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The Ligamentum Flavum at L4-5: Relationship With
Anthropomorphic Factors and Clinical Findings in
Older Persons With and Without Spinal Disorders
Andrew J. Haig, MD, Adodeji Adewole, MD, Karen S. J. Yamakawa, MS,

Benjamin Kelemen, BS, Andrea L. Aagesen, DO
Objective: To examine the relationship between ligamentum flavum thickness and
clinical spinal stenosis.
Design: A validation study.
Setting: Clinical research laboratory.

atients: A total of 119 subjects from the Michigan Spinal Stenosis Study (MSSS).
Methods: Two new measurement techniques were compared by use of magnetic reso-
nance images of 4 asymptomatic subjects by 2 examiners. The technique with the best
interrater reliability was then used to measure the ligamentum flavum at L4-L5 in 119
subjects in the MSSS who, on the basis of clinical examination without imaging, were
thought to have lumbar stenosis, mechanical back pain, or no pain. These findings were
related to other radiologic findings, demographics, clinical severity, and electrodiagnostic
findings.
Main Outcome Measurements: Perpendicular on the inside of the spinal canal from
the deepest point of concavity of the lamina to the edge of the ligament.
Results: The ligamentum flavum width measurement had high interrater (r � 0.774) and
ntrarater (r � 0.768) reliability. In 28 asymptomatic volunteers, ligamentum flavum width
veraged 5.72 � 0.95 mm, with the left side significantly thinner than the right (t � 2.117,
� .044), and thicker ligaments with age (r � 0.653, P � .001). Asymptomatic persons
hom radiologists thought had stenosis had thicker ligaments (t � 2.273, P � .032).
ersons with clinical stenosis (n � 48) and mechanical pain (n � 43) had ligament
hickness similar to that of asymptomatic volunteers. Among patients with clinical stenosis,
igamentum flavum thickness did not relate to symptom severity (pedometer and laboratory
mbulation tests, Pain Disability Index, and visual analog scale for pain). Most neurophys-
ological findings had no relationship with ligamentum flavum width, except the presence
f limb fibrillation potentials related to a thinner ligament (t � 2.915, P � .004).
onclusions: The measurement technique is standardized for the ligamentum flavum for

uture use. Although the ligamentum flavum appears to get thicker with age, other factors,
ncluding clinical diagnosis, pain, and function, do not appear to relate to the ligamentum
avum width.

PM R 2012;4:23-29

INTRODUCTION

The ligamentum flavum, which envelops the medial aspect of the facet joints, is thought to
play a role in spinal disorders. This role was first hypothesized by Elsberg in 1913 when he
noted that a torn ligamentum flavum can “compress the fourth lumbar root” [1]. Since then,
others have suggested that the ligamentum flavum plays an important role in the spinal
disease, most prominently spinal stenosis [2-5].

To date, most authors describe the ligamentum flavum in histological [6-8], biochemical
4,7,9], or biomechanical [6,7] terms. Accurate measurement of the ligamentum flavum can
elp us to understand its impact on spinal disorders. Anatomical measurements of ligamen-
ous thickness are less commonly used, and the techniques used for measurement are rarely

escribed or validated [6-8,10]. Experience in the assessment of other aspects of spinal
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anatomy has shown that it is important to make measure-
ments in populations with and without clinical symptoms.

The authors of the Michigan Spinal Stenosis Study (MSSS)
gathered magnetic resonance images along with clinical ex-
aminations and electrodiagnostic (EDX) parameters in a pop-
ulation of persons with clinically evident spinal stenosis,
mechanical back pain, or no spine symptoms [11,12]. This
population can be used to describe the normal ligamentum
flavum and to explore the relationships between ligament
thickness and clinical findings. In the current study, we
design and validate a technique for measurement of the
thickness of the ligamentum flavum. This measurement tech-
nique is applied to a previously gathered, well-documented
population of older persons with no symptoms, low back
pain, or clinically apparent spinal stenosis.

METHODS

In summary, 2 different techniques for measuring ligamen-
tum flavum thickness were designed and tested for interrater
and test–retest validity. The most reliable of these was used in
the clinical study. In the clinical study, investigators evalu-
ated ligamentum flavum thickness in 3 groups of persons
who had no symptoms, signs and symptoms of mechanical
back pain without stenosis, or symptoms of lumbar spinal
stenosis. The relationship between ligamentum flavum thick-
ness and clinically relevant parameters was explored. These
parameters include anthropomorphic data; masked clinical,
radiological, and EDX impressions; and functional status,
including laboratory walking tests. The study was approved
by the university’s institutional review board.

