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Introduction

Good visibility of ligamentum flavum-dura mater 
complex (Posterior Complex – PC) and posterior longi-
tudinal ligament (Anterior Complex – AC) in neuraxial 
ultrasound is a predictor of successful neuraxial block 
[1]. Unfortunately, a high negative predictive value (ap-
proximately 30% [2]) limits its clinical value in patients 
deemed to be at risk of a technically difficult neuraxial 
block.

Poor visualisation of ligamentum flavum-dura mater 
complex may be due to one of two reasons: i) attenuation 
of the sonographic beam by anatomic structures such as 
ligament calcification, facet joint hypertrophy, narrow in-
terspinous spaces etc. and ii) absence or anatomic altera-
tion of the structure (eg. surgical laminectomies, absence 
or gaps in ligamentum flavum).

Distinguishing these possible contributors have practi-
cal implications depending on the neuraxial procedure per-
formed. If a poor view is obtained because of sonographic 
attenuation, it might translate to difficulty in performing 
the neuraxial block. By contrast, if it is due to absence of 
the target structure, it may still be possible to successful-
ly perform a spinal anaesthetic or dural tap depending on 
the block intended. Hence, it is relevant to look for ana-
tomical reasons behind poor neuraxial ultrasound views.

The aim of this study is to assess the anatomical cor-
relation between neuraxial ultrasound and magnetic reso-
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nance imaging (MRI) of the lumbosacral spine at various 
lumbar interspinous levels and to identify factors contrib-
uting to poor neuraxial ultrasound imaging.

Material and methods

A prospective observational study was performed 
in a tertiary university hospital between January 2013 
to July 2013. Ethical committee approval was obtained 
from the local Ethics Committee (Tallaght  Hospital/St. 
James’s Hospital Joint Research  Ethics Committee  - 
REC) and informed written consent was obtained from 
all participants. All patients over the age of 18 years who 
underwent MRI of the lumbosacral spine were eligible 
for inclusion. Exclusion criteria included patients with 
previous spinal surgery, gross spinal deformities and 
body mass index (BMI) >40. Both MRI and neuraxial 
ultrasound were performed sequentially on the same day.

MRI protocol
Imaging was performed with patient in supine, on a 

1.5T MRI system (Symphony, Siemens AG, Erlangen, 
Germany) using a circularly polarised spinal array coil. 
T1 and T2-weighted sagittal and selected T2-weighted 
axial sequences through the lumbosacral spine were ob-
tained. Images were reviewed in consensus by two ex-
perienced radiologists (HKK and WCT) on a dedicated 
PACS workstation (Syngo Studio Advanced V36A, Sie-
mens AG, Erlangen, Germany). Measurements were per-
formed on T2-weighted sagittal sequences (TR 3930.0 
ms, TE 99.0 ms, matrix 320 x 288, slice thickness 4.0 
mm) and included the oblique subcutaneous fat thick-
ness, interspinous distance, thecal sac diameter and pos-
terior longitudinal ligament thickness. Further measure-
ments were performed on T2-weighted axial sequences 
(TR 6570.0 ms, TE 95.0 ms, matrix 320x165, slice thick-
ness 1.5 mm) at all available levels including epidural fat 
thickness, distance from the skin surface to the posterior 
longitudinal ligament, thecal sac diameter, ligamentum 
flavum thickness, midline fusion of ligamentum flavum 
and paraspinal muscle thickness. In addition, the pres-
ence or absence of facet joint degenerative change was 
graded as either present or absent. Both radiologists were 
blinded to ultrasound findings.

