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CHAPTER 1

INTRODUCTION

Rationale and Background

Low back pain is the second most common complaint encountered by

primary care physicians (after common cold).q’2

Up to 80% of all individuals will
experience low back pain at some point in their lives. It affects men and women equally,
with onset most often between ages of 20 and 50 years. It is the most common cause of
work-related disability in people under 45 years of age and the most expensive cause of
work-related disability both as the medical expenses and work compensation. In
Thailand, 62 % of complicated cases that the Provincial Social Security Offices
consulted the Medical Committee of the Compensation Fund in 1996-1998 were
musculoskeletal causes. Among these, occupational back pain accounted for 25 % and
7 % were occupational lumbar disc herniation.” In 1999, the occupational back pain
increased to 41%, and 59% were caused by disc herniation.” The average medical cost
was 10,387.24 baht and average number of day lost was 17.3 days per patient.4
According to the 1999 report-of Ministry-of Public - Health of Thailand, the rate of out

patients visiting public hospitals in Bangkok for musculoskeletal diseases was 57.9 per

1,000 population, being second to gastrointestinal disease.

Table 1 Differential diagnosis of low back pain

Mechanical low back pain Nonmechanical spinal condition (~1%) Visceral disease (2%)

Or leg pain (97%

Lumbar strain, sprain (70%) Neoplasia (0.7%) Disease of pelvic organ
Degenerative process of disc & facet(10%) Infection (0.01%) Renal disease
Herniated disc (4%) Inflammatory arthritis (0.3%) Aortic aneurysm

Spinal stenosis (3%) Scheuermann’s disease Gastrointestinal disease
Traumatic fracture (<1%) Paget disease of bone

Congenital disease (<1%)
Spondylolysis
Diskogenic low back pain

Presumed instability
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There have been many reported causes of low back pain. Mechanical
causes are encountered about 97%.(Table 1)7 Unfortunately, a specific diagnosis has
not been made in 80% of low back pain.5'6 Herniated disc is encountered about 4% of all
causes.’ Though this figure is small, it is the most common cause that can be diagnosed
before treatment. Lumbar intervertebral disc herniation (LDH) has a favorable prognosis
in the majority of circumstances. LDH typically occurs as a result of annular disruption
leading to the most common form of clinically recognized LDH. Saal and Saal reported a
90% good or excellent outcome for patients with imaging test verified LDH causing
clinical radiculopathy. 8Treating physicians often will notice a regression of pain before
the normalization of neurologic status. The pain often will be a combination of back and
leg pain. The acute phase typically will last for 1-2 weeks.’ The patients who recover
without surgery typically demonstrate the initial signs of improvement in the first 3-6
weeks from time of onset, with a gradual recovery pattern.

It is generally unnecessary to order an imaging study to assess the status of
a lumbar disc or spinal neural elements during the initial 6-8 weeks after the onset of
pain, unless the patient has symptoms suggesting cauda equina syndrome, progressive
neurologic deterioration, severe unresponsive intractable pain, or constitutional signs or
symptoms suggesting infection or tumor. Careful history taking and physical examination
will help to exclude serious pathology. Without redflag signs of serious pathology, it may
be reasonable to operate urgently on the patient with progressive neurological deficit,
profound neurologic loss that does not demonstrate an improvement trend in
approximately-6 weeks, unresponsive intractable pain and cauda equina syndrome.9 If
surgery is contemplated, it is necessary to document with an imaging study of the nature

(mechanical compression) and-extent of the discal abnormality presenting at the clinically

suspected level(s).

Most literatures have suggested that magnetic resonance imaging (MRI) is
more preferable. Myelography is clearly a more invasive procedure.m’” However, MRl is
an expensive modality especially in Thailand in the era of universal coverage or “30-

baht” scheme.
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The T1-weighted spin-echo pulse sequence is essential in all regions of
spine, primarily to demonstrate anatomy but also to provide information about the
marrow space. Sagittal T2wi has been used to provide additional contrast between bony
structures, soft tissue, intervertebral disc and cerebrospinal fluid (CSF) to create
myelogram-like images, thereby increasing the conspicuousness of extradural defects.
In the past, axial T1wi was more preferred in the lumbar spine since it had a significant
higher signal-to-noise and the relatively more epidural fat in this region supplied the
necessary contrast between the thecal sac and the adjacent discs or bony structure with
the limited scan time. However, with improvement and development of the new fast
spine-echo pulse sequence and good signal-to-noise gradient-echo pulse sequence,
the axial T2wi has been increasingly used in many centers as the routine protocol of the
lumbar MRI. The high signal-intensity on T2wi has been identified in both extruded discs
and free fragments. The high signal-intensity of epidural fat is not decreased significantly
on the fast spin-echo or gradient-echo T2wi. This also supports the contrast as benefit
from T1wi. In the new generation 1.5-tesla machine, the resolution and contrast obtained
from axial T2wi is good enough that we use only this pulse sequence together with
sagittal T1wi and T2wi as the routine protocol in lumbar MRI. (Fig 2)

From our personal experience as radiologists in Siriraj Hospital, we have
reported MRI of lumbar spine on daily service and found that most of them showed no
serious conditions that needed prompt surgery or intervention. We also found that even
in LDH, most of the information needed only one or two sagittal pulse sequences of the
three routine pulse sequences [sagittal T1weighted image (T1wi.), sagittal T2weighted
image (T2wi.), and axial T2wi]. If MRI is done in only one pulse sequence, the cost of
study-can be reduced to one-third of routine protocol cost.

The purpose of this study is to evaluate the accuracy and cost-effectiveness
of using limited protocol MRI of lumbar spine compared with full protocol in patients

with lumbar intervertebral disc herniation.



CHAPTER 2

REVIEW OF RELATED LITERATURE

2.1 Literature search strategy

The literature search strategy used to locate the information in this review is
the Pub-MED reference database and additionally by going through the reference list of
other articles and institutional database. The keywords used were low back pain,
magnetic resonance imaging, MRI, lumbar disc herniation, and diagnosis. The year

covered by the search was from 1960 — 2001.

