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The teiw ‘articular spice’ as ra(liograpliictill!- geneinall? coil- 
ceivetl and iweil is by 110 iiieaiis an adequate es~ii*essioii to de- 
scribe the radiographic visualization of a true articular space. 
&4s :I rnle, the true articular space is not apparent before the 
joint has been filled a-itli a coiitraat substance, Kith a negatiro 
substaace eg. osggeii. weii as a rarefaction, or with a positive 
substaiice e.g., abrodil. see11 as  ail opacity. In 1932, however. 
Dittmco. succeeded in shon-iug a true articular space in a 
radiograph without the m e  of contrast substances, it appeared 
in the form of a rarefaction reniiniscent of those pictures 
obtained with the aid of negative contrast substances. It was 
clnring tlie X-i-aF esainination of a knee joint of an eleren-)-ear 
old boy. ~ l i o  had had a Iatei~dly 1il?i 1;uee from a prer-ious ac- 
cicleiit that Dittinco. fii-at iiiatle this obserr-ation. The rarefaction 
appeared n-ithout ail7 special, deliberate positioniug of tlie kuee 
joint. iiiecliallr in the frontal r-iew a t  the site of the true articular 
space. By iiieans of a passire r-algns displacement of the knee 
joint Uitt)rra)’ was able to shon- a few iiiore cases in which a true 
avticnlay space, appeared as a rai*ef action on the radiograph. 

Siiice Dittmrw’s publication , q e r a l  authors liar-e obsei-red 
aiid described this rarefactioii iiot onlx in the knee joiut but also 
in other joints, to wit, the slianltler, 11-rist, Ilietacarpo-p~alaug~~l 
aiid inteqihalangeal joints.. Its occurrence in tlie s p q ~ h j - s i ~  
bulbis and in the intervertebral disc has also beeu recorded. 
C‘oiiceiming hip joints Etrrois i 1040 ) slio\wcl that stroug abdnc- 
tion can produce a rarefaction in fully healthy awl nomial 
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children. Furthermore, Heklsiecl; (1939) described a very dis- 
tinct rarefaction occurring in children a t  the nlonient of cle- 
liberate lusation of the hip joint. 

On perusal of the literature available the author conld find 
no mention of the above rarefaction in the hip joint of adults. 
On the contiaai3y, noiiie authors actually say that the? haye never 

Fiu. 1. 

been able to discover such rarefactions in radiographs of the 
hip joint in spite of their searching for it. Thus Widmam and 
Xtecher (1936), for example, who have themselves observed this 
type of rarefaction in the knee and shoulder joints, write: “To 
date we have been unsuccemful in visualizing the true articular 
space in other joints, and it seems strange that we have been 
unable to accomplish this, particularly in regard to the hip 
joint.” Hippe and Hahla (1936) made a thorough perusal of dill 
of their radiographs of joints taken over a period of 10 years. 
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Theii- iiispectioii included 1.100 X-ray pictures of hip joints, not 
a single one of which however i*evealed R rarefaction of the kind 
under discussion. 

It might therefore seein worthy of niention that this rarefac- 
tion was observed at  the Orthopaeclic Cliiiic of Lund in the hip 
joint of adults dnring an aftei~.esaniiiiatioii of a series of 38 cases 
of epiphyseolysis capitis ienioris operated on ( L I Z  1 1 z O d z l m  Tiyikon 

Fig. 2. 

(osteosynthesis with a three-flanged nail). Both frontal views 
and pictures in Lauenstein’s position were taken across both 
hip joints of each of these 38 patients. In no fewer than six cases 
there was a more or less distinct rarefaction in the superior 
portion of the joint radiographed in Lauenstein’s position (Figs. 
1 and 2), whereas neither on the healthy side nor in any of the 
frontal views, could a single ease of such rarefaction be detected. 

