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Objective Cervical open-door laminoplasty using plates and miniscrews is gaining
popularity. One of the complications of this procedure is the loosening or back-out of
the miniscrews inserted in the lateral mass (LM). Bone mineral density (BMD) measured
by computed tomography (CT) has been used as a predictor of bone strength.
However, bone density distribution in the LM remains unclear.

Materials and Methods We investigated bone density distribution in the posterior
wall of the LM. A total of 120 LMs were analyzed from the patients who underwent
laminoplasty. The distribution of BMD defined by Hounsfield unit (HU) in the posterior
wall of the LM was measured by CT osteoabsorptiometry. The posterior wall was
divided into nine zones, which consisted of three columns (lateral, center, and medial)
and three rows (cranial, center, and caudal). BMD in each zone was averaged and
compared by zones and cervical levels.

Results Overall mean + standard deviation BMD was 1,092 4433 HU. Averaged BMD
in the entire posterior wall was highest at C4 (1,365 4459 HU), second highest at C3
(1,239+435 HU), and lower in the lower levels. BMD in the medial-center zone
(1,357 +443 HU) was the highest in all zones. BMD in the medial-caudal region at C7
was only 59% of the highest BMD in the medial-center region at C4.

Conclusion The medial-center to the cranial region was most suitable for miniscrew
fixation for laminoplasty. These biomechanical findings would be useful in the
preoperative planning of laminoplasty especially for the determination of the LM
screw entry points and in the design of laminoplasty implants.

back-out of the miniscrews inserted into the LMs are some-

Cervical laminoplasty using laminoplasty plates and minis-
crews is gaining popularity in the surgical treatment of
degenerative cervical diseases. However, loosening and
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times encountered with this technique.! Bone mineral density
(BMD) measured by quantitative computed tomography (CT)
has been associated with mechanical properties, such as bone
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strength, stiffness, and yield load.? CT osteoabsorptiometry
(CT-OAM) has been used for the three-dimensional evaluation
of BMD at arbitrary locations in the bones.>® A previous study
on BMD distribution in the cervical spine demonstrated that
the pedicles had the highest BMD, followed by the laminae and
LMs, among cervical anatomical structures.? However, de-
tailed bone density distribution within the posterior wall of
the LM, which is used for miniscrew fixation in laminoplasty,
remains unknown. Therefore, this study analyzed the bone
density distribution in the posterior wall of the LM using CT-
OAM. In addition, we aimed to determine whether significant
differences in BMD existed among the C3-C7 LMs.

Materials and Methods

Selection of Patients and Model Creation

A total of 120 LMs from C3 to C7 were analyzed using
preoperative CT images from 12 patients (2 females and 10
males; mean age, 60.5 years) who underwent open-door
laminoplasty for degenerative diseases. A polygon model was
created for each vertebra. The posterior walls of LMs and
superior and inferior facet joint surfaces were then segment-
ed from the vertebral polygon model. Centroids of the
superior and inferior facet joint surfaces adjacent to the
LM were calculated, as well as the axis connecting these
centroids. A cylindrical coordinate system was established,
with its longitudinal axis oriented along the axis connecting
the facet centroids.® The segmented polygon model of the
posterior wall of the LM was converted into a point-cloud
dataset. The coordinates of each point in the point cloud were
converted from CT coordinates to cylindrical coordinates. CT-
OAM analysis was performed at 0.3-mm intervals until 3.0-
mm deep (defined by the radius of the cylindrical coordinate
system) beneath the posterior wall of the LM. The highest
Hounsfield unit (HU) recorded at each point was defined as
BMD at that point. The posterior wall was divided into nine
zones consisting of three columns (lateral, center, and medi-
al) and three rows (cranial, center, and caudal) (~Fig. 1).
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Fig. 1 (A) Representative (C4 left lateral mass) bone mineral density
(BMD) distribution and zoning system. (B) Mean BMD levels and zones
are presented by color codes. HU, Hounsfield unit.
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Statistical Analysis

The mean BMD of each LM was compared between the right
and left sides using a paired t-test. BMD was further com-
pared by zone and spinal level using analysis of variance with
Fisher’s protected least significant difference post hoc t-test.
A p-value < 0.05 was considered to indicate statistical signif-
icance for all tests performed. Results are presented as
mean + standard deviation (SD).

