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In 1931 Arnell & Lidstrom introduced the water soluble contrast medium 
Abrodil in myelography. However, the new method did not acquire 
practical significance until about 15 years later, when Arnell (1944, 
1948) and Lindblorn (1946) had worked out a technique by which they 
demonstrated the numerous advantages of the method and reduced its 
untoward side effects to an acceptable minimum. 

In Scandinavia, and later in several European centres, myelography 
using water-soluble contrast medium thereafter became the routine 
method for visualizing the lower part of the dural sac and the cauda 
equina. Therefore, this form of myelography may now be assessed on 
the basis of a fairly comprehensive material (Leuison 1947, Johanson 
1950 Knutsson 1951, Andresen 1953, del Buono 1957, Schalirntzek 1958, 
Kolstad A? Solem 1959, Arnundsen et al. 1963). 

One of the main advantages of water-soluble contrast medium above 
the previously used idozed oils is that it clearly visualizes the root 
sheaths, thus facilitating a myelographic diagnosis of lateral disc 
herniations. 

Arnell (1948) and Lindblorn (1948) have studied the anatomical 
background of the myelographic picture of the root sheaths. They found 
the subarachnoid space of the root sheaths to vary widely in shape and 
extent from patient to patient, and in each individual case there might 
be a certain asymmetry without amounting to morbid changes. Accor- 
dingly, the normal myelographic appearances of the root sheaths may 
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vary within wide limils, and deficient of a root sheath nccd not 
ncccssarily mean a morbid condition in  or around thc nerve root con- 
cerned. 

Where a filling defect in the root sheath represents not only a con- 
genital variation in development, hut a morbid condition, there arc 
various aetiological possibilities, uiz. disc herniation, spondylosis, spon- 
dylolisthesis, scar changes following previous operations, sequelae of 
arachnoiditis, tumours, or sequelae left by fractures of the spine 
(Knutsson 1947, Arne11 1948, del Buono 1957, W a l k  1958, Kolsfad & 
Solein 1959, Cronquist 1959). 

In many cases a straight X-ray film of the spine, supplemented by 
myelographic examination, will afford sufficient differential diagnostic 
certainty, so that the nature and site of the disease may be deduced 
from a comparison of the radiological and clinical findings. But often 
a filling defect in a root sheath is the main, or a t  times the only radio- 
graphic finding. 

In the, by now comprehensive, literature on myelography using water- 
soluble contrast medium, there does not seem to have been any ana- 
lysis of the diagnostic significance of the deficient root sheath filling 
on the basis of a clinical material. Accordingly, we felt that it would 
be of interest to investigate, by comparing the myelographic root sheath 
appearances with the findings at  operation in a group of patients with 
presumed disc herniations, why the filling of the root sheath was 
deficient. 

hl A T  E R I A L 

During the period January 1959 to April 1966 748 myelographies were done in the 
Orthopaedic Hospital, Copenhagen, on patients whose clinical symptoms and signs 
indicated disc heniations of one or more of the 3 caudal lumbar discs. 

The myelographies were carried out by the technique of Leuison (1947) .  The 
contrast medium used was 20 per cent Conturex (syn. hlyelotrast, Skiodan) (methi- 
odole sodium). 

The classification of the cases was based upon the reports of the radiologist and 
the surgeon in the case sheets. 

A s  far as the myelographic appearances of the root sheath are concerned, a dis- 
tinction will be made between 2 forms of filling defect, uiz. faint filling and shorten- 
ing. The assessment of the intensity of the contrast as well as of the length of the 
root sheath was based upon comparison with the symmetrical root sheath. Where a 
faintly filled root sheath was also shortened, the case was assigned to the shortened 
group. 

Analysis of the 748 myelographies disclosed 229 cases in which a filling defect in 
a root sheath had been described and in which the nerve root concerned had been 
inspected at subsequent operation. These 229 eases make up the present material. 



(hscs in which tlic filling defect was i lou1)tfuI or in which it iniglit hiivc I)ccn due  
t o  technical reasons wcrc cxcl~idcd. 

