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OBJECTIVE The objective of the current study was to quantify and compare the multidirectional flexibility properties of
occipital anchor fixation with conventional methods of occipitocervical screw fixation using nondestructive and destruc-
tive investigative methods.

METHODS Fourteen cadaveric occipitocervical specimens (Oc—T2) were randomized to reconstruction with occipital
anchors or an occipital plate and screws. Using a 6-degree-of-freedom spine simulator with moments of + 2.0 Nm, initial
multidirectional flexibility analysis of the intact and reconstructed conditions was performed followed by fatigue loading
of 25,000 cycles of flexion-extension (x-axis, £ 2.0 Nm), 15,000 cycles of lateral bending (z-axis, + 2.0 Nm), and 10,000
cycles of axial rotation (y-axis, £ 2.0 Nm). Fluoroscopic images of the implantation sites were obtained before and after
fatigue testing and placed on an x-y coordinate system to quantify positional stability of the anchors and screws used for
reconstruction and effect, if any, of the fatigue component. Destructive testing included an anterior flexural load to con-
struct failure. Quantification of implant, occipitocervical, and atlantoaxial junction range of motion is reported as absolute
values, and peak flexural failure moment in Newton-meters (Nm).

RESULTS Absolute value comparisons between the intact condition and 2 reconstruction groups demonstrated signifi-
cant reductions in segmental flexion-extension, lateral bending, and axial rotation motion at the Oc-C1 and C1-2 junc-
tions (p < 0.05). The average bone mineral density at the midline keel (1.422 g/lcm?) was significantly higher compared
with the lateral occipital region at 0.671 g/cm? (p < 0.05). There were no significant differences between the occipital
anchor and plate treatments in terms of angular rotation (degrees; p = 0.150) or x-axis displacement (mm; p = 0.572), but
there was a statistically significant difference in y-axis displacement (p = 0.031) based on quantitative analysis of the pre-
and postfatigue fluoroscopic images (p > 0.05). Under destructive anterior flexural loading, the occipital anchor group
failed at 90 + 31 Nm, and the occipital plate group failed at 79 + 25 Nm (p > 0.05).

CONCLUSIONS Both reconstructions reduced flexion-extension, lateral bending, and axial rotation at the occipitocervi-
cal and atlantoaxial junctions, as expected. Flexural load to failure did not differ significantly between the 2 treatment
groups despite occipital anchors using a compression-fit mechanism to provide fixation in less dense bone. These data
suggest that an occipital anchor technique serves as a biomechanically viable clinical alternative to occipital plate fixa-
tion.
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bile regions of the axial skeleton, and the complex
neurovascular structures make stabilization and ar-
throdesis of this region challenging.!? Since Foerster first
described fixation of this junction in 1927 using a fibular

T HE occipitocervical junction is one of the most mo-

strut graft, methods of fixation have evolved from simple
onlay of bone graft# and posterior wiring>® to more con-
ventional plate-screw techniques.”® Although these initial
stabilization methods achieved arthrodesis, their need for
an extended course of rigid postoperative immobiliza-
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tion and increased adverse risks have limited their utility.
Furthermore, conventional screw-rod techniques use an
outside-in fixation strategy and, although biomechanically
superior,” ! there is an increased risk of CSF leak or cer-
ebellar hematoma if a more lateral fixation point is used
in the suboccipital region. Innovative techniques have fo-
cused on achieving more rigid stabilization and simplify-
ing instrumentation in an effort to avoid instrumentation-
related complications.'*

Occipital anchors represent a new method utilizing in-
tracranial fixation. Employing a compression-fit mecha-
nism to the lateral occipital bone, this method of stabili-
zation may be advantageous in pediatric cases in which
the midline bone is thin or when a suboccipital craniecto-
my has been performed.’>'® Additionally, lateral fixation
would facilitate better alignment with the caudal cervical
instrumentation. This method seeks to circumvent com-
plications of screw fixation to the occiput, which has been
demonstrated in patients with rheumatoid arthritis.'” How-
ever, biomechanical evidence evaluating this method of
occipital fixation is lacking.