Part 1: Design of a Ligamentum Flavum
Measurement Technique

To choose the optimal technique of measuring the thickness
of the ligamentum flavum, magnetic resonance imaging
(MRI) of 4 asymptomatic subjects were arbitrarily selected
from a larger study population (MSSS, described in Part 2,
Methods section, below) by a person who had no knowledge
of the MRI findings. Two different techniques were used to
measure the ligamentum flavum on the right and left side at
5 levels (L1-L5).

In method A (Figure 1), a perpendicular line is drawn
down the midline of the spinal canal for reference. Two
additional lines are drawn, one from the reference line to the
anterior tip of the facet joint that is closest to the spinal canal,
at a right angle to the reference line, and the other from the
edge of the spinal canal along the initial line to the same point
in the reference line, also at a right angle. One measurement
is subtracted from the other to determine a measurement of
ligamentum flavum thickness.

In method B, also shown in Figure 1, the curvature of the

nternal border of the lamina is noted. At the deepest point of
the curvature, a perpendicular is dropped to the surface of
the ligamentum flavum. This perpendicular, usually the
thickest part of the ligament, is the recorded measurement.

At times, it was difficult to precisely identify the anatomical
landmarks required for measurement because of degenerative
changes, shadows on the image, or the location of the slice. In
these cases, 2 different techniques for finding the landmarks
were used. The first was to look at the previous and subsequent
slice for a clearer picture. In cases in which it was difficult to
identify the deepest point of the curve in the lamina for method
B, the location of the deepest point of the curve was confirmed
by looking at the spinal canal on the other side of the ligamen-
tum flavum; to a smaller extent, the spinal canal mirrors the dip
in the lamina with a smaller protrusion.

Measurements were taken on 5 levels, L1/L2 to L5/S1, by
the use of axial T2–weighted lumbar spine MRI. The criteria
for deciding which MRI slice at each level was measured were
defined according to 3 variables: the view of the disk afforded
by the slice, the formation of the inferior facet joint, and the
formation of the lamina. Initially, the slice that cut most
directly through the disk was used. However, in the case in
which there were 2 slices with relatively similar views of the
disk, the slice that fit 2 of the 3 criteria was used. The first 2
sets of intrarater reliability measurements were performed by

Figure 1. Ligamentum flavum measurement, methods A
and B.
an undergraduate student who had no previous radiological
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experience. The second set of interrater reliability measure-
ments was performed by a fourth-year medical student with
some previous radiological experience. Each set of measure-
ments was performed 24 hours apart. The reliability of 2
different methods for measuring the ligamentum flavum was
then tested.

Part 2: Subjects, Clinical Measures, and
Ligamentum Flavum Measures

The data for the current study were obtained from the MSSS.
Methods for this prospective diagnostic and prognostic trial
are described in detail elsewhere [12]. In brief, after we
screened for confounding disease, including polyneurop-
athy, 139 subjects underwent extensive history and physical
examination by musculoskeletal physiatrists who were
blinded to any MRI or electromyography results. On the basis
of this clinical information, the physiatrists characterized the
subjects as having no back pain, mechanical back pain only,
or clinical spinal stenosis. EDX and MRI were performed by
blinded clinicians. For the purpose of the current article,
subjects who were subsequently found on EDX to have
polyneuropathy or who had missing or invalid diagnostic
tests were removed from the analysis, leaving 119 cases.

MRI studies on all subjects included a non–contrast-
enhanced lumbosacral spinal scan (GE Signa Horizon LX; GE
Medical Systems, Milwaukee, WI), along with sagittal T2-
weighted (field of view [FOV]: 30; scan thickness [ST]: 3.0
mm, interscan spacing [IS]: 0.5 mm, matrix: 384 � 192;
repetition time [TR]: 3000; and echo time [TE]: 102 pulse:
fast spin echo), sagittal T1-weighted (FOV: 30; ST: 3 mm, IS:
0.5 mm, matrix: 256 � 192, TR: 400-700, TE: min full pulse:
spin echo), and axial T2-weighted (FOV: 20; ST: 4 mm; IS: 5
mm; 5 slices through each disk space T12-L1 through L5-S1;
matrix: 256 � 256; TR: 3000-5000; TE: 102 pulse: FSE)
cans. All images were reviewed at a workstation (Windows
dvantage Workstation; GE Medical Systems). A neuroradi-
logist, who was blinded to clinical and electromyography
EMG) data, performed numerous measurements of the spi-
al segments and provided a clinical impression of stenosis or
o stenosis.

