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PRESSURE EXERTED BY UTERINE CONlRAOIONS ON lHE 
HEAD Of lHE HUMAN FETUS DURING LABOR I 

R. L Schwara, G. srrada.sáenz, O. Atthabe, J. Fernández.Funes, 
and R. Caldeyro-Bartia 2 

Ingelman_Sundherg t:t al. (12) anJ LinJgren 
(14, 15, ]6) have report~d thar undn aTrajn 

conditÍl>m Juring !abur the prC55ure exerted 
by u(erine contraetÍan.. on the feul head may 
be (WU to four lil1ltos hightr thall that exerted 
00 the amniolic cavity at thc -"ame time. 
$lhwarcz ;,nJ salaber (18) r"f-lorted that manu:l.l 
compressioll uf the fetal hc;}J Ihrough the ante­
rior abdominal waIl against the promomorÍum 
caused 5udden and rnarkcd fall in teta! heanOi 

rate (F1IR), whieh wa~ pcrceived by dinical 
auscuitation-a finding connrmed by many au­
t!lors and rece¡¡dll studied wilh greater precision 

hy means of thc deetTan;C record of FHR by 
Han (JO), Chung and Hon (7), and Arellano­

HerD,índo. el al. (1). These faUs in FHR 
are mediate¿ by lhe vagus nen'e, sinee lhey 

are wmpletcly blocked by atropinization of lhe 

klu,; (17). 

Durjng aJvaneed labor, particularIy "fter rup­

ture of lhe memhranes, caeh uterine contraetion 

may cause a rran~ient tal1 in FHR (Jip 1), whieh 

i~ mnultaneous wilh the contwction in such a 

way rhar the buttom of che clip 1 coincides 

with the peak uf lhe contraction (5). It has 

heen postu],llcJ (5, 6) rhat eaeh dip r is caused 

1 Thi, 'lud,. rccciwd ',UPPUf! fmm ¡;:nnl PR!URU! 
1)01 "i ,he Pan American Hcahh Organization/W<>r1d 
Hcahh Organizati'Jn. and from gr~'" HD 00222-06 Olf 
the Nalional [n"¡IUlC of Chihi HC:llth and Human 
Dcvelopmcnl, FClhc;da, Marybnd, U.S.A. 

"Presented h:" In. S<:hwJrC? 

by a ,trong eompression exerted on lhe fetal hcad 

hy lhe corre~fllInding utcrim: contraetian. Ce­
phalic compression would produce vagal stimu­
lation. Dips I have ~imi1ar characccristies to 

the "early deceleracíons" descrihed by Han and 
Quilhgan (I1), who haVl~ poscu[aced the same 
pathogenic mechanism. 

The purpose of lhe presem paper is 10 record 
anJ measure lhe compression received by che 

fetal hcad Juring each "terine contraeríon, cor­
re1ating jr wich rhe rise in amnílltic pressurc 
and che amplit\lde of lhe dip I (if present) 
cau~cJ by the same contraeríon. 

This sluJy was mad", in 18 normal, lCfm preg­

nant women during labor, with vertex presenta" 
tío;]. The pressurc rece¡ved by the fetal he;¡d 
Juring labor is recorJed by mcans of rhree Aa! 
pressure receplOrs, which are inuoduceJ becween 
the merine eervix and (he fetal heaa (Figure 1) 
oUlside che ovular membranes (12, 18, 20). 

E3Ch prcssure r("(eplOr is a Hat cambour 
(Figure 2) formeJ by cwo lale~ memhrancs, 
whieh are gluecl to the edges uf a circular 
hule on a thin plastie blade. The diamctcr oí 
eaeh receptor is 15 mm, ¡¡nd the distanc!: be­

tween lhe ccnters of two consecutive receptor~ 

is 30 mm. Each receptor is filled with water and 

connc<:CeJ ro a recorcling prcssure transducer 

hy a thin polyethylene tube. The rhree re­
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F"JURE 1. Metilo" uf "-c,,,tiing prt"urt l>~lw~~n i~tal 

h~ad and birth canal Wilh tbree recepto"· 

eepton are centercd in lioe un {he blade; they 
are known as "upper," "mecli\lm," and "Iower" 
according 10 lheir posilÍon in rdation to {he 
uterus. Toe plastic blJde~ 100 mm long, 30 mm 
wide, and 1 mm Ihick-is very flexible. 

