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Background: Hypertrophy of the ligamentum flavum (LF) has been considered as a major cause
of lumbar central spinal stenosis (LCSS). Previous studies have found that ligamentum flavum
thickness (LFT) is correlated with aging, disc degeneration, and lumbar spinal stenosis. However,
hypertrophy is different from thickness. Thus, to evaluate hypertrophy of the whole LF, we devised
a new morphological parameter, called the ligamentum flavum area (LFA).

Objectives: We hypothesized that the LFA is a key morphologic parameter in the diagnosis of
LCSS.

Study Design: Retrospective observational study.

Setting: The single center study in Seoul, Republic of Korea.

Methods: LF samples were collected from 166 patients with LCSS, and from 167 controls who
underwent lumbar magnetic resonance imaging (MRI) as part of a routine medical examination. T1-
weighted axial MR imageswere acquired at the facet joint level from individual patients. We measured
the LFA and LFT at the L4-L5 intervertebral level on MRI using a picture archiving and communications
system. The LFA was measured as the cross-sectional area of the whole LF at the L4-L5 stenotic level.
The LFT was measured by drawing a line along the side of the ligament facing the spinal canal and
along the laminar side of the ligament curve and then measuring the thickest point at the L4-L5 level.

Results: The average LFA was 96.56 + 30.74 mm? in the control group and 132.69 + 32.68 mm?
in the LCSS group. The average LFT was 3.61 £ 0.72 mm in the control group and 4.24 + 0.97
mm in the LCSS group. LCSS patients had significantly higher LFA (P< 0.001) and LFT (P< 0.001).
Regarding the validity of both LFA and LFT as predictors of LCSS, Receiver Operator Characteristics
(ROC) curve analysis showed that the best cut-off point for the LFA was 105.90 mm?, with 80.1%
sensitivity, 76.0% specificity, and area under the curve (AUC) of 0.83 (95% Cl, 0.78 — 0.87). The
best cut off-point of the LFT was 3.74 mm, with 70.5% sensitivity, 66.5% specificity, and AUC of
0.72 (95% Cl, 0.66 — 0.77).

Limitations: The principal methodological limitation was the retrospective observational nature.
Anatomically, degenerative lumbar spinal stenosis can involve the central canal, foramina, and
lateral recess. However, we focused on LCSS only.

Conclusions: Although the LFT and LFA were both significantly associated with LCSS, the LFA
was a more sensitive measurement parameter. Thus, to evaluate LCSS patients, the treating doctor
should more carefully analyze the LFA than LFT.

Institutional Review Board (IRB) approval number: S2015-1328-0001

Key words: Ligamentum flavum, ligamentum flavum area, ligamentum flavum thickness, lumbar
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umbar central spinal stenosis (LCSS) is a

multifactorial spinal disorder with a prevalence

of 27.2% (1-3). It is more common in elderly
individuals (4). LCSS typically causes low back or buttock
pain, sensory and motor disturbances, and neurogenic
intermittent claudication in the lower extremities (3,5).
LCSS can be defined as a decrease in the size of the dural
sac and spinal canal caused by arthritic changes of the
facet joints, disc herniation combined with osteophytes,
and spinal nerve root compression (3,6). Hypertrophy of
the ligamentum flavum (LF) has also been considered
as a major cause of LCSS (7). Thickening of the LF
can compress the dural sac and nerve root, reducing
the diameter of the spinal canal, and contributing
to the above symptoms (8). Previous studies have
demonstrated that ligamentum flavum thickness
(LFT) is associated with aging, disc degeneration, and
lumbar spinal stenosis (4,9). However, hypertrophy is
somewhat different from thickness. LFT may increase
by buckling in the mass of the LF without a change
(7,8). Thus, for evaluating hypertrophy of the whole
LF, we devised a new morphological parameter, called
ligamentum flavum area (LFA). In contrast to the LFT,
the LFA measures the cross-sectional area of the whole
LF. We hypothesized that the LFA is a key morphologic
parameter in the diagnosis of LCSS. Therefore, we
compared the LFA and LFT between LCSS patients and
normal controls via magnetic resonance imaging (MRI).

