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Abstract t 

Purpose.. To assess whether clinicians attach equal diagnostic gain to spiral CT 

andd MRI in patients suspected of lumbar herniated discs. 

Methods.. A neurologist and a neurosurgeon independently evaluated 183 

lumbarr discs. We used a 10-point Visual Analogue Scale (VAS) to estimate the 

differencee between the pre- and post test likelihood after disclosure of radio-

logicall images. Positive diagnostic gain was defined as an increased VAS-score 

afterr disclosure of the imaging results compared with evaluation after clinical 

examinationn (negative gain vice versa). We also assessed the inter observer 

agreementt on the direction of diagnostic gain. 

Results.. If both observers agreed on positive gain at both techniques, MRI 

yieldedd more gain than CT (0.36 on the VAS), although not significant. If both 

observerss agreed on negative gain, MRI also yielded more diagnostic gain than 

CTT (0.63 on the VAS) with a significant difference for observed (p=0.002). The 

proportionn of disagreement on the direction of gain was 76/183 (42%) for CT 

andd 59/183 (32%) for MRI; the difference (10%) was significant {McNemar 

p=0.006). . 

Conclusion.. Compared with MRI, clinicians attach less value to spiral CT in the 

evaluationn of lumbar herniated discs. Spiral CT yielded more interobserver dis-

agreementt on the direction of diagnostic gain than MRI. 
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Introduction n 

Imagingg plays a key role in the diagnostic work-

upp of patients suspected of herniated discs. MRI 

iss considered the investigation of choice with CT 

ass the best alternative if MRI is contraindicated 

orr unavailable [1-8]. Four to 10% of the patients 

subjectedd to MRI experience anxiety to the point 

thatt the procedure has to be modified, postponed 

orr canceled [9,10]. In many practices, the limited 

availabilityy of 

MRII is another reason for patients with suspected 

off herniated discs to undergo CT as the first or 

solee investigation [11-13]. 

InIn an earlier study, we demonstrated that spiral CT 

andd MRI had comparable abilities to detect lum-

barr herniated discs [14], However, our study was 

limitedd to the radiological evaluation. In practice, 

neurologistss and neurosurgeons usually combine 

thee imaging results with the information from 

historyy and physical examination. In our current 

study,, we aimed to investigate the diagnostic gain 

off adding radiological imaging results to pre-test 

clinicall information based on history and physical 

examination.. The diagnostic gain of an imaging 

testt can be expressed as the amount of change 

inn likelihood of a suspected abnormality. After dis-

closuree of the imaging results, the likelihood of the 

suspectedd abnormality increases or decreases, 

leadingg to less uncertainty about the diagnosis. 

Consideringg comparable radiological capabilities 

too evaluate lumbar herniated discs, we hypoth-

esizedd that the physicians in our study would 

expresss similar diagnostic gain after evaluating 

spirall CT and MRI images. 

Wee performed a prospective study to evaluate the 

diagnosticc gain of spiral CT and MRI by measuring 

thee change in estimated likelihood of a herniated 

discc after disclosure of the imaging results. We 

alsoo investigated the interobserver agreement on 

diagnosticc gain between a neurologist and a neu-

rosurgeon. . 

Methods s 

Wee performed a prospective study between June 

19999 and June 2000 as part of a larger project on 

thee diagnostic process of patients with lumbosa-

crall radicular pain at the University of Amsterdam, 

Thee Netherlands. Patients were recruited from the 

neurologyy outpatient department. Eligible were 

patientss referred by their general practitioner with 

Lumbosacrall Radicular Syndrome (LRS) with sus-

pectedd disc herniation at the levels L3-L4, L4-L5 or 

L5-S11 in whom conservative treatment was unsuc-

cessful.. LRS was defined according to the national 

generall practitioner's guideline and the consen-

suss statement on diagnostics and treatment of 

LRSS defined by the Dutch Neurology Society [15]. 