EDX was performed by physiatrists who were board cer-
ified or eligible in EDX medicine and who were blinded to
maging and clinical information. Needle EMG was per-
ormed on 5 limb muscles on the clinically most painful side
r a randomly chosen side if symmetrical or asymptomatic.
araspinal mapping quantitative needle EMG of the L2-L5

nnervated multifudus muscle was performed bilaterally.
ural sensory, peroneal motor, and H-wave nerve conduc-
ion studies were performed, all with the use of standard
echniques. For the purposes of this study, the presence of
� fibrillation potentials in any limb muscle and a paraspinal

apping score of greater than 4 were considered abnormal.
Demographic and clinical data were obtained from the
patient questionnaire. In addition, ambulation velocity in a
15-minute walking test and the number of steps taken in 7
days as measured by a pedometer (DIGI-WALKER, Model
SW-701; Yamax, Tokyo, Japan) were collected.

A physician who had not seen the images previously and
who was masked to the clinical diagnosis performed all
subsequent measures by using Imagecast iPACS Viewer, ver-
sion 10.3.9.91 (IDX Systems Corporation, South Burlington,
VT). He first selected the midline sagittal T2-weighted mag-
netic resonance images of the lumbar spine at the L4-L5
interspace. Method B, which was shown in the previously
mentioned experiment to be more reproducible, was used for
all measurements.

Data were initially entered into an Excel (Microsoft Corp.,
Redmond, WA) spreadsheet and checked for errors. SPSS
version 15.0 (SPSS Inc., Chicago, IL) was used to analyze the
results after importing the cleaned Excel data into SPSS. A
one-sample Kolmogorov-Smirnov test was conducted to test
the normality of the distribution of the measurements of the
ligamentum flavum (right, left, and the average of right and
left). An independent-samples t-test was used to determine
mean difference between 2 groups, and one-way analysis of
variance was used for comparing the mean differences among
3 groups. The chi-square test of independence was used to
examine group differences for categorical measures. Tests of
strength of association between ligamentum flavum with
demographics, pain, ambulation, and MRI anatomical mea-
sures were assessed by the use of Pearson correlation analysis.
An alpha value of 0.05 was used for all statistical analyses.

RESULTS

Study Part 1: Design of a Ligamentum
Flavum Measurement Tool

All subjects tended to have similar mean widths across all 4
levels when method A was used, ranging from 6.09 to 8.03
mm, whereas a larger range of measurements, from 3.31 to
6.08 mm, was observed with method B. However, method A
had a larger standard deviation than method B. Because the
measurements were examined from level to level, the mean
width tended to increase from L1/L2, with the largest mean at
L4/L5 when both measurement types were used. The total
mean values for all subjects at all levels tended to be larger for
the right than for the left side when both measurement
methods were used. The total means for all subjects across all
levels and on both sides was slightly larger with method A
than with method B, as was the standard deviation.

Method A was associated with poor intrarater reliability
and statistically significant moderate interrater reliability,
0.58, was statistically significant (Table 1). Method B was
more reproducible, with intra- and interrater reliability sta-

tistically significant, both at 0.77.
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26 Haig et al LIGAMENTUM FLAVUM MEASUREMENTS
Table 2 shows data measurements at a segmental level.
Intrarater reliability reached significance (P � .05) in only 2
of 10 measurements with method A, interrater reliability was
significant in 6 of 10 measurements with method B. Regard-
ing interrater reliability, no segmental measurement was
statistically significant for method A, whereas 5 of 10 mea-
surements were significant for method B.

Study Part 2: Anthropomorphic and
Clinical Relations to the Ligamentum
Flavum

The population used for the second part of the study had a
mean age of 65.1 � 7.59 years, and 32.8% (n � 39) were
male. The physiatrist’s history and physical examination clas-
sified the subjects into 3 groups: asymptomatic (n � 28),

Table 1. Measurement technique development: intra- and
nterrater reliability for ligamentum flavum measures on MRI

ith methods A and method B (4 subjects at 5 lumbar levels,
ight and left sides), n � 40

Width, mm SD ICC P Value

Intrarater (rater 1),
method A

0.306 .129

First measurement 6.875 2.062
Second measurement 7.523 2.183

Interrater, method A 0.586 .003
Rater 1 6.875 2.062
Rater 2 6.750 1.986

Intrarater (rater 1),
method B

0.768 �.001

Measurement 1 5.220 1.723
Measurement 2 5.683 1.685

nterrater, method B 0.774 �.001
Rater 1 5.220 1.723
Rater 2 4.643 1.446

ICC, inter- or intraclass correlation coefficient.

