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Forty-four million people in the United States suffer 
from osteoporosis,22 a condition that frequently af-
fects the vertebral column and severely limits daily 

function and quality of life. Targeted therapeutic interven-
tions for osteoporosis-associated spinal abnormalities are 
lacking.2 The diseased vertebrae limit cortical purchase 
with traditional transpedicular fixation, and many spinal 
fixation procedures are fraught with premature instrumen-
tation failure as a result of screw loosening.7,8 New tech-

niques that maximize screw-bone purchase in osteopo-
rotic vertebral segments may improve long-term surgical 
outcomes and patient quality of life.

As spinal implants evolved, pedicle screw fixation be-
came the method to which all other fusion techniques are 
compared. Classic transpedicular screws follow a lateral to 
medial trajectory along the anatomical axis of the pedicle 
and engage a greater portion of cancellous bone than corti-
cal bone. Cancellous bone is less dense, provides less sta-
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Objective  Optimal strategies for fixation in the osteoporotic lumbar spine remain a clinical issue. Classic transpe-
dicular fixation in the osteoporotic spine is frequently plagued with construct instability, often due to inadequate cortical 
screw–bone purchase. A cortical bone trajectory maximizes bony purchase and has been reported to provide increased 
screw pullout strength. The aim of the current investigation was to evaluate the biomechanical efficacy of cortical spinal 
fixation as a surgical alternative to transpedicular fixation in the osteoporotic lumbar spine under physiological loading.
Methods  Eight fresh-frozen human spinopelvic specimens with low mean bone mineral densities (T score less than 
or equal to –2.5) underwent initial destabilization, consisting of laminectomy and bilateral facetectomies (L2–3 and L4–
5), followed by pedicle or cortical reconstructions randomized between levels. The surgical constructs then underwent 
fatigue testing followed by tensile load to failure pullout testing to quantify screw pullout force.
Results  When stratifying the pullout data with fixation technique and operative vertebral level, cortical screw fixation 
exhibited a marked increase in mean load at failure in the lower vertebral segments (p = 0.188, 625.6 ± 233.4 N vs 450.7 
± 204.3 N at L-4 and p = 0.219, 640.9 ± 207.4 N vs 519.3 ± 132.1 N at L-5) while transpedicular screw fixation demon-
strated higher failure loads in the superior vertebral elements (p = 0.024, 783.0 ± 516.1 N vs 338.4 ± 168.2 N at L-2 and 
p = 0.220, 723.0 ± 492.9 N vs 469.8 ± 252.0 N at L-3). Although smaller in diameter and length, cortical fixation resulted 
in failures that were not significantly different from larger pedicle screws (p > 0.05, 449.4 ± 265.3 N and 541.2 ± 135.1 N 
vs 616.0 ± 384.5 N and 484.0 ± 137.1 N, respectively).
Conclusions  Cortical screw fixation exhibits a marked increase in mean load at failure in the lower vertebral seg-
ments and may offer a viable alternative to traditional pedicle screw fixation, particularly for stabilization of lower lumbar 
vertebral elements with definitive osteoporosis.
http://thejns.org/doi/abs/10.3171/2016.2.SPINE151046
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bility, is more flexible than cortical bone, and undergoes 
significant degeneration in osteoporosis. The purchase 
of cancellous bone compromises screw-bone interface 
strength10,11,25 and has been implicated in pedicle screw 
loosening.6,11 Studies have either attempted to alter implant 
design1,9,20 or reinforce vertebral bodies3,16 to enhance bony 
fixation; however, few studies have evaluated novel implant 
trajectories that target the highly dense cortical bone.

The cortical screw may present a viable alternative to 
pedicle screws for posterior fixation of osteoporotic verte-
bral segments. First described by Santoni et al.,22 the entry 
point for cortical screws is more medial than that for tra-
ditional pedicle screws, with a sagittally and cranially ori-
ented trajectory, thereby purchasing the pedicle through 
the highly dense pars interarticularis (Fig. 1). This trajec-
tory maximizes cortical and subcortical contact and may 
theoretically improve long-term segmental fixation and 
stabilization. Previous studies have reported equivalent 
uniaxial pullout strength of cortical screws,22 and biome-
chanical models of physiological stress resulting in instru-
mentation failure indicate that cortical screws have supe-
rior resistance compared with traditional pedicle screws.4 
However, no study has compared the fixation strength 
of cortical and traditional pedicle screws in osteoporotic 
lumbar specimens following physiological loading. The 
objective of the current investigation was to apply multidi-
rectional flexibility loading conditions followed by screw 
pullout testing to compare the efficacy of cortical spinal 
fixation as a surgical alternative to transpedicular fixation 
in the osteoporotic lumbar spine.