Ultrasound protocol
Ultrasound scanning of the lumbar interspinous 

spaces was performed on the same day with curvilinear 
2-5 MHz probe (P07576, SonoSite Inc, Bothell, WA, 
98021, USA). Ultrasound scanning was done by one of 
the three experienced operators (RW, KKS, MM) each 
with experience of more than 100 neuraxial ultrasounds. 
Scanning was performed with patients in the sitting po-
sition with both feet supported by a foot stool. Patients 

were requested to hug a pillow and arch their back. At 
each lumbar interspinous level (L1-2 to L5-S1) the best 
possible transverse median (TM) and paramedian sagit-
tal oblique (PSO) view of posterior complex (PC) and 
anterior complex (AC) was obtained. The images were 
recorded for subsequent review. Two authors (KKS and 
MM) independently graded the images based on the vis-
ibility of AC and PC. When both AC and PC were clearly 
visible, it was graded as good. If either AC or PC was not 
clearly visible, it was graded as intermediate. When both 
AC and PC was not visible, it was graded as poor (fig 1). 
Readers were blinded to MRI findings. If there was a dis-
agreement in the image grading between the two observ-
ers, the third observer (RW) was requested to review the 
images. Decision on the image grading was made based 
on overall consensus.

Statistical analyses
For numerical data mean±standard deviation (SD) 

were calculated. Continuous data was analysed for nor-
mality using the Shapiro-Wilk test. Students t-tests were 
used to compare normally distributed continuous data. 
Three variables were normally distributed – skin to PLL 
distance, thecal sac diameter and para-spinal muscle 
thickness. All other variables were not normally distrib-
uted. Nonparametric data were compared by the Mann-
Whitney U test and categorical data were compared us-
ing the chi-square test. Logistic regression was used to 
analyse the degree of correlation between the variables 
that differed significantly between groups. Statistical 
analyses were performed using SPSS (Version 20, IBM 
Corporation, Armonk, NY).

Results

Twenty-one patients (mean age 52.4±12.4 years, 
weight 78.9±1.7 kg, height 161.6±9.6 cm, BMI 30.1±3) 
were included in the study and a total of 78 interspinous 
spaces were evaluated with ultrasound and MRI. The fe-
male to male ratio was 1:2. MRI data was not available 
for all interspinous levels: the L3-4, L4-5 and L5-S1 in-
terspaces were evaluated in all 21 patients but L2-3 was 
evaluated in only seven interspaces and L1-2 in eight in-
terspaces. The grading of the ultrasound aspect in TM 
and PSO views is shown in table I and the presence of 
facet joint degeneration in ultrasound TM view in table II. 

Facet joint degeneration was found more frequently 
on MRI in TM poor view group compared to intermedi-
ate and good view groups (p=0.004). Failure of midline 
ligamentum flavum fusion was seen in only 2 of 78 levels 
(one at L3-4 and L4-5 respectively in one patient). There 
was no difference (p=0.35) in the ligamentum flavum fu-
sion between the two groups (TM poor view versus good/
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intermediate views). The adjusted logistic regression 
model for poor view in TM plane was positively associ-
ated with facet joint degeneration. The odds ratio of ob-
taining a poor view in TM plane is 7.0 (95% CI 1.7-28.9, 
p=0.007) in the presence of facet joint degeneration on 
MRI. Comparison of continuous variables between poor 
TM views versus others (good and intermediate views in 
TM plane) are presented in table III. Age (median 54 vs 
47 years, p=0.016), weight (median 80 vs 77 kg, p=0.03) 
and BMI (32.1 vs 29.1 kg/m2, p=0.01) were higher in 
patients with poor ultrasound views.

Discussions 

Spinal ultrasonography is challenging due to the ana-
tomic nature and layout of the spine. As the ultrasound 
beam passes through the bony spinal cage, it is subjected 
to multiple artefacts which significantly limits the ability 
of ultrasound beam to visualise the structures within the 
canal. Two such artefacts might be relevant in helping us 
to understand the role played by facet joint degeneration 
in causing a poor ultrasound view: refraction shadowing 
(supplemental figure 1, on the journal site) and scattering.