The current investigation sought to quantify and com-
pare the multidirectional flexibility and fixation properties
of an occipital anchor versus conventional midline plate
and screw fixation for stabilization of the occipitocervi-
cal junction. Using an in vitro human cadaveric model,
the nondestructive, 3D load-displacement properties of
the occipitocervical junction were quantified followed by
destructive flexural loading to assess failure mechanisms
at the occipital implantation sites.

Methods

Specimen Preparation

Fourteen fresh-frozen human occipitocervical speci-
mens (Oc-T2, age range 66-98 years, mean 77.8 + 9.5
years) were harvested en bloc and used in this investiga-
tion. The specimens were obtained from the Maryland
State Anatomy Board and immediately packaged in
double-thickness plastic bags and stored at —20°C. Bone
mineral density (BMD; g/cm?®) scans were conducted
using a Lunar Prodigy Scanner 8743 (GE Medical Sys-
tems) to calculate BMD within the occipital regions of
interest, i.e., the midline and lateral suboccipital squa-
mous regions. Prior to biomechanical analysis, standard
anteroposterior and lateral plain radiographs were ob-
tained to exclude specimens with intervertebral disc or
osseous pathology. Specimens demonstrating bridging
osteophytes or facet joint arthrosis to the point of fusion
were excluded from the study. Each specimen underwent
manual flexion-extension and lateral bending to ensure
that the operative cervical discs and facet joints demon-
strated segmental motion. In preparation for biomechani-
cal testing, the cranium and vertebral bodies (C4—7) were
secured in rectangular tubing foundations using K-wires
and eight 4-point compression screws, respectively. Six
acrylic motion-detection marker arrays, each configured
with 3 noncollinear infrared-emitting diodes, were af-
fixed to the occiput (n = 2), occipital instrumentation (n =
1), C1 and C2 vertebral bodies (n = 2), and base container
(n=1; Fig. 1).
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Multidirectional Flexibility and Fatigue Testing

Three-dimensional flexibility testing was performed
utilizing a 6-degree-of-freedom musculoskeletal simula-
tor configured with an optoelectronic motion measure-
ment system (Optolrak 3020, Northern Digital Inc.) inter-
faced with a personal computer. The 6-degree-of-freedom
gimbal apparatus affixed to the superior vertebral element
allowed pure, unconstrained rotational moments about 3
orthogonal axes: axial rotation (+ y-axis), flexion-exten-
sion (+ x-axis), and lateral bending (+ z-axis) according
to the 3D conceptual framework of Panjabi.”® Linear air-
bearing guide rails and a vertically positioned pneumatic
actuator allowed for unconstrained translations (+) along
the x-, y-, and z-axes. To determine multidirectional flex-
ibility, nondestructive loading parameters included 6 pure
moments: flexion-extension (+ 2 Nm), lateral bending (+ 2
Nm), and axial rotation (= 2 Nm) at an angular displace-
ment rate of 3°sec. The 3D peak ranges of occipitocer-
vical (Oc—Cl) and atlantoaxial (C1-2) motions were ex-
pressed in Euler angles (degrees). Each test was repeated
for 3 loading and unloading cycles, and data from the
third cycle were used for analysis. The occipital anchors
and plate were implanted prior to intact analysis such that
baseline motion of the implants could be conducted with-
out rod attachment.

After analysis of the intact and prefatigue reconstruc-
tion conditions, fatigue testing of each specimen was per-
formed under torque control with 25,000 cycles of flexion-
extension (x-axis, + 2.0 Nm), 15,000 cycles of lateral bend-
ing (z-axis, + 2.0 Nm), and 10,000 cycles of axial rotation
(y-axis, + 2.0 Nm), followed by postfatigue static analysis.
As a final analysis, the specimen was destructively tested
in anterior flexion at a constant loading rate of 5°/sec using
an 858 Bionix Test System (MTS Systems Corp.). During
destructive testing a circumferential stainless-steel band
was applied at C1-2 to augment fixation of the rod and lat-
eral mass screws to distribute the applied moment directly
to the point of occipital fixation. Specimens were copi-
ously moistened using a 0.9% sodium chloride irrigation
solution throughout the testing procedures.

