1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

o WATIG,

HE

M 'NS;))\

D)

NS

NIH Public Access

Author Manuscript

Published in final edited form as:
Spine (Phila Pa 1976). 2010 April 15; 35(8): 924-928. doi:10.1097/BRS.00013e3181c9fc04.

In Vivo Measurement of Lumbar Facet Joint Area in
Asymptomatic and Chronic Low Back Pain Subjects

Yoshihisa Otsuka, MD, PhD, Howard S. An, MD, Ruth S. Ochia, PhD, Gunnar B. J.
Andersson, MD, PhD, Alejandro A. Espinoza Orias, PhD, and Nozomu Inoue, MD, PhD
Department of Orthopedic Surgery, Rush University Medical Center, Chicago, IL

Abstract
Study Desigh—In vivo measurement of lumbar facet joint surface area.

Objectives—To investigate lumbar facet joint surface area in relation to age and the presence of
chronic low back pain.

Summary of Background Data—~Facet joint surface area is an important parameter for
understanding facet joint function and pathology, but information on the lumbar facet joint is
limited especially in relation with age and low back pain symptoms.

Methods—In vivo measurements of the lumbar facet joints (L3/L4-L5/S1) were performed on 90
volunteers (57 asymptomatic subjects, 33 chronic low back pain subjects) using subject-based
three-dimensional facet joint surface CT models.

Results—The facet joint surface area increased significantly at each successive inferior level. In
the low back pain subjects over 40 years old, both superior and inferior facet surface areas
increased except superior facets at L5/S1 compared to younger subjects. In the asymptomatic
subjects over 40 years old, only the superior facets showed an increase in the L3/4 facet surface
area compared to younger subjects.

Conclusions—The lumbar facet areas measured in vivo in the current study were similar to
previous cadaveric studies. The lumbar facet area was significantly greater at the inferior lumbar
levels and also increased with age. This age related increase in the facet joint surface was observed
more in the low back pain subjects compared to asymptomatic subjects. The increase in the area of
the facet joint surface is probably secondary to increased load-bearing in the lower lumbar
segments and facet joint osteoarthritis.

Introduction

Increases in load transmission through the facet joints have been considered as important
factors in osteoarthritic changes of the facet joint following intervertebral disc degeneration.
1-3 The facet joint surface has significant effects on loading and stress transfer since the
surface area is an essential parameter for calculation of stress and pressure on the facet joint.
45 The information on facet surface area is also clinically important for designing spinal
implants. Considerable variation of the facet shape has been noticed clinically.® In cadaveric
studies, geometrical parameters of the vertebral structure, such as spinal columns, vertebral
body height, long and short diameter of the vertebra 7, and facet width & were measured.
However, the information on the surface area of the lumbar facet joints is limited in the
literature, due to the complex three-dimensional (3D) geometry of the facet joint surface.®
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To our knowledge, there is no in vivo study to measure the lumbar facet joint surface area in
3D.

The purpose of the current study was to accurately determine the area of the facet joint
surface in different age groups with and without chronic low back pain using a non-invasive
3D in vivo measurement technique.10:11

Materials and Methods

A total of 90 volunteers (mean age, 37.6 years [range, 22-59 years], mean weight, 75.4 kg
[range, 45-129 kg], mean height 168.6 cm [range, 145-188 cm]) were used for this study
(IRB Approval No. 00042801) (Table 1). All subjects signed an approved informed consent
form and were asked clinical questions about their symptoms. Subjects with chronic low
back pain (n=33) were categorized as “symptomatic” subjects. The remaining fifty-seven
subjects were categorized as “asymptomatic.” Each subject was screened by the authors for
pre-existing lumbar spine pathology and pain episodes for categorize each subject either for
the asymptomatic group or the symptomatic group. Exclusion criteria for the asymptomatic
group were low back pain, previous spinal surgery, history of low back pain, age over 60
years, obesity, claustrophobia or other contraindication to MR and CT imaging. Inclusion
criteria for the symptomatic group were recurrent pain in the low back pain with at least two
episodes of at least 6 weeks brought on by modest physical exertion. Exclusion for the
symptomatic group were prior surgery for back pain, age over 60 years, claustrophobia or
other contraindication to MR and CT imaging, severe osteoporosis, severe disc collapse at
multiple levels, severe central or spinal stenosis, destructive process involving the spine,
litigation or compensation proceedings, extreme obesity, congenital spine defect, previous
spinal injury.