Methods
Specimen Preparation

Eight fresh-frozen human spinopelvic specimens 
(T10–ilium) obtained from the Maryland State Anatomy 
Board were harvested en bloc and used in this investiga-
tion. Prior to biomechanical analysis, standard anteropos-
terior and lateral fluoroscopic images were obtained to 
exclude specimens demonstrating intervertebral disc or 
osseous pathology. Bone mineral density (BMD) scans 
were conducted, and osteoporotic specimens were select-
ed based on mean T scores (L-2 through L-5) less than or 
equal to –2.5. In preparation for biomechanical testing, the 
T10–L1 vertebral bodies and ilium were secured in rect-
angular tubing foundations using eight 4-point compres-
sion screws. Five Plexiglas motion detection markers were 
placed on the anterior aspects of the L-2, L-3, L-4, and L-5 
vertebral elements, and an additional marker was placed 
on the container base. The markers were equipped with 3 
noncolinear light-emitting diodes designed for detection 
by an optoelectronic motion measurement system (3020 
OptoTrak System, Northern Digital Corporation).

Specimen Reconstructions
The cortical and pedicle screw reconstructions were 

randomized between the L2–3 and L4–5 vertebral levels 
in each specimen. Following analysis of the intact spine 
condition, each specimen was reconstructed according to 
the following group assignments for biomechanical test-
ing sequence at the operative levels (L2–3 and L4–5): 1) 

intact spine; 2) destabilization by bilateral partial medial 
laminectomies and facetectomies (L2–3 and L4–5); 3) 
cortical versus pedicle screw reconstruction—random-
ized at all levels; 4) fatigue testing through 50,000 cycles 
(25,000 flexion-extension, 15,000 lateral bending, and 
10,000 axial rotation); 5) fluoroscopy of reconstructions of 
the whole spine; 6) pullout testing of the individual screws 
following disarticulation of the operative levels.

A total of 8 lumbosacral spines underwent biomechani-
cal testing in this investigation. The destabilization proce-
dure consisted of posterior resection of the supraspinous 
ligament, interspinous ligament, and ligamentum flavum, 
with bilateral partial medial laminectomies at the L2–3 
and L4–5 levels, followed by removal of bilateral L-2 and 
L-4 inferior articular facets. The L2–3 and L4–5 levels 
were then reconstructed using transpedicular or cortical 
screw fixation, which were randomized between the lev-
els. All reconstructions were performed by a fellowship-
trained spine surgeon utilizing the largest pedicle or corti-
cal screws that could be safely inserted. The dimensions 
of the pedicle screws were 6.0 × 45 mm and 7.0 × 45 mm. 
The dimensions of the cortical screws were 4.35 × 30 mm 
or 4.35 × 35 mm and 5.0 × 30 mm or 5.0 × 35 mm.

To define screw trajectory, pedicle screw insertion was 
performed following use of drill and Lenke probe; how-
ever, due to the osteoporotic condition of the tissues, the 
pedicles were not tapped prior to screw insertion. The cor-
tical screw insertion point originated at the superior edge 
of the neuroforamen, approximately 3–4 mm medial to 
the superior articular facet. In all cortical screw cases, a 
pilot hole was created in the pars using a 3-mm-diameter 
drill, followed by insertion of the Lenke probe. The drill 
and probe were directed cephalad and laterally through 
the pars interarticularis and superior pedicle. Care was 
taken to avoid spinal canal compromise and violation 
of the lateral pedicle cortex when preparing the cortical 
screw tract. All reconstructions were performed using 
standard techniques, consistent screw dimensions, and 
manufacturer’s guidelines (Fig. 2).