2.2 Low back pain and clinical syndrome

Treating patients with low back pain can be particularly frustrating for
clinicians. It is generally more useful to address three questions: (a) Is a systemic disease
causing pain? (b) Is there social or psychological distress? (c) Is there neurological
compromise that may require surgical evaluation? In the absence of redflags for
malignancy or infection, no diagnostic study beyond the history and physical examination
are required. Improvement occurs in most patients in the absence of infections, cancer or
inflammatory diseases.

In the prospective study of Jonsson et al (1993) in 300 patients with lumbar
nerve-root compression syndrome, there was a significant overlap between symptoms
and signs of disc herniation and lateral and. central spinal stenosis.”” The pre-operative
duration of symptoms was-significantly shorter-and root tension signs, e.g. straight leg
raising.test (SLRT),.cross SLRT (CSLR), was more common.in patients with lumbar disc
herniation (LDH) than in spinal stenosis. There were also many conditions reported to be
the differential diagnosis of clinically suspected LDH such as fracture of vertebral ring
apophysis, migrated sequestrated disc, spondylolisthesis, higher level of LDH or spinal

9

stenosis, epidural hematoma, and synovial cyst.w On the other hand, patients

presenting with cauda equina syndrome were reported to be due to LDH.”

2.3 Radiological diagnosis of lumbar disc herniation
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Myelography is clearly a more invasive procedure than computed
tomography (CT) and MRI despite severe post dural puncture headache occurs after
this procedure in 5-13% of patients.m'11 Many reports confirmed the higher accuracy of
MRI over myelography in diagnosis of herniated nucleus pu||oosus.10'21"23 Albeck et al
reported significant informative diagnosis of herniated nucleus pulposus by CT and MRI
over myelography.24 Forristall et al studied MRI and contrast CT of LDH in comparison
and correlation with surgical ﬂndings.18 When confirmed by surgical findings, the
diagnostic accuracy of MRI is greater than CT (90.3% and 77.4% respectively). In this

study, the sensitivity and specificity of MRI were 91.7% and 100% respectively.

Thornbury et al reported no statistically significant difference in diagnostic accuracy
among plain CT, CT myelography, and MRI in LDH causing nerve Compromise.25
However, only MRI provides information on the physicochemical changes occurring in
an aging or degenerating disc. MRI is more sensitive than CT for detection of discitis
and epidural abscess, which may manifest only with back pain and radicular signs.26

The goal of diagnostic imaging is not only for detection of LDH, but also for
prevention of neurologic morbidity from any causes. The negative myelography cannot
exclude conus medullaris lesion or far lateral disc herniation.”* It is also problematic in
case of complete block of contrast in myelography. Practically, if myelography cannot
explain the clinical symptoms, MRI will be proceeded. The result from MRI usually could
guide management decision or diagnosis other causes as well as LDH.

Hashimoto et al compared MRI and myelography in lumbar disc herniation
and found that the ‘sensitivity and "specificity in—diagnosis—of unilateral single-disc
herniation were very high but myelography was more accurate. in multilevel disc
herniation.” This may. be due to the highly sensitive but less specific characteristics of
MRI. Besides this, there may be no ideal anatomic standard to control a study of this
nature. Patients managed conservatively have no anatomic proof of diagnosis and
radiologically normal levels are not explored surgically. Even good gold standard cannot
be achieved. Studies of asymptomatic individuals have reported false positive MRI
findings of disc abnormalities in 20-52%.7 In addition, the abnormal findings on MRI

may not be the cause of the symptoms. So in this type of disease, the diagnostic test will
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be useful only when decision of treatment based not only on the test result but also the

clinical correlation.

2.4 Management of low back pain and lumbar disc herniation

In a prospective study of herniated nucleus pulposus carried out by Weber
showed a significant greater proportion of satisfactory result in surgically treated group
(80%) than the conservatively managed group (61%) at one year.” More than 85% of
patients underwent surgery had a satisfactory result immediately after surgery. Obvious
morphological alterations proved to be significant predictors of postoperative pain relief
and improvement of disability in daily activities.”™

Because of high sensitivity of MRI, the false negative rate should be very low.
The chance of missed diagnosis and delayed treatment seems to be low. So most
physicians recommend conservative treatment if there is no other causes of symptoms
or serious pathology found.” If the positive result of MRI cannot explain the clinical
symptoms (e.g., not correlated with side or level of symptoms), the surgeons usually
operate on the suspected level and also explore the abnormal level based on MRI

findings.

2.5 Studying diagnostic performance of imaging modality in lumbar disc
herniation

There is no ideal gold standard in lumbar disc disease accepted. Beattie et al
indicated limitation of MRI in determining diagnostic accuracy in low back pain and
provided pain reproduction as a gold standard.” The discography is.the accepted gold
standard in this sense. However, the technique is invasive and difficult to interpret. Most
of literatures used surgery as the gold standard. The surgical findings alone also
showed some controversy, however. Too little information is available on the influence of
the surgico-pathologic characteristics on the outcome of surgical intervention. Most
literatures commented the large extruded disc with better outcome than contained disc

L . 32,37
herniation by conservative treatment.



2.6 MRI protocol for lumbar disc herniation

The lumbar spine scans generally consist of sagittal T1 or proton density
images and sagittal T2wi using 4 mm thick sections. Axial proton density and T2
weighted fast spin echo images then are acquired extending from the mid L3 body level
to the level of upper sacrum. Additional levels are included if degenerative changes are
noted on initial sagittal images. Some centers obtain axial T1wi instead of axial T2wi
arguing that T1wi offer improved spatial resolution. Newer imaging techniques such as
fast spin echo result in superb image resolution.””> Fast spin echo imaging allows for
shorter acquisition time, while at the same time permitting long repetition times and long
echo times to obtain heavily T2wi. These heavily T2wi allow for superb visualization of
the thecal sac contents on axial images. Also nucleus pulposus has higher signal
intensity and easier to identify and separate from surrounding dark annulus fibrosus on
T2wi than on T1wi. However, there is no direct study comparing the various protocols in
lumbar disc evaluation. The studies of diagnostic usefulness of MRI in LDH used

different techniques in axial plane, either T1wi or Towj, &722420:304042

However, the sagittal
T1wi and T2wi were the same.

