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Experimental Production of 
Arachnoiditis with Glove 
Powder Contamination 
during Myelography 

12 1 

.' ~. -" ... ~ - .~, '. '/ . .' ....' ., "~ . 
- , I • 

• .' , ", : ~. - .: • .' , j '. 

Adhesive spinal arachnoiditis is a rare condition of several causes, including com
plications of myelography. An experiment was conducted to study the effects of 
surgical glove powder contamination in the cerebrospinal fluid. The subarachnoid 
space of 45 rabbits was injected with either a suspension of powder from sterile 
surgical gloves, Pantopaque (iophendylate), or a combination of the two agents. Mild 
to severe arachnoiditis was produced in 10 of 17 animals injected with the combination 
of powder and Pantopaque. Only two of 16 rabbits injected with glove powder and one 
of nine with Pantopaque had more than minimal changes of arachnoiditis. Three rabbits 
(two injected with glove powder alone and one with both agents) died of meningitis 
within 1 week of the injection. The combination of glove powder and Pantopaque is 
synergistic in producing arachnoiditis. These results emphasize the importance of 
meticulous technique in myelography. 

Several factors have been shown to cause arachnoiditi s in man . Most patients 
with arachnoiditis have intervertebral disc disease and have undergone myelog
raphy and/or surgery [1-3]. Other etiologies include infection (tuberculou s or 
pyogenic) [1 , 3], nonsurgical trauma [2, 3], tumors [1 -3] , subarachnoid hemor
rhag es [1, 3], and intrathecal injecti ons (spinal anesthetics, contrast materi al) 
[1 -4]; some cases are idiopathi c [1 -3]. Adhesive spinal arachnoiditis is a rare 
but serious condition occurring after Pantopaque myelography in less than 1 % 
of patients [1 , 5]. In about half the patients , the onset of symptoms is with in 1 
year of the procedure [1]. 

Whil e much has been written concerning the relation of positive contrast 
myelography to arachnoiditi s, li ttle attention has been given to the poss ible 
effects of contaminants that might be injected intrathecally [6-9]. We conducted 
an experiment in rabbits to study the potential production of arachnoiditi s from 
surgical glove power contamination injected into the cerebrospinal fluid (CSF). 

Materials and Methods 

Fifty-one young adu lt New Zealand white rabbits weighing 3.5-4.0 kg were anesthetized 
using intramuscular injec tions of ketam ine (44 mg / kg) and xy lazine (8 mg / kg). The 
suboccipital puncture site was c lipped to remove the fur, then scrubbed with an anti septi c 
solut ion. Th e operator scrubbed his hands with the an lisept ic solution, then performed Ihe 
pun cture without g loves. Th e meth od of subocc ipita l puncture is described by Kusumi and 
Pl ouffe [10]. After the subarachnoid space was entered, 0.1 ml of CSF was removed from 
each animal. The Pantopaque (iophenydylate, Lafayette Ph armacal) was drawn up into a 
sterile syringe through a 5 I'm filter before it was injected directly in to the subarachnoid 
space or before it was mixed with the starch glove powder (Biosorb , Arbrook Inc .). After 
injection, the rabbits were elevated into an upri ght position in order to manipulate Panto
paque, Biosorb, or a combination of these agents into th e lumbar region . 

Two experimental groups were evaluated: a high-dose group using 10 mg of starch and 
a low-dose group using 100 I'g of starch . The groups were divided as (1) cont rols (s ix 
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animals, suboccipital punc tu re on ly; (2) high-dose experimental 
group (nine wi th Pantopaque, 10 with Biosorb , and 10 with Biosorb 
in fi ltered Pantopaque; and (3) low-dose experimental group (eight 
with Biosorb and eight with Biosorb in filtered Pantopan ue) (table 
1). The rabbits were sacr ificed at 30 and 60 days (ti'lble 1), with an 
intravenous injec tion of Beuthanasia-D (Pentobarbital <\90 mg and 
Phenytoin 50 mg / ml). The entire spinal cord and meninges were 
removed via laminectomy. 

The specimens were placed in 10% buffered formalin . Hematox
ylin and eosin (H and E) sections were prepared from th e cervica l, 
thoracic, and lumbar levels with th e meninges kep t intact. 

Th e H and E sections were all examined without knowl edge of 
which substance had been injec ted. Th e amount of ce llular infiltra
tion and / or fibrosis was graded from normal to marked inflammatory 
changes (Figs. 1-4). Th e slides we re also examined under polari zed 
light to identify the birefringence of starch parti c les [11]. 

TABLE 1 

No. Sacrificed at: Died Meningitis 
Group/ Dose During During 

30 days 60 days Study Study 

Con trol, suboccipital punc ture 
onl y (11 = 6) 

High dose: 
0 .1 ml Pantopaque (11 = 9) 
10 mg Biosorb in 0.1 ml NaCI 

(11 = 10) 
10 ml Biosorb in 0 .1 ml Panto

paque (11 = 10) 
Low dose: 

100 Ilg Biosorb in 0 .1 ml NaCI 
(11 = 8 ) 

100 flg Biosorb in 0 .1 ml Pan
topaq ue (11 = 8) 
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Fig . 1.-Minimal ce llular infiltrate in subarachnoid space in animal injected 
with Biosorb and Pantopaque. Thorac ic sec tion. Sacri ficed at 30 days. H and 
E. x 64 SC = sp inal cord ; SAS = subarachnoid space; SOS = subdural 
space. 