Table 2. Measurement technique development: Intra- and in
level with techniques A and B in the MRI scans of 4 subjects

L1/L2 L2/L

ICC P Value ICC P

Method A measurement
Right side

Intrarater (rater 1) 0.935 .025 0.672
Interrater (raters 1 and 2) 0.825 .093 0.289

Left side
Intrarater (rater 1) 0.832 .088 0.919
Interrater (raters 1 and 2) 0.835 .087 �1.648

ethod B measurement
Right side

Intrarater (rater 1) 0.963 .012 0.474
Interrater (raters 1 and 2) 0.836 .086 0.650

Left side
Intrarater (rater 1) 0.959 .013 0.261
Interrater (raters 1 and 2) 0.938 .024 0.826
CC � inter- or intraclass correlation coefficient; MRI � magnetic resonance imagin
mechanical back pain (n � 43), and clinical spinal stenosis
(n � 48). The blinded radiologist believed that 69 subjects
had radiological stenosis. These groupings were used for
examining the relationships between the ligamentum flavum
and various demographic, pain, and functional measures,
and anatomical parameters at the corresponding level.

In the 28 asymptomatic subjects, the mean (left and right)
ligamentum flavum thickness (� standard deviation) was
5.72 � 0.95 mm. The right (5.89 � 1.12 mm) was signifi-
cantly thicker than the left side (5.55 � 0.94 mm; mean

ifference of 0.34 � 0.84 mm, paired t-test, t � 2.117, P �
.044). Table 3 describes the relationship between ligamen-
tum flavum thickness and various demographic, clinical, and
radiological measures. The ligamentum flavum width was
positively correlated with age (r � 0.653, P � .001) but was
inversely related to the anteroposterior thecal sac diameter
(r � �0.444, P � .018) and thecal sac area (r � �0.433, P �
021). The ligamentum flavum was significantly thicker in
he 15 asymptomatic volunteers whom radiologists thought
ad stenosis compared with the 13 whom they believed did
ot have stenosis (6.07 � 1.03 mm vs 5.31 � 0.67 mm, t �
.273, P � .032). All other measures showed no significant
elationship to ligamentum flavum width.

Table 4 seeks relationships between the 3 clinically de-
ned populations and ligamentum flavum thickness. Of 69
ersons whom the radiologist believed had stenosis, 29 had
linically defined stenosis, 25 had low back pain, and 15
ere asymptomatic. No relationship was observed between

igament thickness and the clinical diagnosis of stenosis.
Among persons who did appear to have clinical spinal

tenosis, no relationship was found between the L4-L5 liga-
entum flavum width (averaged left and right) and any of the
easures of clinical severity (pedometer walking distances
er day or per week, 15-minute ambulation velocity, Pain

r reliability for ligamentum flavum measures at each lumbar

L3/L4 L4/L5 L5/S1

e ICC P Value ICC P Value ICC P Value

0.827 .588 0.523 .279 �2.725 .846
0.092 .243 0.606 .232 �2.362 .827

0.514 .284 0.196 .431 �0.766 .674
0.669 .194 0.474 .305 �0.105 .532

0.994 .001 0.903 .043 0.283 .396
0.931 .027 0.969 .009 �0.317 .587

0.981 .004 0.893 .050 0.461 .312
0.919 .034 0.962 .012 �0.187 .554
terrate

3

Valu

.192

.393

.034

.777

.306

.206

.405

.092
g.
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Disability Index score, and visual analog scale score for pain),
with P � .15 in all instances.

