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Abstract BACKGROUND CONTEXT: Lumbosacral pseudoarthrosis and instrumentation failure is com-
mon with long-segment constructs. Optimizing lumbosacral construct biomechanics may help to
reduce failure rates. The influence of iliac screws and interbody type on range of motion (ROM),
rod strain (RS), sacral screw strain (SS) is not well-established.

PURPOSE: Investigate the effects of transforaminal lumbar interbody fusion (TLIF), anterior lumbar
interbody fusion (ALIF), and iliac screws on long-segment lumbosacral construct biomechanics.
STUDY DESIGN: Biomechanical study.

PATIENT SAMPLE: Fourteen human cadaveric spine specimens.

OUTCOME MEASURES: Lumbosacral ROM, RS, and SS.

METHODS: Specimens were potted at L1 and the ilium. Specimens were equally divided into either
anL5—S1 ALIF or TLIF group and underwent testing in the following conditions: (1) intact (2) L2—S1
pedicle screw rod fixation (PSR-S) (3) L2-ilium (PSR-I) (4) PSR-S+ALIF (ALIF-S) or TLIF (TLIF-S)
(5)PSR-1+ ALIF (ALIF-I) or TLIF (TLIF-I). Pure moment bending (7.5 Nm) in flexion, extension, lat-
eral bending, axial rotation, and compressive loads (400N) were applied and ROM, SS, and RS were
measured. Comparisons were performed using aone-way ANOVA (p<.05).

RESULTS: ALIF-S and TLIF-S provided similar decreases in ROM as TLIF-I (p>.05). Compared
to PSR-S, PSR-I significantly decreased SS during bending in all directions (p<.02) but increased
RS in flexion and extension (p<.02). Anterior lumbar interbody fusion-S provided similar
decreases in SS as TLIF-I in all directions (p>.40) but had significantly less RS than TLIF-I in flex-
ion, extension, compression (p<.01). TLIF-S had more SS than TLIF-I in flexion, extension, axial
rotation (p<.02), while TLIF-S had less RS only in flexion (p=.03). Compared to PSR-I, ALIF-I
decreased the RS (p<.02) but TLIF-I did not (p>.67).

CONCLUSIONS: Iliac screws were protective of SS but increased RS at the lumbosacral junction.
Constructs with ALIF and no iliac screws result in comparable SS as constructs with TLIF and iliac
screws with significantly reduced RS. If iliac screws are utilized, ALIF but not TLIF reduces the
iliac screw-induced RS.

CLINICAL SIGNIFICANCE: There is a relatively high incidence of lumbosacral instrumenta-
tion failure in adult spinal deformity. Optimizing lumbosacral construct biomechanics may help to
reduce failure rates. Iliac screws induce lumbosacral rod strain and may be responsible for
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instrumentation failure. Constructs with lumbosacral ALIF reduce iliac-screw induced rod strain
and may obviate the need for fixation to the ilium. © 2018 Elsevier Inc. All rights reserved.

Keywords: Anterior lumbar interbody fusion; Biomechanics; Iliac screws; Long-segment constructs; Lumbosacral junction;
Pelvic fixation; Rod strain; Sacral screw strain; Spinal deformity; Transforaminal interbody fusion.
Introduction Materials and methods

Despite modern fixation techniques, achieving arthrode-
sis of the lumbosacral junction remains challenging with
high rates of pseudoarthrosis reported for long instrumenta-
tion constructs to the sacrum [1,2]. One explanation for the
high failure rates is the increased strain on sacral screws as
the levels of instrumentation extend cephalad [3]. Adequate
distal fixation is difficult to achieve with S1 pedicle screws
alone due to the cancellous nature of the sacrum, despite
efforts to augment fixation strength with bicortical or tri-
cortical fixation [4].

One method to enhance lumbosacral fixation is by utiliz-
ing fixation to the ilium to protect sacral screws. Bio-
mechanical studies have demonstrated increased pullout
strength and reduction of sacral screw strain with supple-
mental iliac fixation [5,6]. However, this protective effect
on the sacral screws may come at the cost of increased lum-
bosacral rod strain [7]. The European Spine Study Group
reported a 35% incidence of mechanical complications
despite distal augmentation with iliac screws [8]. Thus, iliac
screw fixation alone may not provide the optimal bio-
mechanical profile despite their ability to decrease sacral
screw strain.

