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ARTICLE INFO ABSTRACT
Keywords: Background: Our elderly population is growing and the number of spine fractures in the elderly is also growing.
Cervical spine The elderly population in general may be considered as poor surgical candidates experience a high rate of fractures

Bone mineral density

at C1 and C2 compared with the general population. Nonoperative management of upper cervical fractures is
Regional variation

not benign as there is a high nonunion rate for both C1 and C2 fractures in the elderly, and orthosis compliance

Ost i . . . . . . . e s
s:g::r?tr;ﬁsxl/sariation is often suboptimal, or complicated by skin breakdown. The optimal technique for upper cervical stabilization
Geriatric in the elderly may be different than in younger populations as the bone quality is inferior in the elderly. The

objective of this basic science study is to determine whether the bone mineral density (BMD) of C1 and C2 vary
by region, and if this is a gender difference in this elderly age group.

Methods: Twenty cadaveric spines from 45 to 83 years of age were used to obtain BMD using quantitated com-
puted tomography (QCT). BMD was measured using a QCT. For C1, 8 regions were determined: anterior tubercle,
bilateral anterior and medial lateral masses, bilateral posterior arches, and posterior tubercle. For C2, 7 regional
BMDs were determined: top of odontoid, base of odontoid-body interface, mid body, bilateral lateral masses,
anterior inferior body near the discs space, and the C2 spinous process.

Results: The BMD was greatest at the Cl anterior tubercle (564.4+175.8 mg/cm?®) and Cl posterior ring
(420.8+110.2 mg/cm?®), and least at the anterior and medial lateral masses (262.8+59.5 mg/cm?, 316.9+72.6
mg/cm?). At C2 QCT BMD was greatest at the top of the dens (400.6+107.9 mg/cm?) decreasing down through
the odontoid-C2 body junction (267.8+103.5 mg/cm?) and least in the mid C2 body 249.1+68.8 mg/cm?). The
posterior arch of C1 and the spinous process of C2 had higher BMD’s 420.8+110.2 mg/cm® and 284.1+93.0
mg/cm?, respectively. A high correlation was observed between the BMD at the interface of the dens-vertebral
body with the vertebral body with a Pearson correlation coefficient of 0.86. The BMD of the top of dens was
significantly higher (p<.05) than all the regions in C2.

Conclusions: Regional and segmental BMD variations at C1 and C2 have clinical implications for surgical con-
structs in the elderly population. Given the higher BMDs of the C1 and C2 spinous process and posterior arches,
consideration should be given to incorporate these areas using various C1-C2 wiring techniques. In the elderly,
lateral masses particularly at C1 with lower BMD may result in potential screw loosening and nonunion in this age
group. Old-school wiring techniques have a track record of efficacy and safety with less blood loss, reduced oper-
ative time, reduced X-ray exposure, and should be considered in the elderly as a primary stabilization technique
or a belt-over suspenders approach based on regional variations in BMD in the elderly.
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Introduction
Epidemiology

Cervical spine injuries are one of the leading causes of mortality and
morbidity in the elderly and a burden on the health-care systems. It is
projected that there will be an increase in the number of C1 and C2
fractures in the elderly as our population ages [1,2]. The upper cervical
region C1-C2 is responsible for 25% to 40% of all the cervical spine
injuries. Falls and trauma are the leading causes for upper cervical spine
fractures. Motor vehicle accidents and low-velocity falls are frequent
causes for these fractures [3,4]. Recent epidemiological studies have
shown that the rate of atlas fractures is higher in the elderly population
(63.8% of atlas fracture occurred in patients over the age of 70 years)
[5]. Based on several literature studies, the rate of atlas fractures is in
the range of 11% to 13% [5,6].

Odontoid fractures are the most common type of fractures of C2 (ac-
counting for 60% of C2 fractures). The rate of C2 fracture in the Medi-
care population increased by 135% from the years 2000 to 2011 [3].
Given the trend in increasing geriatric population and better imaging
modalities, these numbers are projected to increase [2].

Osteoporosis is rarely discussed in cervical spine except in the con-
text of revision surgery [7-9]. It is characterized by a decrease in bone
density and an increase in fracture risk. In the elderly population, there
are higher incidences of osteoporosis and revision surgery compared
with younger populations. Hence, it is important to understand the re-
gional variation in bone mineral density (BMD) in the upper cervical
spine for the elderly.

Literature supports operative treatment but the ideal fixation in the
elderly may be different than in younger populations due to segmental
and regional differences in BMD [10-12]. Screw fixations are the most
common technique used to stabilize the unstable segments. In this tech-
nique, screws such as pedicle screws or lateral mass or pars are inserted
in their corresponding regions and connected with rods to maintain
alignment for subsequent biomechanical stabilization or fusion. Biome-
chanical studies have shown that the pullout strength of these screws is
dependent on BMD, insertion angle, and screw length [13-15].