A l l  the paticnts had undergone operation becrusc of a suspicion of disc hcrniatii. 1, 
and in all thr myelogram and the clinical findings were in agreement, in so fa r  as 
the surgeons found in all cases indication for laminectomy or hcmilaminectomy in 
order to inspect the root corresponding to the deficiently filled root sheath. In other 
words, the clinical symptoms in  all the eases might be imagined to be due, wholly 
or partially, to an affection of the root in question. 

H E s u L v r  s 

In Tablc 1 lhc myclographic and opcralive findings in 229 cases of 
filling defects are compared. 

Groups A and B represent cases in which a filling dcfcct of the root 
sheath was the only abnormal myelographic finding in relation to the 
disc concerned. 

Table I .  Operative findings in 229 cases wi th  defective root sheaths on the myelogram. 

Operative findings corresponding to the ahnormal 
root sheath on the myelogram 

~~~ .- _ _  - _ -  __ 
Posterior No posterior No posterior Total Myelo- 

graphy herniation of disc herniation disc herniation 

hral disc abnormalities free and normal 
the interverte- but other Nerve root 

Group A 32 (51.6%) 16 (25.8%) 14 (22.6%) 62 (100%) 
Group €3 25 (71.4%) 4 (11.4%) 6 (17.2%) 35 (100%) 
Croup C 54 (85.7%) 4 ( 6.4%) 5 ( 7.9%) 63 (100%) 
Group D 59 (85.5%) 9 (13.0%) 1 ( 1.5%) 69 (100%) 

~~~ ~ 

Total 170 (74.2%) 33 (14.4%) 26 (11.4%) 229 ( 1 0 0 ~ 0 )  

On the basis of the myelograms the cases are classified into the following 4 groups: 
A. Faint contrast filling of the root sheath. Normal contrast column. 
B. Shortened root sheath. Normal contrast column. 
C. Faint contrast filling of the rott sheath. Impression into the contrast column. 
D. Shortened root sheath. Impression into the contrast column. 

I t  is apparent from the table that where the only myelographic find- 
ing was a fairly faint filling of a root sheath (group A )  only 51.6 per 
cent proved to have a disc herniation in relation to this root, while 25.8 
per cent showed other abnormalities in explanation of the myelographic 
findings. In  the remaining 22.6 per cent the operations revealed a 
normal and free root. 



r .  I hus, in I h e  ])rcsciil niatcri:il :I 1:iinI l‘illing of :I root shc:rlh W:I\ :I 

f:iirly uiirvrl:iin sign o f  disc 13crni:ilion. 

1 % )  71.4 pvr ccnl  of thc opcr:ilioiis rcvc~:ilctl disc hcrni:ilion in ihc silc, 
whilc 11.4 pcr ccnt of the cases exhihilcd olhrr morhitl conditions :IS 
:I cause of thc niyclographic :ihnorniality. I n  the rcniaining 17.2 per cent 
operation showed a normal-looking and free root. 

Thus, a shortened root sheath was a fairly certain sign of hcrniation 
of a disc in relation to the nerve root. 

Groups C and I) represent cases in which thc niyelography showed not 
only deficient filling of the root sheath, hut also an abnormal shape of 
the contrast column. The operative findings, therefore, bore little rela- 
lion to the deficient filling and arc thus in this context of minor intercst. 
Howcver, the groups arc of some value as a basis for comparison with 
groups A and B. 

Where the myclographic finding was not nicrcly a deficient filling 
of the root sheath, but also thinning of or impression into the contrast 
column (goups  C and D ) ,  ahout 86 per cent of the cases showed disc 
herniation in relation tothc root concerned, whilc about 10 per cent 
exhibited other abnormalities to explain thc myclographic findings. 
In the remaining 4 per cent the operation revealed a normal and 
frec root. 

As  might be expected, the more pronounccd niyelographic change\ 
in groups C and 1) were relativcly often signs of disc herniation, and in 
these groups the anatomical findings around the root were seldom 
normal. 