EDX evidence for nerve involvement was compared with
ligamentum flavum width on the same side as the limb that
underwent EDX testing. Interestingly fibrillations in the limb

Table 3. Relationships between ligamentum flavum thickness

Popul

Demographic measures
Height, cm 168.00 (1
Weight, kg 80.81 (1
Body mass index 28.53 (5
Age, years 64.82 (8
Gender

Male 5.81 (1
Female 5.67 (0

Education, years 15.95 (3

Clinical factors
Radiologist diagnosis of stenosis

Stenosis 6.07 (1
No stenosis 5.31 (0

Electromyographer diagnosis of stenosis
Stenosis 5.80 (0
Low back pain 6.33 (0
Asymptomatic 5.50 (1

Paraspinal mapping EMG score 1.39 (2
Strength deficit

Deficit 7.48 (0
No deficit 5.58 (0

Reflex deficit
Deficit 5.39 (1
No deficit 5.83 (0

Velocity (km/h) 15-minute walk test 4.41 (0
Steps per day (pedometer) 6324.12 (3
Pain (PDI) 0.85 (1
Pain (VAS) 0.19 (0

Anatomical factors
At L4-5

AP canal diameter, mm 17.04 (3
Canal area, mm2 328.43 (8
AP thecal sac diameter, mm 10.88 (2
Thecal sac area, mm2 144.04 (4
Interfacet distance from the bony margin, mm 21.91 (3
Interfacet distance from the inner ligamentous

margin, mm
11.40 (4

Disk herniation at L4-L5?
Yes 5.50 (�
No 5.73 (0

AP � anteroposterior; EMG � electromyography; PDI � Pain Disability Ind
*Statistical testing was not performed because of low count in one or mor

Table 4. Relationship between ligamentum flavum width and

Ligamentum
Flavum

All Subjects, Mean
(SD), n � 119

Clinical Stenosis,
n � 48

M

Right 5.61 (1.16) 5.47 (1.16)
Left 5.53 (1.32) 5.52 (1.56)
Average right 5.57 (1.13) 5.50 (1.23)

and left
muscles related to a somewhat smaller ligamentum flavum:
of 119 EMG studies, 24 had fibrillation potentials, and their
ligaments averaged 4.88 mm (�0.78), whereas the remain-
ing 95 subjects had a ligament width of 5.69 mm (� 1.31),
t � 2.915, P � .004. All other measures, including motor

arious factors in 28 asymptomatic volunteers

Mean (SD)
Test Statistics R (Unless

Noted Otherwise)
Significance

(P Value)

�0.095 .630
0.179 .363
0.237 .225
0.653 �.001

� 10 (35.7%) T � 0.378 .708
� 18 (64.33%)

�0.027 .912

� 15 (53.6%) T � 2.273 .032
� 13 (46.4%)

� 12 (42.9%) F � 1.027 .373
� 3 (10.7%)
� 13 (46.4%)

0.202 .304

� 2 (7.1%) *
� 26 (92.9%)

� 7 (25.0%) T � 1.052 .303
� 21 (75.0%)

�0.264 .175
) �0.307 .112

0.127 .528
�0.013 .951

�0.246 .208
�0.188 .337
�0.444 .018
�0.433 .021

0.203 .300
0.161 .413

1 (3.6%) *
�27 (96.4%)

� visual analog scale.
(s).

al diagnosis

nical Back Pain,
n � 43

Asymptomatic,
n � 28

Student T-test/
F-statistic P Value

.59 (1.17) 5.89 (1.12) 1.153 .319

.53 (1.27) 5.55 (0.94) 0.004 .996

.56 (1.16) 5.72 (0.95) 0.338 .714
and v

ation,

0.08)
8.97)
.93)
.02)

.12) n

.86) n

.24)

.03) n

.67) n

.89) n

.80) n

.01) n

.33)

.67) n

.83) n

.22) n

.84) n

.87)
453.93
.90)
.51)

.07)
1.78)
.85)
7.26)
.96)
.41)

) n �
.96) n

ex; VAS
clinic

echa

5
5
5
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unit changes in the leg, paraspinal mapping, and H-wave
testing, showed no relationship to ligament width.

DISCUSSION

The width of the ligamentum flavum is commonly noted on
imaging studies; however, until this study, there has not been
a validated quantitative measure, and normative values have
not been published for MRI findings in older persons. This
study provides these data and seeks association between
ligamentum flavum thickness and clinically relevant factors.

Design of a Ligamentum Flavum
Measurement Tool

In this part of the study, we found that method A was
mathematically precise but tangential to the ligament thick-
ness, resulting in potential errors. Method B appeared to
require some judgment, but the judgment may not be critical,
as reliability was good even when measured by an undergrad-
uate and a medical student. Method B resembled the method
used by Fukuyama et al [6]. However, the location measured

y Fukuyama et al [6] was based on a determination of the
thickest part of the ligament, which can be subjective. We
used bony landmarks to decrease that subjectivity.