Each subject underwent axial lumbar CT scanning at 1.0-mm slice thickness. Image data in
a DICOM (Digital Imaging and COmmunication in Medicine) format from the L3 to S1
levels were transferred from the CT scanner (Volume Zoom, Siemens, Malvern, PA) to
personal computers. Qualified orthopedic surgeons traced both superior and inferior facet
joint surfaces slice by slice on the computer monitor using a pen type tablet digitizer
(Wacom Intuos 3, Wacom, Saitama, Japan). During tracing the joint surface line, care was
taken not to include osteophytes in the joint surface by referring gross geometry of the joint
and structure of the subchondral bone. Fifteen equidistant points were generated on the joint
surface line traced in each slice. Polygons were created by using 2 adjacent points in one
plane and 1 point in the adjacent plane (Figure 1). Thus, the entire facet joint surface was
modeled with the resulting polygon elements. The area of each polygon was computed by
calculating the cross product of the two vectors that connected the dots on the adjacent lines.
As such, a normal vector of the polygon was obtained simultaneously by the cross product
(Figure 2). The area of the entire facet joint surface was calculated by summating the area of
the polygons throughout the joint surface. The procedures of joint surface tracing,
triangulation, 3D reconstruction, and area measurement were completed using a custom
made software program (Microsoft Visual C++ 2003 under Microsoft Foundation Class
programming environment).

For data analysis, comparison between left and right facet surfaces was done by paired t-
tests. Comparison between symptomatic vs. asymptomatic group was done by unpaired t-
tests. Level and age effects were analyzed by a One-Way Analysis of Variance (ANOVA)
with Fischer’s post hoc test. The results were presented by mean and standard error of the
mean (SEM).
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The averaged surface area in all facets (a total of 1080 facets including left and right,
superior and inferior of levels L3/L4 through L5/S1) was 190.6 + 4.0 mm2. The facet areas
in L3/L4, L4/L5 and L5/S1 were 158.2 + 4.1 mm?, 189.8 + 7.2 mm? and 224.0 + 8.6 mm?,
respectively. The facet area at L5/S1 was significantly greater than those at L3/L4 and L4/
L5 (p <0.001). Similarly, the facet area at L4/L5 was significantly greater than that at L3/L4
(p < 0.005).

Figure 3 illustrates the comparison between superior and inferior facet joint surfaces at
different spinal levels for left or right side. At the L3/L4 level, the superior facet area was
significantly greater in the right side (p < 0.004) and tended to be greater in the left side (p =
0.08) compared to the inferior facet areas. At the L4/L5 level, the superior facet area was
greater in the left side (p < 0.05) compared to the inferior facet area. At the L5/S1 level,
however, the inferior facet area was greater (p < 0.002) compared to the superior facet area
in the left side. There were no significant differences between the left and right superior
facets or inferior facets at each level (superior facet at L3/L4; p = 0.21, inferior facet at L3/
L4; p =0.21, superior facet at L4/L5; p = 0.94, inferior facet at L4/L5; p = 0.57, superior
facet at L5/S1; p = 0.28, inferior facet at L5/S1; p = 0.80). Therefore, averaged values
between the left and right sides were used for the following analyses on the level and age
effects.