A s  is apparent from Table 1, 170 cases ( 7 4  pcr cent) showed a disc 
herniation in.rclation to the deficiently fillcd root sheath. In 50 (29 
per cent of thew cases the root was, according to the operative report, 
“extended o ~ e r  the herniation” and in 47 cases (28 per cent ) “squeezed”. 
In 26 cases (15 per cent) the root was adherent, while in 1 7  (10  per 
cent) it was flattened or narroyed and in 7 ( 4  per cent) showed diffusc 
or spindle-shaped thickening. In 46 cases (27 per cent) the report gave 
no details concerning the root. 

Another thing which appears from Table 1 is that in 33 cases (14.4 
per cent) operative revealed no disc herniation, but other abnormalities 
in explanation of the deficient root-sheath filling. The operative find- 
ings in these 33 cases are listed in Table 2. 

Table 2 shows that apart from disc herniations the most common 
cause of deficient root-sheath filling was periradicular scar tissue left 

\\’Il(W~ the Inyc~l0gr:rphiC show.rtl only :I shorlrnctl root shc:1ih (groop 



by prcvious operations for disc herniation. In this conncclion, i t  must 
hc nienlionrtl that local epidural haemalornas arising aftcr hcrniatioi, 
surgery arc apt to be localized whcre the dura is relativrly loosely 
attached, i .e. between the nerve roots. Subsequent fibrosis of the haern- 
atoma will therefore be apt to affect the roots concerned and accord- 
ingly manifest itself on the rnyelogram as a filling defect in the root 
sheath (Cronquist 1959, del Buono 1957, 1959). 

Table 2. Operutive findings in 32 cases without posterior disc herniation, but with 
other abnormalities corresponding to the defertive root sheath on the muelogram. 

No. of pts. Operative findings corresponding to the defective root sheath 
on the myelogram 

Scar tissue (following operation for herniated disc) 
Degeneration of the disc with adherent nerve root 
Spondylolisthesis 
Osteophytes with nerve-root compression 
Hypertrophy of the ligamentum flavum with nerve-root compression 2 
Adherent nerve root, but otherwise normal structures 
Cyst of the nerve root 

2 
1 

Nerve root thickened, but otherwise normal structures 1 

Total 33 

It  may be seen also from Table 2 that in 9 cases the myelographically 
abnormal root was adherent in relation to a narrowed disc with de- 
generative changes. As the history of low-back pain and sciatica in 
these cases was on the whole rather long (> 2 years), the adhesions 
may be imagined to have been caused by previous herniations. In an- 
other 2 cases there were periradicular adhesions for which no explana- 
tion could be found. 

Five patients exhibited arcolysis and spondylolisthesis at the site of 
the deficiently filled root sheath. The nerve roots in question were of a 
normal appearance, and in fact there were no signs of actual pressure. 
In all cases the loose arch was excised. This resulted in 3 cases in 
marked subjective improvement with complete relief of root pain, 
while in 1 there was moderate improvement and in 1 none. Accordingly, 
it is reasonable to assume that the nerve roots have been affected by the 
spondylolisthesis and that this was the explanation of the deficient 
root-sheath filling. 

In 4 cases, where osteophytes were found in relation to the nerve root, 



ant1 in 2 cnsrs, wlicre the 1ig:inirnlurn flavum was gre;illy Ihickcnctl, a11 
cxtrcincly cra~npccl spare in ihc root canal affordccl :in adcqii:itc cx- 
planation of the 1nyc1ogral)Iiic finclings. 

I ~ s l l y ,  i t  will he seen from Tahlc 2 that in one case operation revealed 
a root cyst and in another case diffuse thickening of the root. In the 
latter case the root sheath was divided ; it showed considcrahle thicken- 
ing and adhesions to the nerve fihres, but these changes are unexplained. 