Anterior column support with anterior lumbar inter-
body fusion (ALIF) or transforaminal lumbar interbody
fusion (TLIF) is another method to improve stability of
the lumbosacral junction and provide circumferential
fusion area to enhance arthrodesis. Anterior lumbar inter-
body fusion and TLIF techniques have unique clinical
advantages and disadvantages. While ALIF may provide
better sagittal correction than TLIF [9], it is associated
with significantly higher index surgical costs and opera-
tive time [10] due to the additional approach. Biomechan-
ical differences between the two techniques in long-
segment constructs have not been fully characterized.
Although it has been demonstrated that both ALIF and
TLIF decrease sacral screw strain and increase stability in
long-segment constructs [3,6,7], no studies have exam-
ined how anterior column support impacts instrumenta-
tion strain with iliac fixation.

The purpose of this study is to investigate the effects of
TLIF, ALIF, and iliac screws on long-segment lumbosacral
construct biomechanics. It is our hypothesis that ALIF is
more protective against sacral screw strain (SS) and lumbo-
sacral rod strain (RS) than TLIF. The potential clinical sig-
nificance is that it might obviate the need to fixate to the
ilium.

Specimens

Fourteen human cadaveric L1-pelvis specimens were
harvested en bloc and stored at —20°C. Donor medical his-
tory, radiographs, and direct inspection of the specimens
were evaluated to exclude specimen with spinal pathology
that would impact biomechanical testing. Bone mineral
density ([BMD], g/cmz) scans were conducted on L4 verte-
brae and osteoporotic specimens (T-score <—2.5) were
excluded and replaced.

Specimens were thawed in normal saline at 21°C and
muscle tissue was removed with care to not disrupt the liga-
ments, joint capsules, or disc spaces. The L1 vertebral body
and both ilia were potted into blocks using a fast curing
resin (SmoothCast 300Q, Smooth-On, Macungie, PA,
USA) to allow for rigid fixation.

Instrumentation/strain gages

Polyaxial sacral screws (7.5%x55 mm and 8.5x55 mm;
NuVasive, Inc., San Diego, CA, USA) were instrumented
with uniaxial strain gages (EA-06-031CE-350) oriented
in line with the long axis of each screw. Four gages were
placed circumferentially near the screw head with oppos-
ing gages wired together in half-bridge configurations.
Calibration procedures were performed before implanta-
tion to obtain strain versus screw bending moment rela-
tionships [11]. Instrumented sacral screws were placed
bilaterally. Polyaxial pedicle screws (6.5x45—55 mm;
NuVasive, Inc., San Diego, CA, USA) were placed bilat-
erally from L2—L5. Iliac screws (9.5x80 mm; NuVasive,
Inc., San Diego, CA, USA) were placed bilaterally in a
subcrestal fashion [12].

Cobalt-chrome (5.5 mm diameter) rods were contoured
to fit the screw heads to minimize need for reduction techni-
ques. Cobalt-chrome is a popular rod material in long-seg-
ment constructs for adult spinal deformity due to its ability
to provide greater forces of correction than titanium [13].
Offset connectors between the iliac screws and the rod
were utilized. Rods were instrumented with two uniaxial
strain gages (CEA-06-062UW-350/P2) midway between
L5 and S1, with one gage facing anteriorly and one posteri-
orly on each rod. The gages were attached after rod bending
and were not calibrated. The anteroposterior orientation of
the gages limited rod strain analysis to flexion, extension,
and compression.
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Group 1 specimens were instrumented with TLIF
(Anterior TLIF spinal system, NuVasive, Inc., San Diego,
CA, USA) at L5—S1 following a hemilaminotomy and
left total facetectomy. Group 2 specimens were instru-
mented with ALIF (Base, NuVasive, Inc., San Diego, CA,
USA) at the same level. Anterior fixation was achieved
with ALIF using 3 5.0x25 mm screws (one L5 and two
S1) through the integrated plate. Interbody dimensions
varied based on cadaver specific anatomy with the goal of
placing an interbody that fit perfectly into the native disc
space height and intradiscal angle without changing
alignment. Preinstrumentation and postinstrumentation
radiographs were obtained to verify proper implant place-
ment (Figs. 1 and 2). All surgical procedures were per-
formed by a neurosurgeon.

Fig. 1. Postinstrumentation lateral radiograph of lumbosacral ALIF con-
struct. Used with permission from [blinded for review]. ALIF, anterior
lumbar interbody fusion.

Fig. 2. Postinstrumentation lateral radiograph of lumbosacral TLIF con-
struct. Used with permission from [blinded for review]. TLIF, transforami-
nal lumbar interbody fusion.

Testing conditions

Specimens were tested intact and evenly divided in to
Group 1 and 2 based on statistical equivalence in flexion-
extension range of motion (ROM), BMD, and age. Each
group was subsequently tested in four instrumented condi-
tions: (1) L2—S1 PSR-S (both Groups); (2) L2-Ilium PSR-I
(both Groups); (3) L2-Ilium with interbody at L5-S1
(Group 1 TLIF-I, Group 2 ALIF-I); and (4) L2—S1 with
interbody at L5—S1 (Group 1 TLIF-S, Group 2 ALIF-S).
All screws and rods remained in place for all the instru-
mented conditions, with the L2—S1 configurations tested
with the iliac screw offset connectors removed.