For imaging parameters, the thickness of the scan is the most important factor.
Three to five millimeters thickness for both sagittal and axial scans was used in most
literatures. The other parameters were not obviously different depending on the type and

quality of the machines. The manufactures usually have the suitable parameters for each

pulse sequences to obtain.the best quality in the proper scan time.



CHAPTER 3

RESEARCH METHODOLOGY

3.1 Research question
Can limited protocol MRI of lumbar spine be used instead of full protocol MRI in patients

suspected lumbar intervertebral disc herniation and candidates for surgery?

3.2 Objectives
1. To assess agreement in detection LDH between limited and full protocol MRI.
2. To evaluate the diagnostic value of limited and full protocol MRI of lumbar spine by

using surgery as the gold standard in detection LDH.

3.3 Hypothesis

Research hypothesis

To determine whether limited protocol MRI can be used instead of full protocol MRI, null
hypothesis of difference between two tests is tested against alternative hypothesis of
equivalence of 2 tests by using L statistics.”

Null hypothesis: There is difference between limited protocol and full protocol MRI in
diagnosis of LDH.

Alternative hypothesis: There is equivalence of both tests in diagnosis of LDH.

Statistical hypothesis

H, : P./P <90 or PH/PHze1

1=
H1:0, < PP, <0,

P.. = proportion of +ve (LDH detected) by limited protocol MRI

1+

o
[l

proportion of +ve (LDH detected) by full protocol MRI

+1
Under the predetermined half-width (w) of 0.05, if the calculated range of 0
falls into the range of 0.95-1.05, the null hypothesis will be rejected.



3.4 Conceptual framework

Low Back pain

!

No redflags signs/symptoms

'

Root tension sign(SLRT, CSLRT)

e

Yes

L

Suspected LDH

Full MRI(T)

> Limited MRI(T)

“a

No

’

LDH not suspected

/

v

Agreement in disc herniation and nerve root compression
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3.5 Assumption : MRI (three pulse sequences)is the standard test for diagnosis of

LDH.

3.6 Key words : Magnetic resonance imaging, MRI, lumbar disc herniation, herniated

nucleus pulposus, diagnosis

3.7 Operational Definition

- Low back pain: pain that confines to lower part of back and waist with or without
radicular or radiating pain to leg(s).The pain may be consistent or intermittent pattern.

- Lumbar disc herniation(LDH) : condition of herniated nucleus pulposus at the
lumbar vertebral level.

- Herniated nucleus pulposus(HNP): focal extrusion of the disc component out of
the vertebral body margin with the maximum diameter of the herniated part more than
the diameter of the attached base on imaging. (Fig 1, 3)

- Extrusion : extrusion of the disc out of the annulus fibrosus but still within the
posterior longitudinal ligament (PLL) on surgical finding. This will be equivalent to
herniated nucleus pulposus on imaging. (Fig 1,3)

- Bulging disc : diffuse protrusion of the disc component out of the vertebral body
margin with the maximum diameter of the protruded part less than of the attached base
on imaging. No predominant area of protrusion in all sagittal images. (Fig 2)

- Protrusion : protrusion of disc out of the vertebral body margin but within the
annulus fibrosus on-surgical finding-.. This will be equivalent to bulging disc on imaging.

- Sequestration : The disc component extruded out of the vertebral body margin
without.connection with-the-mother-disc.(Fig 1)

- _Redflags: signs that indicate possibility of malignancy, infection, inflammation or
trauma.

- Full protocol MRI of lumbar spine: MRI of lumbar spine protocol used as routine
service in Department of Radiology, Siriraj Hospital. It composes of sagittal T1wi.,
sagittal T2wi and axial T2wi.

- Limited protocol MRI of lumbar spine: sagittal T2wi of MRI from the full study

technique.
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- Nerve compression: evidence on MR images or surgical finding that the
nerve roots are displaced from its usual position with no fatty tissue separating between
the nerves and the surrounding structures.

- Health status assessment : assessment of the patients’ health status by using
Roland Disability Questionnaire (24 points).

- Gold standard : surgical findings of anatomic morphology of the operated disc.

- Suspected LDH : patients with signs and symptoms suspected LDH such as
short duration of onset of symptoms, pain on coughing, pain at rest/night, SLR/CSLR,
signs and symptoms of focal nerve root compromise

- Candidates for surgery : patients with low back pain who have indication for
surgery which are (1) cauda equina syndrome, (2) profoundly and progressively severe
neurological deficit, (3) unresponsive intractable pain, and (4) progressive neurological
loss not demonstrate an improvement trend in approximately 6 weeks conservative
treatment.

- Contraindication for MRI : (1) patients with pace-maker, (2) intracranial

aneurysmal clip, (3) intra-occular metallic foreign body, (4) Claustrophobia.

3.8 Research Design
-Equivalence study

-Diagnostic cross-sectional study

3.9 Research - Methodology
Population
1.1Target population; Patients suspected of LDH. (as described in operational
definition) coming to Siriraj Hospital.
1.2 Studied population : Patients suspected of LDH coming to Department of
Radiology, Siriraj Hospital and requested for full protocol lumbar MRI and no
contraindication for MRI.

1.3 Eligible criteria

Inclusion criteria

1. Clinically suspected LDH
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2. Age 20-60 years old.

3. Requested for routine protocol of MRI lumbar spine.
4. Willing to enroll into the study and inform consent.

Exclusion criteria

1. Post-surgery of spine.

2. History of spinal trauma.

3.10 Sample size

The sample size estimation was based on the primary objective of the study to
test if proportion of LDH from limited protocol MRI is equivalent to that from full protocol
MRI. When the observations are paired and dichotomous, comparison of a new test with
the previously existed test to evaluate the equivalence of the two tests can be done by
using extension of McNemar's test, the so called L statistics.” The compound null
hypothesis of significant difference in proportion of LDH detected by full protocol MRI
and limited protocol MRI is tested against the alternative hypothesis of equivalence
between full protocol MRI and limited protocol MRI. Calculation of sample size is then
based on 95%CI of the ratio of LDH detected by limited protocol MRI to LDH detected

by full protocol MRI, P,,/P_, as shown in the following formula.

Full MRI
+ - Total
Limited MRI + R, P}/ P..
- P,, P,, 1-P,.
Total ;% ™7 1

N = Zzwfot/z [P,.(Py, TP, )1/ [W2P3+1]
where P,, = probability of positive result from the limited protocol MRI.