Thee hallmark of this definition is continuous 

mono-- or multiradicular pain below the knee with 

aa primary suspicion of disc herniation with conser-

vativee treatment being unsuccessful for at least 

fourr weeks. Excluded were patients younger than 

188 or older than 70, pregnant women, patients 

withh a previous history of lumbosacral herniation 

orr lumbosacral surgery, as well as patients with 

contraindicationn for MRI. After the attending physi-

ciann had confirmed the diagnosis of LRS, patients 

weree subjected to spiral CT and MR imaging within 

onee week and no specific treatment was given 

withinn this period. The Institutional Review Board 

approvedd the study protocol and written informed 

consentt was obtained from all patients. 
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Imagingg techniques 

Lumbarr CT examinations were performed on a 

Philipss Elscint TWIN CT scanner. Helical CT was 

madee with 1.1 mm collimation and 0,5 mm incre-

mentss from the level L3 to the bottom of Sl.The 

gantryy angle was aligned through the disc space 

off L4-L5. Reformatted 4 mm axiai sections of all 

scannedd interspaces were made parallel to the 

interspacess using both the soft tissue and the 

bonee window. In addition reformatted 4 mm sagit-

tall sections were made using both the soft tissue 

andd the bone window. 

Lumbarr MR examinations were performed with 

aa 1.5 T Signa LX Scanner (General Electric Medi-

call Systems, Milwaukee, USA) using a dedicated 

lumbarr spine surface coil. The protocol included 

sagittall spin-echo Tl-weighted (TR 500ms, TE 14 

ms)) and proton density / T2-weighted (TR 3500, 

TEE 120-20) fast spin echo images with 4 mm slice 

thickness,, 0.5 mm intersection gap, 200x512 

matrixx and 29 x 29 cm field of view. In addition, 

axiall spin-echo Tl-weighted (TR520 TE 12)- and 

fastt spin-echo T2-weighted (TR 4500, TE 120) 

imagess were obtained from the level of L3 to the 

bottomm of S I with 4 mm slice thickness, 0.5 mm 

intersectionn gap, 200x256 matrix and 15 x 15 cm 

fieldd of view. 

Dataa collection 

Attendingg physicians at the neurology depart-

mentt prospectively collected clinical data from 

historyy and physical examination in a standard-

izedd fashion. From these data, a case report was 

extractedd for each patient by one of the authors 

(N.K.).. Using these case reports, two experienced 

physicianss (W.P. and J.S.) estimated the likeli-

hoodd of a herniated disc on a Visual Analogue 

Scalee (VAS). The VAS consisted of a 10cm dotted 

linee with "No HNP" on the left-end and "HNP" on 

thee right-end (HNP = Hernia Nuclei Pulposi). The 

physicianss were instructed to draw a cross at 

thee estimated likelihood. The corresponding VAS 

scoree was measured in centimeters. In a second 

session,, the observers were asked to fill out the 

VASS after disclosure of the spiral CT images. The 

followingg information was available when the phy-

sicianss estimated the likelihood of herniation: the 

clinicall case report, the radiological report and the 

images.. The physicians were blinded for their VAS 

scoree at the previous evaluation based on clinical 

examinationn alone. They were also blinded for the 

MRII results. After a washout-period of at least six 

weeks,, the procedure was repeated once more 

afterr disclosure of the MR images. The physicians 

weree blinded for their initial VAS-score after clinical 

examinationn and their VAS-score after CT evalu-

ation.. The radiologists had evaluated all images 

blindedd for clinical information except for the side 

andd level of the suspected herniated disc (LRS). 

Usingg this study design, we were able to present 

thee exact same clinical information to the observ-

erss at both imaging evaluation points. Per patient, 

lumbarr levels L3-L4, L4-L5, and L5-S1 were evalu-

ated,, resulting in three VAS-scores per patient. 

Twoo patients had symptoms of bilateral LRS. 