Biomechanical testing

Specimens were rigidly fixed caudally to the testing frame
table with unconstrained lateral translation between left and
right ilia, and cranially to the end effector of a previously
described robotically controlled testing system [14] (Fig. 3).
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Fig. 3. Representative posterior view of a potted PSR-I specimen with
infrared-emitting markers, L5—S1 rod strain gages, and sacral screw strain
gages. Used with permission from [blinded for review]. PSR-I, pedicle
screw rod.

Pure nondestructive moment loads (7.5 Nm), as recommended
by Wilke et al. [15], were continuously applied at an approxi-
mate 1.2°/s global rotation rate to induce flexion, extension,
left and right lateral bending, and left and right axial rotation
motion. Specimens were loaded in pure compression (400 N)
after the bending tests. Two preconditioning cycles were
applied with data collected and recorded on the last cycle.

Three-dimensional specimen motion was tracked
optically (Optotrak 3020 system Northern Digital, Water-
loo, Ontario, Canada). Custom software converted the
marker coordinates to angles about each of the anatomical
axes in terms of the motion segment’s own coordinate sys-
tem [16]. Intervertebral spinal angles were calculated using
a 3D technique that provides the most appropriate results
for describing planar angles [17].

Sacral screw bending moment strain (SS) and RS during
specimen loading were recorded at 10 Hz (StrainSmart sys-
tem Vishay Micro-Measurements, Raleigh, NC, USA).
Biplanar sacral screw bending moments were used to calcu-
late resultant screw bending moments. The resultant screw
bending moments and rod strains at peak applied loads
were used for analyses in each case.

Analysis

Statistical comparisons between Group 1 and Group 2
intact ROM were performed using ¢ tests to determine
equivalency in ROM, BMD, and age as a prerequisite for
subsequent comparisons. Lumbosacral ROM, RS, and SS
were compared within each group and between groups.
There were no significant differences between left and right
strain outputs (screws and rods), so data from both sides
were averaged. Intragroup variability was assessed using
one-way RM-ANOVA (eg, within Group 1), and intergroup
variability were analyzed using one-way ANOVA, both fol-
lowed by paired Holm-Sidék tests, to determine whether
outcomes among conditions were significantly different.
Statistical significance was set at p<.05.

Results

Specimen

There was no statistically significant difference between
groups in regard to age, BMD, L1-pelvis baseline ROM,
and L5—S1 ROM (p>.091; Table 1).

L5—S1 ROM

Mean ROM values are presented in Table 2.

Flexion

Compared to PSR-S, ROM significantly decreased with
ALIF-S, TLIF-S, and PSR-I (p<.005). Anterior lumbar
interbody fusion-S and TLIF-S provided similar decreases
in flexion ROM to TLIF-I (p>.810). Anterior lumbar inter-
body fusion-I ROM was similar to ALIF-S (p=.514).

Extension

Anterior lumbar interbody fusion-S, TLIF-S, and PSR-I did
not significantly decrease ROM compared to PSR-S (p>.127).
Anterior lumbar interbody fusion-S and TLIF-S provided simi-
lar decreases in ROM to TLIF-I (p>.816). Anterior lumbar
interbody fusion-I ROM was similar to ALIF-S (p=.284)

Lateral bending

There was no significant difference in right lateral bend-
ing between any of the conditions (p>.050). PSR-I decreased
left lateral bending ROM compared to PSR-S (p=.007) but
ALIF-S and TLIF-S were comparable to PSR-S (p>.566).
Anterior lumbar interbody fusion-S and TLIF-S had similar
ROM to TLIF-I in lateral bending in both directions
(p>.050). Anterior lumbar interbody fusion-I was compara-
ble to ALIF-S in both directions (p>.050).

Axial rotation

Anterior lumbar interbody fusion-S significantly
decreased axial rotation ROM to either side compared to
PSR-S (p<.048). TLIF-S and PSR-I did not decrease ROM
to either side compared to PSR-S (p>.192). Anterior
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Table 1
Specimen data

Group Specimen # Gender Age (years) DEXA (t-score)
1 1 F 49 1.156
1 2 M 34 1.066
1 3 M 52 0.76
1 4 F 55 1.202
1 5 M 45 0.86
1 6 M 60 0.668
1 7 F 43 0.633
2 8 F 53 0.633
2 9 F 53 0.744
2 10 M 50 1.118
2 11 M 53 0.68
2 12 M 55 0.949
2 13 M 64 0.568
2 14 M 57 0.68
Mean (SD)
Group 1 Group 2 p value

DEXA (t-score) 0.906 (0.235) 0.767 (0.196) .561

Age (years) 48.3 (8.6) 55.0 (4.5) .091
L1-pelvis ROM (degrees) 47.3 (10.7) 443 (11.5) .623
L5-sacrum ROM (degrees) 12.6 (5.7) 11.7 (3.2) 713

ROM, range of motion; SD, standard deviation.

lumbar interbody fusion-S and TLIF-S demonstrated com-
parable decreases in bilateral axial rotation ROM as TLIF-I
(p>.644). Anterior lumbar interbody fusion-I had similar
ROM to ALIF-S (p>.946).