P., = probability of positive result from the full protocol MRI .

+1

P., = probability of a randomly chosen subjects falling into the category positive

12

limited MRI and negative full MRI.
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P,, = probability of a randomly chosen subjects falling into the category

21
positive full MRI and negative limited MRI.
Q= type | error = 0.05 (2-sided)
w = half-width =0.05

In clinical experience, the clinically suspected LDH can be predicted in
75-80% of cases.” ™ We assumed that the prevalence of LDH detected by full protocol
MRI in our institute was 0.8. So it was expected that P,, = 0.8. The limited protocol MR

was also expected to have less positive result of LDH detected than full protocol MRI,

then P,, = 0.75, P,, = 0, P,, =0.05 as displayed in the Table 2.

Table 2 Expected positive and negative results of LDH detected by full and limited MRI

Full MRI
+ = Total
Limited MRI + 0.75 0 0.75
- 0.05 0.2 0.25
Total 0.8 0.2 1

Thus, for 0L = 0.05 and half-width w = 0.05, the required sample size was at least 113

subjects. Therefore n = 120 were studied.

3.11 Intervention The routine full protocol lumbar MRI composes of sagittal T1wi,
sagittal T2wi, and axial T2wi. The study was done with 1.5 tesla machine (Philips ASCII)
in Department of Radiology, Siriraj-Hospital as a routine service. The sagittal T1wi was
done in spin echo technique. The sagittal and axial T2wi were-done in turbo spin echo

technique. The parameters for each pulse sequence are shown in Table 3.

Table 3 Parameters of pulse sequences used in MRI lumbar spine

Pulse TR(msec) TE(msec) Thickness/gap(mm) FOV(mm) NSA
sequence

Sagittal T1wi 400-600 12-15 4/0.4 280-300 6
Sagittal T2wi 2000-2600 120-150 4/0.4 280-300 6
Axial T2wi 2200-2900 100-150 3/0.3 220 8

TR=repeated time, TE=echo time, FOV=field of view, NSA=number of signal acquisition
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3.12 Outcome Measurement

3.12.1 Main outcomes : Proportions of positive and negative test result (LDH) of
limited and full protocol MRI.
3.12.2 Variable to be measured
1. Administrative variables : Name ,address, telephone, HN
2. Zero state variables :
- Age (year)
- Gender
- Roland disability score of 0-24 (24 = healthy person) to assess the
heterogeneity of severity of the study population.
- Duration of pain(months) before seeing the physicians.
3. Outcome variables :
- MRI Data
# Disc : negative = normal /bulging
positive = herniation/sequestration
# Nerve root compression : negative = no
positive = yes
# Other abnormality
- Surgical data (in cases that surgery had been done after MRI study)
# Disc : negative = normal/protrusion
positive = extrusion/sequestration
# Nerve root compression : negative = no
positive ='yes

# Other abnormalities

3.13 Data collection

1. General data and clinical assessment were collected by research nurse in the team
when patients came to the MRI unit before the MRI examination.

2. The MRI were done by the 1.5 Tesla machine (ACS lll, Philips) in Department of
Radiology as routine protocol. The parameters and pulse sequences are described in

section 3.11.
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3. The limited and full protocol MRI data were interpreted blindly from clinical
information and separately by three radiologists (with more than 3 years of experience in
radiology). Each radiologist interpreted each set of imaging protocol at least 3 weeks
separately to prevent memory bias from previously seen image. For example, the full
protocol set interpreted today would be kept for at least 3 weeks, then the limited
protocol set of the same patients (sagittal T2wi) were given to the same radiologist for
interpretation. The case record forms for both protocols were the same form.

Both sets of interpretation from each radiologist were analyzed separately.
The images were repeatedly interpreted together to make the consensus when there
was any discordance between the 3 radiologists for the same patient(s) and protocol.
Then the final result was analyzed.

4. The surgical finding was recorded by the surgeons.

3.14 Statistical analysis
Baseline characteristics (age, gender and severity of disease) of all patients
suspected of LDH were presented as mean, standard deviation and percentage as
appropriate. Severity of disease was classified as severe, moderate, mild and normal
according to the Roland disability score of 0-7, 8-15, 16-23 and 24 respectively.
Agreement between each pair of three radiologists (inter-observer reliability)

on limited and full protocol MRI data were evaluated using unweighted Kappa statistic.

Because of time constraint, the intra-observer reliability was assessed in only
one radiologist using unweighted Kappa statistic. The assessment was done at least two
weeks apart.

To determine whether limited protocol MRI can be used instead of full protocol
MRI, null”hypothesis of difference between two tests' was tested against alternative
hypothesis of equivalence of 2 tests by using L statistics. Detailed computation is
displayed in Section 1 of Table 4.

For the secondary objectives of the study to evaluate sensitivity, specificity,
accuracy, predictive value and likelihood ratio of limited MRI and full protocol MRI, 2x2
tables were constructed using surgical finding as a gold standard (Section 2 of

Table4d.).



Table 4 Dummy tables for evaluation of limited and full protocol MRI

1. Limited MRI vs. Full protocol MRI

Full MRI
+ - Total
Limited MRl + D P, P,
Py P2, Pas
Total 0.4 P 1.0
Let p,, = sample proportion of +ve (LDH detected) by limited protocol MRI
p,, = sample proportion of +ve (LDH detected) by full protocol MRI

H

0 -

H1 : e0 > P1+/P+1 F 91

P1+/P+1 s e0 or P1+/P+1 >—91

16

Under the predetermined half-width (w) of 0.05, if the calculated range of 0O falls

into the range of 0.95-1.05, the null hypothesis will be rejected.

2. Sensitivity and specificity of limited and full protocol MRI

Gold standard (Surgery)

+ (LDH) - (Non-LDH) Total
Full MRl + a b ajrb
} c d c+d
Total atc b+d atb+ctd
Gold standard (Surgery)
+(LDH) - (Non-LDH) Total
Limited MRI + g r q+r
- s t s+t
Total g+s rt qtrrstt
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3.15 Ethical consideration
The routine service of MRI lumbar spine was performed for all patients
requested from the clinicians as usual. No additional intervention or cost was given. Also
MRI is a safe diagnostic procedure.46The study protocol was explained to the patients

and informed consent was obtained in all cases.