Fatigue Exposure
Nondestructive, multidirectional flexibility testing us-

Fig. 1. Representative axial microradiographic images showing the 
comparative fixation techniques of cortical screw (left) versus transpe-
dicular screw (right) placement in the lumbar vertebral elements. Note 
the difference in screw dimensions and diverging pathways for the corti-
cal screw (left) versus the converging trajectory of the traditional pedicle 
screws (right).
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ing a custom-designed 6-degree-of-freedom spine simu-
lator (6DOF-SS) was used to simulate the physiological 
loads (±8 N⋅m) that lead to progressive screw failure. The 
6DOF-SS gimbal apparatus was affixed to the superior 
portion of the specimen and permits unconstrained ro-
tational motions about 3 independent axes: axial rotation 
(y-axis), flexion-extension (x-axis), and lateral bending 
(z-axis). The testing platform is attached to orthogonally 
positioned linear guide rails, permitting linear transla-
tions along the x- and z-axes, while a pneumatic actuator 
allows for y-axis translations. Rotational moments were 
applied to the superior end of the vertically oriented spec-
imen while the caudal portion of the specimen remained 
fixed to the testing platform (Fig. 3). The fatigue compo-
nent consisted of 25,000 cycles of flexion-extension load-
ing (x-axis, ±2.0 N⋅m), 15,000 cycles of lateral bending 
(z-axis, ±2.0 N⋅m), and 10,000 cycles of axial rotation (y-
axis, ±2.0 N⋅m) at a frequency of 2.0 Hz using an MTS 
858 Bionix Test System. The specimens were moistened 
using 0.9% saline irrigation solution throughout the test-
ing procedures.

Fluoroscopic Analysis
Lateral high-resolution fluoroscopic images were ob-

tained of the L2–3 and L4–5 reconstructions both before 
and after fatigue testing. These were used to qualitatively 
assess implant location, positional stability of the screws, 
and any incidence of screw migration secondary to the 
fatigue component (Fig. 4).

Analysis of Radiolucency at the Screw-Bone Interface
In addition to fluoroscopic imaging of the lumbar spine, 

the postfatigue disarticulated lumbar vertebral segments 

underwent Faxitron microradiography in the axial and 
sagittal planes to quantify radiolucency at the screw-bone 
interface. The segments were placed 12 inches from the 
beam and exposed for 3 minutes, using a technique of 
65 kVp and 3 mA while in contact with high-resolution 
graphic arts film. Based on screw length, the high-resolu-
tion axial microradiographs were used for assessment and 
quantification (%) of radiolucency at the screw-bone inter-
face using the ImageJ software program (Fig. 5).

Pedicle and Cortical Screw Pullout Analysis
Following fatigue loading, the lumbar specimens were 

carefully disarticulated into the L-2, L-3, L-4, and L-5 
vertebral segments. The individual segments were then se-
cured in rectangular tubing foundations using a stainless 

Fig. 2. Representative posterior views of the 3 testing conditions showing intact (A), destabilized (B), and reconstructed (C) 
lumbosacral specimen. Note: Reconstruction condition C underwent subsequent fatigue and pullout testing. Figure is available in 
color online only.

Fig. 3. Representative oblique photographs of an intact lumbosacral 
specimen prepared for 6DOF-SS fatigue testing. Figure is available in 
color online only.
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steel rod placed through the container and 4-point com-
pression screws (Fig. 6). The fixtures permitted placement 
of the specimen, as needed, to allow for the tensile pull-
out force to be directed along the long axis of each screw. 
Load to failure pullout testing of the cortical and pedicle 
screws was performed using a servohydraulic MTS 858 
Bionix testing device (MTS Systems Inc.). The uniaxial 
tensile load to failure test was conducted at a rate of 0.25 
mm/second to the point of screw dislodgement or verte-
bral fracture. Load-displacement data acquisition was per-
formed through an analog-to-digital DAS16G Metrabyte 
board (Metrabyte Corporation) at a rate of 10 Hz to a per-
sonal computer. All data files were downloaded into Excel 
for spreadsheet computational data analysis. The calcula-
tion of peak load (Newtons) at screw dislodgement and/or 
vertebral body fracture was quantified for each segment.

Data and Statistical Analysis
Osteoporotic specimens were selected based on mean 

T scores (L-2 through L-5) less than or equal to –2.5. For 
destructive pullout testing, the peak load at screw failure 
(Newtons) was calculated for each screw and averaged 
across treatments. The biomechanical pullout data (corti-
cal vs pedicle) was stratified with regard to peak load at 
failure versus operative vertebral level and screw dimen-
sions. Moreover, linear regression and correlation analysis 
was performed to determine the statistical relationship be-
tween vertebral BMD and mean failure loads of pedicle 
screws versus cortical screws. Statistical analysis includes 
descriptive statistics and a Wilcoxon-Mann-Whitney test 
for comparison of load at failure for each reconstruction 
condition. ANOVA with a post hoc Student-Newman-
Keuls test was performed for comparisons among treat-
ments.