Among the total material of 299 cases 26 (11.4 per cent) showed an 
apparently normal and free nerve root (cf. Tahle 1 ) .  It cannot be de- 
cided whether the myelographic appearances represented a non-morbid 
asymmetry in the development of the root sheath or  whether there was 
a question of a morbid phenomenon. But i t  may he mentioned that in 
12 of the 26 cases there was herniation of a disc proximally to the 
deficiently filled root sheath. When considering the oblique course of 
the nerve roots, it may be imagined that in some of these 12 cases the 
myelographic appearances were due to ,an influence by the named 
herniation upon the root in its proximal course. 

D I S C U S S I 0  iK A N D C 0 N C L I; S I 0  X 

The present study did not include any assessnicnt of the diagnostic 
accuracy ohtained by the myelographic investigation as  a whole. It 
aimed exclusively at elucidating the cause of a single component in the 
myelograpic picture, viz. the deficiently filled root sheath. 

Now, a deficient filling of a root sheath is not infrequently the only 
myelographic evidence of disc herniation, so that assessment of this 
very finding may decide whether or not surgery is carried out. 

A s  might he expected on the basis of the studies of Arne11 (1948) and 
Lindblom (1948) ,  we found in the present material too that with a view 
to disc herniation the deficient filling of a root sheath was not a parti- 
cularly specific sign. 

The diagnostic uncertainly maniftests itself especially in cases whcrc 
faint filling, without shortening of the root sheath, was the only myelo- 
graphic finding. In  this connection i t  is remarkable that disc herniation 
was found in only 52 per cent of the cases while 26 per cent exhibited 
other periradicular abnormalities. 

In  assessing these findings, however, it must be taken into considera- 
tion that in all cases the clinical symptoms might be imagined to he 
due, wholly or partially, to an  affection of the root concerned. On this 
background the frequency of disc herniation is hardly above that which 



would he cxpcctctl, i f  llic opcr:il ion h;id 1 ) e c ~ ~  tlonc on Llic 1)usis of clinical 
findings alone. Accordingly, lhc rrlalively faintly filled root sheath is 
:i fairly certain sign of disc hcrni:ition, which does little lo support the 
c I i 11 ical (1 iug nos is. 

Where a sliortciictl root shc>:ilh was the only inyelographic finding. 
operation showctl in 71 per cent herniation in relation to the root and 
i n  only 11 per cent other al)normalities. 

The shortencd root sheath, then, is ;I rc*lalively specific sign which 
gives good support to the clinical diagnosis of herniation. 

In respect to the aeliology of root lesions not due to disc herniations, 
the findings in the present material were in keeping with those of 
previous clinical studies (Table 2 ) .  For instance, Knutsson (1947), 
Cronyuist (1959), and del Buono & Fuchs (1959) found that frequently 
sequelae of herniation surgery manifest themselves niyelograyhically 
as deficient filling of the root sheath, while Andresen (1953) found 
periradicular adhensions as an explanation of this myelograpic appear- 
ance. It is known also that spondylolisthesis, osteophytes, or a thickened 
ligamentum flavum may influence the filling of the root sheaths (Arnell 
1948, Johansen 1950, Cronquist 1959, Fassbender & Stossel 1960). 

S I7 >I 11 A H Y 

In 229 cases showing deficient root-sheath filling in Conturex (methio- 
dole sodium) myelography the myelographic and operative root find- 
ings were compared. In all cases the operation was done because of a 
suspicion of disc herniation. 

When a faintly filled root sheath was the only myelographic abnorm- 
ality 51. per cent of the patients showed herniation in relation to the 
root‘ concerned (Table 1, group A ) .  

When a shortened root sheath was the only myelographic abnormality 
71.4 per cent of the patients showed herniation in relation to the root 
(Table 1, group B) .  

Where deficient filling of a root sheath occurred together with an 
abnormal contrast column, 86 per cent of the cases had disc herniation 
in relation to the root (Table 1, groups C and D ) .  

The operative findings in 33 cases with root lesions unrelated to disc 
herniation are listed in Table 2. 

It is concluded that a faint filling of a root sheath can only to some 
extent support a clinical diagnosis of disc herniation, while a shortened 
root sheath is a relatively specific sign of disc herniation. 



