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Conservative treatment of unstable thoracal and lumbar vertebral fractures results in severe local kyphosis or
changes in sagittal contours in long term follow-up. This study evaluates 89 thoracolumbar vertebral fractures op-
erated between December 1989 and May 1993 in the orthopaedic Clinics of Ankara Social Security Hospital. The
mean follow-up was 30.2 months with a minimum of 12 months. The stabilization of fractures were maintained
with hook-rod construction in 28 patients in whom Cotrel-Dubousset Instrumentation (CDI) was used. Thirty pa-
tients had AO Fixator Intern; a transpedicular screw-rod construction. The vertebral fractures in the remainin 31
patients were stabilized with transpedicular screw-reverse hook-rod construction by using Texas Scottish Rite
Hospital (TSRH) system. Preoperative sagittal index at the fracture level was 24.7°+6.5° in patients treated with
CDI, 25.1°+8.2° with AO Fixator Intern and 28.7°+3.4° with TSRH system. Postoperative correction rates for CDI,
AOIF and TSRH system were 66.8%126.7, 68.4~+23.2 and 79.3%119.5 respectively. Postoperative sagittal index
at the thoracolumbar junction were in physiologic limits in all of the patients treated with TSRH system, while this
rate was 70% for the AOIF and 64.3% for CDI. Because that the best spinal canal decompression and the lowest
complication rate was achieved in the TSRH system group, it is concluded that transpedicular screw-reverse hook

combinations is the best construction type for the stabilization of unstable thoracolumbar fractures.

INTRODUCTION

The most important cause of vertebral instability is
trauma. According to Denis' 3 column theory, always
2 columns must be injured for instability (5). Instabili-
ty is a risk for both neurologic compromise and prog-
ressive vertebral deformity. Treatment of vertebral in-
stability is surgical correction, stabilization and fusion
(8).

The aim of the surgical stabilization is to reduce
the fracture, to gain vertebral stability and to increase
the volume of neural canal either for neurologic heal-
ing or preservation of the neurological status (17).

In this paper we analysed the results of 89 surgi-
cally treated patients with three different spinal instru-
mentation systems.

PATIENTS AND METHODS

We evaluated the results of 89 thoracolumbar ver-
tebral fractures treated surgically in 1st and 2nd De-
partments of Orthopaedics and Traumatology of An-
kara Social Security Hospital between December 1989
and December 1992. Mean follow-up period was 42.6
months. 28 of the patients had Cotrel-Dubousset In-
strumentation (CDI), 30 had Texas Scottish Rite Hos-
pital Instrumentation (TSRH) and 31 had AO Internal
Fixator Instrumentation (AOIF).

*  1st and 2nd Departments of Orthopaedics and Traumatology, Ankara So-
cial Security Hospital, Ankara, Turkey.

Mean age in the CDI group was 38.8 (15-59), fe-
male/male ratio was 12/16. Mean age in the TSRH
group was 38.8 (26-50), female/male ratio was 6/24,
and in the AOIF group mean age was 36.7 (15-52), fe-
male/male ratio was 10/21.

All patients were evaluated physically and neuro-
logically on their admittance. In the neurological ex-
amination, motor and sensory examination, bulboca-
vernous reflex and sphincter control examination were
performed. If a neurological deficit was observed the
level was established and classified according to Fran-
kel's classification (12). All the patients had routine
laboratory tests and consultations. Plain radiography
and CT was performed. Anterior compression per-
centage was established according to the criteria of
Atlas et al (4). The angle between lines drawn from
the lower end plate of upper vertebra and upper end
plate of lower vertebra gave us the "local kyphosis an-
gle" (Sagittal LKA # SI Index-SI).

All the patient had CT evaluation preoperatively.
The types of the fracture was established and classi-
fied according to Dennis. Spinal canal compromise
was also evaluated with CT and percentage of com-
promise was recorded.

Indications for surgical reduction and internal fixa-
tion were anterior compression more than 50%, sagit-
tal index more than 15°, spinal canal compromise
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Table 1. Distrubation of the patients according to fractured levels. low-up was once in a year.

The patients were evaluated in
three groups. In the first group
there were patients instrumentated
with CDL In this group only
hook-rod constructions were used.
These 28 patients had at least 3
and at most 5 mobile segments
were fused during the surgery.

The second was the AOIF

FRACTURED LEVEL | AOIF TSRH | TOTAL

T-11 4 4 1 9
T-12 9 12 12 33
L-1 12 9 13 34
L-2 6 3 4 13
TOTAL 31 28 30 89

group in which the fixation was
maintained by transpedicular
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Schanz screw-rod construction.
In this group of 30 patients only
two mobile segments were fused.

In the third group TSRH in-
strumentation was used. Proximal
part of the construction was
either a transpedicular screw with
or without an off-set hook or a
transversopedicular claw and dis-
tal part of the construction was
transpedicular screw with or
without an off-set hook. In this
group at least two at most five
mobile segments were fused.