3.16 Limitations

This study was performed under the economic constrain and after universal
coverage scheme launched. The patients enrolled in the study may be selectively
biased from only who could pay the MRI examinations. Patients who could not pay for
the examination such as labors mostly had symptoms after loading work and this would
cause subgroup of traumatic disc herniation drop out from the study. Generalization may
be limited.

To study diagnostic performance of a test, the gold standard and the test
should not see each other before conclusion. But in our study we could not blind the
surgeons from the imaging findings because of the ethical issue. Also many cases were
not operated but conservatively treated. The operated cases were explored only
clinically suspected levels. This made negative result could be evaluated only in cases
with other diagnosis such as spinal stenosis from other causes or spondylolisthesis. All
of these have some power on the result of the diagnostic performance of the tests. Also

the negative levels were not operated making low power of diagnostic performance.

3.17 Expected outcome and benefits

The limited protocol MRI may be cost-effectiveness for diagnosis of patients
with lumbar disc herniation. Most patients with lumbar disc herniation can be diagnosed
clinically. Surgeons use imagings to confirm and also as the documents for preoperative
diagnosis. Decision for operation does not depend on the imaging findings alone. From
this reason, the only needed information in cases with strong clinical diagnosis is yes or
no for disc herniation. In the situation of economic constrain, limited protocol may be

useful for this purpose.

3.18 Obstacles
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The first problem was radiologists had to interpret imagings in a limited time.

This causes delayed conclusion of the study. So the intra-observer reliability was done
only in one radiologist (O.C-author). The quality of the MRI was not constant. It depends
on many factors including the status of the machine, and the body of the patients
themselves. This influences judgment of interpretation and caused radiologists used
their own experience to interpret the findings. Also not all surgeons who operated the
patients were in our team. So the operative findings mostly were from the medical
records not from the designed record form. The last problem was that most patients

were not operated and improved conservatively.



CHAPTER 4

RESULTS

4.1 Demographic and baseline data

One hundred and twenty-three patients suspected of lumbar disc herniation
who met the eligible criteria were enrolled into the study during March 2002-January
2003 at Department of Radiology, Faculty of Medicine Siriraj Hospital. Among 123
patients, 62 were female and 61 were male. The range of age was 21-60 years with
mean of 42.9 years. The duration of pain before performing the MRI were between 1 and
204 months with mean 31.2 months. The severity of pain was summarized in Table 5.

Table 5 Severity of pain according to Roland’s disability score.

Grading of severity Number of patients(%)
Mild 29 (23.6%)
Moderate 56 (45.5%)
Severe 38 (30.9%)

4.2 Outcome analysis
4.2.1 Reliability analysis : The three radiologists are now called #1, #2, and #3.
4.2.1.1 By interspace analysis
Radiologist #1 and #2 interpreted the MRI findings for each patient from
intervertebral disc spaces of first lumbar through first sacrum. So 5 levels (L1-2, L2-3,
L3-4, L4-5, L5-81) on-each sides (right and left) resulted-in-10 interspaces for each
patient. Then a total of 1230 ‘interspaces were analyzed. The prevalence of disc
herniation and-nerve root.compression observed by radiologist #1-and #2 were shown in
Table 6. Regarding interspace analysis, agreement between two radiologists assessing
limited protocol MRI was fair for both disc herniation and nerve root compression.(k
=0.27, 0.23 respectively) The agreement was fair in disc herniation (k=0.27) and good in
nerve root compression (k=0.66) on full protocol MRI. Summarized result of inter-
observer agreement was shown in Table 7.
Because of time limitation, the intra-observer agreement by interspace

analysis was not done.
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Table 6 Prevalence of LDH and nerve root compression observed by radiologist #1

and #2. (n=1230 by interspace and 123 by subject respectively)

Disc herniation Nerve root compression

Interspace(%) | Subject(%) | Interspace(%) | Subject(%)
Radiologist #1 | Limited MR 121(9.8%) 54(43.9%) 17(1.4%) 11(8.9%)
Full MR 157(12.8%) 67(54.5%) 71(5.8%) 68(55.3%)

Radiologist #2 | Limited MRI 23(1.9%) 17(13.8%) 33(2.7%) 47(38.2%)
Full MR 27(2.2%) 23(18.7%) 114(9.3%) 50(40.7%)

Table 7 Inter-observer agreement between radiologist #1 and #2 by interspace analysis

(kappa, 95%Cl))

Limited MR Full MRI

Lumbar disc herniation 0.27(0.18, 0.36) 0.27(0.18, 0.35)

Nerve root compression 0.23(0.07, 0.38) 0.66(0.58, 0.74)

4.2.1.2 By subject analysis

The findings of LDH and nerve root compression for each patient and each
protocol were concluded as yes or no without considering the level or side. These data
were analyzed by subject. So a total of 123 subjects were analyzed.

The intra-observer reliability evaluated-in radiologist #3 was found to be
excellent to good in interpretation of disc herniation and nerve root compression on both
limited and full protocol MRI as shown-in Table 8. Regarding inter-observer reliability, the
agreement between radiologist #1 and #2 was fair for diagnosis of disc herniation on
both limited and full protocol MRI. The agreement of disc herniation between
radiologist#1 and #3 was fair on both limited and full protocol MRI. For agreement of
radiologist #2 and #3 in disc herniation, the result was fair on both limited and full

protocol MRI. The details of Kappa values were presented in Table 9.
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Table 8 Intra-observer agreement of radiologist #3 , kappa statistic (95%CI)

Limited protocol MR

Full protocol MR

Lumbar disc herniation

0.78(0.67, 0.89)

0.75(0.63, 0.86)

Nerve root compression

0.82(0.64, 0.98)

0.86(0.71, 1.0)

Table 9 Inter-observer agreement of three radiologists, kappa statistic (95%Cl)

Disc herniation

Nerve root compression

radiologist Limited MRI

Full MRI

Limited MR Full MR

#1 VS #2 0.32(0.19,0.46)

0.33(0.20, 0.45)

0.20(0.05,0.36) 0.59(0.45,0.72)

#2 VS #3 0.36(0.22, 0.50)

0.44(0.29, 0.59)

0.44(0.29, 0.59) | 0.50(0.37, 0.64)

#1 VS #3 0.50(0.35, 0.66)

0.57(0.43, 0.71)

0.16(0.07, 0.25) | 0.60(0.46, 0.74)

The agreement in nerve root compression for each pair of radiologists were

fair to good on full protocol MRI- but rather poor on limited protocol MRI. The possible

reason will be discussed in next chapter.