I):ins 299 c;is c.x:iinini.s ii la 1iiyirlogr:ipliic~ Con1 iircx ( I i i i . l h i o d o l c  sodium) 
qui nionIr:iicnt i i n  rcinpliss:ig(~ t16ficicnt tl’unr gninc tlc racinc rachitli- 
cnnc, Ics trouv:iillcs myi.lo~rspliitlics rt opi.r:iloircs ont  P t i .  comparbcs. 
Dans tous IPS cas I’opPration a 6th pralit1ui.c. p:mc qu’on suspcc la i l  unc 
her n i  c d i sca lo. 

I,orsquc I a gainc (1’ unc raci n c rach id ir n nc t 1 a i 1 faih~cmcn t rcmpl ic. 
51,6 pour cent dts malades pr6scnt:int ccttc :Inonialic avaienl unr hcrnic 
en relation avec la racine impliquPc (Tahlzau 1, groupe A ) .  

Lorsque le raccourcisscmcnt dc rcmplissagr d’unc. gainc de racinc 
rachidicniie CLait la seulc anonialic, 71.1 pour cent dcs malades avaiciil 
unc hcrnie discale en relation avec ccttc racinc (Tableau 1, groupe B ) .  

1,orsqu’unc gainc dc racinc dbfecluescnient rcmplic a 616 observkc 
en m h e  temps qu’un contraste anornial dans la colonnc, 86 pour cent 
des malades avaient unc hcrnic discale en relation svec c,-tte racine 
(Tableau 1, groupcs C e l  I ) ) .  

Les trouvailles operatoires dans 33 cas de lesion dc racincs rachi- 
diennes n’ayant auciin rapport avec une hernie discale son1 rapportires 
stir le Tableau 2. 

I1 cst conclu qu’un faible reniplissagc d’une gaine de racine rachi- 
dienne ne peut appuyer qu’h un  certain degrb le diagnostic clinique d’une 
hernie discale, alors qu’un racourcissement de la gaine d’une racine 
rachidicnnc est un signc sptcifique dc  la hernic discale. 

% I T  S.4 h l M E N  F A  S S U  K G  

In 299 FHllen,.dje mangelhafte \Vurzelschcidenfiillung bei der Conturcx 
(Methiodole Natrium) hlyelographic zeigten, wurdcn die myelographi- 
schen und operativen \Vurzcl-befunde vcrglischen. In allen FIllcn wurde 
die Operation wegen des Vcrdachtes eincr Diskushernie vorgenommen. 

\Venn cine schwach gefiilte Wurzelscheide die einzige myelographi- 
sche Anomalie war, zeigten 51,6 Prozent dcr Patienten Hernienbildung 
im Verhaltnis zu der betroffenen Wurzel ( T a f d  1, Gruppe A ) .  

Wenn eirie verkiirzte IVurzelschcidc die cinzige myelographische Ano- 
malie war, zeiglen 71,4 Prozent der Patienten Hernienbildung ini Vcr- 
haltnis zur Wurzel (Tafcl 1, Gruppe B )  . 

IVo niagelhafte Fiillung zusaninien mil ciner abnormalen Kontrast- 
siiule auftraten, hatten 86 Prozent dcr Falle cine Iliskushcrnie im Rc- 
ziehung zur \Vurzel (Tafel 1, Gruppen C und I ) ) .  



L)ic opcrativcn Bcfuridc in 33 Fiillcri mil ~Viirsr,clscliiidigiiiig~ii oliiie 
Bczichung zii cincr Diskushcrnic sind in dcr Tnfcl 2 :ingcfiihrt. 

Man schlicsst, class cine schwachc Fiillung ciiicr Wurzclschcide iiur 
his zu cincni gewisscn Grade die klinische Diagnose cincr Diskushernie 
unterstiitzen kaiin, wlhrend eine verkiirtze Wurzclscheide ein verhalt- 
nismassig spezifisches Zeichen einer Diskushernie ist. 
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