Sacral screw bending moment strain

Mean SS values are presented in Table 3.

Flexion

Mean SS was highest with PSR-S. PSR-I and ALIF-S
significantly decreased SS (p<.001) compared to PSR-S,
but TLIF-S did not provide a significant decrease in SS
(p=-098). Anterior lumbar interbody fusion-S provided
comparable decreases in SS to TLIF-I (p=.800); TLIF-I

significantly diminished SS compared to TLIF-S (p<.001).
Anterior lumbar interbody fusion-I had comparable SS to
ALIF-S (p=.730).

Extension

Mean SS was highest with PSR-S. PSR-I and ALIF-S
significantly decreased SS in extension (p<.001) compared
to PSR-S while TLIF-S did not demonstrate a significant
decrease in SS (p=.693). Anterior lumbar interbody fusion-
S provided comparable decreases in SS to TLIF-I (p=.663);
TLIF-I significantly diminished SS compared to TLIF-S
(p<.001). Anterior lumbar interbody fusion-I had similar
SS to ALIF-S (p=.413).

Lateral bending

Mean SS in the ipsilateral and contralateral screws was
highest in the TLIF-S condition. Compared to PSR-S, PSR-
I significantly diminished lateral bending SS in both screws
(p<.019) but ALIF-S and TLIF-S had no significant effect
on SS (p>.888). Both ALIF-S and TLIF-S provided SS pro-
tection comparable to TLIF-I (p>.054). Anterior lumbar
interbody fusion-I had similar SS to ALIF-S in both screws
(p>.095).

Axial rotation

Ipsilateral SS was highest in PSR-S and contralateral SS
was highest in TLIF-S. Compared to PSR-S, ALIF-S, and
PSR-I significantly decreased ipsilateral and contralateral
SS (p<.001) but TLIF-S had similar SS (p>.993). TLIF-I
had significantly less SS than TLIF-S (p<.001) but TLIF-I
and ALIF-S were comparable (p>.955). Anterior lumbar
interbody fusion-I had similar SS to ALIF-S in both screws
(p>.127).

Compression

Mean SS was highest in the PSR-S construct. PSR-I and
ALIF-I decreased SS compared to PSR-S (p<.001); TLIF-S
had comparable SS to PSR-S (p=.863). Compared to
TLIF-I, ALIF-S, and TLIF-S had similar SS in compression

Table 2
L5—-S1 ROM
Lateral bending Axial rotation
Flexion Extension Left Right Left Right

PSR-S 0.52 (0.30)* 0.50 (0.35)* 0.23 (0.17) 0.25(0.17) 0.52 (0.28) 0.48 (0.20)
PSR-1 024 (0.11)' 0.27 (0.17) 0.07 (0.06)' 0.12 (0.08) 0.33 (0.15) 0.38 (0.16)
TLIF-S 0.20 (0.16)" 0.26 (0.14) 0.20 (0.11) 0.21 (0.08) 0.41(0.22) 0.42 (0.18)
TLIF-1 0.09 (0.08)' 0.13 (0.05)' 0.15 (0.04) 0.13 (0.04) 0.28 (0.12) 0.38 (0.17)
ALIF-S 0.15 (0.14)" 0.22 (0.26) 0.14 (0.15) 0.19 (0.24) 0.15(0.20)" 0.23 (0.17)"
ALIF-1 0.02 (0.09)' 0.03 (0.15)' 0.01 (0.06)' 0.08 (0.07) 0.16 (0.13)’ 0.22 (0.13)'

* p value <.05 compared to TLIF-1.