MEeTHODS

Patients

This study was registered at the University of Ulsan,
College of Medicine, Asan Medical Center, Republic
of Korea (52015-1328-0001). The Institutional Review
Board (IRB) approved the research protocol.

Table 1. Comparison of the characteristics of control and LCSS
groups.

Variable Control Group | LCSS Group | Statistical
n = 167 n =166 significance

(erel:l‘i%emale) 85/82 54/112 NS

Age (yrs) 69.20 + 8.04 68.69 +7.38 NS

LFT (mm) 3.61£0.72 4.24+0.97 P <0.001

LFA (mm?) 96.56 + 30.74 132.69 + 32.68 P <0.001

Data represent the mean + standard deviation (SD) or the numbers of
patients. LFT, ligamentum flavum thickness; LFA, ligamentum flavum
area; NS, not statistically significant (P > 0.05).

We reviewed retrospectively each patient who
visited the Asan Spine Center from 2010 to 2015 and
who were diagnosed with LCSS. Inclusion criteria
were defined as follows: 1) MR images taken within
12 months of the diagnosis of LCSS and available for
review; 2) clinical symptoms and signs compatible with
LCSS, such as leg or low back pain aggravated by walk-
ing; 3) patients older than 60 years of age; 4) the most
stenotic level was located at L4-L5. Exclusion criteria
were defined if they had any one of the following
conditions: 1) previous spinal injury; 2) history of prior
lumbar spine surgery; 3) history of prior spinal inter-
ventions, such as kyphoplasty or vertebroplasty; and
4) any congenital spine disorder or defect that could
affect pain severity.

A total of 166 individuals who met specified crite-
ria for inclusion were enrolled after the diagnosis of
LCSS was confirmed by an experienced board-certified
neuroradiologist. There were 54 (32.5%) men and 112
(67.5%) women with a mean age of 68.69 + 7.38 years
(range, 60 to 88 years) (Table 1). Each patient under-
went lumbar spine MRI. To compare the LFA and LFT
between patients with and without LCSS, we also en-
rolled a control group who underwent lumbar MRI as
part of a routine medical examination from June 2013
to September 2015. We only enrolled patients in the
control group who did not have LCSS-related symptoms.
The control group consisted of 167 participants (85 men
and 82 women) with a mean age of 69.20 + 8.04 years
(range, 60 to 86 years). The LFT and LFA in the control
group were also examined at the L4-L5 level.

Image Processing and Analysis

MRI data were obtained on 1.5 T Avanto (Siemens
Medical Solutions, Erlangen, Germany) and 1.5 T Intera
(Philips Medical Systems, Eindhoven, Netherlands) scan-
ners. For all MRI examinations, we acquired T1-weight-
ed axial and sagittal images with <3 mm slice thickness,
0.9-mm intersection gap, 30-cm field of view, > 3 echo
train length (ETL), and 448 x 314 matrix.

Image Analysis

T1-weighted axial MR images were acquired at the
level of facet joint for individual patient data. We mea-
sured the LFA and LFT at the L4-L5 intervertebral level
on MRI using a picture archiving and communications
system (Fig. 1). The LFA was measured as the cross-sec-
tional area of the whole LF at the L4-L5 stenotic level.
The LFT was measured by drawing a line along the side
of the ligament facing the spinal canal and along the
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facet joint level on T1-weighted MRIs.

Fig. 1. Measurement of both the ligamentum flavum thickness (A) and the ligamentum flavum area (B) was carried out at the

laminar side of the curve of the ligament and recording
the thickest point at the L4-L5 level.

Statistical Analysis

We compared the LFA and LFT between the con-
trol and LCSS groups using unpaired t-tests. The data
are expressed as mean + standard deviation (SD). The
validity of the LFA and LFT for diagnosis of disease was
estimated by Receiver Operator Characteristics (ROC)
curves, area under the curve (AUC), cut-off values,
specificity, and sensitivity with 95% confidence intervals
(Cls). The statistically significant differences were set at
a P-value of less than 0.05. SPSS version 21 for Windows
(IBM SPSS, IBM Corp., Armonk, NY) was used for the
statistical analysis.