In the superior facets, overall facet surface area increased with age (20’s vs. 30°’s; p = 0.053,
20’s vs. 40’s; p < 0.0005, 20’s vs. 50’s; p < 0.001, 30’s vs. 40’s; p < 0.05, 30’s vs. 50°s; p =
0.055). At L3/L4 in the symptomatic subjects, the facet area in 40°s was greater than those
in 20°s (p <0.01) and 30’s (p < 0.05) and the facet area in 50°s was greater than that in 20’s
(p < 0.05). At L3/L4 in the asymptomatic subjects, the facet area in 40’s was greater than
those in 20’s (p <0.05). At L4/L5 in the symptomatic subjects, the facet area in 40’s was
greater than those in 20’s and 30’s (p < 0.01) and the facet area in 50°s was greater than that
in 20’s (p < 0.05). However, there were no significant differences in asymptomatic subjects
at L4/L5 due to age. The facet area in the symptomatic subjects in 40’s was greater
compared to that in the asymptomatic subjects in the age group of 40’s at L4/L5 (p < 0.01).
At L5/S1, there were no significant differences among different age groups both in
asymptomatic and symptomatic subjects (Table 2).

In the inferior facets, overall facet surface area increased with age (20’s vs. 40°s; p < 0.02,
20’s vs. 50’s; p < 0.002, 30°s vs. 40’s; p = 0.08, 30’s vs. 50°s; p < 0.01). At L3/L4 in the
symptomatic subjects, the facet area in 40’s was greater than those in 20’s (p < 0.01) and
30’s (p < 0.05). However, there were no significant differences in asymptomatic subjects at
L3/L4. At L4/L5 and L5/S1 in the symptomatic subjects, the facet area in 50°s was greater
than those in 20’s and 30’s (p < 0.05). However, there were no significant differences in
asymptomatic subjects at L4/L5 and L5/S1. The facet area in the symptomatic subjects in
40’s was greater compared to that in the symptomatic subjects in the age group of 40’s at
L4/L5 (p < 0.05). The facet area in the symptomatic subjects in 50°s was greater compared
to that in the asymptomatic subjects in the age group of 50’s at L5/S1 (p < 0.05) (Table 3).

Discussion

Although the facet joint surface area is an important component to the function and
osteoarthritic changes in the facet joint, there are only a few studies in the literature which
measured facet surface area. 812714 Panjabi et al 1213 were the first to investigate facet joint
morphology three-dimensionally in a quantitative manner. They measured heights and
widths of the facet joint surface using images of the facet joint projected onto orthogonal
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planes and calculated the facet joint surface area by assuming facet joint shape an elliptical.
Although the heights and widths of the facet joint surfaces were measured in 3D in this
method, the facet joint surface areas were calculated in two-dimension ignoring the 3D
curvature of the facet joint surfaces.

Tanno et al 14 measured facet joint surface area of the cadaveric spine using a unique
method. In their method, a piece of soft wet paper was laid over the curved facet joint
surface, molded to shape, and cut to make a flat cast of the joint surface, then the area of the
cast was measured as an area of the facet joint surface. This method allowed measuring
three-dimensionally curved facet joint surface area, however, they described that this
method was technically demanding. It is obvious that this technique can be used only for
cadaveric studies.

A new in vivo 3D measurement method has been developed in the current study to measure
the lumbar facet joint surfaces. In this method, each facet joint surface was represented by
approximately 300 small polygons and the entire joint surface area was calculated by
summating the individual area of each polygon. Surface area measurement using a polygon-
based model allows measuring the 3D surface area of complex 3D geometries. The polygon-
based surface model of the facet joint can be created easily by reconstructing the CT images
obtained from clinically available CT scanners. Although the methods, age and sample size
are different, the facet joint surface areas measured by the in vivo method were comparable
in the range/magnitude of areas with the previous in vitro studies using cadaveric spines
(Table 4).

In the current study, the facet joint area increased significantly at the inferior lumbar levels
regardless of age and symptoms. These results are consistent with the results from previous
cadaveric studies. The averaged facet surface areas between the left/right sides were used in
the current study, since there were no statistical differences between both sides. However,
asymmetry between the left and right facet joint angles and sizes has been discussed in the
literature and importance of considering the asymmetry has been emphasized in the study of
the facet dimensions. #:8:15:16 Masharawi et al 8 carried out a massive morphological study
of the facet joint, using 240 adult cadaveric human spines from donors born between the
years 1825 to 1910. They reported asymmetrical facet dimensions such as superior and
inferior lumbar facet lengths, however, no information was provided on the facet joint
surface areas. Although the facet joint surface areas were measured in the left and right sides
in the above mentioned studies of Panjabi et al 12:13 and Tanno et al 14, no statistical
comparisons between both sides were reported. Future studies on the asymmetry in the facet
joint surface area will be required.