Results

The mean 4 SD BMD at all levels and zones was 1,092 +433
HU. A significant difference was observed between the right
and left sides (p =0.0117); therefore, all LMs were included
in the subsequent analyses. The mean BMD was highest in
the entire posterior wall at C4 (p =0.0009 vs. C3; p < 0.0001
vs. C5-C7), second highest at C3 (p < 0.0001 vs. C5-C7), and
lowest at C6 (p < 0.0001 vs. C3-C5)and C7 (p < 0.0001 vs. C3-
C5; p=0.0035vs.C5)(=~Fig. 2, =Table 1). BMD in the medial-
center zone (zone 6, 1,357 + 443 HU) was the highest among
all zones (p =0.0149 vs. zone 3; p <0.0001 vs. zones 1, 2, 4,
5, 7-9), followed by that in the medial-cranial zone (zone
3, 1,226 +£408 HU), which was higher than those in zone 1
(p=0.0047), zone 4 (p<0.0001), zone 5 (p=0.237), and
zones 7-9 (p < 0.0001) (~Fig. 3, =Table 1). However, BMD
in the medial-caudal zone (zone 9, 1,067 +£379 HU) was
lower than those in other medial zones (p =0.0039 vs. zone
3; p<0.0001 vs. zone 6) (~Fig. 3, =Table 1). When split by
cervical levels, BMD in the medial-caudal zone (zone 9)
was lower than that in the medial-center zone (zone 6) at
C3 (p<0.0001), C4 (p=0.0053), and C5 (p=0.0091)
(=Table 1).

Discussion

The present study demonstrated cervical level-dependent
variations in BMD in the posterior wall of the LM, showing
the highest BMD at C4, second highest at C3, and lower
BMD decreased with descending cervical level. A previous
study that measured BMD of the cervical spine reported
higher overall BMD at C4-C5 than those at C3, C6, and C7.?
This study further speculated that higher BMD at C4-C5
may be caused by the greater load in the middle cervical
spine due to natural lordosis.’ Higher segmental
motion in the middle cervical spine may also increase
BMD at C4-C5.”

The present study also demonstrated considerable varia-
tion in BMD within each posterior wall, with the highest
BMD in the medial-center zone and higher BMD in the
medial-cranial zones. In contrast, the present study showed
that BMD in the medial-caudal zone was lower than those in
other cranial zones in the medial LM, especially in the lower
cervical levels. These findings indicate the medial-center
and medial-cranial zones are suitable for miniscrew fixation
in cervical laminoplasty, given the suitable BMD distribution
in the posterior wall of the LM.

A previous study investigating BMD in distinct anatomical
regions in C3-C7 showed that the pedicles had the highest
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Fig.2 Average bone mineral density through the posterior wall of the lateral mass at the cervical level. Level effects: C4 was the highest, and C3
was the second highest. Overall density was lower in lower levels. Bone density decreases in lower levels. Error bar: standard deviation. HU,

Hounsfield unit.

BMD, followed by laminae and LMs among cervical anatomi-
cal structures.? In the present study, overall BMD in the
posterior wall at C4-C5 LMs was more than 1,000 HU,
indicating that these LMs were as strong as the medial
cortical bone of the pedicle.?