Fig. 4. Representative lateral fluoroscopic images showing the pre-
fatigue (left) and postfatigue (right) conditions of the instrumentation 
procedures, with cortical screws at L4–5 and pedicle screws at L2–3 
(Specimen 1).

Fig. 5. Representative axial microradiographs showing cortical screw (left) and pedicle screw (right) placement. The axial micro-
radiographs were used for percent quantification of radiolucency at the screw-bone interface using the ImageJ software program. 
Figure is available in color online only.

Fig. 6. Representative images of the vertebral fixation technique used 
for pedicle and cortical screw pullout analysis along the long axis of the 
screws.  Left: A photograph showing the pedicle screw position prior to 
pullout.  Right: A photograph taken following screw extraction and peak 
load registration. Importantly, vertebral rotational motion was prevented 
by the lateral compression screws while vertebral resistance to superior 
motion was achieved via the rod placed through the spinal canal. Figure 
is available in color online only.
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Results
Specimen Demographics and Reconstruction 
Instrumentation

A total of 8 fresh-frozen human spinopelvic specimens 
(T10–ilium) (mean age 74.5 years, range 59–82 years) 
were harvested en bloc and used in the current investi-
gation. The overall mean BMD for specimens was 0.817 
g/cm3 (range 0.648–0.905 g/cm3) with a corresponding 
T score of –3.3 (range –4.9 to –2.8). The individualized 
operative levels, treatment procedure (cortical or pedicle 
screw), implanted screw dimensions, BMD, and T scores 
for each operative level are itemized in Table 1.

Fluoroscopic Analysis
Lateral high-resolution fluoroscopic images were ob-

tained of the L2–3 and L4–5 reconstructions to qualita-
tively assess implant location and positional stability of 
the screws following fatigue testing. Based on review of 
the 8 specimens included in the current study, all surgi-
cal constructs were placed correctly, with no evidence of 
screw migration or radiolucency following fatigue testing 
(Fig. 4).

Analysis of Implant Screw Radiolucency
The disarticulated lumbar vertebral segments under-

went Faxitron microradiography in the axial and sagittal 
planes to quantify radiolucency at the screw-bone inter-
face. Gross evidence of radiolucency at the bone-screw in-
terface was observed in 5 (16%) of 32 pedicle screws and 
3 (9%) of 32 implanted cortical screws. Gap formation was 
observed at the pedicle regions, with little to no observed 
radiolucency within the vertebral bodies. Based upon 
quantitative analysis of the radiolucent gaps at the bone-
metal interface, the cortical screws and pedicle screws 
demonstrated 11.3% ± 5.1% and 12.2% ± 4.4% of surface 
area radiolucency, respectively (p = 0.800) (Table 2).

Pedicle and Cortical Screw Pullout Analysis
Following fatigue loading and fluoroscopic analysis 

of implant location, the lumbar specimens were careful-
ly disarticulated into their respective L-2, L-3, L-4, and 
L-5 vertebral segments and prepared for tensile-load-to-
failure pullout testing. A total of 32 screws were tested in 
each group (cortical and pedicle), with the 2 highest and 
lowest values from each group excluded from the statisti-
cal analysis. The peak mean load at failure for the pedicle 
screws was 578.3 ± 335.6 N versus 475.7 ± 236.8 N for 
cortical screws—a difference of 17.7%. Statistical analysis 
indicated no difference between treatments (p = 0.192).

Peak Failure Loads—Data Stratification
In addition to an overall review of the comparative 

peak failure loads afforded by pedicle and cortical screw 
fixation, the data points were further stratified to evalu-
ate peak load at failure against vertebral BMD, operative 
vertebral level, and implant screw dimensions. Linear re-
gression and correlation analysis of peak failure loads to 
vertebral element BMD indicated lack of statistical signif-
icance for cortical screws (fit R2 = 0.070, effect of model p 

TABLE 1. Treatment procedures, screw dimensions, BMD, and T 
scores for each operative level

Spec 
No.