T p value <.05 compared to PSR-S.
All values shown are given in degrees as the mean (SD).
ROM, range of motion.
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Table 3
Sacral screw bending moment
Lateral bending Axial rotation
Flexion Extension Ipsi Contra Ipsi Contra Compression
PSR-S 1.11 (0.51)* 1.13 (0.49)* 0.29 (0.16) 0.26 (0.16) 1.30 (0.49)* 1.28 (0.51)* 1.79 (0.86)*
PSR-I 0.25 (0.13)' 0.22 (0.13)' 0.14 (0.09)' 0.14 (0.08)' 0.72 (0.29)' 0.69 (0.28)' 0.90 (0.45)'
TLIF-S 0.78 (0.38)* 0.96 (0.46)* 0.30 (0.20) 0.30(0.21) 1.26 (0.46)* 1.30 (0.50)* 1.54 (0.68)
TLIF-1 0.12 (0.08)' 0.17 (0.08) 0.17 (0.10) 0.15(0.11) 0.69 (0.29)' 0.71 (0.30)' 0.75 (0.31)'
ALIF-S 0.31(0.16)" 0.36 (0.17)' 0.28 (0.19) 0.29 (0.22) 0.68 (0.33)’ 0.71(0.37)’ 0.60 (0.41)"
ALIF-1 0.11 (0.07)' 0.09 (0.05)' 0.15 (0.14) 0.14 (0.14) 0.38 (0.19)' 0.38 (0.20)" 0.43 (0.18)'

* p value <.05 compared to TLIF-I.
T p value <.05 compared to PSR-S.
All values shown are given in Newton meter (Nm) as the mean (SD).

Table 4
Rod strain
Flexion Extension Compression

PSR-S 152 (96) 203 (125) 386 (155)
PSR-I 270 (109)* 335 (129)* 539 (178)
TLIF-S 85 (51! 131 (58) 333 (125)
TLIF-1 219 (78) 317 (105) 519 (184)
ALIF-S 52 (41)! 72 (65)" 144 (60)*'
ALIF-I 128 (78) 167 (105) 236 (118)'

* p value <.05 compared to PSR-S.
f p value <.05 compared to TLIF-I.
All values shown are given in microstrain (uE) as the mean (SD).

(p>.068). Anterior lumbar interbody fusion-I had similar
SS to ALIF-S (p=.812).

Rod strain

Mean RS values are presented in Table 4.

Flexion

Mean RS was highest in the PSR-I construct. Compared
to PSR-S, PSR-I significantly increased RS (p=.010) while
ALIF-S and TLIF-S did not significantly decrease RS
(p>.115; Fig. 4). Anterior lumbar interbody fusion-S and

Screw bending moment (Nm)
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Fig. 4. Graph depicting flexion sacral screw strain and rod strain in different conditions tested. Used with permission from [blinded for review].
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Fig. 5. Graph depicting extension sacral screw strain and rod strain in different conditions tested. Used with permission from [blinded for review].

TLIF-S had significantly less RS than TLIF-I (p<.031).
Anterior lumbar interbody fusion-I significantly diminished
RS compared to the PSR-I construct (p=.007) while TLIF-I
did not decrease the RS (p=.871). Anterior lumbar inter-
body fusion-I had similar RS to ALIF-S (p=.509).

Extension

Mean RS was highest in the PSR-I construct. Compared
to PSR-S, PSR-I significantly increased RS (p=.024) while
ALIF-S and TLIF-S did not significantly decrease RS
(p>.067; Fig. 5). Anterior lumbar interbody fusion-S had
significantly less RS than TLIF-I (p=.007) but TLIF-S did
not (p=.096). Anterior lumbar interbody fusion-I signifi-
cantly diminished RS compared to the PSR-I construct
(p=.016) while TLIF-I did not decrease the RS (p=.734).
Anterior lumbar interbody fusion-I had similar RS to
ALIF-S (p=.458).

Compression

Mean RS was highest in the PSR-I construct. Anterior
lumbar interbody fusion-S significantly decreased RS com-
pared to PSR-S (p=.013) while TLIF-S and PSR-I had no
significant impact (p>.076). Anterior lumbar interbody
fusion-S resulted in significantly less RS than TLIF-I
(p=-003) while TLIF-S was comparable to TLIF-I (p=.461).

Compared to the PSR-I construct, ALIF-I significantly
decreased the iliac screw induced RS (p<.001) but TLIF-I
failed to significantly decrease the RS (p=.663). Anterior
lumbar interbody fusion-I had similar RS to ALIF-S
(p=.646).

Discussion

The high mechanical demand of the lumbosacral junc-
tion makes it the most common site for pseudoarthrosis in
the adult spinal deformity population [18]. Methods to aug-
ment lumbosacral fixation include interbody fusion and/or
iliac screw fixation. Our current understanding of the rela-
tive importance of these different augmentation strategies
on lumbosacral biomechanics is limited. Kleck et al.
recently conducted a study examining the impact of various
lumbosacral constructs on instrumentation strain [19].
However, results from that study should be interpreted with
caution given concerns with study design and methodology
[20]. The purpose of the current study was to evaluate, in a
more scientifically rigorous fashion, the impact of anterior
column support and iliac screws on the complete lumbosa-
cral biomechanical profile and to directly compare clini-
cally relevant constructs.
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Attenuating range of motion is critical in achieving suc-
cessful arthrodesis. Anterior lumbar interbody fusion with
integrated fixation, TLIF, and iliac screws all decreased
ROM in flexion. Anterior lumbar interbody fusion was the
only supplemental fixation that significantly decreased
ROM in axial rotation while iliac screws were the only sup-
plemental fixation to decrease ROM in lateral bending.
There was no difference in ROM between constructs with
Anterior lumbar interbody fusion, TLIF, or iliac screws.
Therefore, impact on ROM should not influence which type
of supplemental fixation is utilized.