While the facet joint surface areas increased only in the superior facets at L3/L4 level from
20’s to 40’s in the asymptomatic subjects, increases in the facet areas with age were
observed at L3/L4, L4/L5 and L5/S1 levels in the superior facets and at L3/L4 and L4/L5
levels in the inferior facets in the symptomatic subjects in the current study.

A possible explanation for the increase with age especially over 40 in the symptomatic
subjects is the inclusion of osteophytes into the facet joints when the facet joint surface was
traced in this study. As described in the methods section, the joint surface was traced
excluding the osteophytes. However, it is not known well whether the osteophytes could be
perfectly distinguished from the original facets. Gilbertson 17 conducted a detailed study on
development of periarticular osteophyte formation using microradiographic, and fluorescent
bone-labeling techniques in a canine knee osteoarthritis model. He reported that mature
osteophytes were developed in 48 weeks having a mature trabecular structure with similar
bone density of pre-existing trabeculae and free communication with the pre-existing bone

Spine (Phila Pa 1976). Author manuscript; available in PMC 2011 April 15.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Otsuka et al.

Page 5

marrow spaces. That study also found increased bone turnover in the pre-existing bone.
Integration of osteophytes is clinically observed in human synovial joints such as knee and
hip joints. Although whether the same phenomenon occurs in the facet joints is yet to be
studied, in any case, it is possible to speculate that osteophytes are integrated completely to
the original facet and contribute to an increase in overall facet joint surface area.

Another possible explanation for the increased joint surface area in the symptomatic subjects
is that adaptation of the facets to the increased load through the facet joint occurred in order
to reduce stress level on the joint surface. Alteration in the lord-bearing role of the facet joint
may occur with disc degeneration because of the alterations in the structural properties of
the disc.1%:19-21 |n addition, our laboratory showed that the intervertebral disc height in the
symptomatic subjects was lower than that of asymptomatic subjects.?2 Correlation between
the intervertebral disc degeneration or disc height loss and the facet joint surface area will be
investigated in a future study.

In conclusion, the lumbar facet areas measured in vivo in the current study were similar to
previous cadaveric studies. The lumbar facet area was significantly greater at the inferior
lumbar levels and also increased with age. This age related increase in the facet joint surface
was observed more in the low back pain subjects compared to asymptomatic subjects. The
increase in the area of the facet joint surface is probably secondary to increased load-bearing
in the lower lumbar segments and facet joint osteoarthritis.

Key points

» Information on the lumbar facet joint in relation with age and low back pain
symptoms is limited.

» The facet joint surface area increased as the spinal level decreased.

e The lumbar facet area increased with age, especially in the low back pain subjects.
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Fifteen equidistant points were generated on the joint surface line traced in each slice.
Polygons were created by using 2 adjacent points in one plane (j or j+1) and 1 point in the
adjacent plane (j +1 or j). For example, an arbitrarily triangle was consisted by Ky, point in
plane j, Ky, point in plane j+1, and (K+1)y, point in plane j+1. The area of each polygon was
computed by calculating the cross product of the 2 vectors, A and B. A normal vector of the
polygon, N, was obtained simultaneously by the cross product of the 2 vectors (the normal
vector was not analyzed in the current study). Therefore, the entire facet joint surface was

modeled with the resulting polygon elements.
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Cranial

Caudal

Figure 2.

The 3D surface model of the facet joint consisting of polygons. Distribution of the normal
vectors (green lines) indicates 3D curvature of the facet joint surface. The area of the entire
facet joint surface was calculated by summating the area of the polygons throughout the
three-dimensionally curved joint surface.
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Table 1

Subject Number Broken Down by Gender, Symptom and Age.

Male (n = 49)

Female (n = 41)

Asymptomatic (n =32) Symptomatic (n = 17)

Asymptomatic (n = 25)

Symptomatic (n = 16)

20’s
30’s
40’s
50’s

10
11
8
3

2

9
3
3

7
10
6
2

2

5
4
5
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