Donor Age 
in Yrs, Sex Site Screw Size

Screw 
Type BMD T Score

1 82, F L-2
  Lt
  Rt

6 × 45 mm
6 × 45 mm

P 0.833 –3.1

L-3
  Lt
  Rt

6 × 45 mm
6 × 45 mm

P 0.844 –3.0

L-4
  Lt
  Rt

5 × 30 mm
5 × 30 mm

C 0.821 –3.1

L-5
  Lt
  Rt

5 × 30 mm
5 × 30 mm

C 0.909 –2.8

2 69, M L-2
  Lt
  Rt

4.35 × 30 mm
4.35 × 30 mm

C 0.880 –3.1

L-3
  Lt
  Rt

4.35 × 30 mm
4.35 × 30 mm

C 0.902 –2.8

L-4
  Lt
  Rt

7 × 45 mm
7 × 45 mm

P 0.812 –3.5

L-5
  Lt
  Rt

7 × 45 mm
7 × 45 mm

P 0.823 –3.4

3 79, M L-2
  Lt
  Rt

6 × 45 mm
6 × 45 mm

P 0.751 –4.1

L-3
  Lt
  Rt

6 × 45 mm
6 × 45 mm

P 0.763 –4.0

L-4
  Lt
  Rt

4.35 × 30 mm
4.35 × 30 mm

C 0.804 –3.6

L-5
  Lt
  Rt

4.35 × 30 mm
4.35 × 30 mm

C 0.711 –3.8

4 59, F L-2
  Lt
  Rt

6 × 45 mm
6 × 45 mm

P 1.015 –1.6

L-3
  Lt
  Rt

6 × 45 mm
6 × 45 mm

P 0.867 –2.8

L-4
  Lt
  Rt

4.35 × 30 mm
4.35 × 30 mm

C 0.796 –3.3

L-5
  Lt
  Rt

4.35 × 30 mm
5 × 30 mm*

C 0.770 –3.4

CONTINUED ON PAGE 472 »
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= 0.172) and pedicle screws (fit R2 = 0.061, effect of model 
p = 0.203) (Figs. 7 and 8).

When stratified by operative level, there was a discern-
ible difference in the trends of peak load at failure af-
forded by cortical versus pedicle screws. Cortical fixation 
exhibited a marked increase in mean load at failure in the 
lower vertebral segments (p = 0.188, 625.6 ± 233.4 N vs 
450.7 ± 204.3 N at L-4 and p = 0.219, 640.9 ± 207.4 N vs 
519.3 ± 132.1 N at L-5), while transpedicular screw fixa-
tion demonstrated a reverse trend of decreased failure in 
the lower vertebral elements and higher failure loads in 
the upper vertebral elements (p = 0.024, 783.0 ± 516.1 N vs 
338.4 ± 168.2 N at L-2 and p = 0.220, 723.0 ± 492.9 N vs 
469.8 ± 252.0 N at L-3). While not statistically significant, 
the strength of cortical fixation at L-5 was approaching 
significance when compared with L-2 (Fig. 9).

When stratified by screw dimensions, there were no dif-
ferences in the trends of peak failure loads afforded by 
cortical versus pedicle screws. Although smaller in mean 
diameter (4.35 mm vs 6.0 mm) and length (30 mm vs 45 
mm), posterior cortical fixation indicated mean loads at 
failure that were not significantly different from pedicle 
screws of larger dimension (p > 0.05, 449.4 ± 265.3 N and 
541.2 ± 135.1 N vs 616.0 ± 384.5 N and 484.0 ± 137.1 N, 
respectively) (Fig. 10).

Discussion
Millions of patients with degenerative spinal disease 

secondary to osteoporosis experience screw loosening, 
pullout, and instrumentation failure following lumbar 
arthrodesis.11,13,17,25 Conventional transpedicular fixation 
has long been the standard of care, but poor screw-bone 
purchase secondary to reduced cancellous bone mass may 
severely limit its fixation potential in patients suffering 
from osteoporosis. Novel strategies in spinal fixation tech-
niques that maximize cortical purchase may improve sur-
gical outcomes and quality of life for these patients with 
osteoporosis. In contrast to pedicle screw fixation, corti-
cal screws are designed to purchase the pedicle through 
the pars interarticularis with a medial to lateral trajectory, 
eccentrically placing the screw to solely engage cortical 
bone within the pedicle with no involvement of the can-
cellous space. This trajectory theoretically maximizes the 
purchase of cortical bone and potentially improves long-
term fixation. With this approach in mind, the current 
study is the first to compare cortical versus pedicle screw 
fixation following physiological stress in the osteoporotic 
lumbar spine.

