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Abstract

Background: Osteoporotic elderly patients with lumbar
spine problems needing stabilzation are more likely to be
encountered with recently and constitute a major concern to
the spine surgeon due to the increased rate of mechanical
failure at the osteoporotic spine-implant interface.

Aimof Sudy: This study tried to evaluate the validity of
CBT to stabilize the lumbar spine when indicated in oste-
oporotic patients from Jnuary 2018 till December 2021 at the
Neurosurgery Department Benha University Hospital.

Patients and Methods: A retrospective study for the
medical reports of al patients operated upon by the cortical
bone trajectory technique (CBT) to stabilize the lumbosacral
spine in osteoporotic patientsfrom Jnuary 2018 till December
2021 at the Neurosurgery Department Benha University
Hospital.

Results: 20 osteoporotic patients were admitted at the
Neurosurgery Department Benha University Hospital from
Jnuary 2018 till December 2021 with the diagnosis pf lumbar
instability that required fixation due to lithesisin 10 patients,
recurrent disc herniation in 8 patients and foraminal stenosis
in 2 patients. After 24 month nean follow-up period there
were decreasein VAS for low back pain and fusion occurred
in 90% of patients.

Conclusions: Cortical bone trajectory screws are valid to
stabilize the lumbar spine in osteoporotic patients with lumbar
instability due to different pathologies.

Key Words: Cortical bone trajectory screws— Lumbar insta-
bility — Osteoporosis.

Introduction

OSTEOPOROTIC €dderly patients with lumbar
spine problems needing stabilzation are more likely
to be encountered with recently and constitute a
major concern to the spine surgeon due to the
increased rate of mechanical failure at the oste-

oporotic spine-implant interface [1] and complica-
tions such as screw loosening, pullout, pseudoar-
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throsis or adjacent segment kyphosis are more
likely to occur [2].

Combination of fixation techniques can help
distribute stresses on the osteoporotic bone. It was
reported that combination of hooks and pedicle
screws, alsocalled pediculolaminar fixation can
increase the pull out strengthup to 100% [3]. They
can also increase the stiffness of the constructand
add to torsional stability in osteoporotic bone.
However, clinical studies utilizing these combined
techniques are limited probably because of the
technical difficulties in connecting these supple-
mental fixation points to the rods between screws
instrumented fusions with pedicle screw instrumen-
tation have become the standard of carein spinal
fusion surgery. Osteoporoticspine, however, com-
plicates the management. Due to its fragilecharacter,
it often causes problems with instrumentation.
Early complications such as pedicle and compres-
sion fractures and late complications such as pseu-
darthroses with instrumentation failure, adjacent-
level disc degeneration with herniation, and pro-
gressive junctional kyphosis as aresult of com-
pression fractures have beenreported after oste-
oporotic spine fixation [4] . Hardware loosening
orpull-out can occur as aresult of micro-motion
or injuries orexcessive forces at the bone-metal
boundaries [5] . Pseudarthroses as a result of exces-
sive osteoclastic activity over osteoblastic activity
which happens in osteoporosis can result in longer
than usual period of stress on the implant and
thereby contribute to instru-mentation failure [g].
Adjacent level kyphosis can alter the number of
levelsinvolved in instrumentation.

In 2009, Santoni et a., [7] introduced a novel
screw trajectory called cortical bone trajectory
technique (CBT). They thought that it will improve
initial fixation by optimizing contact of the screw
with the cortical bone of the vertebrae, and in-
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creased cortical bone contact providing enhanced
screw grip and interface strength in certain indica-
tions.

In this study, we tried to evaluate the validity
of CBT to stabilize the lumbar spine when indicated
in osteoporotic patients from Jnuary 2018 till
December 2021 at the Neurosurgery Department
Benha University Hospital.

Patients and M ethods

Type of the study:

Thisis aretrospective study for the medical
reports of all patients operated upon by the cortical
bone trajectory technique (CBT) to stabilize the
lumbosacral spine in osteoporotic patients from
January 2018 till December 2021 at the Neurosur-
gery Department Benha University Hospital.

Preoper ative wor k-up:
1- History taking.

2- Clinical evaluation: Full neurological examina-
tion.

3- Radiological evaluation: Static and dynamic X-
ray, CT, MRI and DEXA scan.

Operative details:

A starting point was defined at the junction of
the center of the superior articular facet and aline
Imm inferior to the inferior border of the transverse
process of the lumbar vertebra. Radiographically,
the starting point was determined to liein the 5
o'clock position of the left pedicleand in the 7
o'clock position of the right pedicle when viewed
from the traditional posterior approach. For S 1
vertebra, the entry point was located 3mm caudalto
the most inferior border of the descending L5
articular process, cranially angulated towards the
antero superior sacral edge.