At the margins of a structure with different acoustic 
impedance compared to the tissue around it and with a 

Fig 1. Grading of neuraxial ultrasound, transverse median (TM) views: A) Good view – both posterior and anterior complex are 
visible; B) Intermediate view – only posterior complex is visible; C) Intermediate view – only anterior complex is visible; D) Poor 
view – no visibility of either anterior or posterior complex

Table I. The ultrasound grading of the imagines obtained in 
transverse median (TM) and paramedian sagittal oblique (PSO) 
views

Parameters Good view Intermediate view Poor View
TM view 24 (30.8) 39 (50) 15 (19.2)
PSO view 54 (69.2) 22 (28.2) 2 (2.6)

The results are expressed in number (%)

Table II. The frequency of facet joint degeneration in ultra-
sound transverse median TM view

TM view Facet joint degeneration p value
Yes No

Good view 15 (62.5) 9 (37.5) 0.36
Intermediate view 24 (61.5) 15 (38.5) 0.25
Poor view 3 (20) 12 (80) 0.004

The results are expressed in number (%)

highly curved surface (in this case degenerated facet joint 
and ligamentum flavum with soft tissues surrounding it) 
an artefact named lateral shadowing [3,4] (or retraction 
shadowing [5]) appears. Marginal waves get refracted at 
the edges of the structure, causing a shadow at the mar-
gins. Sound is refracted in the same way that light is as 
it passes from one medium to another. Thus, the direc-
tion in which it travels changes when it passes through a 
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boundary at an angle less than 90 degrees. This can lead 
to subtle miss placement of structures and some degra-
dation of image quality when the angle of incidence is 
particularly acute.

Scattering occurs when the reflecting surface is very 
small compared to the sonographic wavelength (degener-
ated facet joint) and echoes are reflected through a wide 
range of angles, consequently reducing their detected in-
tensity. Also, the beams are distorted after contact with 
an irregular surface thereby interfering with the beams 
reflected from nearby structures. 

Both these phenomena result in the degradation of 
image quality from structures deep to the irregular bony 
surface of degenerated facet joint. This is more relevant 
to images produced in TM plane where the facet joint is 
in the same plane as the inter-spinous space, leading to 
refractive shadowing and scattering. The artefacts may 
cause a poor image in spite of the facets being lateral 
and the target of interest (anterior complex and poste-
rior complex) being medial (supplemental figure 2, on 
the journal site). Poor neuraxial ultrasound views in our 
study was strongly associated with facet joint degenera-
tion. This might explain the high false negative rates of 
TM view [2]. This might also explain the fact that the 
PSO view did not have any correlation with facet de-
generation. In the PSO view, the ultrasound beam passes 
through the laminae and is less subjected to the various 
artefacts described (supplemental figure 3, on the journal 
site).

Our study did not find any relation between the non-
fusion of ligamentum flavum in the midline and poor 
views. The most probable reason was the very low inci-
dence of ligamentum flavum gaps detected in our study 
population. Presence of gaps in the midline due to failure 
of fusion of ligamentum flavum has been reported previ-
ously in the literature. In a cytomicrotome study on 38 

cadavers by Hogan et al [6], it was shown that there was 
a variable incidence of ligamentum flavum gaps in the 
lumbar region. Lirk et al, in his study on 45 cadavers, 
documented the incidence of ligamentum flavum gaps 
in the lumbar region as follows: L1L2 - 22.2%, L2L3 - 
11.4%, L3L4 -11.1%, L4L5 - 9.3% and L5S1 - 0% [7]. 
In our study we have only 2 cases of absent ligamentum 
flavum and in both instances the ultrasound did not visu-
alise the LF-dura complex. This difference may be due to 
the fact that cadaveric studies might have overestimated 
its incidence. Integrity of epidural fat, thecal sac and epi-
dural veins cannot be preserved once the tissues are dis-
sected as the delicate balance of pressures between them 
are disrupted [3]. Ligamentum flavum is usually held 
under tension and retracts when cut which might create 
gaps that might not exists otherwise [8,9]. Also, the in-
cidence of ligamentum flavum gaps are reported to be 
higher in cervical and high thoracic regions compared to 
lumbar regions [10].