Correlation between BMD and mechanical properties of
the cervical endplate has been repeatedly demonstrat-
ed.>?""" These studies showed that BMD can be used as a
predictor of the mechanical properties of the bony parts of
the spine. Screw insertion torque and BMD were highly
correlated in lumbar pedicle screw fixation.>'3 The screw
insertion torque was also studied in cervical LM screw
fixation, showing the highest insertion torque at C4 and
gradually decreased with descending cervical level.'* The
cervical level-dependent BMD reported in the present study
supports these clinical outcomes.

A cadaveric study showed that the pull-out resistance of
the LM screws was significantly different by level.'® Similar
to the clinical results on the screw insertion torque,14 a
cadaveric study showed that the pull-out strength was
greatest at C4, decreasing cephalic and caudal to C4.'?
Another biomechanical cadaveric study analyzed the con-
tribution of BMD to insertion torque and pull-out strength
using the method of placing the revision screws after
removing the instrumented LM screws.'® In this study,
the original LM screws were inserted by a Magerl trajecto-
ry, and the revision LM screws were placed using a Roy-

Camille trajectory, a larger diameter Magerl trajectory,
or pedicle screws.'® The authors of the study reported
that pull-out strength and insertion torque increased
with increased BMD, and these parameters were signifi-
cantly correlated in each group.'® These clinical and ca-
daveric biomechanical studies indicate a significant
association between BMD and pull-out strength or inser-
tion torque.

Few studies have documented screw back-out as compli-
cation related to the use of laminoplasty plates and minis-
crews. A study showed that screw back-out occurred in 5.2%
of instrumented screws within 3 months postoperatively in
68.2% of cases,' indicating the importance of initial screw
fixation strength.! In this study, the miniscrews that caused
back-out were located either at the most cranial or caudal
operative levels in 79.4% of cases.! Another study reported a
4.9% incidence of loosening following cervical LM miniscrew
fixation.' This study also found that none of the screws was
located in the intermediate cervical levels.'* Although seg-
mental motion is higher in the middle cervical spine, the
higher BMD in the posterior wall of the LM in the middle
levels may contribute to preventing miniscrew loosening and
back-out.

The present study describes the detailed distribution of
BMD in the posterior wall of the LM obtained by CT-OAM. To
the best of our knowledge, this is the first study to investigate
BMD distribution in the LM and the difference in level effects.
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Fig. 3 Regional variations in bone mineral density; zone 6 was the highest. Zone 3 was the second highest. Error bar: standard deviation. HU,

Hounsfield unit.

CT-OAM was developed to measure BMD on a curved bony
surface and underneath the surface and applied to the
evaluation of BMD in the endplates and facet joints in the
spinal field.3=>°~"" This technique allows the measurement
of BMD distribution on and underneath the surface of the LM,
which has cylindrical geometry. In the present study, BMD
was measured using a cylindrical coordinate system so that
BMD in the cortical shell of the LM and the concentric layers
underneath the cortical shell at different depths could be
evaluated.

In the present study, the regional analysis of BMD in the
posterior wall revealed higher BMD in the medial one-third
of the posterior area. The medial region is typically used for
miniscrew fixation for the laminoplasty plates. However,
BMD in the medial-caudal region is not as high as compared
with those in medial-cranial and medial-center regions.
Therefore, the most suitable insertion points for miniscrew
fixation for laminoplasty would be the medial-cranial and
medial-center regions in the posterior wall of the LM.
Considering the level variation altogether, BMD in the medi-
al-caudal region in C7 was only 59% of the highest BMD in
the medial-center region at C4. These biomechanical find-
ings would be useful in the preoperative planning of lam-
inoplasty especially for determination of the LM screw entry
points and in the design of laminoplasty implants.