Specimen Reconstruction: Construct Testing Sequence
Following preparation, the 14 occipitocervical speci-
mens were randomized into two treatment groups: oc-
cipital anchor (CASPIAN Occipital Anchor Spinal sys-
tem, Stryker Spine; n = 7) and occipital plate (CASPIAN
Occipital Plate Spinal system, Stryker Spine; n = 7) with
multidirectional flexibility testing performed on the in-
tact, prefatigue, and postfatigue reconstruction condi-
tions. Titanium screw-rod instrumentation was implanted
from C1-4 in all specimens to standardize instrumenta-
tion across the operative cervical segments. Transpedicu-
lar screw fixation was utilized at C1/C2 and lateral mass
fixation at C3/C4. For each reconstruction group, occipital
fixation was inserted according to standard clinical tech-
nique. For the anchor group, a high-speed Total Perfor-
mance System Stryker drill (Stryker Corp.) was used to
burr two slots in the posterior occiput just superior to the
inferior nuchal line. A Kerrison rongeur was then used to
clear fragments from the slot edges for final positioning
of the anchors. The slots (approximately 20-mm length x
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FIG. 1. Representative images of a reconstructed occipital anchor-bolt specimen undergoing nondestructive flexibility testing using
a 6-degree-of-freedom spine simulator (A) with the affixed motion-detection marker arrays configured with noncollinear infrared-

emitting diodes (B).

10-mm width) were obliquely angled along and through
the occipital cortices, which permitted the anchor compo-
nent to seat firmly against the inner cortex of the cranium.
The occipital plate (50-mm) devices were implanted using
3 screws (4.5-mm diameter x 15-16-mm length) placed
in the midline keel to obtain bicortical purchase. All re-
construction conditions utilized titanium 3.5-mm titanium
rods (Fig. 2).

Radiographic Analysis: Implant Positional Stability

To quantify evidence of implant motion, osseous frac-
tures, or disruption secondary to the implanted devices,
high-resolution fluoroscopic images were obtained of the
occiput (before and after fatigue testing). These images
were imported into the GNU Image Manipulation Pro-
gram and placed on an x-y orthogonal coordinate system.
Positional stability of the anchors and plates (degrees an-
gulation and millimeters translation) was then quantita-
tively assessed and compared between the pre- and post-
fatigue conditions (Fig. 3). The angular motion represents
the change in angle (A; prefatigue — postfatigue) with re-
spect to the x-axis, while the change in linear motion for
each of the 4 points (edges of occipital anchors) or 2 points
(occipital plate — screw 1 and screw 2) was calculated as
follows:

Occipital anchor:

(AXmax = Xmax post — Xmax pre),
(AXmin = Xmin post — Xmin pre),
(AYmax = Ymax post — Ymax pre),
(AYmin = Ymin post — Ymin pre).
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The summation of AXmax + AXmin represents the over-
all change in linear motion along the x-axis and AYmax
+ AYmin for the y-axis, respectively (post = postfatigue;
pre = prefatigue).

Occipital plate:

(AXscrew1 = Xscrew1-post — Xscrew1-pre),
(AXscrew?2 = Xscrew2-post — Xscrew2-pre),
(AYscrewl = Yscrewl-post — Yscrew1-pre),
(AYscrew?2 = Yscrew2-post — Yscrew2-pre).

The summation of AXscrewl + AXscrew2 represents
the overall change in linear motion along the x-axis and
AYscrewl + AYscrew? for the y-axis, respectively (post =
postfatigue; pre = prefatigue).