The measurements of the track were made from
the starting point at the dorsal cortex to the most
anterior part of the track, which was formed by a
line from the starting point to the midpoint of the
pedicle in the mediolateral plane (axial) and the
cephalocaudal plane (sagittal) and was extended
asventrally as possible to the vertebral body. This
yielded an approximate transverse angle of insertion
of 10° and a mean sagittal angle of insertion of
25° . The distance from the screw to the lateral
edge of the pars depended on the vertebra, increas-
ing in acauda direction. For the cephalad vertebral
levels, the starting point is about 1mm from the
edge of the pars, which predisposes to a potential
pars fracture. However, studies have found that
the upper lumbar vertebral levels have athicker

pars than the caudal levels and the bone at the pars
isthicker laterally than medially, both mitigating
fracture risk.

(A) (B)

TT
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Fig. (1-A,B): lllustrations of alumbar vertebra [g]. (A):
Axial view demonstrating the laterally to medially directed
tradition altrgjectory (TT) compared with the medially to
laterally directed cortical bone track (CBT). (B): Sagittal
projection showing the straight-forward screw path of TT
compared with the caudal to cranial trajectory of the CBT
screw.

Fig. (2): Intraop fluoroscopic guided L4 CBT screw insertion.

Follow-up:

Directly after surgery then at the 3 month, 6
month, 1 year period then annual there after in-
cluding:

1- Clinical evaluation: post-operative back pain
using the visual analogue score (VAS), motor
power, sensations and sphinteric improvement.

2- Radiological evaluation: Dynamic X-ray, CT to
evaluate strenght of screw fixation.

3- Complications.

Satistical analysis:

Data are presented as median and range for
continuous variables and as frequency for categor-
icavariables. Statistical analysiswas carried out
with SPSS22. Independent Student's t-tests were
used for continuous variables and the Fisher exact
test was used for proportion alvariables. Two-sided
p-values <0.05 were considered to be statistically
significant.
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Results

Patients. 20 osteoporotic patients were admit-
ted at the Neurosurgery Department Benha Uni-
versity Hospital from January 2018 till December
2021 with the diagnosis pf lumbar instability that
required fixation. Table (1) shows their demo-
graphic criteria:

Table (1): Demographic chriteria.

Item
Gender:
Male 2 (10%)
Female 18 (90%)
Age 50 (SD 10)
Mean DEXA T score 1.3(SD 0.9)

Symptom duration 36 month (SD 12)

Surgical details:

Table (2) shows the indications encountered in
this study.

Table (2): Showsthe indications.

Indication Number
(percentage)
Spinal/foraminal stenosis 2 (10%)
Spondylolithesis 10 (50%)
Recurrent disc herniation 8 (40%)

Table (3) shows the spinal levels encountered
in this study.

Table (3) Showsthe levels.
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- Mean surgical time (minutes): 170 (SD 20).
- Mean length of hospital stay (days): 3.5 (SD
1.25).

- Mean blood loss (ml): 320 (SD 50).

Complications:;

* Deep wound infection requiring good antibiotic
covering and surgical debridement occured in
one patient.

* No Pars and pedicle fractures.
* No screw malposition.
* No pseudarthrosis.

* No thrombosis (pulmonary embolism or deep
veinthrombosis).

* No epidural hematoma.
» Nodural tears.
* Nonerve-root injuries.

Follow-up:

The mean follow-up period was 24 months
ranging from 12 to 48 months.

Clinical results:

Mean VAS score for low backpain indicated
that pain level sat the discharge were significantly
lower than preoperative ones decreasing from 7.8
(SD 1.69) to 4.1 (SD 2.32) with a p-value <0.001.
The VAS scores at the discharge were aso found
to be significantly lower 2.2 (SD 0.92) (p=0.0471)

Radiological results:

Table (4) shows the radiological outcome ob-
tained at the 12 month follow-up visit.

Table (4): Theradiological outcome.