Fig . 2 .-Moderate perivascu lar cellular reac ti on in subarachnoid space 
with loca li zed aggregation of starch partic les (arrows), inflammatory cells, 
and concomitant fibrosis. Lu mbar secti on from animal injected with Biosorb 
and Pantopaque. Sacrificed at 30 days. H and E, X40. SC = spinal cord ; 
SAS = subarachnoid space. 
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Fig. 3. -A, Moderate mononuc lear cellular reaction and starch partic les 
(arrows) in meninges at lu mbar level. Sacrificed at 30 days after inject ion 
with Biosorb and Pantopaque. H and E, x 40. B, Same section viewed with 
polarized light. Characteri stic birefring ence of starch parti c les (arrows). SC 
= spinal co rd . 

Results 

Except for one rabbit that had a " bloody tap ," the control 
animals demonstrated no significant subarachnoid reac
tions. This animal had perivascu lar meningeal and paren
chymal cellular infiltrates consisting mostly of macrophages 
and lymphocytes. The reaction was most prominent in the 
leptomeninges of the lumbar spine. 

In the high-dose group (fig . 5) , eight of the 29 animals 
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Fig. 4 .-Mark ed subarachnoid infiltration with eosinophils and some 
mononuc lear cell s. Many cells with karyo rrhecti c nuc lei. Lumbar secti on. H 
and E, x 40. SC = spinal cord ; 0 = dura mater. 
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Fig. 5.-Combined data a f hig h dose group sacrificed at 30 and 60 days. 

developed signs of meningitis (hyperreflexia and hyperes
thesia) with in 24 hr of the injection; six had been injected 
with starch powder and the other two with starch powder 
and Pantopaque. Of these, three rabbits died (at 3, 7, and 
27 days after the injecti on). Each had been injected with 
starch powder only and demonstrated minimal or mild ce l
lular infiltrates in the leptomeninges. In the rabbit dying at 3 
days the infiltrate in the leptomeninges contained eosino
phil s 

In the nine animals injected only with filtered Pantopaque 
two of five demonstrated minimal focal ce llular infiltrates in 
the leptomeninges at 30 days. At 60 days, another two 
animals had minimal foca l areas of fibros is, one with and 
the other without evidence of ce llular infiltrati on, and another 
rabbit had a mild inflammatory infiltrate at all levels exam
ined. The inflammatory changes at 60 days tended to be 
more extensive in the leptomeninges of the lumbar spine . 
Of the total of 25 histologic sections examined in the nine 
rabbits injected with Pantopaque alone, 10 secti ons dem
onstrated only minimal or mild inflammation and the rest 
were normal . 

In the 10 rabbits injected with the high dose of Biosorb 
alone , seven survived for examination at 30 and 60 days. 
One animal at each time had an intraparenchymal ce llu lar 
infiltrate that was perivascul ar and peri neuronal. The infil
trate varied from minimal to severe in different areas . Lep
tomeningeal fibrosis was identified at 60 days in another 
animal with moderate cellular infiltrates. Four animals had 
no abnormalities . 

All of the 10 rabbits injected with 10 mg of Biosorb mixed 
with Pantopaque demonstrated inflammatory changes. In 
addition to the cellular infiltrates seen in other groups, 
localized aggregations of starch parti c les and inflammatory 
cells were identified in all five rabbits sacrificed at 30 days. 
Starch particles were identified by their characteri sti c bire
fringen ce under polarized light. In three of five rabbits sac
rificed at 60 days, there was significant leptomeningeal 
fibrosi s. All five had other changes similar to the animals 
sacrificed at 30 days. 

The combined results of the high dose groups sacrifi ced 
at 30 and 60 days are shown in figure 5. The two animals 
that died less than 1 week after the injection are not inc luded 
in the tabulated results. 

The second experimental group was injected with 100 Jlg 
of the starch powder either in sterile saline or in Pantopaque. 
Only one of eight animals injected with starch powder alone 
had inflammation in the meninges at either 30 or 60 days. 
Half of the eight animals injected with both starch powder 
and Pantopaque had leptomeningeal inflammation at 30 
days and none at 60 days (fig . 6) . One animal died 2 days 
after the injec tion, but had no evidence of meningeal inflam
mation. 

The ce llular reaction contained eosinophil s in two of the 
animals (fig . 4) . The reaction was focal with no evidence of 
parasiti c infestation . One animal dyi ng at 3 days had been 
injected with 10 mg of starch powder. The other animal was 
sacrifi ced 30 days after injecti on with 100 Jlg of starch 
powder suspended in Pantopaque. 