The present study only evaluated BMD in the posterior
wall of the LM under the assumption that the cortical shell

most contributes to the fixation strength of the miniscrew.
However, if the miniscrew tips reach the subchondral bone
area of the opposing facet joint, high BMD in the subchondral
bone of the facet joint may also contribute to the fixation
strength of the miniscrew, especially in the caudal region of
the posterior wall. Since penetration of the miniscrew into
the facet joint may cause screw loosening due to micro-
motion, further causing facet joint arthrosis,'” appropriate
selection of miniscrew length and insertion angle is addi-
tional important factors for stable miniscrew fixation. In
addition to measuring BMD on the anatomical bony surfaces,
CT-OAM enables the measurement of BMD on the surface of
the implants placed in the bones, either in real or virtual-
ly."819 Future studies using CT-OAM should be conducted on
investigating the measurement of BMD on the surfaces and
adjacent areas of the miniscrew virtually placed in the LM so
that BMD around the entire thread of the miniscrew can be
used to seek the best insertion location and orientation of
miniscrew fixation for cervical laminoplasty.

In the present study, we measured bone density within
3.0-mm depth from the surface of the lateral mass (LM)
including the cortical portion of the LM which appears
to contribute to the strength of miniscrew fixation.
Future studies will also measure bone density distribution
within the cancellous bone portion of the LM to be used
for preoperative planning of longer screw fixation in
the LM.
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Table 1 Mean bone mineral density by level and zone

—~[ =T~ —
o | o
T(E|ET |||
Em@g@@g
™M
El=|—||®|a]|~
—~|~ =~ —_
g|zl5]<|<|2
N[ B|E]|m
o ZITCI25|S
o222 ZZ s
®
I NEIE
N|—=|=|<|la|a]|~=
—~| =~
28| olz|mla
-
P R S R RN K
w@gvvv@
cl|s ~N[—=]m|ao
cl@[Nao|x|w]|o©
N|[—|[— ]| ]|
—_
)
~| R~ ===
MmNl |m|[m|©
~le|l2|n|s(v|S
Nlglalala]e
o | oy
cluw|P|o|o ||
O|ld| ~|JO|—|O|N
N|a|—|w|w|[o |
~|~l ]~~~
o~ | NN ™
Sd|lm|v|~]|o|<
ARAKARIARIARS
P R NS N ) B N
| T | = | NSNS
cl= ||| |[mMm]|N
ol|lnfe|m|(e|—(M
N|=|=|=|=[=|=
—~|~ —
—|S|m
T S R S R IS
wgg@@,vg
ARANEIEIREE
N|—|[—|lo|~R|[a]|~
|~ —_
ST =~l~l=l2
O|l—|m|S
0"88@@’@’8
sN|=[a|N|3]=
N|—|— ||| |~
~|~ =]~ —_
M=ol )
olala|m|o|o
AR
o R R A R P S
ol |Slo
c|lT|O(V]O[xn|N
IR DA R A
N|=|=|=|<|a]|=
~| =~ —
AN
S|l
PR 0% sl IS S B N
w@ggﬁl@m
~
c M|~
oMY@~
N|—|[—|~|~|[a]|~
|~ —
SIs|=~l=~[=~IH
o |~|S
B N IO R RO RSN N
wgﬂ-(’l@,'ﬁlﬁ
c S |oo|n|—
c(N|TIR|o|w|=
N|—|[—=|oa|® ||~
“©
mi|(vw|lo|~|8
VOIVIOU[IV]U |+~

Note: Unit used—Hounsfield unit, mean (standard deviation).
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Conclusion

BMD distribution in the posterior wall of the LM measured
on clinical CT revealed higher BMD at the C4-C5 levels and
medial-center and medial-cranial regions. These results
indicate that the medial center to the cranial regions is
suitable for miniscrew fixation for cervical laminoplasty in
terms of bone density. However, BMD in the medial-caudal
region had lower BMD than the cranial regions in the medial
LM. Furthermore, lower BMD in the lower levels, the BMD in
the medial-caudal region in C7, was only 59% of the highest
BMD, which was found in the medial-center region at C4.
These biomechanical findings would be useful in the preop-
erative planning of laminoplasty especially for determina-
tion of the LM screw entry points and in the design of
laminoplasty implants.
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