosis 
of the spine decompresses the spinal canal by acting 
where the compression takes place, namely anteriorly, and 
not, as by laminectomy, posteriorly [9-11, 14, 15, 21, 22]. 
Early treatment is mandatory when closed reduction tech- 
niques are chosen to restore the anatomy of the fractured 
spine. In the series of patients reported in this study, the 
median time between injury and surgery was 2 (0-11) 
days. This may explain the good results achieved con- 
cerning reconstruction of the anatomy. 

To confirm the restoration of the spinal canal, we per- 
formed intraoperative myelography after reduction and 
fixation of the fractured vertebra in the first patients 
treated by the method described. The fact that the restora- 
tion of anatomy regularly restored the spinal canal led us 
to abandon intraoperative myelography as a routine pro- 
cedure. 

Our experience with the method described has, in the 
last 3 years, led to a less strict use of a brace in the post- 
operative mobilisation period. Today we use the brace 
only as a "reminder" of the injury in patients with high ac- 
tivity levels, to prevent strenuous activities. 

Partial loss of correction of the kyphosis after implant 
removal has been observed. This loss of correction is not 
correlated with loss of vertebral height after implant re- 
moval, but mainly with the damage of the intervertebral 
disc cranial to the fractured vertebra. As in the majority of 
the fractures (n = 63), and in all fractures with severe re- 
duction of the anterior vertebral height, we applied a cor- 
poral bone graft, it is not possible for us to state whether 
bone grafting did prevent loss of vertebral height or not. 
Transpedicular bone grafting of the fractured vertebra is, 
however, based on the same rationale as bone grafting of 
impacted fractures in intra-articular fractures of weight- 

bearing metaphyseal bones, as in the tibia condyle or in 
the pilon fracture of the distal tibia. We do not know 
whether this rationale is valid in the fractured vertebra. A 
randomised study will be designed to examine this. The 
clinical value of the loss of correction of the traumatic 
kyphosis and the damage to the intervertebral disc cranial 
to the fractured vertebra are other factors to be addressed 
in the long-term follow-up. 

The results in the series reported show that primary 
restoration of the vertebral body and the spine configura- 
tion may regularly be achieved by closed reduction and 
transpedicular fixation in fractures of the lower third of 
the spine. The stability of the "internal fixator" we used 
allows early mobilisation without extensive additional de- 
vices. Posterolateral or anterior approaches with anterior 
decompression by vertebrectomy have not been necessary 
in any of the patients reported. 

The study shows no correlation between loss of kyphotic 
correction, disc collapse and patients' complaints at fol- 
low-up so far. In our opinion, the loss of kyphotic correc- 
tion we have observed does not justify a change of proce- 
dure in the treatment of patients with unstable fractures in 
the lower third of the spine. Our results do not confirm the 
statement by Speth et al. [23] regarding the complication 
rate and loss of vertebral body height in transpedicular 
fixation of vertebral fractures. 

Metal removal has been performed in 54 of the 78 pa- 
tients. Implant removal was recommended 12-16 months 
after surgery in all patients where no posterolateral fusion 
had been performed. The "remobilisation" of the immo- 
bilised segments seems rational, and fatigue fracture(s) of 
the pedicular screws have to be anticipated during mobil- 
isation if no fusion procedure is carried out. 

In contrast to other reported cases, the patients reported 
in this article represent a young population [4, 9, 17]. This 
may be due to the fact that the majority of the patients had 
suffered traffic or sports accidents. Furthermore, Ullevfil 
Hospital is a university hospital receiving polytraumatised 
patients referred from the region. Forty of the 78 reported 
patients were polytraumatised. 

Conclusion 

Closed reduction and transpedicular stabilisation of unsta- 
ble fractures in the lower third of the spine has become a 
routine operation in our department. The operation is per- 
formed as an emergency operation by an orthopaedic con- 
sultant, and thus handled like other unstable fractures in 
the locomotor system. The complication rate is low, the 
hospitalisation time short and the final outcome satisfac- 
tory concerning morbidity and disability. 
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