The vertebral column is designed to respond to mechanical loads by
allowing for adaptation to external physiologic stresses such as carry-
ing and alterations in posture associated with movement, in addition to
adaptations to body morphology. Bone tends to adapt to these internal
and external stress by modifying the BMD. Dual X-ray absorptiometry
(DXA) scans have been the traditional gold standard for measurement
of BMD but there are inherent problems using this technique. DXA scans
do not allow for the regional variations encountered within the various
regions of the spine [16,17]. Use of quantitated computed tomography
(QCT) aids in both visualization of the vertebral structures and assess
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the regional BMD. CT scans are usually performed in trauma protocols to
assess the fracture and surgical decision making/planning. Hence, QCTs
are ideal imaging protocol for determining regional BMD measurements
in the cervical spine.

Based on Wolff’s law, given the higher loads the thoracic and lumbar
spines experience compared with the cervical spine, one would antici-
pate higher BMD in the thoracic and lumbar spine to support the torso
and abdomen, but this is not the case for the cervical spine. Paradoxi-
cally the cervical spine has the highest BMD within the spine followed
by the thoracic or lumbar spine, respectively [18-20]. A 2006 study
demonstrated that the trabecular bone in the cervical spine was signif-
icantly different than the lumbar spine [20]. QCTs were used to deter-
mine BMD on C2-C7, T1 and L2-4 on 57 healthy male volunteers with
an age range of 18 to 41. A decreasing trend in BMD was observed from
the cervical spine to the lumbar spine. This trend showed significance as
the mean cervical spine BMD was 1.5 times higher than the lower lum-
bar vertebrae. A 2017 study [19] used QCT to determine the regional
and spinal level variations within the cervical spine. This study used 31
young healthy volunteers (16 males and 15 females) and showed BMD
variations with both spinal level and regional variations within each
level. The study was also demonstrated that females had a higher BMD
in the cervical spine than males and attributed it to increased BMD in
the posterior regions [18].

Bone mineral density should influence surgical decision making in
any fracture case and particularly in the elderly. Upper cervical frac-
tures and C1-C2 instability cases can be very challenging in the elderly
as the weighing of comorbidities and ethical issues often complicate the
surgical decision process. Treatment options vary depending on the type
of fracture(s), degree of displacement, patient age, and comorbidity fac-
tors. While the elderly population may often be considered suboptimal
surgical candidates, they experience a high rate of fractures at C1 and
C2 from low-velocity falls and motor vehicle accidents. The fracture in-
cidence rates for the elderly at C1, C2, and the C1-C2 complex range in
the 25% to 40% [21]. Cervical orthosis treatment is often pursued due
to fragility in the elderly. But cervical orthosis treatment itself is not
benign nor has a particularly good success rate for many upper cervical
fractures. For the group that fails to heal with nonoperative manage-
ment, this typically results in delayed healing, a weak fibrous union,
or a delay in surgical intervention. To stabilize these fractures, C1-C2
screws (pars, pedicle, transpedicular) are commonly used.

From a biomechanical perspective, external loads and potentially
compromised vascular supply and suboptimal bone quality attributed
to this region of C2 are associated with the poor healing rates for type
II odontoid fractures. For this reason, it is important that BMD be incor-
porated into the surgical planning of C1 and C2 fractures to optimize
the surgical construct to prevent screw loosening and nonunion due to
poor bone quality in this age group.

Fig. 1. Left shows C1 vertebra regional QCT bone mineral density measurement sites with regions marked (1-8) where 1=anterior tubercle; 2 and 8=anterior lateral
mass (right and left); 3 and 7=midline lateral mass (right and left); 4 and 6=posterior arch (right and left), and 5=posterior tubercle. Right shows C2 vertebra regional
QCT bone mineral density measurement sites with regions marked (1-8) where 1=distal dens; 2=interface of dens and vertebral body; 3=vertebral body; 4=inferior
anterior mid body; 5 and 6=lateral mass; 7=spinous process.
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Table 1
Demographics of the cadavers

All data (n=20) Male (n=10) Female (n=10)

Mean SD Mean SD Mean SD
Age (years) 66.1 10.3 64.2 10.8 67.9 9.9
Height (cm) 170.3 10.8 177.3 8.2 163.3 8.5
Weight (kg) 76.7 15.1 83.8 11.6 69.6 15.2

The objective of the current study is to determine if there are re-
gional variations in C1 and C2 vertebra with an emphasis on a geriatric
population from a larger sample size. The results of the study can aid in
finding the optimal construct for C1-C2 stabilization.