124 WILLIAM S ET AL. AJNR :3. Marchi Apri l 1982 

7 
6 
5 
4 
3 
2 

Cervical 

N =15 

8 0 8iosorb 
7 rLJ 8iosorb 8 Pon1opoque 

I 
OLLLL~~-LLL--~-L----~---

o 

VII FA 
Normal Minimal Mild Maderale Marked 

Degree of arachnoid inf lammati on 

Fig. 6.-Combined data of low dose group sacri ficed at 30 and 60 days. 

Discussion 

Symptomati c ad hes ive spinal arachnoiditis occurs in 1 % 
or less of patients undergoing positi ve contrast mye log raphy 
[1 , 5]. Some authors believe there are many asymptomati c 
pati ents with arachnoiditis [1 , 12 -14]. In pati ents undergo
ing Pantopaque mye log raphy, the incidence of c linical sig ns 
of arachnoidi ti s are greater in those having large amounts 
[5-6 ml] of Pantopaq ue remaining in the subarachnoid 
space [1 , 2 , 5, 13 , 15]. Bergeron et al. [1 2] stated that 
arachnoidal reaction occurs " unfailingly " in the presence 
of retained Pantopaque. 

Several authors [1 2 , 16, 17] have described a potenti ating 
effec t of blood mi xed with Pantopaque in produc ing earli er 
and more marked subarachnoid reacti on. In the seri es of 
Shaw et al. [1]. technical difficult ies were encountered in 
performing myelog raphy in 39% of the patients who deve l
oped arachnoiditis. Winkelman et al. [1 8] suggested that 
many cases of adhesive spinal arachnoiditis are due to 
breaks in myelographic technique. 

In 1955 , Wise [1 9] applied glove powder (talc or starch) 
to the exposed conus med ullaris and cauda eq uina in dogs. 
Histo log ic examination up to 60 days later demonstrated 
granulomatous changes in the dura with an ad herent arach
noid. The changes were more pronounced with talc than 
with starch. He conc luded that g love powder left in an 
operat ive site may cause or contri bute to postoperati ve 
arachnoidi ti s. 

In postsurg ical cases, Antopo l was the first to report 
granu lomata caused by the use of talc as a glove powder 
[19]. In 1947 , Lee and Lehman [20] described a new glove 
powder derived from corn starch (Biosorb) which is 

" essentiall y" nonirritating to ti ssues. Subsequent studies 
[1 9, 21-24] have shown that thi s starch glove powder can 
cause granulomata in the peritoneum when the powder is in 
" c lumps" rather than finely dispersed [25]. 

In our experiment, eight of 45 animals deve loped hyper
refl ex ia and hyperesthesias within 24 hr after the subocc ip
ital injection . These signs were indicative of aseptic menin
git iS. Six of the animals had been injected with 10 mg of 
Biosorb and two with 10 mg of Biosorb suspended in Pan
topaque. 

All rabbits injected with 10 mg of Biosorb mixed with 
Pantopaque demonstrated inflammatory changes. In addi
ti on to the ce llular infiltrates, localized aggregations of 
starch partic les and infl ammatory ce lls were identifi ed in all 
fi ve rabbits sacrificed at 3 0 days. In three of the fi ve rabbits 
sacrificed at 60 days, there was signifi cant leptomeningeal 
fibrosis. 

The response to the intrathecal injecti on of starch glove 
powder may primaril y be a nonspec ific inflammatory reac
tion to a foreign substance. However, the eosinophilia in 6 % 
(two of 3 6) of the animals injected with the starch glove 
powder (one injected with 100 /lg Biosorb in Pantopaque 
and the other injected with 10 mg of Biosorb) may indicate 
a hypersensitivity reacti on [26] that could occur with very 
small amounts of the powder contaminating the cerebrospi
nal flui d . There have been several reports of delayed hyper
sensitiv ity to starch powder in humans [22] and in animals 
[2 7]. 

Using a scanning electron mic roscope, Seigel et al. [28] 
have shown that starch partic les from surgica l gloves can 
be introduced through a spinal needle if the stylet is inad
vertently handled during myelography. Preliminary data us
ing a Coulter Counter demonstrate that the mean number of 
starch parti c les injected into the low-dose group is only a 
factor of two to three greater than the average number of 
parti c les that can be injected through a spinal needle after 
handling the needle stylet with unwashed gloves. Further 
work would be necessary to show whether the dose used in 
thi s experiment would cause similar effects in pri mates. 

This experiment demonstrates that either milligram or 
microg ram quantities of starch glove powder injected into 
the subarachnoid space of rabbits can cause arachnoiditis. 
The effect of the starch glove powder mixed with Panto
paque is greater than with either substance injected sepa
rately . 

While the inc idence of symptomati c arachnoiditis after 
Pantopaque myelog raphy is low, maintaining high standard s 
of sterile technique to avoid the introduction of contaminants 
into the cerebrospinal fluid would very li kely contribute to 
decreas ing the morbidity of myelography. Such preventati ve 
measures as wipi ng the gloves with steril e water or saline 
and handling the sp inal need le only by the hub would reduce 
the possibil ty of g love powder contamination. 
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