Much has been speculated on the cause of this rarefaction 
at the site of the true articular space. 
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Thus, Ijittuicrr. ( 1'332) coiisiclerecl that i i i i  t\rtic1ditl* q w e  that 
is wiclenecl iiiecliallj- in a tiiee joint forced iiito valgns position 
is filled with syiovia, which, in his opinion, is so iiincli less radio- 
paque than cartilage t h t  i t  niny he responsible for the r a ~ e f n c -  
tion in tlie radiograph. 

c. I'fu/irzcicitz i 1933 J tliouglit i t  poh*il)lr tliat i*ar&ctioii\ 
of the kinel niicler cliscussion, \\-hicli he conlcl discelm o n l -  iii 
cases of cliiiicallg established artlirosis cleformans, aye due to 
the fact that the cartilage in these cases has iiiiclergone m c l ~  
changes as reiicler it iiiore radiopaqne aiicl that the articulai, 
space therefore appeaw by contrast iu the i*acliograpli 21' 

it rarefaction. After G I  cta7icy (1993) ,  \rho Iiiniself iiiakes 110 

attempt to e q l a i n  the muse of the rarefavtioii. repoi*tecl 
inter  a l ia  a ca,w in whicli an aiticnlar space was ratIiogrilphica1- 
1.1- clisceriiible in the slioulcler joint of a $-gear old boy. without 
tlie aid of any contrast iiieaiis, r .  I'funrzeicit~ iitliiiited that 
this did not f i t  i-eiy- 11 ell into the picture of his awmpt io i i ,  
according to \vliich arthrosis deforinaiis is tlie cause. 

Hippe aiicl HiihIc pointecl out that  by foiacing a joint into 
certain positioiis (e.g. abclnction of the knee joint ) the articnlai. 
surface can be separated. The articnlar space. which i+ iioritl- 

all3 very i i a i ~ o \ ~  and therefore racliogi~aphicallp uiiobserwblr. 
now widens aiicl can be risinableil as a rarefactioii. 

At  a coiifereiice of radiologists TT'irZincmt and rS'teclrw (1936 I 
demonstrated a case of a slioulcler joint in \vIiich this i ~ ~ e f a c t i o ~ ~  
\?-as detectable. In view of the fact that none of those present 
liad ever seen snch a imqefactioii in a joint not  prerionsly filled 
with air, the question as to lion- gas conlcl enter the joint, n-ah 
discussed. The authors, hon-ever, gare no report of this cliscns- 
don. 

Mag~iits.sort (193'7) sliowecl that  it is possible radiographically 
to show a rarefaction at the site of the triie articulay space in 
the shoulder joint of children, if the latter are S-rajecl with their 
arins stretched up and as far Bavk a s  possible. 1311 pulling 0 1 1  

the fingers, J1ng~itsso)i was able to produce a racliographicallj 
observable rarefaction in tlie nietacarpop1ialan~eaZ joints: it\ 
appearance being most distinct in chilclren. This rarefactioli 
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occurs iiioinei~tai~ily aud coucomitantlg \\ ith the assiimptioil ot  
the above-meutioiied positioii of the shoulder joint ant1 with tlir 
extension of the fiiigers respectively, onlr to disappear siiiiul tail- 
eousls with the occurreiice of a change in tlie position of t lw 
shoulder and the release of tlie pull on tlir fiiiger. yespecti\ el). 
Mugnuasoii. offers the following explanation for this raiaefactioii. 
As soon as the shoulder joiut assiiines the above position. iu  
which the acromion has the effect of a fnlcruiii, or a t  tlie 
moment of estensiou of a finger, a relative tmxuni is produced 
in the joiut in question. He goes 011 to say that with decreasilip 
pressure in a joiut gases dissolved in the syiiovia will be 
liberated. and when the pressure drops below 1/20 atm. a 1 1  

evaporation of the joiut fluid itself will take place, aiid that i t  

is the released gases that accoiuit for the radiographic all^ 
discernible rarefaction. Iii order to produce this vacuum in ii 

joint a pull is necessai.1 to overcome both the elasticit?- of the 
soft parts aud tlie outer atmospheric pi*essure. That the elasticit) 
of the metacarpoplialangeal joints, for example. can be 0 ~ 1 . -  

come by pulling the finger is readily eyiclenced in the rnclio- 
graph, where a separation of the articultw surfaces is cle- 
nionsti*able. That the onter pressure on so siiia11 a joiiit can br 
overcome is self-evident, as only about 1 kgm. 1wi. cni2 of tlie 
articular surface is uecessarj-. 

Another condition necessaq- for the development of a relative- 
vacuum in a joint besides the application of sufficient teiisioii 
is, however, that tlie eiivironniental soft parts of the joiiit can 
withstand the outer pressure without being pressed into t l ir  
widened articular space. This qnestiou is not cliscnswed by May- 
w 8 o n .  

