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ehate has developed with respect to the use of diagnostic

musculoskeletal ultrasound for inlammatory disorders of

the nerve root or spinal facets, This discussion has shifted
the focus from less controversial aspects of spinal diagnostic
ultrasonography including measurement of spinal canal diameter,
paraspinal muscle evaluation, and monitoring of intraoperative
spinal decompression. This paper will review the Iiterature with
respect to the above, and present a supporting argument for the use
of diagnostic musculoskeletal ultrasonography in the evaluation
of paraspinal conditions involving ligamentous or muscular strain
A clinical study will be presented where images are correlated
to magnetic resonance imaging (MRI), and a case report will be
presented.
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1. Introduction

Diagnostic musculoskeletal ultrasonography has been in use for
medical purposes since the 1940°s when B-mode (bnghtness
mode) introduction allowed for two dimensional representation of
the examined tissue to occur. Shades of gray are visualized in a lin-




ear gray scale, With digitalization by computers, image quality has
improved and soft fissue applications have grown in popularity (1)

There are numerous articles supporting the use of diagnostic
musculoskeletal ultrasonography to evaluate and diagnose muscu-
lar pathology (2-8). When confined to muscular conditions there i3
no reason 1o believe that efficacy would be different than paraspi-
nal assessment, and there are references that support this presump-
tion (9-13)

Some authors have also successfully uiilized ultrasonography
to measure spinal canal diameter and for the momitoning of intra-
operative spinal decompression (14-22), Congenital anomalies in
children, extradural space depth and lumbar disc degeneration,
herniation, and annular tears have also been successfully evaluated
with ultrasonography (23-30),

Claims as to the ability of diagnostic musculoskeletal ultraso-
nography to objectively measure inflammatory disorders of the
nerve root or spinal facets (31,32) have met considerable resis-
tance, however (33,34). This s largely due to problems wath arti-
fact, high false-positive rates, and intra-operator variability (33,34).
As a result of these claims, additional comrelation of previously
controversial paraspinal and spinal image acquisition has become
needed.

While there 15 hiterature that suggests that MRI 15 less than
perfect for assessment of incomplete paraspinal soft issue injuries
(35-38), special attention has been given in thas article to the evalu-
ation of paraspinal muscles and posterior spinous ligaments via the
use of STIR (short time inversion recovery ) sequence (39) imaging
in an effort to comrelate ultrasonographically obtained findings.

In order to further enhance the utlity of diagnostic ultrasound
for paraspinal musculoskeletal conditions, identification of the pit-
falls in interpretation and a grading scale for the severity of finding
i5 required, In this paper, a case report confirming the correlation
of ultrasound findings to MRI are presented, some of the pitfalls
encountered in interpretabon wall be reviewed, and a grading scale
based upon echo texture 15 proposed.




2, Cost Considerations

Low back pain has shown high prevalence, longevity and expense.
Estimated medical costs excead $14 billion annually in the United
States (40). Finding low cost alteratives to current imaging tech-
nologies 1s one of medical science's main thrusts toward reducing
health care costs.

Since, in the hands of experienced operators, diagnostic ultraso-
nography has repeatedly been proven effective in the measurement
of muscle and ligament mass, function and pathology associated
with tears, overuse or edema (2-13), 1t is not surprising that it could
be utilized as a cost-saving alternative for the study of muscular or
ligamentous strain in paraspinal tissues.

Ultrasonography is a noninvasive procedure with one-fifth to
one-tenth the cost of MRI and computenized tomography (CT)
{40). It allows companson of the opposite side, uses no radiation,
and can be performed at the bedside if necessary. It is important to
keep in perspective what the different imaging techniques have to
offer, and if one is just as efficacious as the other, the least invasive
and least expensive should be chosen whenever possible (41).

3. Literature Review

Autopsy studies, myelography, CT and MRI have all shown abnor-
malities in the absence of a spinal pain history (42-44,44 46 47).
Studies on MRI have shown some type of disk abnormality in up
to 64% of those without symptoms (48). While it i1s recognized for
superior ability to distinguish between disk herniation, epidural
fibrosis, arachnoiditis, infection, hematoma, cvst formation and
other pathologies (49), other citations conclude that MRI cannot
reliably identify the source(s) of discogenic pain, and that signifi-
cant annular tears ofiten escape detection (50).

Rupture of the supportive ligaments of the spine following trau-
ma can be directly visualized with MRI (51); sagital T2-weighted
images are most useful for depicting injury to the anterior and pos-
tenior lengitudinal ligaments, ligamentum flavum, and interspinous
ligaments (52). Hypertrophy and ossification of the ligamentum
flavum is also identifiable with MRI (53).




