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Abstract : Background - Burst fractures are common cause
of disability among the affected young population and
instrumented surgical stabilisation remains the treatment of
choice for unstable burst fractures of the vertebra.
Circumferential fixation and short segment posterior fixation
with intermediate screws inserted into the fractured level are
the commonly performed surgical stabilisation procedures.
But, decreasing the instrumented level in order to preserve
the number of motion levels may adversely affect the stability
of the construct and can ultimately result in implant failure.
Aim - To evaluate the possible mechanisms of failure of the
short segment fixation methods in experimentally induced
unstable burst fractures of the thoracolumbar spine in calf
spine model. Materials and Methods - Eight fresh frozen calf
spines specimens were prepared and grouped into two Group
A and Group B. After creating an unstable burst fracture by
drop weight method at the first lumbar vertebra level, Group A
specimens were instrumented using short segment posterior
fixation with screws inserted to the fractured level while the
specimens in Group B were instrumented using
circumferential fixation. The specimens were then subjected
to biomechanical testing in a universal testing device (Tinius,
Oslon) for failure in axial load and axial rotation. Results - All
four specimens in the circumferential fixation group (Group B)
failed in axial torque by screw pull out. No failure was
observed during axial loading. None of the specimens in the
Group A failed in either axial torque or loading.
Conclusions - Our findings show that -circumferential
stabilization constructs can fail in axial torque, and therefore
may require additional protection in the form of bracing in the
immediate postoperative period. The use of the intermediate
screw technique may provide superior stability in axial torque
that the circumferential technique.
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Introduction

Burst fracture of the thoracolumbar spine is a common cause
of disability in young population following spinal traumal,2. In
the developing world, a fall from height is the most common
mechanism of injury while in the developed countries road
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traffic accidents account for most of the injuries 3-5.
Instrumented surgical stabilisation is the treatment of choice for
unstable burst fractures of the thoracolumbar spine6,7. There is
a trend to decrease the number of instrumented levels in order to
preserve the motion levels8-11. Circumferential fixation using a
cage anteriorly and pedicle screws posteriorly spanning the level
as well as posterior short segment spanning fixation with screw
inserted to the fractured level are the commonly used short
segment fixation methods in unstable burst fractures of the
vertebra (Fig-1)2. Decreasing the instrumentation level might
affect the stability of the construct and may result in implant
failure. The aim of our study is to evaluate the possible
mechanisms of failure of the short segment fixation methods in
experimentally induced unstable burst fractures of the
thoracolumbar spine in calf spine model.

short

Fig-1: Photograph showing posterior segment
spanning fixation with screw inserted to the fractured level
(A) and circumferential fixation (B).

Materials and Methods

IRB, Ethics Committee and Institutional Animal Ethics Committee
approval were obtained for the study. Eight calf spine specimens
including last two thoracic and first three lumbar vertebrae were
freshly prepared from diary calves of 4 to 6 months of age,
carefully removing the muscles and retaining the
discoligamentous structures. The specimens were weighed,;
DEXA scan was obtained and were grouped into two groups — A
and B with 4 specimens in each group such that the
corresponding specimens in each group were similar (Table-1).



Table-1

Weight (g) BMD
a1 430 0.707
B1 440 D787
vy 380 0.603
B2 400 0.638
3 390 0668
B3 380 0.648
fad 360 0.606
B | 350 1 0537 2

Plain radiographs of the specimens were obtained to rule out any
gross abnormality. An unstable burst fracture was produced in each
specimen at the first lumbar vertebra using drop weight method
12; which involves dropping a weight of 4.5 kg of weight guided
through a rail after destabilising the index vertebra using drill holes
(Fig-2) and CT scan of the specimens was obtained (Fig-3). The
specimens in Group A were instrumented using short segment
posterior fixation with screws inserted to the fractured level while the
specimens in Group B were instrumented using circumferential
fixation (Fig-4). All specimens were instrumented with titanium
monoaxial pedicle screws (Jayon , India) of 5mm diameter.

Fig-2: The drop weight method

Fig-3: CT axial cut images of the specimens A2 and B3 showing
complete burst fracture with laminar fracture

Fig-4: The photograph and radiographs of specimen B2

The specimens were then subjected to biomechanical testing in a
universal testing device (Tinius, Oslon). A three dimensional
stereophotogrammetric measurement of the special orientation of
the vertebrae in space was measured using 6 df electromagnetic
sensors (Polhemus, Inc., Colchester, VT) attached to the last
thoracic and second lumbar vertebra. The constructs were tested for
failure in axial load and axial rotation. A failure is defined as the
breakage of the pedicle or the screw or pull out of the screw. An
axial load of 1200N were applied to each specimen for three loading
cycles and assessed for failure. Then the specimens were subjected
to axial torsion of 15 Nm for three cycles using a system of cables
and pulleys and again assessed for failure. The loading was
alternated between axial load and torsion in the specimens so as to
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avoid bias.