4.2.2 Primary objective analysis

From the L statistics, to determine whether limited protocol MRI can be

used instead of full protocol MRI, null hypothesis of difference between two tests was

tested against alternative” hypothesis of equivalence of 2 tests. Conclusion on disc

herniation and nerve root compression in each subject was based on consensus from

three radiologists.

Full MRI
+ - Total
Limited MRl + [ ()8 P,
- P2 P2y Py
Total P P., 1.0

Let p,, = sample proportion of +ve by limited protocol MR
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p., = sample proportion of +ve by full protocol MRI
H, : P,/ <0, or PP, >0
H,:0, < PP, <0,

1. For disc herniation

Full MR
+ - Total
Limited MRl + 45 4 49
- 2 72 74
Total 47 76 123
So O = 49/123, | p., =47123
Then /0. = (49/123)/(47/123)
0 =104

95% Cl for©® = O + 1.96\ Var(©)
=1.04 £ 1.96\/n1+ (n,+n,,)/(n,,)
=094,1.14

3

2. For nerve root compression

Full MRI
+ = Total
Limited MRl + 45 3 48
- 19 56 75
Total 64 59 123
So p,, =48/123, p,, = 64/123
Then P./P., = (48/123)/(64/123)
0 =075

95% Cl for® = © + 1.96'N. Var(©)
=075+ 1.96\/% (n,,+n,)/(n.,)°
=0.63,0.87

The null hypothesis was rejected in lumbar disc herniation and accepted in
nerve root compression. This means that for detection of lumbar disc herniation, the
limited protocol MRI can replace full protocol MRI. However, because the 95%CI (0.94,

1.14) is not in the predetermined range (0.95-1.05), the detection is not statistically
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significant. For nerve root compression, the limited protocol MRI cannot replace full

protocol MRI.

4.2.3 Secondary objective analysis

Of the total 123, 54 patients were treated conservatively and had some
improvement after being treated of 3-6 months. There were 33 patients operated on the
suspected lumbar levels. Thirty-six patients were loss follow up or treated outside the
hospital.

Of the 33 operated cases, herniated disc with nerve root compression were
found in 22 , herniated disc without nerve root compression in 1, no herniated disc but
nerve root compression from other causes mostly spinal stenosis in 9, and only mild
bulging disc without nerve root compression in 1 case. The detail of operated cases was

summarized in Table 10.

Table 10 Surgical findings of operated cases (n=33)

Findings Number

Disc herniation 23
With nerve root compression 22
Without nerve root compression 1

No disc herniation 10
Spondylolisthesis with nerve root compression 4
Spinal stenosis with-nerve root compression 4
Bulging disc/osteophyte with nerve root compression 1
Bulging disc without nerve root compression 1

4.2.3.1 Diagnostic performance of each test.
The diagnostic performance was analyzed in 33 operated patients by using
surgical findings as the gold standard. The details of 2 x 2 table and values of diagnostic

test were summarized in the Table 11 and 12.



Table 11 The 2x2 table of limited and full protocol MRI

1.Detection of lumbar disc herniation

24

Surgery
+ (LDH) - (Non-LDH) Total
Full MR + 19 3 22
i 4 7 11
Total 23 10 33
Surgery
+(LDH) - (Non-LDH) Total
Limited MR + 19 2 21
- 4 8 12
Total 23 10 33
2.Detection of nerve root compression
Surgery
+ (nerve root - (no nerve root Total
compression) compression)
Full MR + L 0 25
- 6 2 8
Total 31 2 33
Surgery
+(nerve root - (no_nerve root Total
compression) compression)
Limited MRl + 17 0 17
- 14 2 16
Total 31 2 33
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Table 12 Diagnostic performance of the limited and full protocol MRI with their

95%CI
Sensitivity(%) | Specificity(%) Accuracy(%) PPV(%) NPV(%) LR(+)
(95%Cl) (95%Cl) (95%Cl) (95%Cl) (95%Cl)
Limi LDH 82.6 80 81.82 90.5 66.7 413
imited
(62.9, 93.0) (49.0, 94.3) (71.1,97.3) (39.1, 86.2)
MRI Nerve root 54.8 100.0 57.58 100 12.5
(37.8, 70.8) (34.2, 100.0) (81.6, 100.0) (3.5, 36.0)
Full LDH 82.61 70 78.79 86.4 63.6 2.75
(62.9, 93.0) (39.7, 89.2) (66.7, 95.3) (35.4, 84.8)
MRI Nerve root 80.6 100 81.82 100 25.0
(63.7,90.8) (34.2, 100.0) (86.7, 100.0) (7.1, 59.1)

PPV = positive predictive value, NPV = negative predictive value, LR(+) =likelihood ratio positive

Nerve root = nerve root compression

4.2.3.2 Comparison of diagnostic performance between limited and full protocol.

1. Sensitivity (by using exact binomial test because of small sample size )

Table 13 The 2x2 table comparison of sensitivity.

(a) When surgical finding is positive for disc herniation :

Full MRI Total
LDH(+) LDH(-)
Limited MRI LDH(+) 18 19
LDH(-) 1 4
19 23

The difference between the sensitivity of full and limited protocol MRI = 0 with 95% CI =
(-16.5%, 16.5%)

p 1
(b)When surgical finding is positive for nerve root compression :
Full MRI Total
(+)
Limited MR (+) 17 17
(-) 8 14
25 31

The difference between the sensitivity of full and limited protocol MRI = 25.8% with 95%
Cl = (8.6%, 41.2%) and p

=0.0047 .
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2. Specificity (by using exact binomial test because of small sample size )
Table 14 The 2x2 table comparison of specificity

When surgical finding is negative for disc herniation :

Full MR Total
(+) ()
Limited MRI (+) 2 0 2
(-) 1 7 8
3 7 10

The difference between the specificity of full and limited protocol MRI = 10% with
95% Cl = (-17.3%, 36.4%) and p =1

When surgical finding is negative for nerve root compression(n=2), both limited
and full protocol MRl interpreted negative in all cases. So the specificity of both tests are
equal.