REsuLTs

The average LFA was 96.56 + 30.74 mm2 in the con-
trol group and 132.69 + 32.68 mmz2 in the LCSS group.
The average LFT was 3.61 +0.72 mm in the control group
and 4.24 £ 0.97 mm in the LCSS group. LCSS patients had
significantly greater LFA (P < 0.001) and LFT (P < 0.001)
than controls (Table 1). Regarding the validity of both
the LFA and LFT as predictors of LCSS, ROC curve analysis
showed that the optimal cut-off point of the LFA was
105.90 mm2, with 80.1% sensitivity, 76.0% specificity
(Table 2), and AUC of 0.83 (95% Cl, 0.78 — 0.87) (Fig. 2).
The optimal cut-off point of the LFT was 3.74 mm, with
70.5% sensitivity, 66.5% specificity (Table 3), and AUC of
0.72 (95% Cl, 0.66 — 0.77) (Fig. 2).

Table 2. Sensitivity and specificity of each cut-off point of the
LFT.

LFT Sensitivity Specificity
(mm) (%) (%)
1.87 99.4 0
3.03 90.4 20.1
3.36 83.7 37.7
3.74% 70.5 66.5
4.64 28.3 90.1
6.26 24 100

*The best cut-off point on the receiver operating characteristic (ROC)
curve; LFT, ligamentum flavum thickness.

Table 3. Sensitivity and specificity of each cut-off point of the
LFA.

LFA Sensitivity Specificity
(mm?®) (%) (%)
41.75 100 0
94.71 90.4 56.3
100.16 85.5 68.9
105.90* 80.1 76.0
135.76 43.4 90.2
28291 0 100

*The best cut-off point on the receiver operating characteristic (ROC)
curve; LFA, ligamentum flavum area.
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LFA AUC (95% CI) = 0.83 (0.78 — 0.87). LFT AUC (95% CI) = 0.72 (0.66 — 0.77). AUC, area under the curve

and AUC 0.83 versus 0.72, respectively.

Fig. 2. Receiver operating characteristic (ROC) curve of ligamentum flavum area (LFA) and ligamentum
flavum thickness (LF'T) for prediction of lumbar central spinal stenosis. The best cut off point of LFA was
105.90 mm2 versus 3.74 mm of LF'T, with sensitivity 80.1% versus 70.5%, specificity 76.0% versus 66.5%

Discussion

The most common spinal disorder in elderly pa-
tients is LCSS, which causes intermittent neurogenic
claudication and low back pain (3,5,10). LCSS results
from a decrease in the transversal, anteroposterior, or
combined diameter secondary to hypertrophy of the
facet joints, disc height loss with or without herniation
of the intervertebral disc, and the LF hypertrophy (11).
The role of the LF is to protect the fat tissue that keeps
the dural sac activity and maintains spinal stability and
nerves within a certain range (12,13). The thickness of
the LF differs significantly between the L2-L3, L3-L4, L4-
5, and L5-S1 levels, and it is thickest at the L4-L5 level
(8). Thus, we measured the LFA and LFT at the L4-5 level
to obtain the most accurate measurement of thickness.
We strictly controlled for age (all patients were older