Methods

Regional BMDs of C1 and C2 vertebrae using QCT were obtained
from 20 unembalmed human cadaver spines. A QCT software (Midways
Inc., San Francisco, CA) was used to determine bone density. For C2:
BMDs were determined at 7 regions: the top of the odontoid, the base
of an odontoid-body interface, the anterior-inferior body, the mid-body,
the bilateral body, and the posterior spinous process. For C1: 8 regions
were studied: anterior tubercle, bilateral anterior and medial lateral
masses, bilateral posterior arches, and posterior arch (Fig. 1). The spine
surgeon author outlined the regions on the CT scans for determining the
BMDs.

The selection of the anatomic regions was based on commonly used
screw trajectories or clinical fixation points based on common surgical
constructs (Fig. 1 left and right). Repeated measure linear mixed model
was used for statistical analysis with p<.05 for significance. Tukey’s post
hoc test was performed to analyze the regional variations in the BMD.
Analysis was done for the entire group and for a subgroup with 11 spec-
imens age >65 years, to discuss the applicability to the elderly popula-
tions.

Results

The demographics of the cadaveric (PMHS) used for the BMD mea-
surements are shown in the Table 1. For C1, BMD (Fig. 2) was great-
est at the anterior tubercle (564.4+175.8 mg/cm3) and posterior tuber-
cle (420.8+110.2 mg/cm?), and least at the anterior and medial lat-
eral masses (262.8+59.5 and 316.9+72.6 mg/cm3). For C2 (Fig. 3),
there were no statistical differences (p>.5) between left and right lateral
mass BMDs, and hence lateral masses were averaged for analysis. BMD
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was significantly greater (p<.05) at the top of the dens (400.6+107.9
mg/cm3) compared with the other 6 regions (average 249.1-303.0
mg/cm3). It was the least in the midbody (249.1+68.8 mg/cm3). The
BMD was greater (p<.05) at the C2 lateral mass than odontoid-vertebral
body interface or midbody. The C1 posterior arch (400.9+93.6 mg/cm3)
and C2 spinous process (284.1+93.0 mg/cm?) had higher BMDs than
C1 lateral (262.8+59.5 mg/cm?3) and C2 lateral masses (303.30+67.0
mg/cm?3). We were able to demonstrate spinal level and regional varia-
tions within spinal levels that attain statistical significance, but no sta-
tistically significant gender differences were noted in this elderly popu-
lation (Fig. 4).

Discussion

The objective of the current study was to determine if regional vari-
ation in BMD exists in the upper cervical spine and if there were gender
differences in this older age group. We used QCT for determination of
BMD in unembalmed human cadaver spines as DXA has been shown to
be inaccurate in the cervical spine [22]. Using QCT or Hounsfield units
is more practical as clinically CTs are commonly obtained in trauma
protocols and in deformity cases in the diagnostic and planning stages
for fracture/deformity treatment [23].

Data were analyzed for the whole group and for the elderly subgroup.
For the entire ensemble, our findings for C1 show that the anterior and
medial lateral mass have the lowest BMD of both C1 and C2 (Fig. 2).
For C2, there were no statistical differences (p>.5) between left and
right lateral mass, C2 BMD was significantly greater (p<.05) at the top
of the dens compared with the other 6 regions, C2 BMD was greater
(p<.05) at the C2 lateral mass than odontoid-vertebral body interface.
C2 BMD was greater (p<.05) at the C2 lateral mass than at the midbody.
The hypothesis that the BMD shows a regional response and decreases
caudally from the top of the odontoid down through the vertebral body
was proven in the present study with human cadaver cervical vertebrae.
Statistical results remained the same for the subgroup, except the C2
lateral mass did not attain the same level of significance with respect to
the other regions. This finding may have clinical/surgical implications.

From a clinical perspective, given that type II and type III odontoid
fractures would occur in the region of lowest BMD within C2, an indirect
stabilization method should be considered in the elderly. Avoiding the
softer bone encountered in an anterior odontoid screw fixation avoids
the lower BMD encountered in this geriatric age group and avoids the
higher incidence of dysphagia experienced in elderly populations with
anterior approaches [24,25]. For younger patients with well aligned and
“fresh” Type 2 odontoid fractures, the anterior approach is favored to
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Fig. 2. Regional variation of BMD of C1 vertebra.
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Fig. 3. Regional variation of BMD of C2 vertebra.
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Fig. 4. Gender-based comparison of BMD in C1 and C2 vertebrae.

maintain and optimize postoperative range of motion [26]. The screw
trajectory for an anterior odontoid screw stabilization extends from the
anterior inferior C2 body near the disc space through the lower BMD
bone found in the C2 vertebral body and incorporates the higher BMD
within the odontoid as the screw projects toward the distal odontoid
tip. This anterior odontoid screw trajectory for type II odontoid frac-
tures goes through better bone quality and bone with higher BMD at
the distal aspect giving a more secure construct and less chance of screw
loosening [9].