Spinal ultrasonography has been compared wath CT scans, dis-
cography, MRI, and myelography (12,23,27), Tervonen compared
transabdominal ultrasound images wath CT/discography to deter-
ming the ultrasonographic effectiveness in screening for general-
1zed dise lesions. The sensitivity of recogmang a discographically
painful and deteriorated disc for ultrasound was 0,95, and its
specificity was 0,38,

The predictive value was 1,53 for positive findings and 0,13 for
negative findings (27),

Maidich retrospectively evaluated spinal sonography with my-
elograms and intraoperative photographs to determine how effec-
tively sonography could display the major features of congenital
anomalies in children, Sonography proved useful for confirming
the presence of tethered cord, simple meningocele, lipomyelo-
meningocele, sacrococoygeal teratoma, and pilonodal sinus (23),

Hides has done extensive evaluation of the paraspinal multifidus
muscle utilizing ultrasonography (9-12). If a strict protocol for
ultrasound imaging 15 adhered to, companison with MRI demon-
strated that real-time ultrasound imaging effectively documented
muscle size (12). Findings of atrophy have led to implementation
of rehabilitative strengthening techniques and have been offered as
an explanation for recurrent low back pain (9,10),

MNazann computed Recaiver-Operating-Charactenstic (ROC)
curves generated by data from blinded reading of images to con-
clude that paraspinal ultrasonography 15 neither a sensitive nor spe-
cific modality for evaluating back pain. Despite this rather broad
conclusion, the study was directed toward the use of diagnostic
ultrasound for the evaluation of paraspinal inflammation only (34).
Due to the blinded nature of the ROC analysis, the ultrasonograph-
ically important feature of real-time interpretation was lost,

Proper anatomical structure identification is a necessary com-
ponent to correct documentation of what was done. Kamer has
described soft tissue and bony surface anatomical landmarks for
paraspinal ultrasound studies (fig. 1) (28) and cadaver studies have
been done uthzing ultrasonography to study osseous structures
versus paraspinal soft tissue structures (61),

In cases with incomplete spinal higamentous disruption, MRI
15 not as sensitive as when complete tear occurs. In patients with
sevare enough acute traumatic spinal mjury to ment immediate
investigation, all MRIs were normal if there was no evidence of
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spinal instabnlity on chimcal exam (54}, In the past,
radiologists have been cautioned to be judiciously
careful in reporting anterior or posterior longitudinal
ligament tears, emphasizing a bias toward minimiz-
ing false positives (55). Presently, even with en-
hancements in MRI, the diagnosis of ligamentous
instability still relies upon multiple factors, including
X-Ray findings and clinical assessment
Ultrasonography is sensitive in the detection of
incomplete soft tissue injunes {56-60). Bonica states,
“Because CT scans and myelograms are usually
negative they should not be considered unless evi-
dence of a neurologic problem is found” (62). While
intravenous Godolinium contrasted STIR MRI offers
a sensitive method of evaluating soft tissue injuries
(63), this option i5 not always a suitable tool for the
clinician who wishes to evaluate paraspinal soft tis-

Figure 1. Spinal
ulrrasound image

as viewed from a
fongitudinal plane,
15d rransversely to the
sagittal plane.

sue pain; ultrasonography 15 a reasonable alternative,

4. Pitfalls

As with other imaging procedures, proper instrumentation must be
utilized for diagnostic musculoskeletal ultrasonography. Echoes are
produced at the junction or interface of tissues of different acous-
tic impedances. These echoes retumn to the transducer only if the
sound beam stnkes the interface perpendicularly; otherwise they
are reflected away from the transducer and are not recorded on the
face of the cathode ray tube (64,65),

Expenenced sonographers should continually attempt to direct
the sound beam at an angle perpendicular to the structures being
examined. In the case of diagnostic musculoskeletal ultrasonogra-
phy for paraspinal structures, deeper structures are frequently of
interest. The signals reflected from the posterior interfaces of the
body are of low amplitede in comparison to more antenor echoes.
This 15 due to signal attenuation secondary to reflection, absorption
and dissipation (64,65),

Time gain control mechamsms are incorporated into all ultrasound
equipment to provide progressive amplification of echoes in the
depth of the interface. As greater emphasis is upon deeper structures,




these control knobs should be
adjusted accordingly (66,67).
Transducer sound frequency
15 another important param-
eter in determimng resolubion
In musculoskeletal ultraso-
nography, 5 and 7.5 MHz
transducers are often used as
they allow for both adequate
depth of penetration and reso-
lution {10,65),

Shadowing 15 the reduction
in reflechon amplitede from
reflectors that le behind a
strongly reflecting or attenu-
ating structure, Enhancement
15 an ngrease in reflection
from reflectors that lie behind
a weakly attenuvating struc-