Data and Statistical Analysis

BMD (g/cm?®) results for the occipital regions of in-
terest—midline keel and lateral squamous region—were
averaged and compared between the two treatments us-
ing a Student t-test. For the 6 main motions, correspond-
ing to the moments applied, the operative-level segmental
range of motion (ROM) was calculated as the sum of the
neutral and elastic zones (neutral zone + elastic zone =
ROM) and represented the peak total ROM (Euler angle
rotation) at the third loading cycle. The expressed degree
of rotation (axial rotation + y-axis, flexion-extension =+
x-axis, lateral bending + z-axis) for multidirectional
flexibility analyses was calculated according to the 3D
conceptual framework of Panjabi.’® The change in range
of angular motion was calculated for the occipital plate,
right and left anchors, and occipitocervical (Oc—C1) and
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FIG. 2. Representative images of two specimens. External (A) and internal (B) images of the occipital plate with final reconstruc-
tion connected with the cervical screws. External (C) and internal (D) images of the occipital anchors with final reconstruction

connected with the cervical screws.

atlantoaxial (C1-2) junctions for each specimen and ex-
pressed in terms of absolute value (degrees of rotation).
Load-to-failure analysis was calculated as the absolute
peak moment in Newton-meters (Nm) at construct fail-
ure, indicated by a 30% decrease in load based on the
real-time load-displacement trace. Statistical analysis in-
cluded descriptive analysis (mean + standard deviation)
and a repeated-measures ANOVA with post hoc Tukey
honestly significant difference test for comparison within
treatment groups. All data are shown as mean + 1 stan-
dard deviation and statistical significance was indicated
atp <0.05.

Results
BMD Analyses

Comparisons of the BMD values between the midline
keel (occipital plate, n = 7) and lateral occipital squamous
(anchor-bolt, n = 7) regions demonstrated highly signifi-
cant differences. The lateral regions of fixation utilized by
the anchors indicated an average BMD of 0.671 + 0.237

g/cm? (range 0.361-1.045 g/cm?), while the middle fixation
keel exhibited an average of 1.422 + 0.322 g/cm? (range
1.010-1.963 g/cm?; p < 0.0001, t-test).

Multidirectional Flexibility Testing
Flexion-Extension (+ x-axis)

For the occipital plate group, flexion-extension loading
of the intact specimens exhibited a mean ROM of 5.57°
+ 4.84° at the occipitocervical junction and 5.72° + 5.41°
at the atlantoaxial joint. The occipital anchor group ex-
hibited a mean ROM of 9.53° + 2.80° at the occipitocer-
vical junction and 7.82° + 3.43° at the atlantoaxial joint.
Comparisons of the ROM values and 2 subsequent recon-
struction conditions demonstrated significant reductions
in segmental flexion-extension motion at the Oc—C1 and
C1-2 levels for both pre- and postfatigue (p < 0.05). At
the occipital implantation site, there was no difference in
implant flexion-extension motion with either the plate or
anchors, for the intact compared with the pre- and post-
fatigue conditions (p > 0.05). No significant differences
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FIG. 3. Pre- and postfatigue fluoroscopic images of the occipital anchor (A and B) and occipital plate (C and D) reconstructions.
Using an x-y overlay coordinate system, the positional stability of the anchors and plates was compared.

were observed under this loading condition between re-
constructions, and fatigue loading did not significantly al-
ter the kinematics compared to the prefatigue condition at
any level for any reconstruction group (p > 0.05; Fig. 4A,
Tables 1 and 2).

Lateral Bending (+ z-axis)

For the occipital plate group, lateral bending loading
of the intact specimens exhibited a mean ROM of 1.52°
+ 1.74° at the occipitocervical junction and 4.58° + 3.88°
at the atlantoaxial joint. The occipital anchor group ex-
hibited a mean ROM of 1.88° + 1.43° at the occipitocer-
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vical junction and 3.24° + 1.42° at the atlantoaxial joint.
Comparisons of the ROM values and 2 subsequent recon-
struction conditions demonstrated significant reductions
in segmental lateral bending motion at the C1-2 level for
both pre- and postfatigue conditions (p < 0.05). At the oc-
cipital implantation site there was a significant difference
in implant lateral bending motion, with both the plate and
anchors, for the intact compared with the pre- and post-
fatigue conditions (p < 0.05). Fatigue loading did not sig-
nificantly alter the kinematics compared to the prefatigue
condition for the occipital plate or anchors (p > 0.05; Fig.
4B, Tables 1 and 2).
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FIG. 4. A: Flexion-extension ROM. Comparisons of the intact spine and occipital fixation with either plate-screw or anchor-bolt
for pre- and postfatigue reconstruction conditions demonstrated significant reductions in segmental Oc—C1 and C1-2 operative-
level motion (p < 0.05). B: Lateral bending ROM. Comparisons of the intact spine and occipital fixation with either plate-screw or
anchor-bolt for pre- and postfatigue reconstruction conditions demonstrated significant reductions in segmental Oc-C1 and C1-2
operative-level motion (p < 0.05). C: Axial rotation ROM. Comparisons of the intact spine and occipital fixation with either plate-
screw or anchor-bolt for pre- and postfatigue reconstruction conditions demonstrated significant reductions in segmental Oc-C1
and C1-2 operative-level motion (p < 0.05). Bar height represents mean values and error bars minus 1 standard deviation. *p <