than 60 years) because many studies have found that
the LF becomes thicker with age (4). The normal LF is
a well-defined structure with 20% collagen fibers and
80% elastic fibers (7,14). The LF is a yellow, segmentally
ligamentous structure that connects the adjacent verte-
brae laminae in the spinal canal (13). In LCSS patients,
the LF shows an increase in collagen fibers and a loss
of elastic fibers, resulting in fibrosis. The contribution
of mechanical factors to LF hypertrophy has been as-
sessed in a previous study. Transforming growth factor
beta is related to the stimulation of fibrosis. The process
of LF thickening begins with mechanical stress, which
induces inflammation, tissue damage, scarring, and
finally, fibrosis (15). Abnormal movement can cause
mechanical stress and inflammation, although the
pathogenesis of the inflammatory reaction in LF ap-
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pears to be multifactorial (15,16). Many studies have
evaluated the associations between the LFT on MRI and
the signs and symptoms of LCSS (4,17). Park et al (9)
indicated that the LF is significantly thinner in patients
with a herniated intervertebral disc than in those with
lumbar spinal stenosis. Altinkaya et al (8) demonstrated
that thickening of the LF is correlated with age, disc
degeneration, and body mass index. Karabekir et al (18)
demonstrated that contralateral disc herniation is re-
lated to a hypertrophied and asymmetrical LF. However,
Abbas et al (4) emphasized that “LF hypertrophy” and
“LF thickness” are not the same thing. Although the LFT
may increase by infolding or buckling of the LF without
a change in mass (4), LFT and LF hypertrophy are often
used interchangeably in the literature. Previous studies
have focused only on the LFT. We hypothesized that the
cross-sectional area of the whole LF may predict LCSS
because we previously found a positive association be-
tween Oswestry Disability Index scores and the LFA (19).
Our interpretation of this association is that whole en-
largement of the LF was related to chronicity (disability
or persistent symptoms), which could diminish quality
of life. In the current study, we found that the LFA had
80.1% sensitivity, 76.0% specificity, and AUC of 0.83
(95% Cl, 0.78 — 0.87) to predict LCSS. In contrast, the
LFT had 70.5% sensitivity, 66.5% specificity, and AUC of
0.72 (95% Cl, 0.66 — 0.77). These findings suggest that
the LFA is a better predictor of LCSS than the LFT. We
also identified several problems associated with the
measurement of the LFT. Previous studies have assessed
the LFT by using a single measurement method at the
approximate “middle” of the LF. However, Munns et
al (15) demonstrated differences between the medial
and lateral LFT, and emphasized that single measure-
ments ignore possible differences in the location and
laterality of stenosis. In addition, enlargement of the
LF is sometimes unilateral as a result of asymmetrical
mechanical stress (20,21). Thus, measurement error
could occur at any time. Safak et al (20) reported a
significant difference in the LFT between each side of
the LF at the same facet joint level. They explained that
the irregular mechanical stress borne by the LF during
a lifetime may lead to asymmetrical hypertrophy. This

asymmetry is suggested to be the consequence of the
individual's preferred side. Abbas et al (4) reported that
the LF is significantly thicker on the right side than the
left, whereas Kolte et al (21) reported that the left LF is
thicker than the right LF at each spinal level. In contrast
to the LFT, the LFA does not suffer from this measure-
ment error because the LFA measures the cross-sectional
area of the whole LF. We found that the LFA is better
than the LFT as a morphologic parameter of LCSS.

The current study has several limitations. Anatomi-
cally, degenerative lumbar spinal stenosis can involve
the central canal, foramina, and lateral recess (11).
However, we focused on LCSS only. Second, several dif-
ferent methods to evaluate LCSS, such as sedimentation
sign or morphologic grading, have been shown to be ef-
fective at discriminating LCSS (22,23). However, we only
assessed the measurement of LFA and LFT, so our results
may have some limitations regarding measurement of
epidural pressure or morphologic change. Third, there
might be errors associated with measuring the LFA and
LFT on MRI. Although we measured these morphologic
parameters in the T1-weighted axial image that best
showed the LF at the level of the facet joints, the T1-
weighted axial images we analyzed to measure the
variables could be inhomogeneous because of differ-
ences in the cutting angle or level in MRl resulting from
technical causes and individual anatomic variation. In
addition, a 3.0-mm slice of axial T1-weighted MR im-
age is thicker than the ideal slice. Fourth, the principal
methodological limitation was the retrospective obser-
vational nature.

ConcLusION

Although the LFT and LFA were both significantly
associated with LCSS, the LFA was a more sensitive
measurement parameter for LCSS than was the LFT. We
identified the best cut-off value of the LFA as 105.90
mm?, with 80.1% sensitivity and 76.0% specificity. The
best cut-off value of the LFT was 3.74 mm, with 70.5%
sensitivity and 66.5% specificity. When evaluating pa-
tients with LCSS, physicians should carefully assess the
LFA rather than the LFT.
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