Thesee patients were evaluated twice (once on the 

rightt side and once on the left side), resulting in six 

VAS-scoress in each of these patients. 

Statisticall Analysis 
Diagnosticc gain was defined as the absolute dif-

ferencee between the VAS-score after clinical 

examinationn (pre-test likelihood) and the VAS-score 

afterr imaging (post-test likelihood). We considered 

threee types of test results: a positive test result 

wheree the likelihood of a HNP was increased after 

disclosuree of the imaging results, a negative test 

resultt where the likelihood of a HNP was downgrad-

edd after imaging and a non-informative result where 

thee likelihood remained unchanged after imaging. 
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Statisticall testing whether the magnitude of diag-

nosticc gain was different after spiral CT compared to 

MRII was only performed in those cases in which the 

test-resultss of MRI and CT were in the same direc-

tionn (either positive or negative). Cases in which the 

changee in likelihood was in opposite directions (e.g. 

gainn after MRI and decrease after CT or vice 

versa)) were analyzed separately because the 

absencee of a gold standard precluded firm conclu-

sionss in case of opposing imaging results. Using 

thiss approach, each disc evaluation result could be 

categorizedd in one of the following groups: 1. Likeli-

hoodd of herniation was increased after CT and MRI 

(bothh tests positive) 2. Likelihood of herniation was 

decreasedd after CT and MRI (both tests negative) 

3.. Likelihood of herniation was unchanged after 

CTT and MRI {both tests non-informative) 4. CT dis-

agreedd with MRI. 

Inn the first two groups we used a paired sample t-

testt to test whether the amount of diagnostic gain 

wass greater after MRI than after CT. Using the same 

fourr categories of possible test outcomes, we inves-

tigatedd interobserver agreement in both modalities. 

Thee number of discordant results between observ-

erss after CT was compared with the number of 

discordantt results between observers after MRI 

usingg the McNemar test for paired proportions. 

Alll calculations were performed using SPSS 

versionn 11.0. Two-sided p-values <0.05 were con-

sideredd statistically significant. 

Results s 

Sixty-fourr consecutive eligible patients with Lum-

bosacrall Radicular Syndrome (LRS) were identified 

withinn the study period. Three patients could not 

undergoo MRI because of claustrophobia. Two more 

patientss were excluded because their data were 

incomplete,, therefore the number of patients in 

ourr analysis was 59. In 57 patients with unilateral 

LRS,, a total of 171 discs were evaluated produc-

ingg 171 VAS-scores. In two additional patients with 

bilaterall LRS, each of the three lumbar discs were 

evaluatedd twice (once left and once right), leading 

too 6 VAS-scores per patients. The total number of 

VAS-scoress in the analysis was therefore 183. 

Tablee 1 shows the mean diagnostic gain of CTand 

MRII for each observer. If CT and MRI results were 

bothh positive (increased likelihood after CT as well 

ass after MRI), a mean increase in the likelihood of 

herniationn of more than 2 points on the 10-point 

Visuall Analogue Scale (VAS) was observed for 

bothh techniques. Both observers recorded more 

diagnosticc gain after MRI compared with spiral CT, 

butt differences were small and did not reach sta-

tisticall significance. 

Iff CT and MRI results were both negative {decrea-

sedd likelihood after CT as well as after MRI), both 

observerss lowered their likelihood of herniation 

withh more than 4 points on the 10-point VAS for 

bothh imaging techniques. The mean decrease 

wass larger for MRI than for CT, reaching statisti-

call significance in observer 2 (p=0.002) but not in 

observerr l {p=0.068) . 