0.05.
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TABLE 1. Multidirectional flexibility data: segmental ROM

Occipital Plate-Screw (°)

Occipital Anchor (°)

Intact Prefatigue Postfatigue Intact Prefatigue Postfatigue
LoadingMode  Oc-C1 C1-2 Oc-C1 C1-2 Oc-C1 C1-2 0Oc-C1 C1-2 0Oc-C1 C1-2 Oc-C1 C1-2
Flexion-extension
Mean 557 572 029 032 0.53 0.30 953 782 060 0.30 0.80 0.30
SD 484 541 023 0417 041 021 280 343 048 0.27 083 031
Lateral bending
Mean 152 458 056 037 064 043 188 324 065 010 072 014
SD 1.74 388 053 0.23 061 035 143 142 016  0.05 029 013
Axial rotation
Mean 413 4070 022 0.63 023 07 645 5200 030 0.76 049 070
SD 205 1270 013  0.60 014 052 447 848 021 0N 050 029

Axial Rotation (x y-axis)

For the occipital plate group, axial rotation loading of
the intact specimens exhibited a mean ROM of 4.13° +
2.05° at the occipitocervical junction and 40.70° + 12.70°
at the atlantoaxial joint. The occipital anchor group ex-
hibited a mean ROM of 6.45° + 4.47° at the occipitocer-
vical junction and 51.96° + 8.48° at the atlantoaxial joint.
Comparisons of the ROM values and 2 subsequent recon-
struction conditions demonstrated significant reductions
in segmental axial rotation at the Oc—C1 and C1-2 levels
both pre- and postfatigue (p < 0.05). At the site of oc-
cipital fixation, there was no difference in implant axial
rotation motion, with the plate or anchors, for the intact
compared with the pre- and postfatigue conditions (p >
0.05). Multidirectional kinematics of the occipitocervical
junction demonstrated the most significant changes under
axial rotation. No significant differences were observed
under this loading condition between reconstructions,
and fatigue loading did not significantly alter the kine-
matics compared to the prefatigue condition at any level
for any reconstruction group (p > 0.05; Fig. 4C, Tables 1
and 2).

TABLE 2. Multidirectional flexibility data: implant ROM

Radiographic Analysis: Implant Positional Stability

A comparison of the overall change in angular rotation
and x-y axis displacement for the occipital anchors versus
occipital plates showed no significant differences between
the occipital anchor and plate treatments in terms of an-
gular rotation (degrees; p = 0.150) or x-axis displacement
(mm; p = 0.572) based on quantitative analysis of the pre-
and postfatigue fluoroscopic images (p > 0.05). There was
a statistically significant increase in y-axis displacement
for the anchor treatment (p = 0.031; Fig. 5).

Destructive Testing

No significant differences were observed among the 2
treatment groups (occipital anchor and occipital plate) un-
der destructive anterior flexural load to failure (p > 0.05).
The occipital plate construct resulted in the lowest maxi-
mum moment at construct failure (79 + 25 Nm) compared
with the occipital anchor, which exhibited a mean peak
moment of 90 + 31 Nm (p > 0.05). The mechanisms and lo-
cation of construct failure were consistent across treatment
groups. Occipital anchors fractured through the slots that
had been created for insertion (Fig. 6A). Specimens in the