Iliac screw placement has become the gold standard for
distal fixation in long-segment constructs in order to reduce
sacral screw failure. Our study demonstrated that iliac
screws significantly decreased screw strain in flexion,
extension, lateral bending, axial rotation, and compression.
Anterior lumbar interbody fusion with integrated fixation
significantly diminished strain in all movements except lat-
eral bending while TLIF had no protective effect on sacral
screw strain. These results confirm that iliac screw fixation
is an effective strategy for decreasing sacral screw strain.

Recent biomechanical studies have demonstrated that
although iliac fixation is protective of sacral screw strain,
they induce rod strain. Harimaya et al. reported that rod
breakage at L5—S1 was only seen in patients with fixation
distal to S1 [21]. The results of our study were congruent
with these findings. Iliac screws dramatically increased rod
strain in flexion and extension. An important finding in our
study was that interbody support with an ALIF with inte-
grated fixation reduced the iliac screw induced rod strain
while a TLIF did not. Thus, if iliac screws are placed with-
out an ALIF, the rod may be susceptible to failure at the
lumbosacral junction. Future clinical and biomechanical
research should evaluate alternative means to diminish rod
strain in the event an ALIF is not feasible or indicated.
A four-rod construct across the lumbosacral junction is one
method that may diminish rod strain from a posterior only
approach [22].

One of the goals of this study was to directly compare
constructs with anterior column support (ALIF or TLIF)
and sacral screws only to a clinically relevant posterior
only construct with TLIF and iliac screws. TLIF-I was
chosen as a comparison rather than PSR-I due to several
studies advocating circumferential fixation/fusion of the
lumbosacral junction as the standard in long-segment con-
structs [23—25]. Our study demonstrated that ALIF with
integrated fixation and sacral screws only provided compa-
rable stability and protection of sacral screw strain to TLIF
with supplemental iliac screws. However, rod strain was
significantly higher in the TLIF-I construct compared to
the ALIF-S. Anterior column support with TLIF and sacral
screws only failed to provide similar results when com-
pared to TLIF-I. While TLIF-S and TLIF-I provided simi-
lar stability, TLIF-S had significantly more sacral screw
strain in flexion, extension, and axial rotation. Rod strain
was significantly less in TLIF-S in flexion only. Thus,

anterior column support with ALIF (ALIF-S) may provide
a more favorable biomechanical profile than TLIF-I. How-
ever, TLIF-S performance was inferior to TLIF-I specifi-
cally with protection of sacral screws from strain.

Our results must be tempered with the understanding
that iliac screws are not solely utilized for stability and pro-
tection of sacral screws. Iliac screws serve as the foundation
of the long-segment construct and may allow for more
aggressive deformity corrective maneuvers without com-
promise of the proximal instrumentation. Furthermore,
patients with pelvic obliquity may demand iliac fixation for
correction of the obliquity [26]. However, iliac screws have
their drawbacks including pain from implant prominence
[27] and theoretical risk of sacroiliac joint dysfunction sec-
ondary to immobilization of the joint without fusion. The
risk/benefit ratio of iliac screw fixation should be carefully
analyzed. Nonosteoporotic patients with deformity correc-
tion achieved via interbodies and/or positioning may not
necessitate fixation to the pelvis given the favorable bio-
mechanical profile of ALIF with sacral screws only.

The main limitation of this study is one inherent to all
biomechanical studies, which is significance in the labora-
tory may not translate to clinical significance. Nevertheless,
this study provides important findings regarding sacral
screw and rod strain in various long-segment constructs,
providing the biomechanical foundation for future clinical
research. An additional limitation to this study is that load-
ing to construct failure was excluded from the protocol to
allow for testing of more conditions and to mitigate con-
cerns regarding testing order. Thus, long term durability
and prediction of construct failure is limited. Another limi-
tation is that these findings may differ in osteoporotic
patients due to inadequate screw fixation. Cadavers in this
study were screened and replaced if found to be osteopo-
rotic. Thus, these results may not apply to patients with
poor bone quality with inadequate sacral fixation.