For evaluation preoperative
and postoperative values of sagit-
tal index, thoracolumbar junction
angle, compression percentages,
spinal canal compromise percent-
ages were compared for all goups
and the groups were compared
with each other with "Difference
of two groups' means" (t-test) sta-
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more than 30%, flexion distraction fractures, fractures
with dislocation and fractures with neurologic com-
promise.

On the first postoperative day patients were rolled
in bed, on the second day they set in their bed and on
the third day they were encouraged to walk. Patients
with neurologic deficit were encouraged to walk with
walking aids, if they didn't have the potential of walk-
ing they were mobilized with wheel chair. On the
postoperative 13th or 15th day sutures were taken,
neurologically intact patients were sent home and the
remaining patients were sent to rehabilitation clinic.

All the patients had their follow-up on 1st, 3rd, 6th
and 12th postoperative months. After the first yer, fol-

tistically.

Implant insufficiency, compli-
cations, loss of correction were compared for all
groups. Thus, according to this data we tried to find
out the best construct combination instead of compar-
ing the implant systems.

RESULTS

Distribution of the fracture levels are given in
Table-1. 67 (75.3%) of 89 fractures were in T, or L,
vertebrae. Only the burst type vertebral fractures were
included in the study.

Preoperative and postoperative SI, CP, SC values,
correction and loss of correction percentages are given
in Table-2, 3 and 4. The groups were statistically in-




Journal of Turkish

111 Ozld, et al. Spinal Surgery
Table 2. Pre (PR) and postoperative (PO) local kyphosis angles (Sl) and correction percentages (COR%) and
loss of correction values of S| (CL).
Sl SI-L
Instrumentation PR PO COR%
AOIF 24.1°+9.1° 8.5°16.1° 65.2+22.1 8.5°+6.3°
CDI 23.7°16.8°2 10.2° £ 6.9° 67.1+229 6:85:4:3:87
TSRH 285°+7.1° 6512+ 7.1° 78.7 £ 18.1 43°+3.9°
Table 3. Pre (PR) and postoperative (PO) compression of anterior vertebral body height values (CP) and cor-
rection percentages (COR%)
CP
Instrumentation PR PO COR%
AOIF 52.1£10.6 25:51-+4749 50.9+17.9
CDI 41.6+20.6 243 +26.6 416+ 16.6
TSRH 48.1+14.3 48.1 £ 143 59.3+11.1
Table 4. Pre (PR) and postoperative (PO) spinal canal compromise rates (SC) and postoperative percentages
of correction (COR%) in SC.
CP
Instrumentation PR PO COR%
AOIF 551+ 15.4 33.1+134 39.9 + 16.1
CDI 48.7+17.4 38.9+13.2 38.91+14.3
TSRH 49.8+18.9 22.1+18.9 55.6+42.2
Table 5. Pre and postoperative neurologic status of the patients according to Frankel Classification.
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significant preoperatively. Correction percentages of
SI, CP and SC were found to be statistically signifi-
cant in all groups. When the correction percentages
were compared between the groups, there was a statis-
tically significant difference in SI and SC but not in
vertebral compression. The TSRH group, in which
hook-rod and screw combination was used, had the
best values in correction of sagittal index 79.3+19.5%
of the patients were in physiologic limits. Between the
remaining two groups there was not statistically sig-
nificant difference in the correction of SI.

Thoracolumbar junctional angle, which is 0°, was
found in 16 (51.6%) of the 31 patients treated with
TSRH system and it was lower than 15° postopera-
tively in the remaining 15 (48.4%) patients. 15 deg-
rees is said to be physiological upper limit.

In the hook-rod combination (CDI) group 18
(64.3%) of the 28 patients were within physiological
limits postoperatively, and 7 (25%) of them had 0°
thoracolumbar junctional angle.

In the screw rod (AOIF) group 21 (70%) out of 30
patients were in the physiological limits of thoraco-
lumbar junctional angles postoperatively and 10
(33.3%) of them were 0°.

The corpus compression percentages are seen in
Table 3. Although there was not a statistically signifi-
cant difference between the groups in the correction of
compression postoperatively, best values are held in
the hook, screw, rod combination (TSRH) group
(59.3+11.1%).

When correction of the spinal canal compromise
(SC) is taken into account there was a statistically sig-
nificant difference between the TSRH group and
AOIF and CD group. Correction percentage of spinal
compromise in TSRH group was 55.6+11.1% while it
was 39.9+£16.1% in the AOIF group and 38.9+14.3%
in the CD group. Difference between AOIF and CD
group were statistically insignificant.

Preoperative and postoperative neurologic status
of the patients according to Frankel classification are
seen in Table 5. In the first group (AOIF group), while
5 patients (16.7%) had on grade neurologic progres-
sion was obtained. Neurologic status of the 12 patients
with Frankel E grade and 4 patients with Frankel D
were protected in the same level was observed in this
group. In the second (CDI group) group, 2 patients
one grade and one patient had two grade progression
(10.7%) was stated. In the third (TSRH group) group,
12 patients had progression in their neurological status
(38.7%), number of the patients with Frankel E grade

was increased from 16 to 24 (80%) was established. It
was concluded that most potent construct in neurolo-
gic recovery was transpedicular screw-reverse hook
construction.