Figure 24. Transverse ulirasound image of the lumbar
multifudus muscle at the fourth fumbar level.

ture (65). Both are considered artifacts, One would
certainly expect to see this in paraspinal studies due
to the presence of boney structures such as the spi-
nous processes, lamina, and zygapophyseal joints
In fact, shadowing and enhancement that result

due to these structures have been documented, both

in the transverse and parasagittal planes, and
are easy to locate (Fig, 2 & 3) (10). Whale a
more strongly reflecting echo does not neces-
sarily mean facet inflammation, it does clearly
produce an obvious shadow and enhancement
artifact, These have been confirmed with both
cadaver studies and wath in vivo needle local-
1zation (60,66)

The presence of shadows and artifacts have
playved an important role in the controversy
surrounding paraspinal ultrasound studies. For
example, claims have been made conceming
facet and nerve root inflammation that seem to
contradict established methods of dealing with
these pitfalls (31). This problem may have been

Figure 28. The mulfiifidus muscle (MULT)

is hordered by the vertebral lamina’
zygapaphyseal joini (L) inferiorly, the spinous
process (SP) medially, fascia, fat and skin
superiorly, and the fascia beiween multifidus
and the lumbar longissimus and iliocostalis
muscles laterally. (F). The brighiness seen
at the inferior border of the multifichus
muscle is reflection (R} of sound waves from
the vertebral lamina and zygapophyseal
Jainis. Acousiic shadowing is seen inferior
to landmark. as the wirasound waves are
wnable o penciraie the bone.




Figure 3B. Superiorly are the skin line
and subcuianeons tissue, The muliificdus
fibrex are seen running in a longitudinal
cdirection in this image {<— MULT

— =), as indicated by the direction of
the arvows. Acival muscle fasciales are
visthle in this plane. Inferiorly are the
zygapophyseal joints, from the 123 joint
tor the deep L3/'S1 joint as indicated. The
fetters A —= B represent ihie depili of the
multificus miusele superior fo the 134
zygapophyseal joint. The depth of the
multifiches muscle increases considerably
in the area between the zvgapophyseal
Joints, indicated by C —> D

turther compowunded by
an incomplete effort to
correlate the radiolo-
gist’s interpretation of
the study to findings
present on physical
exam (33), Fortunately,
howewver, parameters
that correcthy address
shadows and artifacts
have been established
(10,-13,61,65,66).

Paraspinal dhagnos-
tic musculoskeletal
ultrasonography has
also recerved cnticism
tor considerable vari-
ance from one area to
another, depending upon
the gain seting and an-
gulation of the transducer (33,66), 1t 15 well known
that transducer angulation artifacts such as rever-
berations (multiple reflechons) can occur with an
ultrasound study of any body part (65). As discussed
above, gain setiings affect all ulirasonographic stud-
1e5, There 15 no particular reason why these prob-
lems are more severe or difhcult to recogmze in the
paraspinal musculature than elsewhere

There 15 a lack of an accepted grading system for
the seventy of findings. Even if a simple grading
scale of zero (no hypoechogenicity) to three (most
hypoechogemicity ) 15 utihized, and only non-arti-
tact, hypoechogemcity 15 read, it has hittle utility
unless the problems with vanance are first ad-
dressed. Therefore, hypoechogenic areas should be
read only if they are significantly different from the
surrounding tissue

Ideally, the gain should be adjusted so as to
obtain the greatest clanty and depth of image pro-
duction, while not sacrificing reasonable contrast




Naturally, every effort should
be made to eliminate the possi-
bility of a poor transducer angle
or suboptimal gain setting so as
10 mIMmEE varianee,

5. Materials And Methods

Patients in a chimical sethng
who presented with diagnosis
including cervical or lumbar
sprain, ligamentous strain and
myofascial pain were studied
with diagnostic musculosk-

eletal ultrasonography of the Figure 44. Trans

cal exam, and an impression
reached prior to the study

With a standard diagnostic ultrasound machine
(ALOKA, Model 500, Wallingtord, Connech-
cut) and a 7.5 MHz linear transducer, a balateral,
spht screen parasagittal approach was used,. The
transducer was constantly directed back and forth
between a plane directly perpendicular to the
multifidus and shghtly angled toward the mudhine
Gain and focus were adjusted so as to provide
the maximal amount of clanty/resolution without
sacriiicing depth of penetration. Shadows and
artifacts were not read, with parameters for 1den-
tification of the same adopted from previously
described citations (10-13,61,65,66)

An entire spinal section (cervical, thoracic or
lumbosacral ) was studied whenever the climcal
impression confirmed evidence of pathology at
a particular spinal level (1.e., C2, T8, LS5). Hy-
poechoic signals, when localized within a particu-
lar segment, as compared to the surmounding tis-
sue, or when locahzed to a particular segment, as

verse ultrasound image of the cervical
paraspinal hissue. All patients mltifichis muscle at the C3, 4 level (Tong arrow poinis fo the
were subject to a chimical physi- mltifichis o right.