Conclusions

Constructs with ALIF and integrated fixation may obvi-
ate the need for iliac screws and provide comparable stabil-
ity and protection of sacral strain with significantly less rod
strain than a posterior only construct with TLIF and iliac
screws. If iliac screws are necessary due to osteoporosis,
corrective maneuvers, or pelvic obliquity it is important to
understand that they are protective of sacral screw strain
but induce rod strain at the lumbosacral junction. Anterior
column support with ALIF but not TLIF is protective and
significantly reduces the iliac screw induced rod strain.

Acknowledgments

The authors thank the staff of Neuroscience Publications
at Barrow Neurological Institute for assistance with manu-
script preparation.



950 R.J. Hlubek et al. / The Spine Journal 19 (2019) 942—950

References

[1] Boachie-Adjei O, Dendrinos GK, Ogilvie JW, Bradford DS. Manage-

ment of adult spinal deformity with combined anterior-posterior

arthrodesis and Luque-Galveston instrumentation. J Spinal Disord
1991:4:131-41.

Emami A, Deviren V, Berven S, Smith JA, Hu SS, Bradford DS. Out-

come and complications of long fusions to the sacrum in adult spine

deformity: luque-galveston, combined iliac and sacral screws, and
sacral fixation. Spine (Phila Pa 1976) 2002;27:776-86.

Cunningham BW, Sefter JC, Hu N, Kim SW, Bridwell KH, McAfee

PC. Biomechanical comparison of iliac screws versus interbody fem-

oral ring allograft on lumbosacral kinematics and sacral screw strain.

Spine (Phila Pa 1976) 2010;35:E198-205.

Lehman RA Jr., Kuklo TR, Belmont PJ Jr., Andersen RC, Polly DW

Jr. Advantage of pedicle screw fixation directed into the apex of the

sacral promontory over bicortical fixation: a biomechanical analysis.

Spine (Phila Pa 1976) 2002;27:806-11.

McCord DH, Cunningham BW, Shono Y, Myers JJ, McAfee PC. Bio-

mechanical analysis of lumbosacral fixation. Spine (Phila Pa 1976)

1992;17(8 Suppl):S235-43.

Fleischer GD, Kim YJ, Ferrara LA, Freeman AL, Boachie-Adjei O.

Biomechanical analysis of sacral screw strain and range of motion in

long posterior spinal fixation constructs: effects of lumbosacral fixa-

tion strategies in reducing sacral screw strains. Spine (Phila Pa 1976)

2012;37:E163-9.

Sutterlin CE 3rd, Field A, Ferrara LA, Freeman AL, Phan K. Range

of motion, sacral screw and rod strain in long posterior spinal con-

structs: a biomechanical comparison between S2 alar iliac screws
with traditional fixation strategies. J Spine Surg 2016;2:266-76.

Guler UO, Cetin E, Yaman O, Pellise F, Casademut AV, Sabat MD,

et al. Sacropelvic fixation in adult spinal deformity (ASD); a very

high rate of mechanical failure. Eur Spine J 2015;24:1085-91.
[9] Ahlquist S, Park HY, Gatto J, Shamie AN, Park DY. Does approach
matter? A comparative radiographic analysis of spinopelvic parame-
ters in single-level lumbar fusion. Spine J 2018.

[10] Andres TM, Park J]J, Ricart Hoffiz PA, McHugh BJ, Warren DT,
Errico TJ. Cost analysis of anterior-posterior circumferential fusion
and transforaminal lumbar interbody fusion. Spine J 2013;13:651-6.

[11] Freeman AL, Fahim MS, Bechtold JE. Validation of an improved
method to calculate the orientation and magnitude of pedicle screw
bending moments. ] Biomech Eng 2012;134:104502.

[12] Hlubek RJ, Almefty KK, Xu DS, Turner JD, Kakarla UK. Safety and
accuracy of freehand versus navigated iliac screws: results from 222
screw placements. Spine (Phila Pa 1976) 2017;42:E1190-6.

[13] Serhan H, Mhatre D, Newton P, Giorgio P, Sturm P. Would CoCr
rods provide better correctional forces than stainless steel or titanium
for rigid scoliosis curves? J Spinal Disord Tech 2013;26:E70-4.

[14] Kelly BP, Bennett CR. Design and validation of a novel Cartesian
biomechanical testing system with coordinated 6DOF real-time load

[2

—

3

—_

[4

=

[5

—_

[6

—_

[7

—

[8

[utr

control: application to the lumbar spine (L1-S, L4-L5). J Biomech
2013;46:1948-54.

[15] Wilke HJ, Wenger K, Claes L. Testing criteria for spinal implants:
recommendations for the standardization of in vitro stability testing
of spinal implants. Eur Spine J 1998;7:148-54.

[16] Crawford NR, Dickman CA. Construction of local vertebral coordi-
nate systems using a digitizing probe. Technical note. Spine (Phila Pa
1976) 1997;22:559-63.