I n  an examination of healthy experimental subjects S o d -  
heim (1938) prodpced a medial rarefaction a t  the site of the 
true articular space iu 71 per ceut of the cases by forcing tlie 
knee joint into ralgus attitude. This rai*efactiou, it-hich occtirs 
momentarily, becomes hazy aftel* R fen- niinutes aiid after teii 
minutes it has disappeared completely on account of exudation 
into the joint. Sordheinz., like Mfnp t(8.soti. contencls that the raw- 
faction is to be attributed to the developiueiit of gas inside the 
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joint on account of a relatire vacuuni. This gas foimation, in 
his opinion, is to  be ascribed to evaporation of the synovial fluid 
\vhich OCCUPS a t  47 111111. Hg a t  3’7’ C‘. (provided t h a t  synovial fluid 
is coniparable in this respect with v-ater) . Nordheiin mentions 
the following physical experiment in sopport of his vacuum 
theory: In an ordinary 20 CC. record syringe whose plunger is 
sealed with a fen- drops of parraffin, about 1 cc. water is sucked 
lip. The opening of the syringe is pressed against a rubber plate. 
An increasing pull is then applied to the plunger and when the 
pull is great enough to overcome the outer atm. pressure a va- 
cuum will be produced in the syringe. If the bull is now sufficient- 
ly decreased, the plunger will spring back to  its original position, 
and only a small gas bubble, about the size of a pin-head, 
remains, clue to leakage. According to  Nordheim the conditions 
inside the joint are  in principle analogous, because a joint is 
generally enrelopecl in an unstretchable capsule strengthened 
by ligament. In  Sordheina’s opinion not oiily the evaporation of 
the joint fluid, but also the diffusion of gases dissolved in the 
b100d and tissues play a part. 

This vacuuni theory brought forward by iIfuglzzcs8on is un- 
reservedly advocated by later authors on this subject (Heiduieck 
1939, E v m s  1040, Kohlbnch 1941, Knwtsson. 1942). 

Knutsson proposed the term ‘vacuum phenomenon’ for 
this radiographically visible rarefaction. 

In  order to procure further evidence for the correctness of 
-Mupusson’s vacuum theory the present author performed a few 
simple experiments on corpses. A large calibeped puncture needle 
was soldered to  an ordinary 10 cc. record syringe. Between the 
handle and the cap, the plunger-rod was provided with a stop- 
collar so that  the plunger could not be pushed in further than 
to  the 2 cc. mark, where it was arrested by the collar. The 
plunger was then sealed with paraffin after which water at a 
temp. of 37O C. was sucked up  into the syringe) any possible 
air and superfluous water being thereafter ejected until further 
inward movement of the plunger was prevented by the stop- 
collar. I n  order to  prevent a possible entrance of air from with- 
out, the space behind the plunger was also filled with water. 
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A knee joiiit of a corpse was then punctured froin tlie medial 
side with the subject lying on one side to  that  the record 
syringe was erect and thus the escape of the water behind tlie 
plunger was prevented. TTlheii the knee was then abducted, a gas 
loiibble monienltarily appeared in the glass cylinder of the record 
syringe. As soon as the abclnctioii of the knee joiiit ceased, al- 
most the whole of the gas bubble disappeared nioiiientarily. Only 
a bubble the size of a pin-head remained. 

I n  his physical experiment with the record sy inge  SorcZheir,i 
attributed tlie bubble to a leal; in  the iiistr~uliient. The present 
author, howel-el=, disputes this supposition. If S o r  dheim's esperi- 
ment is performed with a record syringe totally submerged in 
water so that  the entrance of a i r  is  effectively rendered iiiipm- 
sible, there will iievt idtheless be a residual buhble about the size 
of a pin-head after the plunger has sprung back. I n  the opiiiioii 
of the present author this resiclual bubble may be explained a s  

follows: As soon a s  a vacuum is created, gases dissolved in the 
water are inomentarily libera ted. When this vacuuin ceases to 
exist, the released gases are inimediately re-dissolved in tlir 
water, the process being initially very rapid, but slon- when the 
water begins to  be saturated with the gases. 