Results

All four specimens in the circumferential fixation group
(Group B) failed in axial torque by screw pull out in the
second or third loading cycle (Fig-5). No failure was
observed during axial loading. None of the specimens in
the Group A failed in either axial torque or loading,
although a mean increase in the kyphotic angle of 5
degrees was observed in axial loading which was
measured stereophotogrammetrically.

Fig-5: Screw pull out in axial rotation

Discussion

A stable fixation is essential for immediate post op
rehabilitation following unstable thoracolumbar burst
fractures. Bust fractures are considered to be unstable if
the loss of vertebral body height is >50 or the angulation at
the thoracolumbar junction is >20 degreesl3,14. The
incidence of neurologic deficit in unstable burst fractures is
approximately 50% and is associated with retropulsion of
the fragments into the spinal canal; but is not correlated to
the amount of retropulsion or canal compromisel5-17.
Both posterior-only as well as circumferential
(anterior-posterior) constructs have been advocated for
stable fixation, however the relative stability afforded by
these constructs is unknown. The effect of the body weight
and musculature acting on the spine termed as follower
load has a stabilising effect on instrumented spine during
flexion and extension, but its effect on torque is not
significant18. McLain et al reviewed the failure of pedicle
screw constructs and concluded that failure of short
segment pedicle screw constructs occur distal to the screw
hub within the pedicle due to cantilever bending effect on
axial loading14. But the failure mechanism in axial rotation
has not been described.

The biomechanical advantages of an ‘intermediate
screw’ added to the fractured level have been well
established19,20. Calf spine is a validated model to test
pedicle screw constructs in the thoracolumbar region
because of its similarity in motion kinetics to that of human
spine in this region21,22. Moreover, easy
availability, expendabilty and low interspecies variability
makes it a good testing model to gain a preliminary idea of
the pedicle screw constructs21. Although similar in motion
kinetics, there are anatomic differences between calf spine
and human spine23. Bovine spine has longer transverse
and spinous processes and greater intertransverse length.
Bovine species have 6 lumbar vertebrae. The pedicle
diameter of the calf spine at 4 to 6 months of age
corresponds best to that of the human 23,24,25. Because
of the variablity in the number of thoracic vertebrae in
bovine species, we harvested the specimen so as to
include the last two thoracic vertebrae looking at the rib
attachment; and from the last thoracic vetebra we counted
the lumbar vertebrae. Our findings show that
circumferential stabilization constructs can fail in axial
torque, and therefore may require additional protection in
the form of bracing in the immediate postoperative period.
The use of the ‘intermediate screw’ technique may provide
superior stability in axial torque that the circumferential
technique.



References

1. Denis F. The three column spine and its significance in the
classification of acute thoracolumbar spinal injuries. Spine. 1983
Dec;8(8):817-31.

2. Korovessis P, Baikousis A, Zacharatos S, Petsinis G, Koureas G,
lliopoulos P. Combined anterior plus posterior stabilization versus
posterior short-segment instrumentation and fusion for midlumbar
(L2-L4) burst fractures. Spine. 2006 Apr 15;31(8):859-68.

3. Kraemer WJ, Schemitsch EH, Lever J, McBroom RJ, McKee MD,
Waddell JP. Functional outcome of thoracolumbar burst fractures
without neurological deficit. J Orthop Trauma. 1996;10(8):541—4.

4. Wood K, Buttermann G, Butterman G, Mehbod A, Garvey T,
Jhanjee R, et al. Operative compared with nonoperative treatment of
a thoracolumbar burst fracture without neurological deficit. A
prospective, randomized study. J Bone Joint Surg Am. 2003
May;85-A(5):773-81.

5. Butt MF, Faroog M, Mir B, Dhar AS, Hussain A, Mumtaz M.
Management of unstable thoracolumbar spinal injuries by posterior
short segment spinal fixation. Int Orthop. 2007 Apr;31(2):259-64.

6. Panjabi MM, Oxland TR, Kifune M, Arand M, Wen L, Chen A.
Validity of the three-column theory of thoracolumbar fractures. A
biomechanic investigation. Spine. 1995 May 15;20(10):1122-7.

7. Kifune M, Panjabi MM, Arand M, Liu W. Fracture pattern and
instability of thoracolumbar injuries. Eur Spine J Off Publ Eur Spine
Soc Eur Spinal Deform Soc Eur Sect Cerv Spine Res Soc. 1995;4
(2):98-103.