Level Number (percentage) Item Number (percentage)
L3g 3 (15%) Fusion 18 (90%)

Las 6 (30%) Pull out 1 (5%)

L5-S1 10 (50%) Displacement 1 (5%)

L3s4s 1(5%)

Superior facet violation 0 (0%)
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Patient: Fatima Alngjdi

Birth Date: 06/02/1960 Age: 61.6 year
Height: 150.0 cm Weight:  60.0 kg
Sex: Femae Ethnicity: Hispanic

Referring Physician: Samah

Patient ID: (not specified)
Measured: 14/10/2021 2:49:59 PM (17 [SP 4])
Analyzed: 14/10/2021 2:55:59 PM (17 [SP 4])

BMD (g/cm2) AP Spinel. L1-L2 (BMD
o ) Sp ( ) Y A T-score )

1.415

1.295 1
1.175 0
1.055 -1
0.935 -2
0.815 -3
0.695 -4
0.575 5

20 30 40 5 6 70 8 9 100
Age (years)

Region BMD YA YA AM AM
€ (glem®) (%) T-score (%) Z=score

L1 0852 75 -24 93 -05
L2 0.831 69 -31 84 -13
L3 1074 89 -1L1 108 0.7
L4 1234 101 01 24 19

L1-L2 0842 72 -27 8 -09
L1-L3 0927 79 -21 97 -03
L1-L4 1014 8 -15 104 0.3
L2-L3 0.963 80 -20 97 -02
L2-L4 1.063 88 -12 107 0.6
L3-L4 1157 9 -05 116 13

Fig. (3): Preop DEXA and introp fluoroscopic guided  , , , CBT screws insertion.

Discussion

There were several attempts proposed to im-
prove the pull out strength of pedicle screw like
increasing the diameter and length of the screw
and an insertion technique with a pilot hole size
smaller than the core diameter of the screw and
under tapping a pilot hole with varying degrees of
success [9]. Owing to the thin cortex of the pedicles,
larger screws were found to have limited effect on
the fixation strength inosteoporotic bone. Othertech-
niques such as use of longer constructs, supple-
mental anterior fixation, use of transverse connec-
tors and triangul ation techniques,use of laminar
hooks or sub-laminar wires have been tried as
options [10] . Increasing the number of fixation
points is often recommended to distribute stress
and improve stability in an osteoporotic spinefix-
ation [3] . It can be either by extending the usual
number of levels offixation or by utilizing addi-
tional constructs such as laminar hooksor sub
laminar wires in addition to the usual pedicle screw
fixation. The laminar hook fixation is not adversely

affected by osteoporosis as reported by Butler et
al., [11] in his study. Sub laminar hooks showsupe-
rior biomechanical stability compared to wires or
pedicle screws in osteoporotic thoracic spine.

We did CBT on 20 osteoporotic females 19
single but onetriple levels and there were marked
improvement in the VAS for LBP from mean 7.8
to 4.1 and afusion rate 90% was achieved at the
end of our follow-up period.

Leeet a., [12] compared the cortical tragjectory
technique with the traditional pedicle screws and
found comparable rates of fusion.

Glennie et al., [13] presented a case series of 8
patients with a minimum follow-up of 1 year. Most
cases were single-level fusions for degenerative
spondylol isthesis. The rate of fusion failure was
high reaching 50%.

In our study only one patient showed short term
wound infection and two patients showed hard-
ware failure.
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Snyder et a., [14] reported their complication
rate for 79 patients who underwent cortical bone
screw fixation for degenerative disease. Image
guidance was used for 87% of cases, with 81 % of
cases fused with an interbody device. The rate of
complication was 8.9% (9 complicationsin 7 of
79 patients).

In one of our patients L5-S 1 level was fixed.

Until recently, cortical screw use had been
limited to the lumbar spine.

Matsukawa et al., have proposed a cortical
screw track in both the sacrum and the lower
thoracic spine. Sacral fixation has proven challeng-
ing as the sacral pedicles are capacious and are
composed mostly of can cellous bone. Moreover,
regarding cortical screw fixation, given the medial
starting point of lumbar cortical screws, atraditional
lateral starting point for sacral screws makesrod
connecting difficult.

Matsukawa et al., [15] developed anovel sacral
screw trajectory precisely to address these short-
comings. The penetrating S 1 end plate screw (PES)
maximizes engagement with denser bone by pen-
etrating the S 1 superior end plate and the lateral
column of the S 1 vertebral body through a more
medialentry point than with atraditional trajectory.

Matsukawa et al., [15] introduced a thoracic
cortical bone track for use from T9 to T12, with
more cephalad levels being too unsafe for adequate-
ly sized cortical screw placement given the pedicle
dimensions. The described starting point begins at
the intersection of the inferior border of thetrans-
verse process and the lateral two thirds of the
superior articular facet and has a straight-a head
trajectory in the transverse plane without conver-
gence, angulated cranially in the sagittal planeto-
ward the posterior third of the superiorend plate.
Thistrack showed a 53.8% higher insertional torque
compared with the straight-forward traditional
pedicle screw trajectory (p5 0.0003).

Conclusions:

Cortical bone trgjectory screws are valid to
stabilize the lumbar spine in osteoporotic patients
with lumbar instability due to different pathologies.
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