Figure 48, Paraspinal uftrasound image
of the cervical multifidus muscle ar the

3, 4 level {short arrow poinis o the
Inpoechoic signal). The dense. hyperechoic
white sipnals af the bottam of the fimire

of this cervical study correspond fo

the zveapopinseal joims (the dense,
nperechoic white signals ar the bottom of
Figure 34, in the lumbar sping).




Figure 5. Cervical MRI STIR sequence
including paraspinal musculamnre with
section ai C3, 4 {the arrow head points fo the
meeeltificlis).

compared to neighboring segments, were graded as normal, mar-
ginal, moderate or severe, If a hypoechogenic signal was confined
to within a particular segment, 1t was read as focal in nature,

Positive indings were then comrelated to MRI (normal studies
werd not). The reading radiologists were requested to pay atten-
tion to paraspinal structures, with emphasis on the multitfidus,
Chimical impressions on the referral for the MRI were labeled:
“Include paraspinal musculature, Hypoechogenic lesion at...”,
STIR sequences were utlized, The ultrasound studies were done at
one facihity, and the MRIs were done at a two other facilibies. The
time interval between the ultrasound study and MRI was vanable,
depending on scheduling the clinical course, but generally within a
penod of several weeks. Results were tabulated after hifteen studies
had been completed.

5.1 Case R-Epurt:

W.W. 15 a 43 year old female with a chief complaint of neck pain,
associated complaints of numbness and weakness radiating into
the upper extrerity. Symptoms began two months earlier after a
rear-end motor vehicle accident, Physical exam showed no sen-
sory motor deficit. Spurling’s compression test for radiculopathy
was subjectively positive to the left, with palpable spasm at C7

bilaterally and C4 on nght. Electromyographic
examination with nerve conduchon studies
were normal

Diagnostic paraspinal ultrasonography
demonstrated the presence of a focal, segmen-
tal hypoechoic signal at C3.4 (fig. 4), with
MRI STIR sequence demonstrating paraspinal
muscular atrophy on the nght (hg. 5). Paraver-
tebral block at C3 4 relieved the patient’s pain

5.2 Fim:lings

Of the fifteen patients that were studied with
both paraspinal ultrasonography and STIR
MRI, eight of the MRIs were read as having
evidence of either multifidus atrophy, a flnd
signal deep to the multifidus, or an increased
signal in the inferspinous higament at the
comesponding segment. An additional three




studies showed evidence of discal disorders, and one study showed
structural change consistent with vertebral subluxation at the same
segment as the vlirasound studies. The ulirasound finding did not
seem to demonstrate any correlation with the different positive
MRI results obtaned,

Three out of fifteen of the ultrasounds that were read as abnor-
mal could not be confirmed with MRI Two of these studies had
minimal hypoechoic findings on ultrasonography. One additional
study showed minimal evidence of a discal bulge at a level that did
not correlate with the ultrasound findings, and two additional MRIs
wene read as completely normal.

If MRI 15 used as the gold standard, then paraspinal ultrasound
had an &0 percent true positive and 20 percent false positive rate in
this series

6. Discussion

The objectification of abnormality in soft tissue injury can be of
significant clinical relevance, If simple palpation techniques were
only required, then the treatment of people with these complaints
should be relatively simple. Unfortunately, many individuals with
soft tissue injury develop chronie pain syndromes, and local treat-
ment at the site of perceived pain is not always effective (67-69)

It is clear that referred pain is an established clinical entity (70-
72). Without dismissing psychological factors, the management
of those whose soft tissue injuries do not heal within the expected
period of time can be greatly enhanced if the generator of the
symptoms can be correctly identified (73-75), When used properly,
diagnostic paraspinal ultrasound offers a good climical ool toward
this end

If STIR sequence MRI of the paraspinal musculature 15 used for
comparison purposes, diagnostic paraspinal ultrasonography dem-
onstrates a high sensitivity for pathology, but this does not translate
into specificity for the type of abnormality uncovered, Hypoechoic
areas may represent only edema associated with the underlying pa-
thology, Reimers et al, (3) found that hyperechogemeity correlated
with atrophy. This finding may be explained by atrophy without
associated edema

10



Dhagnostic ultrasonography is far less expensive then other

imaging modalities, and when established protocols are followed
to account for pitfalls such as echo artifacts and shadows, operator
dependant vanations can be mimimized and reproducibility en-
hanced 50 as to increase the effectiveness of diagnostic paraspinal
ultrasonography.
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