8. Dick W, Kluger P, Magerl F, Woersdorfer O, Zach G. A new
device for internal fixation of thoracolumbar and lumbar spine
fractures: the “fixateur interne.”Paraplegia. 1985 Aug;23(4):225-32.
9. Afzal S, Akbar S, Dhar SA. Short segment pedicle screw
instrumentation and augmentation vertebroplasty in lumbar burst
fractures: an experience. Eur Spine J Off Publ Eur Spine Soc Eur
Spinal Deform Soc Eur Sect Cerv Spine Res Soc. 2008 Mar;17
(3):336-41.

10. Eno J-JT, Chen JL, Mitsunaga MM. Short same-segment
fixation of thoracolumbar burst fractures. Hawaii J Med Public
Health J Asia Pac Med Public Health. 2012 Jan;71(1):19-22.

11. Gelb D, Ludwig S, Karp JE, Chung EH, Werner C, Kim T, et al.
Successful treatment of thoracolumbar fractures with short-segment
pedicle instrumentation. J Spinal Disord Tech. 2010 Jul;
23(5):293-301.

12. Fredrickson BE, Edwards WT, Rauschning W, Bayley JC, Yuan
HA. Vertebral burst fractures: an experimental, morphologic, and
radiographic study. Spine. 1992 Sep;17(9):1012-21.

13. Nagel DA, Koogle TA, Piziali RL, Perkash |. Stability of the
upper lumbar spine following progressive disruptions and the
application of individual internal and external fixation devices. J
Bone Joint Surg Am. 1981 Jan;63(1):62—70.

14. McLain RF. The biomechanics of long versus short fixation for

thoracolumbar spine fractures. Spine. 2006 May 15;
31(11 Suppl):S70-79; discussion S104.
15. Limb D, Shaw DL, Dickson RA. Neurological injury in

thoracolumbar burst fractures. J Bone Joint Surg Br. 1995 Sep;77
(5):774-7.

16. Braakman R, Fontijne WP, Zeegers R, Steenbeek JR, Tanghe
HL. Neurological deficit in injuries of the thoracic and lumbar spine.
A consecutive series of 70 patients. Acta Neurochir (Wien).
1991;111(1-2):11-7.

17. Boerger TO, Limb D, Dickson RA. Does “canal clearance” affect
neurological outcome after thoracolumbar burst fractures? J Bone
Joint Surg Br. 2000 Jul;82(5):629-35.

18. Patwardhan AG, Carandang G, Ghanayem AJ, Havey RM,
Cunningham B, Voronov LI, et al. Compressive preload improves
the stability of anterior lumbar interbody fusion cage constructs. J
Bone Joint Surg Am. 2003 Sep;85-A(9):1749-56.

19. Wang H, Li C, Liu T, Zhao WD, Zhou Y. Biomechanical efficacy
of monoaxial or polyaxial pedicle screw and additional screw
insertion at the level of fracture, in lumbar burst fracture: An
experimental study. Indian J Orthop. 2012 Jul;46(4):395-401.

An Initiative of The Tamil Nadu Dr. M.G.R. Medical University
University Journal of Surgery and Surgical Specialities

20. Anekstein Y, Brosh T, Mirovsky Y. Intermediate screws
in short segment pedicular fixation for thoracic and lumbar
fractures: a biomechanical study. J Spinal Disord Tech.
2007 Feb;20(1):72-7.

21 Kettler A, Liakos L, Haegele B, Wilke HJ. Are the
spines of calf, pig and sheep suitable models for
pre-clinical implant tests? Eur Spine J. 2007 Dec;16
(12):2186-92. Epub 2007 Aug 25.

22 Wilke HJ, Krischak ST, Wenger KH, Claes LE (1997)
Loaddisplacement properties of the thoracolumbar calf
spine: experimental results and comparison to known
human data. Eur Spine J 6(2):129-137

23 Cotterill PC, Kostuik JP, D'Angelo G, Fernie GR, Maki
BE. J Orthop Res. 1986;4(3):298-303. An anatomical
comparison of the human and bovine thoracolumbar
spine.

24 Wilke HJ, Krischak S, Claes L. Biomechanical
comparison of calf and human spines. J Orthop Res Off
Publ Orthop Res Soc. 1996 May;14(3):500-3.

25 Riley LH, Eck JC, Yoshida H, Koh YD, You JW, Lim
TH. A biomechanical comparison of calf versus cadaver
lumbar spine models. Spine (Phila Pa 1976) 2004,
29:E217-220.

Acknowlegements:

We acknowlege the support of DR. Arunai Nambi Raj,
PhD, Department of Physics, Dr. Prabhav NR, B.Tech (IIT,
Guwabhatti), M.Tech (IT Mumbai), PhD, Department of
Bioengineering and Ms. Reshma Rajan MSc, Research
Fellow, department of Physics, Vellore Institute of
Technology for participating in this research.



An Initiative of The Tamil Nadu Dr. M.G.R. Medical University
University Journal of Surgery and Surgical Specialities