In conclusion : lIn patients suspected LDH whom MRI were requested, there was
statistical significance of the difference of sensitivity of limited and full protocol MRI in
diagnosis of nerve root compression. There was no detectable difference of sensitivity
in diagnosis of lumbar disc herniation, specificity in diagnosis of disc herniation or nerve

root compression between limited and full protocol MRI.



CHAPTER 5

DISCUSSION

5.1 Operational definition of image interpretation

Many terminology classifications were purposed in describing pathology of
lumbar disc herniation. Surgical approach and imaging approach often contradict.
American Society of Neuroradiology, American Society of Spine Radiology and North
American Spine Society recommended nomenclature and classification of lumbar disc
pathology adapted from Milette PC.” In this recommendation a herniated disc means
the observation of displacement of disc material beyond the edges of ring apophyses
less than 50% of the circumference of the disc in axial plane and beyond the limit of
intervertebral space in sagittal plane. A protrusion and extrusion differ in the maximum
cranio-caudal diameter of the herniated part compared with edge of the base. For a
protrusion, the herniated distance is less than its base whereas in an extrusion the
distance is greater than its base. (Fig 1) This nomenclature cannot describe bulging disc
in sagittal plane. A bulging disc was defined in axial plane, however. When the cranio-
caudal distance is less than its base, it could be both bulging and herniated disc. In
practice, partial volume averaging can cause images appearing focal herniation in axial
plane if the plane of scan is not exactly parallel with disc space especially in very
narrowed disc from pathologic degeneration. In our study we found that careful
evaluation the shape of the disc in sagittal plane in-every image scan can separate the
bulging disc from protruded disc. If the displaced disc was seen in nearly all sagittal
images, it could be bulging disc. If the displaced disc was seen focally or predominantly
in one area, it could be protrusion.

Contained disc or low volume of displaced disc material was found to have

better outcome treated by conservative way compared with non-contained or low

volume herniated disc.9'48UsuaI|y imaging finding of contained disc is the same as

protrusion which has cranio-caudal distance of herniated part less than its base.”* In

this point, imagings help in selecting patients candidate for early surgery.
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From both reasons above, we decided to include protrusion in Milette’s
nomenclature into bulging disc if no predominant area of protrusion seen in all images of
sagittal T2-wi. There may be the reason that made the limited protocol MRI agree with

full protocol MRI.

5.2 Is the limited protocol MRI enough for diagnosis of disc herniation?

Our study demonstrated that though the equivalence test between sagittal
T2-wi and full protocol MRI for evaluating whether there is herniated disc or not is falling
into the accepted range but this finding does not show statistical significance (as the
95%CI fell outside the predetermined accepted range). This may be because of not
enough sample size. The limited protocol MRI also cannot be used to evaluate the nerve
root compression.

Considering diagnostic performance of the test, in this point, the good test
should have low false positive. Because LDH can be treated conservatively, so
operation in patients with no LDH (also no other causes) makes more harm than not
operated on patients with LDH (false negative test). In another words, we need a test
which has high specificity or high positive predictive value (PPV) and acceptable
sensitivity or negative predictive value (NPV). In this study we found that full protocol
MRI had specificity of 70% and PPV of 86.36%(LR positive of 2.75) approximately the
same as other study (specificity = 70%, LR positive = 2.8).10 When compared with
limited protocol MRI which has specificity of 80% and PPV of 90.48% (LR positive of
4.13), the diagnostic performance of limited protocol is better than full protocol. We think
that the way radiologists interpreted the images influences the result.. In limited protocol,
radiologists tried to interpret the findings using the predetermined operational definition.
But infull protocol, radiologists interpreted the findings by using their own previous
experience. The axial T2wi influenced decision making more than sagittal T2wi and
caused over reading (more false positive).

For nerve root compression, sagittal T2wi cannot give information as axial
T2wi do. This made lower accuracy and more false negative. Though the sensitivity of
nerve root compression in full protocol is significantly better than limited protocol, the

specificity is the same. In the point of patient management, surgeons usually consider
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nerve root compression on the patients’ signs and symptoms. Also they can better
evaluate nerve root compression in the operative field. Pain can also be from other
causes such as refer pain from annular tear. In conclusion, the decision of operation for
nerve root decompression is from signs and symptoms rather than from imaging
findings.

Patients or subjects in our study were only cases suspected LDH and could
pay the MRI examination. This influenced limitation of the study for diagnostic
performance in general use. We cannot conclude the findings for all cases with low back
pain but only whom clinically diagnosed or suspected LDH. The prevalence of detected
LDH by MRI is about half of the total cases whereas the prevalence of operated cases is
about 70%. The true predictive values may be changed according to the prevalence of
the population. Further study to assess the diagnostic performance of the tests is
needed such as follow up for the non-operated cases. This will cost more time and

money.

5.3 Reliability study of the radiologists.

The intra-observer agreement was good (radiologist #3) that implies reliable
interpretation of the images. The inter-observer agreements in LDH were not so good
between radiologist #2 and #1 or #3 especially in full MRI. This may be because the
basic knowledge of radiologist#2 differed from #1and #3. The inter-observer agreements
in nerve root compression_on limited protocol were very low between radiologist #1 and
#2 or #3. This.may be because radiologist#1 believed that nerve root compression can
be evaluated only in axial plane (instrument bias). Raininko R, et al (1995) studied about
inter-observer agreement in assessment of disc herniation using the same protocol as
our study and found that kappa coefficient was 0.30."° Brant-Zawadski M, et al (1995)
also studied inter-observer agreement by using two nomenclature of interpretation of
disc abnormality.41 They found that the kappa statistics was good (0.61). Their results
were not so different from ours (0.32-0.59).

However, we found that controlling observers to interpret the findings as
define in operational definition was difficult especially in experienced radiologists with

high self confidence. This may be another bias in this study.
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Conclusion
The limited protocol MRI (sagittal T2wi) may be enough for evaluating lumbar
disc herniation before surgery in cases of clinically suspected LDH but not enough for

evaluating nerve root compression.