Thus, by abduction of a knee joiiit, a i>elative I acuuni of such 
an order was created that  gas developed from water at a temp. 
of 3'7' C. Whether this formatioii of gas is to be ascribed to an 
escape of preyiously dissolved gases in the water, or to  a t rue 
eraporatioii of the water itself cannot be determined by the 
present experiment, but at least par t  of the gas does definitely 
consist of gases previously dissolved in and now liberated fro111 
the water, as this phenomeiioii always occurs wlieii a pressure 
is decreased. Coiicomitantly with the liberation of the clissolrecl 
gases there occurs an  aqueous volatilization from the surface 
of the water. This obeys fundaniental laws of physics, ancl as 
an example in which for simplicity's sake this volatilizatioii 
will at first be disregarded, it might be mentioned tha t  1 cc'. 
water with a temp. of 40' C. aiid with its surface exposed to 
ordinar37 atmospheric conditions, contains about 0.015 cc. rlis- 
solved gases. I f  the  pressure is reduced to 1/10 atm. pressure. 
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!~jlOths of the volume of dissolved gases will be liberated, i.e.. 
:ihout 0.013 cc., which, a t  least initially, while there is a great 
difference between the partial pressure of the gases dissolved 
in the \vatei* and that of the liberated gases, occurs very rapidly. 
At ';I pressiire of 1/10 atm. the volume of the liberated gases 
i s  increased tenfold, i.e. to 0.13 cc. If we now take iiito account 
the vola tilization of the water, which undeniably occurs under 
the conditions in question, the volume of the liberated gases 
will i n  reality be about t h i w  times as large. From this it will 
he evident that a substantial liberation of gas from a liquid can 
tiike place already at a pressure lying colihlerably above that 
premure a t  \vl-hich a real evaporation of the liquid in question 
takes place, which in the case of water with a temp. of 37O C. 
is aboiit 1/20 atin. Various gases however exhibit very clif- 
Ierent degrees of solubility in a liquid, their solubility being 
given ns the absorption coefficient of the gases. For water at 
4O0 ('. the coefficient of carbonic acid is, for esaruple, 0.33, the 
wrrrspondiiig figure for oxygen being 0.023. This iiieaiis that 
wa-ter in a ,gas chaiiiber containing oiily carbonic acid at atni. 
pressure contailis about 50 times as much gas as does the same 
qiiiintity of water in a gas chamlwr containing only oxygen a t  the 
Liilile pressure. A s  the partial pi't3ssure of carbonic acid in the 
I.dood is essentially higher than in the air, it is consequently pro- 
h b l e  that the joint fluid will contain a greater amount of dis- 
wlvecl gases per unit of volume than does a liquid, whose surface 
i s  open to the i~tlllosphe1*e. In  view of this fact it is quite probable 
that a quantity of gas sufficient to pi-ocluce the vacuum pheno- 
iwuoii is liberi.ttec1 already at  a pressiwe higher than that a t  which 
;in actual aqueous ei-apoiaation takes place. At aiiy rate, there is 
no reason to assume that a lower pressure is iiecessary to pro- 
duce a liberation of gas from the joint fluid than from water 
whose surface is exposed to the titinosphere. Thus, since in the 
above puncture esperiment a clew formation of gas is produced 
ip the record syringe, it may surely be concluded that th i s  
liberation of gas will also occur u-ithin joints subjectecl to the 
*me espwiinental conditions. A s  the vaciium phenomenon oc- 
viirring on abtlnction of the knee of a corpse and of a liring 
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t h t  tlir vacuiiin p11r1io1ur11on is piwtlucrd by a. negative lwessiire 
in tlie joint niitl a coii~rqurnt tlr\ r l o p e n t  of gas.. 

One is then tempted to ask why the vac'iiiiin pheiiomeiioii 
4ioiilcl occw in the hip joint of adults olily in rpyph>--seolysis 
capitis fernoris. The author offers the following aiisn-ei* to  this 
question. I n  this disease u collar-like protubeimwe is often 
enconntered a t  the borcleia between tlie capnt and tlie collum ; 
n inoi*e 013 less prenonnced sm-elling of this kind \I-~s met in each 
of the six cases in which tlie racuiiiii phenomeiiou was visualized 
t Figs. 3 imd 4). In the al~hictetl position nssiin~ril by the hip 
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joiiit in Laueiisteiii’s positioii the pi*otuberant collar is pressed 
against the eclge of the acetabulwu d i e r e  it has the effect of a 
hypoinochlioii forcing the capnt froiii the acetabulum and there- 
b ~ -  procluciug a negative pressure iusicle the joint. 

Now, is the radiograpliic virualieatioii of the vacuum pheuo- 
meiioii only of theoretical iuterert or can i t  be utilizect iu 
practice ? 