Thee clinicians reported no diagnostic gain after 

spirall CT as well as after MRI in a considerable 

numberr of discs [observerl: 44 (24%) and observ-

e d :: 52 (28%)]. In all of these cases but one, the 

firstt VAS-score after clinical examination was zero, 

indicatingg no signs and symptoms of a herniated 

disc.. In that one case, observer 2 scored 10 on the 

VASS based on clinical information only. After dis-

closuree of the imaging results, the score remained 

100 after CT as well as after MRI, indicating zero 

diagnosticc gain. Because of this particular case, 

thee mean VAS was 0.19 for observer 2 (Table 1). 
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Tablee 1 . Mean VAS-scores and mean diagnostic gain for likelihood of a herniated lumbar disc after CTand MR 

Testt result (n) 

Observerr 1 

CT++ MR+ ,22) 

CT-MR- ( 1 0 0 ) ) 

CT00 MR0 |44j 

CT** MR ( 17 ) 

Observerr 2 

CT++ MR+ j 3 5 j 

CT-- MR-171) 

CT 0 MR 0 ( 5 2 ) ) 

C T * M R ( 2 5 ) ) 

Clin. . 

7.08 8 

6.08 8 

0 0 

5.71 1 

6.21 1 

5.17 7 

0.19 9 

4.76 6 

Meann VAS 

CT T 

9.18 8 

0.68 8 

0 0 

n/a a 

9.02 2 

1.23 3 

0.19 9 

n/a a 

MR R 

9.45 5 

0.35 5 

0 0 

n/a a 

9.46 6 

0.30 0 

0.19 9 

n/a a 

Mean n 

CT T 

+2.10 0 

-5.40 0 

0 0 

n/a a 

+2.81 1 

-3.94 4 

0 0 

n/a a 

gain n 

MR R 

+2.37 7 

-5.73 3 

0 0 

H// 3 

+3.25 5 

-4.87 7 

0 0 

n/a a 

CT T 

Diff. . 

0.27 7 

0.33 3 

0 0 

n/a a 

0.44 4 

0.93 3 

0 0 

n/a a 

comparedd with MR 

SE E 

0.14 4 

0.17 7 

n/a a 

n/a a 

0.27 7 

0.28 8 

n/a a 

n/a a 

P-value e 

0.064 4 

0.068 8 

n/a a 

n/a a 

0.115 5 

0.002 2 

n/a a 

n/a a 

Note.:: VAS = Visual Analogue Scale, Clin. = clinical examination, n/a = not applicable. CT+ MI+ = Positive test result for both 
techniques,, CT- MR- = Negative test result for both techniques, CT0 MR0 = No diagnostic gain for both techniques, CT * MR! 
== Disagreement 

Tablee 2. Paired comparison of spiral CT versus MR stratified by inter observer agreement on the direction of diagnostic gain 

CT++ + 

CT---
C T 0 0 0 
CTT disagree 

Total l 

MR++ + 

18 8 

0 0 

0 0 

13 3 

31 1 

MR---

0 0 

54 4 

0 0 

12 2 

66 6 

M R 0 0 0 

0 0 

0 0 

26 6 

1 1 

27 7 

MRR disagree 

3 3 

5 5 

1 1 

50 0 

59* * 

Total l 

21 1 

59 9 

27 7 

76* * 

183 3 

Note:: + + = Both observers agree on positive diagnostic gain, - - = Both observers agree on negative diagnostic gain. 00 = 
Bothh observers agree on no diagnostic gain, * Proportion of disagreeing results at CT {76/183 = 42%) was significantly higher 
ass compared to MR (59/183 = 32%); McNemar p-value = 0.006. 

Tablee 2 shows the cross-classification of the num-

berr of discs in which the two observers agreed on 

thee direction of gain (both positive, both negative, 

bothh no gain) or disagreed. In 98 of 183 cases 

(54%),, both observers agreed that the diagnostic 

gainn for CT and MRI was in the same direction. In 

thee remaining 85 cases (46%), observers either 

disagreedd with each other on the direction of gain 

att CT (n=26 discs) or at MRI (n=9 discs) or at both 

examinations(n=500 discs). CT evaluation yielded 

significantlyy more disagreement as compared with 

MRII [CT: 76 (42%) disagreeing results and MRI: 59 

(32%)].. This 10% difference was significant with a 

p-valuee of 0.006 (McNemar test). 