The fixation properties of cortical and pedicle screws 
were evaluated via pullout analysis, which has traditionally 
characterized screw-bone interface quality by comparing 
peak failure loads between 2 surgical constructs.3,6,11,12,19,21,23 
To further model the physiological conditions in which spi-
nal instrumentation fails, pullout analysis was preceded by 
extensive fatigue testing. Prior studies have evaluated the 
mechanical integrity of cortical and pedicle screw fixation 
under static, uniaxial conditions,22 but few have attempted 
to simulate the physiological loads experienced in the post-
operative phase. Sterba and colleagues24 recommended 
using nondestructive, compressive cyclic loading of lum-

TABLE 1. Treatment procedures, screw dimensions, BMD, and T 
scores for each operative level

Spec 
No.

Donor Age 
in Yrs, Sex Site Screw Size

Screw 
Type BMD T Score

5 82, F L-2
  Lt
  Rt

4.35 × 30 mm
4.35 × 30 mm

C 0.692 –4.3

L-3
  Lt
  Rt

4.35 × 30 mm
4.35 × 30 mm

C 0.760 –3.7

L-4
  Lt
  Rt

6 × 45 mm
6 × 45 mm

P 0.793 –3.3

L-5
  Lt
  Rt

6 × 45 mm
6 × 45 mm

P 0.904 –2.3

6 72, M L-2
  Lt
  Rt

4.35 × 30 mm
4.35 × 30 mm

C 0.832 –3.5

L-3
  Lt
  Rt

5 × 30 mm
5 × 30 mm

C 0.883 –3.0

L-4
  Lt
  Rt

6 × 45 mm
6 × 45 mm

P 0.956 –2.4

L-5
  Lt
  Rt

7 × 45 mm
7 × 45 mm

P 0.949 –2.4

7 79, M L-2
  Lt
  Rt

4.35 × 35 mm
4.35 × 35 mm

C 0.635 –5.1

L-3
  Lt
  Rt

5 × 35 mm
5 × 35 mm

C 0.690 –4.5

L-4
  Lt
  Rt

6 × 45 mm
6 × 45 mm

P 0.643 –4.8

L-5
  Lt
  Rt

7 × 45 mm
7 × 45 mm

P 0.625 –5.1

8 74, F L-2
  Lt
  Rt

4.35 × 35 mm
4.35 × 35 mm

C 0.759 –3.7

L-3
  Lt
  Rt

5 × 35 mm
5 × 35 mm

C 0.811 –3.2

L-4
  Lt
  Rt

6 × 45 mm
6 × 45 mm

P 0.849 –2.9

L-5
  Lt
  Rt

7 × 45 mm
7 × 45 mm

P 0.929 –2.1

C = cortical; P = pedicle; Spec = specimen.
*  The right L-5 pedicle screw size was 5 × 30 mm due to a lack of availability 
of a 4.35 × 30–mm screw.
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bar pedicle screws while Burval et al.5 reported a testing 
regimen consisting of 5000 cycles of fatigue conditioning 
before uniaxial pullout analysis. Our model placed the sur-
gical constructs through 50,000 cycles of fatigue, divided 
among 3 axes, clearly exceeding current standards for suf-
ficient fatigue exposure and possibly providing a better 
model of physiological conditions in the postoperative pe-
riod leading up to construct failure.

The fixation properties of cortical and pedicle screws 
were dependent upon the vertebral level instrumented. 
When the pullout data were stratified against operative 

level, cortical screw fixation exhibited a marked increase 
in mean load at failure in the lower lumbar segments. In-
terestingly, transpedicular screw fixation demonstrated 
a reverse trend of lower failure loads in the inferior ver-
tebral elements and higher failure loads in the superior 
vertebral elements, likely secondary to the unique pedi-
cle composition in the lumbar spine. Cadaveric analysis 
routinely shows the pedicle width of lumbar vertebrae to 
gradually increase from L-1 to L-4, with a sharp increase 
at L-5, while pedicle height of lumbar vertebrae remain 
fairly constant,14 consistent with prior imaging-based stud-

Fig. 7. Linear regression (upper) and correlation analysis (lower) for cortical screws comparing peak load at screw failure versus 
BMD. The high distribution of variability in peak failure loads with correspondingly low BMD values most likely accounts for the 
lack of statistical significance in this comparison (p = 0.1726). MS = mean square; SE = standard error; SS = sum of squares. 
Figure is available in color online only.
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TABLE 2. Percentage radiolucency at the bone-screw interface*