In younger populations care should be taken to avoid using a short
screw with the anterior odontoid approach as the inferior odontoid may
be in contact with softer bone near the actual fracture site (an area of
lower BMD), which may potentiate a delayed screw loosening. If there
is C1-C2 instability and the posterior arches are fractured, for pedi-
cle, pars, lateral mass, or transarticular screws regional variations in
BMD should be considered to optimize screw length to obtain a secure
construct. Multiple biomechanical studies both cadaveric and finite el-
ement modeling have been performed to compare construct stability in
atlantoaxial fixation with heterogenous results based on mode of testing
[27-32]. However, these studies are performed on younger specimens
with higher BMD along the lateral masses and pedicles.

In elderly patients with more complex fractures involving both the
odontoid and C1, the lateral mass of C1, both anteriorly and medially,
may have lower BMD than in younger patients. Commonly used C1-
C2 screw fixation techniques in the elderly population may encounter
lower BMD which causes concern for potential screw loosening with
the lower BMD’s confronted along the trajectory of the C1 screw in par-
ticular. With ectatic vertebral arteries commonly found in the elderly,

and potential for higher blood loss as the need for a more lateral ex-
posure for initiation of the screw placement, additional consideration
for screws use in the upper cervical spine should be considered for sur-
gical planning. Bone mineral density has been previously studied using
QCT, and regional variations were determined by the spinal level and by
anatomic regions within the vertebra in a healthy younger population
(ages 20-35) [19].

The BMD data from the present study added to the prior literature
are more applicable to the elderly because of the geriatric age of the
current specimens. The screw fixation techniques both anteriorly for
type II odontoid fractures and for C1-C2 constructs for instability and
complex fractures of either C1, C2, or both posterior arches at C1 and
C2 should incorporate the BMD to optimize surgical constructs. In our
study focused on the geriatric population, we did not identify any sig-
nificant gender differences in BMD which is different than cited study
that showed an increased BMD in the posterior elements of C1 and C2 in
women as compared with men in a younger age group. Additional hu-
man cadaver specimens may be needed to detect the presence of gender
bias in the geriatric populations, and this will be a future study topic.

There are segmental and regional variations in BMD in the cervi-
cal spine. Biomechanically the C1-C2 screw constructs in the younger
population have been shown to be biomechanically superior to wiring
constructs [29,33,34]. Most biomechanical studies are performed on
younger healthy cadaveric specimens. The BMD observed in this popula-
tion tends to be superior to that encountered in the geriatric population.
Placing screws at C1 and C2 in elderly patients cannot be assumed to
have the same biomechanical strength as in younger spines given the
decrease in BMD along the lateral mass and pedicle. Surgical constructs
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for C1 and C2 fractures particularly in the elderly need to consider the
regional and segmental variations to strengthen surgical constructs in
the geriatric population.

The BMD’s encountered in the cervical spine of geriatric patients is
suboptimal and cannot be directly compared with the screw-rod con-
structs studied in younger populations. By considering posterior C1-C2
wiring/cable constructs which use the C1 posterior arch and C2 spinous
process/posterior arch to allow for incorporation of bone with higher
BMD and better bone quality to be integrated into the surgical construct
this offers a stronger construct in the elderly population. Depending on
the surgeon’s comfort with placing sublaminar wires or cables and the
patient’s anatomy, the use of various C1-C2 wiring/cable techniques
[35-37] should still be considered particularly in the elderly. If the pos-
terior elements of C1 and C2 are fractured or the patient is younger,
surgeons need to recognize the regional variations in BMD to optimize
the surgical approach and screw length to obtain a secure construct.

Conclusions

Regional and segmental BMD variations at C1 and C2 have clinical
implications for surgical constructs in the elderly population. Given the
higher BMDs of the C1 and C2 spinous process and posterior arches,
consideration should be given to incorporate these areas using vari-
ous C1-C2 wiring techniques. In the elderly, lateral masses particularly
at C1 with lower BMD coupled with suboptimal nonunion and failure
rates in C1 and C2 fractures may result in potential screw loosening and
nonunion in this age group. Old-school wiring techniques have a track
record of efficacy and safety with less blood loss, reduced operative time,
reduced X-ray exposure, and should be considered in the elderly as a pri-
mary stabilization technique or a belt-over suspenders approach based
on regional variations in BMD in the elderly.
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