Discussion n 

Inn our study we assessed the diagnostic gain 

expressedd by two clinicians after evaluating spiral 

CTT and MR images in patients suspectedd of lumbar 

herniatedd discs. We hypothesized that the diag-

nosticc gain would be comparable because there is 

noo radiological evidence available indicating that 

spirall CT is inferior to MRI in the detection and 

evaluationn of herniated discs. However, our clini-

cianss were more confident after MRI than after CT 

ass indicated by the higher diagnostic gain and by 

thee fewer disagreements among the two observ-

erss at MRI evaluation. The differences between 
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spirall CT and MRI, however, were small in relation 

too the overall increase between pretest and post-

testt probabilities. Therefore, in our opinion spiral 

CTT can serve as a worthy alternative for MRI in 

patientss suspected of herniated discs. 

Too our knowledge, this is the first study to evaluate 

thee clinical value of spiral CT and MRI in patients 

suspectedd of herniated discs by directly estimating 

andd comparing pre-and post-test probabilities of a 

herniatedd disc. Our study suggests that clinicians 

preferr the MRI results. A logical explanation might 

bee that MRI produces images with higher contrast 

resolutionn with respect to soft tissue. In general, 

thee more clear-cut MR images led towards more 

certainty,, and thus more extreme estimates of 

thee probability that a herniated disc is present or 

absent. . 

Forr spiral CT and MRI, the magnitude of diagnos-

ticc gain depended on whether the imaging result 

wass considered positive (increased post-test 

likelihood)) or negative (decreased post-test likeli-

hood).. The diagnostic gain of negative test results 

wass much higher as compared with positive test 

results.. This was mainly caused by the high pre-

testt probability of herniated discs. In other words, 

thee higher the pre-test suspicion of an abnormal-

ity,, the higher the potential decrease in likelihood 

{diagnosticc gain) if imaging unexpectedly showed 

noo abnormality. In our study, most patients pre-

sentedd with signs and symptoms attributable to 

twoo or three lumbar nerve 

roots.. Subsequently, the observers recorded a 

highh pre-test probability of a herniated disc at more 

thann one lumbar level. In most patients, however, 

imagingg confirmed only one herniated disc. In the 

remainingg discs with high pre-test probability, the 

likelihoodd decreased to zero or near zero. 

Wee also observed that clinicians had fewer dis-

agreementss with respect to the direction of 

diagnosticc gain during MRI evaluation than CT. 

Thiss suggests that, from a clinician's point of view, 

MRII produced images that were more straightfor-

wardd to interpret than CT images. An alternative 

explanationn might be that the readers were more 

experiencedd in reading MRI images than CT, 

althoughh both observers had substantial experi-

encee using spiral CT inn these patients. In an earlier 

study,, we demonstrated that the inter-radiologist 

agreementt for the evaluation of herniated discs 

wass not significantly different between both tech-

niquess [14]. The difference between clinicians 

andd radiologists might be explained by the addi-

tionall items of history and physical examination 

thatt were available to the clinicians. In our study, 

thee clinicians were allowed to use the information 

off the radiological report along with the clinical 

informationn based on full history and physical 

examination.. To simulate clinical practice, the 

radiologicall report was based on image evalua-

tionn with knowledge of side and level of LRS only. 

Noo other information on severity of pain, paresis, 

reflexess or any other item of history or physical 

examinationn was available to the radiologists. 

Summarizing,, although there is no evidence to 

supportt that spiral CT is inferior to MRI in the 

radiologicall evaluation of lumbar herniated discs, 

clinicianss attach more value to MRI. These differ-

encess in diagnostic gain, however, were relatively 

smalll compared to the overall change in post-test 

probability,, so we conclude that spiral CT can still 

servee as a reliable alternative if MRI is contraindi-

catedd or unavailable. 
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