For method B, we found both good interrater measure-
ments and good intrarater measurements. However, for
method A, we found moderate interrater and poor intrarater
measurements. Method B has additional strength because of
the extent to which it reflects only the width of the ligament.
Although method A reflects the width of the ligament, it
reflects a component of the ligament length as well. Method A
also requires twice as many measures as method B, which
introduces twice the potential for measurement errors. We
advocate use of method B in future studies of the ligament
thickness.

Anthropomorphic Measures

Evaluation of the ligamentum flavum in asymptomatic vol-
unteers can provide normative data and help us to under-
stand factors that may cause the ligament to thicken. The
population represented a range of heights and body mass
indexes, which resulted in a reasonable range of measure-
ment possibilities. Because the ligamentum flavum thickness
increases with age [13] (and the spinal canal does not com-
pensate by getting larger), it makes sense that the thecal sac
measurements would decrease as the ligament increases. In
the current study, we could not determine whether this
increase in thickness with age relates to hypertrophy (per-
haps in response to stressors) or to redundancy (perhaps
related to relaxation of the ligament as the intervertebral
space becomes smaller with disk collapse). The significantly

thicker right-sided ligament may relate somehow to the fact
that most persons are right handed; however, the mechanism
for this relationship is not clear.

Clinical Relationships With the
Ligamentum Flavum

Because the ligamentum flavum occupies the spinal canal, it
is legitimate to question whether increased thickness of the
ligamentum flavum has a relationship with the clinical syn-
drome of spinal stenosis. This relationship could develop in
causal or coincident ways. As a direct cause, hypertrophy or
redundancy could simply occupy space that the other canal
contents need, causing stenosis symptoms. However, the
hypertrophy or redundancy could be a marker for segmental
hypermobility, and the hypermobility alone could then be
the cause of stenosis. In this second instance, we would hope
to see cases of stenosis symptoms in persons whose canals are
“adequate” while they are lying supine in the scanner but
whose ligaments are thicker than normal.

Another group recently examined ligamentum flavum
thickness in an uncontrolled study of more than 200 MRIs;
they concluded that redundancy is the reason for thickness
[13]. Our data, however, demonstrate no good relationship
between ligamentum flavum thickness and clinical diagnosis,
level of pain, or level of disability. This finding parallels
previously published analyses of numerous measures of the
spinal canal and thecal sac diameter and area from the MSSS
study [12]. In that report, a statistically significant relation-
ship between the anteroposterior spinal canal diameter and
clinically diagnosed stenosis was found; however, it had no
discriminant value. The many other measures of the area and
diameter of the canal and thecal sac did not relate to clinically
diagnosed stenosis.

The radiologist reported spinal stenosis in a number of our
clinically asymptomatic subjects. The current data indicate
that this reporting behavior related to the thickness of the
ligamentum flavum. This relationship may be an epiphenom-
enon related to a smaller thecal sac or the radiologists may
consciously or subconsciously believe that a thicker ligament
relates to stenosis. Regardless, the results of this study will
encourage radiologists to avoid any conscious or subcon-
scious inclusion of the ligamentum flavum thickness in draw-
ing a conclusion about radiological stenosis.

It is curious that a thin ligamentum flavum correlated
strongly with the presence of fibrillation potentials on the
limb EMG examination. In the MSSS and a subsequent study,
fibrillations on EMG had a very good relationship with the
clinical presentation of stenosis and with a very low false-
positive rate [12,14]. Innervation has no known hypertro-
phic affect on ligaments. Perhaps, contrary to the previous
discussion, a thin ligamentum flavum is actually the cause of,
or a marker for, hypermobility.

The study methodology has a number of strengths in that

it involves masked, validated measures in persons with a
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range of clinical presentations. However, for anthropometric
purposes, it is important to note that 28 asymptomatic vol-
unteers is a relatively small sample. A larger study may find
more subtle positive relationships between the ligamentum
flavum and factors such as obesity, body size, and even
clinical presentation. We also only measured the ligamentum
flavum at L4-L5 for the current study. However this is the
most common level for radiological spinal stenosis to occur
[12,13].

CONCLUSION

The ligamentum flavum can be measured accurately; how-
ever, within the limits of this study, measures of ligament
thickness do not appear to relate to most clinically relevant
information.
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