Complications are seen in Table 4. Schanz screws
of AOIF penetrated the anterior cortex in 4 patients
and in 2 patients they were broken. One patient died
because of pulmonary embolism on the postoperative
8th day. Because of deep infection in one patient
construct was taken out. Two (6.6%) patients had
pseudoarthrosis and they were revised with TSRH
system. In the follow-up of these 2 patients after the
revision there was a solid fusion.

In the CDI group the distal claw was put on the
fractured vertebra mistakenly in one patient and the
patient was revised on the postoperative third week.
There was hook dislodgement in two patients. Two
patients had deep infection in the first postoperative
year and the construct was taken out. One patient had
pseudoarthrosis and was revised with ISOLA instru-
mentation.

In the TSRH group there was solid fusion in all of
the patients. Because of deep infection, instrumenta-
tion was removed in one patient on the postoperative
14th month. After implant removal the infection was
eradicated by chemotherapy and the patient had a
good solid fusion mass. Pull out of the proximal pedi-
culotransvers claw was seen in one patient on the
postoperative 3rd month. This patient was revised
with transpedicular screws in the fractured and upper
vertebrae. Also this patient had a solid fusion.

DISCUSSION

Conservative treatment of unstable thoracolumbar
vertebral fractures usually result with collaps in the
vertebral body, local kyphosis and malalignment of
sagittal contour (5). '

Realising the importance of spinal stability has
forced the surgeons to develop for scoliosis surgery
has also been used for fracture treatment. Because of
the torsional instability and risk of pseudoarthrosis, as
high as 13% (13, 14). Harrington rods lost its popular-
ity in fracture treatment. When the system is com-
bined with sublaminar wires results are reported to be
better. But because of the migration of wires with ax-
ial loading, serious loss of correction and high risk of
iatrogenic complications, this system was not widely
used (5, 15, 18). ,

AO spinal internal fixateur was first developed in
1982 by Walter Dick. System consists of 5 mm thick
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Table 6. Rate of complication of the patients according to different kind of instrumentation.
COMPLICATIONS AOIF (n:31) | CDI (n:28) | TSRH (n:30)
No. %o No. Y% No. Y%
IMPLANT ANTERIOR
FAILURE PENETRATION 4 13.3 - = 5 =
BREKAGE
OF IMPLANT 6 20 - - = -
DISLOCATION
OF HOOK - - 2 Vol il 3.2
INFECTION 1 3.3 2 7.1 1 3.2
PSEUDOARTROSIS 2 6.6 1 3.6 - -
EXITUS 1 3.3 - - - -

Schanz screw connected to a 7 mm thick rod. High
correction rates with this system were reported in lit-
erature. But the difficulty of applying the system to
the thoracal region and high rates of screw breakage
was reported (10, 11). Despite the advantage of short
segment fusion it seems to be inappropriate in restor-
ing the normal sagittal contours (5, 17).

CDI is one of the most widely used system around
the world in recent years. In the thoracal and lumbar
region the system presents a wide variety of options
with its multiple hook and screw designs (7, 9). Wei-
denbaum and Farcy reported a 52.4% restoration in
sagittal index (17). Benli et al reported a 67.1% cor-
rection rate in sagittal index (6). System was reported

to take more resistant to torsional and axial loads and

also to have low loss of correction (17).

TSRH system, developed in 1989 is basically a
modification of CD system. Advantages of this system
are three point locking mechanism, open hooks and
screws, ease of aplication, and variable angled screw
placement. Three point fixation is reported to be more
rigid than the closed implant of the CD system even
when both screws of CD looking mechanism is tight-
ened and broken. All of the implants are tightened to
rod with the same mechanism so that application of
the system is simple (14, 15).

Altun et al, in 1993 reported a series of 44 patients.
They reported a 77.7% correction in sagittal index and

53.7% correction in spinal canal compromise. Neuro-
logic progression in their patients were 20.9 percent
and loss of correction was minimal (2).

In this study instead of comparing the systems
mentioned above we evaluated the implant combina-
tions that was used in thoracolumbar fractures. Best
results were with the proximal claw or screw and dis-
tal screw and reverse hook technique. With this tech-
nique we had 79.3% of correction of sagittal index
and all the patients were in physiological limits of tho-
racolumbar junctional angle. This configuration gave
us the best spinal canal clearence (55.6%) and best
progress in neurological status (36.7%).

Hook rod or hook screw combinations couldn't
correct the sagittal index and clear the spinal canal as
well as the configuration mentioned above. Hook rod
and screw rod combinations had pseudoarthrosis rate
3.6% and 6.6% respectively in our series, but in hook-
screw reverse hook combination there was no pseudo-
arthrosis. The other reason for not having pseudoar-
throsis in TSRH group was thought to be the strong
cross-link plates, with this plates its possible to have a
rigid rectangular frame.

As a result claw-screw-reverse hook configura-
tions are the best surgical treatment of unstabile tho-
racolumbar fractures.
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