Spec 
No. Level

Screw 
Type

Screw Length 
(mm)

Size of Radiolucent 
Gap (mm)

Mean Size of Radiolucent 
Gaps (mm) % Radiolucency

Mean %  
Radiolucency

1 L-4 C 5 × 30 = 60 6
7.0 ± 2.6

10.0
11.3 ± 5.1 1 L-5 C 5 × 35 = 70 5 7.0

5 L-3 C 4.35 × 30 = 60 10 17.0
5 L-4 P 6 × 45 = 90 15

10.8 ± 3.9

17.0

12.2 ± 4.44
6 L-5 P 7 × 45 = 90 7 8.0
7 L-4 P 6 × 45 = 90 8 9.0
7 L-5 P 7 × 45 = 90 9 10.0
8 L-5 P 7 × 45 = 90 15 17.0

*  Mean values are given with SDs.

Fig. 8. Linear regression (upper) and correlation analysis (lower) for pedicle screws comparing peak load at screw failure versus 
BMD. The high distribution of variability in peak failure loads with correspondingly low BMD values most likely accounts for the 
lack of statistical significance in this comparison (p = 0.2039). Figure is available in color online only.
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ies.18,26 Taken together, pedicle volume gradually increases 
from L-1 to L-5, predominantly secondary to an increase 
in cancellous bone volume. At higher vertebral segments, 
transpedicular fixation may compensate for these ana-
tomical characteristics via optimal filling of the pedicle 
and purchase of the dense outer cortical bone, leading to 
higher pullout strengths. However, with progression cau-
dally down the lumbar pedicles, optimal cortical bone pur-
chase diminishes due to the increased ratio of cancellous 
to cortical bone. Traditional pedicle screws in the caudal 
lumbar segments are thus more likely to purchase cancel-
lous bone. In osteoporotic patients, cancellous bone loses 
significant mass and stability, exaggerating the inferior 
screw-bone interface characteristic of pedicle trajectory 
screws and predisposing transpedicular fixation to instru-
mentation loosening and pullout. Cortical screws are min-
imally affected by the enhanced cancellous properties of 
inferior osteoporotic lumbar pedicles because they target 
the highly dense cortical bone, which is mostly spared by 
the osteoporotic disease process. With a cortical trajectory, 
screws can thus achieve adequate fixation, where the con-
ventional transpedicular approach may be limited, even 
with a smaller screw. In fact, our study revealed equivalent 
pullout strength of cortical fixation despite a 30% reduc-
tion in screw length and diameter when compared with 
transpedicular fixation.

This study, however, has several limitations. While the 
transpedicular and cortical screw constructs were placed 
by a fellowship-trained spine surgeon, a free-handed tech-
nique was used, resulting in relative variability in final 
screw positioning. Future endeavors could rectify this lim-
itation by using image guidance to aid in screw placement. 
Analyzing a relatively small number of specimens also 
potentially limited the power of this study and precluded 
statistical significance in many of our findings. Without 
stratification, there were no statistically significant differ-

ences between cortical and pedicle screw fixation, and the 
peak failure loads indicated high variability. Additionally, 
although common in the literature, clinical failure of sur-
gical constructs is multifactorial, where shear and bending 
loads are superimposed on uniaxial traction force.15 While 
our model incorporated multidimensional fatigue testing 
prior to uniaxial pullout analysis, biomechanical models 
that incorporate additional physiological loads may pro-
vide a more clinically accurate representation of implant 
failure.

Conclusions
Adequate spinal fixation in patients with significant 

osteoporotic vertebral degeneration remains a significant 
challenge to spinal surgeons. The current investigation at-
tempted to evaluate the efficacy of cortical screws as an al-
ternative to standard pedicle screw fixation, using uniaxial 
pullout analysis as a proxy for screw–bone purchase and 
fixation strength following extensive multidimensional fa-
tigue loading. The current results demonstrated that cor-
tical screws improved fixation at lower lumbar vertebrae 
while standard transpedicular fixation resulted in greater 
pullout strength at higher lumbar vertebrae. These results, 
combined with the ability to minimize soft tissue dissec-
tion, pain, and blood loss with a cortical approach, make 
cortical screw fixation a viable alternative to a conven-
tional transpedicular fixation, particularly for patients suf-
fering from significant osteoporosis in the lower lumbar 
spine.
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