[17] Crawford NR, Yamaguchi GT, Dickman CA. A new technique for
determining 3-D joint angles: the tilt/twist method. Clin Biomech
(Bristol, Avon) 1999;14:153-65.

[18] Kim Y]J, Bridwell KH, Lenke LG, Rinella AS, Edwards C. 2nd. Pseu-
darthrosis in primary fusions for adult idiopathic scoliosis: incidence,
risk factors, and outcome analysis. Spine (Phila Pa 1976)
2005;30:468-74.

[19] Kleck CJ, Illing D, Noshchenko A, Patel VV, Lindley EM, Barton C,
et al. Strain in posterior instrumentation resulted by different combi-
nations of posterior and anterior devices for long spine fusion con-
structs. Spine Deform 2017;5:27-36.

[20] Newcomb A, Turner JD, Kelly BP. Letter to editor: strain in posterior
instrumentation resulted by different combinations of posterior and
anterior devices for long spine fusion constructs. Spine Deform
2018;6:334-5.

[21] Harimaya K, Mishiro T, Lenke LG, Bridwell KH, Koester LA, Sides
BA. Etiology and revision surgical strategies in failed lumbosacral
fixation of adult spinal deformity constructs. Spine (Phila Pa 1976)
2011;36:1701-10.

[22] Merrill RK, Kim JS, Leven DM, Kim JH, Cho SK. Multi-rod constructs
can prevent rod breakage and pseudarthrosis at the lumbosacral junction
in adult spinal deformity. Global Spine J 2017;7:514-20.

[23] Banno T, Hasegawa T, Yamato Y, Kobayashi S, Togawa D, Oe S,
et al. Prevalence and risk factors of iliac screw loosening after adult
spinal deformity surgery. Spine (Phila Pa 1976) 2017;42:E1024-30.

[24] Weistroffer JK, Perra JH, Lonstein JE, Schwender JD, Garvey TA,
Transfeldt EE, et al. Complications in long fusions to the sacrum for
adult scoliosis: minimum five-year analysis of fifty patients. Spine
(Phila Pa 1976) 2008;33:1478-83.

[25] Dorward IG, Lenke LG, Bridwell KH, O’Leary PT, Stoker GE, Pahys
JM, et al. Transforaminal versus anterior lumbar interbody fusion in
long deformity constructs: a matched cohort analysis. Spine (Phila Pa
1976) 2013;38:E755-62.

[26] Abousamra O, Nishnianidze T, Rogers KJ, Bayhan IA, Yorgova P,
Shah SA. Correction of pelvic obliquity after spinopelvic fixation in
children with cerebral palsy: a comparison study with minimum two-
year follow-up. Spine Deform 2016;4:217-24.

[27] O’Shaughnessy BA, Lenke LG, Bridwell KH, Cho W, Zebala LP,
Chang MS, et al. Should symptomatic iliac screws be electively
removed in adult spinal deformity patients fused to the sacrum? Spine
(Phila Pa 1976) 2012;37:1175-81.


http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0001
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0001
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0001
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0001
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0002
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0002
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0002
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0002
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0003
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0003
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0003
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0003
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0004
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0004
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0004
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0004
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0005
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0005
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0005
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0006
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0006
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0006
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0006
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0006
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0007
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0007
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0007
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0007
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0008
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0008
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0008
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0009
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0009
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0009
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0010
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0010
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0010
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0011
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0011
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0011
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0012
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0012
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0012
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0013
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0013
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0013
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0014
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0014
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0014
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0014
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0015
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0015
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0015
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0016
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0016
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0016
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0017
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0017
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0017
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0018
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0018
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0018
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0018
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0019
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0019
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0019
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0019
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0020
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0020
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0020
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0020
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0021
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0021
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0021
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0021
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0022
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0022
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0022
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0023
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0023
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0023
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0024
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0024
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0024
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0024
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0025
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0025
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0025
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0025
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0025
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0026
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0026
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0026
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0026
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0027
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0027
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0027
http://refhub.elsevier.com/S1529-9430(18)31210-5/sbref0027

	Iliac screws may not be necessary in long-segment constructs with L5-S1 anterior lumbar interbody fusion: cadaveric study of stability and instrumentation strain
	Introduction
	Materials and methods
	Specimens
	Instrumentation/strain gages
	Testing conditions
	Biomechanical testing

	Analysis
	Results
	Specimen
	L5-S1 ROM
	Flexion
	Extension
	Lateral bending
	Axial rotation

	Sacral screw bending moment strain
	Flexion
	Extension
	Lateral bending
	Axial rotation
	Compression

	Rod strain
	Flexion
	Extension
	Compression


	Discussion
	Conclusions
	Acknowledgments
	References