Fig.  4. 
Frontal view of the same hil) joint. The collar-like protuberance is 

conspicuous. The vaciiuin phenomenon is not visualizable in a frontal riew. 

Muynzmoit (1937 I ,  ~-1io hacl observed the vacuum pheoo- 
xnenoii in the slioulcler joint, iiietacarpophalangeal joints, s p i -  
physis pubis am1 in the intervertebral disc, found this pheiio- 
iiienoii of 110 practieal raluc but  considered it to be of oal? 
theoretical iu teres t. 

Dittnzu~ (19.32) and later inter aZia Yordhein~ (1938) assert 
that  the vacuum phenomenon in  the liiiee joiut can be utilized 
for the study of the cartilage and the meniscus. 
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k'nutsson (1943) showed that the vacuuiii plienonieiion i n  
the intervertebral disc has a diffei*ent appearance in (legenera- 
tioii of the disc froin that in s~~onrlylosis defoimans ancl that it 
moreover occui*s at a vei*r early stage, so carly that it n1a~  

sometimes be the only radiological sign of disc clegeneration. 
Kohlbuch (1941) considers that if an X-ray examination of 

a joint discloses a strip'or line of gas in the articular space. 
this is a sign of distortion. He contends that in such cases the 
joint must a t  some earlier date have been esposecl to a pull caus- 
ing a transient vacuum which in turn produced a developnient 
of gas. He goes on to say that this gas is gradually resorbed and 
after a few clays it is no longer apparent. The present author 
considers this conclusion of Kohlbach's to be w~oilg in two 
respects. First of all, gas liberated on the creation of a vacuuui 
disappears momentarily and almost completely as sooii a s  the 
force giving rise to the ~acuuni ,  ceases, and secondly, it is 1 ~ s -  
sible to produce the vacuum plienonieiion in  inter aliu those 
joints observed by Kohlbach, to  wit, the shoulder joint ant1 tlie 
knee joint, in fully normal joints when the latter are placed 
in certain attitudes, e.g. outu-arc1 rotation of the shoulder joint 
(:lfugntmort),  and abcluction of the knee joint (Nordheini et a1 1 .  

In his publication KohZ6uch makes no mention of tlie position tlir 
joints \-ere in during the X-ray examination. It is quite possible 
that the phenomenon observed by him occurred simply on ac- 
count of tlie joint being in such a position as to create a vacuum 
during tlie X-ray examination. 

Evidence of the vacuum phenomenon in the hip joint of 
adults is surely of no great practical importance. Should 
repeated exaniinations however show that it is intimately con- 
nected with epiphyseolysis capitis femoris and that it O C C U ~ R  

also in old cases of this disease in which the details in the radio- 
graph are obliterated and the whole picture looks like an ad- 
vanced deformative process whose etiologyv cannot be deterniin- 
ecl, under snch circumstances the vacuum phenomenon might be 
of diagnostic importance. 

Acts orthoDaedica, Vol. XVII, 3-4. 15 
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SUMMARY 

The nutlior describes the ~acuii i i i  ylieiiomenon in the hip 
joiiit of adults, which was obsen-ed in  six cases during an after 
esmiiiiatioii of n group of 3s cases of ephpeolysis capitis fernoris 
operated on ad inocluni T r i l s o i ~  I osteosl-nthesis with a three- 
flanged iiaili . The conditions nn(ler aliich the vacuum pheno- 
iiieiion occtirs are also discussed. 

ZUSAllrIlIESFASSUSG 

Der T'erfasser beschreibt clas T-ak~r~tnipliiiiioineit in den Ifiift- 
! le lorkc)~  ErLcctclisoier; clas bei einer S,?cliuutersncliuiig einer 
rius 3s Fallen ad luoduni TT'ilso~ operierten ephj-seoll-sis capitis 
fernoris bestehendeu Gruppe, seclis Ma1 beobachtet worden ist. 
Anch die Bediiiguiigen, linter welchen (las T'akuuniphhomen 
nnftritt. sincl beschrieben worden. 

R I'wm 
L'auteur dbcrit un ph6noniPiie cle racuiini cliez l'adulte, ob- 

*en-6 clans 6 cas an  cours cl'un postesanieii cle 38 cas d'epifyseo- 
lysis capitis fernoris opbres par la methode Wilson ( osteosyn- 
thPse arec clou A trois ailes ). A ce sujet l'auteur discute les 
cv~nditions cl'apparition du phCnonihie rle ~ ~ c ~ i u i i i .  
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