Occipital Plate-Screw (°) Intact Occipital Anchor (°)
Intact Prefatigue Postfatigue ) Prefatigue Postfatigue

Loading Mode Plate Plate Plate Rt Lt Rt Lt Rt Lt
Flexion-extension

Mean 0.20 0.06 0.13 0.09 0.08 010 0M 0.18 017

SD 0.14 0.05 0.06 0.08 0.09 0.08 017 012 0.24
Lateral bending

Mean 0.04 0.54 0.62 0.02 0.03 024 0.28 0.37 0.33

SD 0.03 0.30 0.34 0.02 0.02 0.08 019 017 0.13
Axial rotation

Mean 0.05 0.1 0.13 0.06 0.08 0.06 0.6 017 0.20

SD 0.04 0.07 0.14 0.04 0.05 005 017 026 020
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FIG. 5. Comparison of the overall change in angular rotation and x- and y-axis displacement for the occipital anchors versus oc-
cipital plates. There were no significant differences between the occipital anchor and plate treatments in terms of angular rotation
(degrees; p = 0.150) or x-axis displacement (mm; p = 0.572) based on quantitative analysis of the pre- and postfatigue fluoroscopic
images (p > 0.05). There was a statistically significant difference in terms of y-axis displacement (p = 0.031). Bars indicate mean

values and error bars minus 1 standard deviation.

occipital plate group failed with plate bending at the lat-
eral occipital region and not at the point of the bone-screw
interface (Fig. 6B). In all cases, the lateral mass screws and
rod failed prior to the point of occipital fixation.

Discussion

The current study investigated the multidirectional flex-
ibility and fixation properties of the occipital anchor-bolt
as a surgical alternative to conventional plate-screw fixa-
tion for stabilization of the occipitocervical junction. There
were no significant differences in multidirectional flex-
ibility properties between the occipital anchor-bolt versus
conventional plate-screw fixation following pre- or postfa-
tigue loading conditions. More importantly, there was no
biomechanical evidence of an increase in implant motion
secondary to the fatigue loading component for either the
plate or anchor device. Despite the biomechanically chal-
lenging loading condition and differences in BMD be-
tween the midline keel and lateral squamous regions of the
occiput, the anchors and plates remained well positioned
at the original implantation site and demonstrated no gross
histological evidence of occipital fracture, implant migra-
tion, or osseous disruption under nondestructive loading
conditions. These aforementioned findings provide biome-
chanical support for the occipital anchor-bolt as a viable
surgical alterative for occipital fixation compared with
conventional plate-screw constructs for stabilization of the
occipitocervical junction.

The surface of the suboccipital region is variable be-

tween patients in terms of osseous ridges and slopes,
creating a challenge for implant-interface fixation.!” De-
spite this variability, both the occipital plate and anchors
demonstrated no evidence of occipital fracture or osseous
migration. A novel aspect of the current investigation was
the ability to track the motion of an occipital implant, and
thereby evaluate positional stability, based on quantitative
fluoroscopic imaging. The anchor uses a compression-fit
mechanism to attach to the occipital bone, and therefore
it would be expected that lower bone density, variability
in slot sizes, and inner table locking arrangements would
predispose the interconnection mechanisms to motion.
Furthermore, drilling of the slots reduces osseous support
surrounding the implant and this, along with the slot direc-
tion, increases the implant’s segmental motion with lateral
bending as demonstrated. Although this was statistically
significant, the results with ROM on the order of 0.3° are
likely not clinically significant. Collectively, these afore-
mentioned differences in interconnection mechanisms and
anatomical variability account for the observed increase
in y-axis positional motion for the anchor system. Impor-
tantly, although significant, the y-axis motion quantified
was on the order of 0.11 mm (110 microns) and is likely
not of clinical relevance concerning instrumentation fail-
ure or migration. The senior author (F.A.S.) has performed
32 occipitocervical fusions using this occipital anchor-bolt
technique over the last 4 years with an average follow-up
of 33.3 months (range 13—52 months) without incidence of
instrumentation complications. or pseudarthrosis necessi-
tating revision (Fig. 7). Two isolated screw lucencies at the
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FIG. 6. Destructive testing-failure mechanism. A: Posterior view of an
occipital anchor construct that failed through direct pullout of the oc-
cipital anchor through the trough. B: Posterior view of an occipital plate
construct that failed by bending of the lateral plate. In both reconstruc-
tions a circumferential stainless-steel band was applied at C1-2 to aug-
ment fixation of the rod and lateral mass screws to distribute the applied
moment directly to the point of occipital fixation.