Skin - posterior longitudinal ligament distance made 
no difference to the ultrasound views. Similarly, anatomi-
cal factors such as para-spinal muscle thickness, subcuta-
neous fat, epidural fat and ligamentum flavum thickness 
did not have any influence on the quality of view. 

Facet joint degeneration can act as a surrogate marker 
for a number of structural changes of the spine, almost 
all of which might make the administration of neuraxial 
block difficult in a given inter-spinous space. Those in-
clude: degenerative disc disease [11-13], narrowing of 
intervertebral space, increase in L1-5 lumbar lordosis, 
pelvic incidence, sacral slope [14], associated bucking 
and hypertrophy of ligamentum flavum, ligamentum fla-
vum calcification [15] and spinal canal stenosis [16]. 

On the other hand, PSO view do not capture the facet 
joint degeneration and hence its use in predicting the ease 
of administration of neuraxial block is limited [2].

Table III. Comparison of demographic and MRI variables between poor and non-poor visualization groups in ultrasound transverse 
median (TM) view

Variables Poor view in TM orientation p valueNo (n=63) Yes (n=15)
Age (years) 47 (43-58) 54 (51-68) 0.016
Height (cm) 160 (154-166) 164 (152- 166) 0.860
Weight (Kg) 77 (69-80) 80 (77-89) 0.029
BMI 29.1 (27.6-32) 32.1 (29.7-33.2) 0.011
Subcutaneous fat (mm) 32 (19.6-39.7) 35.6 (18.8-39.8) 0.590
LF thickness (mm) 2.6 (2.1-3.1) 3 (2.2-3.2) 0.320
EFP thickness (mm) 5.1 (3-7.1) 4.3 (2.7-7.2) 0.550
Skin-PLL (mm) 77 (14.4) 78.6 (16.6) 0.76
PSM thickness (mm) 43.7 (13.2) 49.1 (13.1) 0.16
Thecal sac diameter (mm) 13.1 (2.3) 12.7 (2.5) 0.55

The results are expressed as median (interquartile range) or mean (standard deviation). LF – ligamentum flavum; EFP – epidural fat pad; 
PLL – posterior longitudinal ligament; PSM – para-spinal muscle; n – number
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Our study has a number of limitations. The small co-
hort size may have underpowered our ability to detect 
correlations with the measured parameters. Calcification 
of interspinous structures (e.g. interspinous ligament, 
supraspinous ligament and ligamentum flavum) cannot 
be accurately identified by MRI. But the incidences of 
such calcifications are low, ranging between 2.4% to 
6.7% [17] and with regards to assessment of facet joint 
degeneration, MRI is as good as computer tomography 
[13,18]. Imaging positions also differed between MRI 
(supine) and ultrasound (sitting with back arched) which 
may have limited direct comparability between findings. 
Intervertebral disc height and dural sac diameter changes 
between supine and sitting position [19,20]. We believe 
that the magnitude of postural changes is small and will 
have minimal effect on the outcome of this study. Neu-
raxial ultrasound scanning was performed by experts and 
results may not reflect those obtained by novice scanners. 
Also, the study was done in a non-obstetric population, 
the results of which may not be applicable in an obstetric 
setting.

In conclusion, facet joint degeneration is associated 
with up to 80% of poor views on TM scans of spine. PSO 
view is not affected by any of the measured factors. Poor 
visualisation of ligamentum flavum/duramater complex 
in TM view might be due to one of the two reasons: i) 
the ultrasound beam is not able to reach the target or ii) 
the target structure is absent or defective. Our study has 
shown that the former, rather than the latter is the more 
plausible explanation in most cases, with cause being ar-
tefactual rather than structural.

Future studies on improving the neuraxial imaging 
should focus on postural changes to move the facet joint 
away from the path of the beam e.g. flexion and lateral 
rotation. This method has been studied before for neu-
raxial ultrasound in thoracic regions [20]. In future, the 
role of such manoeuvres to improve the neuraxial ultra-
sound imaging could be explored in interspinous spaces 
with poor visibility.
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