Recommendation

If, after completing the initial evaluation of a patient with back or radicular
pain, a clinician arrives at working diagnosis of an herniated disc as the cause of the
patient’'s symptoms, treatment usually can be initiated without the performance of an
imaging study. Only when therapy is unsuccessful, a precise anatomic diagnosis is
needed to guide therapeutic decisions. Imaging studies certainly have a role in
selecting surgical candidate, but they probably have an equally important role when
there is diagnostic uncertainty and the patient is not responding to appropriate
conservative care. The documentation of a normal lumbar spine may be as important to
patient care as demonstrating discal abnormality when a patient does not respond to the
treatment. We recommend that sagittal T2wi may be enough in this patient. If there are
any other abnormalities more than disc herniation detected on the images, the full
protocol MRI should be performed. Or if the image shows negative finding for LDH, the

full protocol MRI should be perform for evaluating of lateral nerve root compression.
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APPENDIX 3

QUESTIONNAIRE (Roland disability score)
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Questionnaire(English version)

Check \/ against the sentence(s) that describe(s) you today.

1.

2.
3
4
5.
6
7
8

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
28.
24.

| stay at home most of the time because of my back.

| change position frequently to try to get my back comfortable.

| walk more slowly than usual because of my back.

Because of my back, | am not doing any of the jobs that | usually do around the house.
Because of my back, | use a handrail to get upstairs.

Because of my back, | lie down to rest more often.

Because of my back, | have to hold on to something to get out an easy chair.
Because of my back, | try to get other people to do things for me.

| get dressed more slowly than usual because of my back.

| stand up only for short periods of time because of my back.

Because of my back, | try not to bend or kneel down.

| found it difficult to get out of a chair because of my back.

My back is painful almost all the time.

| find it difficult to turn overin bed because of my back.

My appetite is not good because of my back pain.

| have trouble putting on my socks (or stockings) because of the pain in my back.
| walk only short distances because of my back pain.

| sleep less well because of my back.

Because of my back pain, | get dressed with help from someone else.

| sit down for most of the day because of my back:

| avoid heavy jobs around the house because of my-back.

Because of my back pain, | am more irritable and bad tempered with people than usual.
Because of my back, | go upstairs more slowly than usual.

| stay in bed most of the time because of my back.

How long have you had back pain?........ccccceveeiiiiieeiieeecee e

41

From Roland M, Morris R:A study of the natural history of back pain : I. Development of a reliable

and sensitive measure of disability in low-back pain. Spine 1983;8:141-4.
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APPENDIX 4
CASE RECORD FORM

Case record form for MRI

(Limited MRI in HNP)

Name. ..o TR .Sex |:| male |:| female

Age....oooviiinn, years HN —_— ..
MRI images |:| Sagittal T2wi |:|Fu|| protocol (sag.T1wi, T2wi, axial T2wi.)
Level side Disc Nerve root compression
Normal Bulging Herniation | Sequestration No Yes
L1-2 Left
Right
L2-3 Left
Right
L3-4 Left
Right
L4-5 Left
Right
L5-S1 Left
Right
Other ABNOIMAlity. ...

Radiologist
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Case record form for Surgery

(Limited MRI in HNP)

Preoperative diagnosis.........cocoiiiiiiiiiiiiiii

Date of surgery (D/M/Y).............ocene YU @)oo PRI TT T
Findings MDA NUA ST A LR
Operated side Disc* Nerve root compression
Level Normal Protrusion Extrusion Sequestration No Yes
L1-2 Left
Right
L2-3 Left
Right
L3-4 Left
Right
L4-5 Left
Right
L5-S1 Left
Right

Other significant fINAINGS. .. ... oeeeee e e e et

Postoperative diagnoSiS. ......viue et e s

* ANRiAAN
Disc protrusion = Protrusion of disc out of the vertebral body margin BUT still within the annulus fibrosus.
Extrusion = Extrusion of disc out of the annulus fibrosus but still within the posterior longitudinal ligament.
Sequestration = The extruded disc has no connection with the mother disc or migrated from the level of mother disc.
Nerve root compression = Evidence that the nerve root is displaced from its usual position

and (surgeon’s opinion) the cause or disc exert pressure on the nerve.

RECOMET . ettt et (Fau99a4)
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APPENDIX 5
FIGURES

A B C D E F

Figure 1 : Diagram drawing of the definition of disc herniation in sagittal view : (A,D)

bulging, (B,C) herniation, (E) extrusion, herniation, (F) sequestration, herniation

Figure 2 : MRI lumbar spine in full protocol (A) sagittal T1wi, (B)sagittal T2wi, (C,D)axial

T2wi. This patient had low back pain with suspected herniation of nucleus pulposus. The

MRI demonstrates mild bulging of the L5-S1 disc (D) and normal L4-5 disc (C).



Figure 3 : Lumbar disc herniation.

(A)The lateral roengenogram of lumbar
spine shows  questionable decreased
height of the L4-5 intervertebral disc
space. The MRI in sagittal T2wi(B) and
sagittal T1wi(C) clearly demonstrate
lumbar disc herniation at L4-5
level(arrows). The axial T2wi(D) shows
herniated disc(arrow) compressing the

right nerve root.



46

VITAE

Dr. Orasa Chawalparit was born on February 25, 1959 in Bangkok. She was
graduated her medical school from Faculty of Medicine Ramathibordee Hospital and
Thai board of general radiology from Faculty of Medicine Siriraj Hospital. She has
worked as an instructor in diagnostic radiology since 1989 in Department of Radiology,
Faculty of Medicine Siriraj Hospital. She is now an associated professor of radiology
specialized in neuroradiology.

Since June 2001, she has been admitted in the Master degree Program of
Health Development in Thai-CERTC, Faculty of Medicine, Chulalongkorn University, as
funded by the Faculty of Medicine Siriraj Hospital. During this course, she has
conducted a clinical research to assess the possibility of using limited protocol MRI in

diagnosis of lumbar disc herniation.



	Cover (Thai)
	Cover (English)
	Accepted
	Abstract (Thai)
	Abstract (English)
	Acknowledgements
	Content
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	References
	Appendix
	Vita