caudal (C2) screw have been noted on follow-up imaging,
absent of pseudarthrosis or clinical symptomology. The
primary patient population for the senior author included
patients with Ehlers-Danlos syndrome. The use of oc-
cipital fixation can be clinically utilized in patients with a
suboccipital craniectomy, trauma, or tumor or as a salvage
procedure in cases in which an occipital plate fixation is
not technically possible.

An understanding of the anatomy of the cranial base,
or suboccipital region, is critical to identifying safe fixa-
tion points. The occipitocervical junction consists of the
base of the occipital bone, atlas, and axis. The thickness
of the occiput is greatest in the midline and decreases in
a radial fashion, moving laterally and inferiorly from the
inion."”? The critical anatomy and mobility of the region
pose a biomechanical challenge to various construct de-
signs. Constructs must interface with the complex osseous
terrain until arthrodesis has been achieved. It is also sug-
gested that lateral screw placement on the occiput can im-
prove the effective moment arm for lateral forces. Drilling
the slot is an important technical consideration for occipi-
tal anchor insertion and familiarity with the suboccipital
region will improve comfort with drilling. The occipital
slot created during the current investigation was angled
medially, from superior to inferior, as is performed clini-
cally. The anchors were positioned at a 90° angle to the
slot axis, which appeared to optimize the instrumentation
conformity along the contours of the inner occipital cor-
tex. This slot becomes useful to facilitate rod placement as
the construct is connected to the caudal cervical screws.
The diameter of the slot should not exceed 10 mm in width
because this will reduce the ability of the anchor to rigidly
engage the inner table of the cranium. Care must be taken
to limit insertional compression of the anchors to mini-
mize the risk of cerebellar contusion and CSF leak. Com-
pared to lateral points of fixation, the midline occipital
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FIG. 7. Clinical case presentation of a 26-year-old woman with Ehlers-
Danlos syndrome who developed clival axial instability requiring an oc-
cipitocervical fusion. Sagittal CT of the cervical spine (A) demonstrates
the low-profile nature of the occipital anchor as it compresses the oc-
cipital bone. Also observed are the spikes located on the inside plate that
secure the implant into the bone. Lateral cervical spine radiographs (B)
show the entire construct from the occiput to C2. The patient is now 15
months postoperative without evidence of instrumentation complications.

screw-plate technique poses less risk of cerebellar injury
and CSF leak due to the dense bone mass of the keel. The
dural sinuses and keel are relevant anatomical structures
that impact fixation. The surgeon should be comfortable
estimating the location and path of the dural sinuses based
on external bone landmarks in an effort to minimize risk
with instrumentation placement. Additionally, review of
the thickness of the keel is an important factor in deter-
mining screw length.

Limitations of the current study include variability in
cadaveric tissue age, size, and BMD, which may account
for the lack of statistically significant differences in some
comparisons. Furthermore, the present investigation uti-
lized pure moment loading application without application
of an axial compressive follower load. Differences in oc-
cipitocervical joint motion might have been greater if a
compressive load had been incorporated.

Conclusions

The current study highlights the biomechanical simi-
larity of using an occipital anchor technique as an alter-
native to traditional plate-screw fixation techniques for
stabilization of the occipitocervical junction. From a bio-
mechanical standpoint, the occipital anchor technique of-
fered similar reductions in ROM despite a compression-fit
mechanism to provide fixation in a less dense region of
the occiput. Moreover, flexural load to failure did not dif-
fer significantly between the lateral squamous and midline
keel regions, which highlights the osseous integrity of lat-
eral fixation in the occipital region. The current investi-
gation provides a biomechanical basis for the use of an
occipital anchor technique as a viable clinical alternative
to an occipital plate.
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