The hlade is introdueed hetween the mem­

branes and lhe uterus túward the fundus 

(Figure 2). One sl1rfacc of the receptor touches 

the lower pok of the amniotic sae (evemualIy 

the fetal head) ano the other fJces lhe uterine 
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10 P~ESSURE TRANSOUCERS 

F".uaE 2. Detailed dj'gram of preSiUIT ,t,,~pto's in­
,nuJ r.etween fetal bead Jnd "tem, (,ee 31<0 Figur~ 1). 

wall. The lower end ol the blade is sutured !O 

Ihe uterine cervix at lhe external os (Figures 1 
and 2). 

The positiun o[ the receptors relalive tú the 
fetal head is delermined by radiology; it changes 

with the progress of cervical dilatation or Wilh 

the station of the fetal head. As labor progresses, 

therc i~ J rdative displaceme:nt of the blade and 

receplors tram the vertex toward the hase of {he 

fetal he:ad (Figures 5 anJ 7). 

The intrauterine (amniotic) pressu{t IS re­

corded by means of <:1 calheter in¡roouced 

Iluollgh the abdl'minal and uterine walIs inta 

the amni()(ic sac (2) and connected tú a pres­

sure transdmcr. The FHR is recorJed by mcans 

uf an instanlaneoLls cardiotao:hometer trigbned 

by the fetal eIeetrocanJiogram (1). The ECG 
i~ Qlnaincd almost free nf maternal interfuence 

by mcans of eIectrodes inserted under the skin 

af Ihe fetus in eitber the hutttx;:k {lj. the 

scalp,or huth (8). The amniatic p{essure, the 

FHR, and the ~'ressures between (he fetal hcad 

anJ hinh canal are aH inscribed on the same 

rewrding ¡¡aper (Figures 3, 4. 6, and 8) 10 
facilitate Ihe study of their inttrrelations. The 
fetal EEG IS also recurded, as wil! be reponed 

at this meeting by García·Austt et al. (9). 

buts/mm FETAL HEART RATE 
150---­

AMPllTUDE OF130 
TYPE 1 DIPt110 

mm Hg

AMNIOTIC::=:zr= ¡ PRESSURE20~ 
0---­

PRESSURE lN 

::~ RECEPTOR 
40 1BETWEEN 
20 FETAL HEAD 

O AND UTERUS , , 
FIGURE 3. Memod oí lTI~aSUJlng amplitude oí typc I 
<lip, un,) ,ise in p,e,surt ,au.\~'¡ by tatb m~rine contr3C· 
li"" '" ;e"tral ,imultane"u, tr3cings. 
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RCllUlts 

Corre/atloll between cephaltc compresslon and 

amrllot/c pr".<sure 

During each ulerine contraetion, the pressure 
reeorded by the cephalic ren~plOrs rises almost 
simulraneously with Ih<'" <illlniOlir rressure (Fig­
ures 3, 4, 6, anJ ~). The 'lmplirude of the 
rise is mea~ureJ lO every ([a(ing for eaeh eon­
traetion (Figure -'). The pressure rise in each 
eephalie receptor IS plotted agam~t the corre­
sponding rise in the amoiotic pressure (Figures 
S and 7). For any given pcriad of labor in which 
(he cervical dilatatian <lnd station remain un­
changed, a given direet linear rclationship is 
found between the presmre in each eephalie 
receptor and the amniatie pressure (Figures S 
and i). The corrdarion eocflicients (r) are very 
high-U.9'5 or more. 

When the receptors are displaced ;lod changc 

their position rclative to the fetal head (as a 
eonsequenee or the progress of cervical dilata­

tion or of the station), a new linear eorrelation 
is established hetween the pressure in eaeh 
(ephalie receptor anJ the amníotíe pressure. the 
value of lhe	 intercept anJ ni the regression 

well1cienl ehanges depending on rhe new rdative 

posillon of Ihe receptor (Figures S and 7). 

When a cephalic receptor is more than 2 cm 

abov" ur bdow th" eguator of the fetal head, 

th" pr..ssur" it records at the peak of eaeh 
merme contraction is very similar to thac in 

the amniotic cavity (Figures 5 and 7). When 

the ft:eeptur is displaced and comes doser to 

the equator 01 the fetal head, the pressure it 
records at lhe peak of the contraction becomes 
higher lhan thal in the amniotie saco The 
ratio (pressure in cephalic receptor/amniorie 
pressure) is higher than 1 and is signifiealltly 
Jifferent (p<O.OOl) from that (or receptors dis" 
tant from the eguaror (Table 1). This is dearly 

shown in Figures '5 and 7, where the regression 
eoefficients corresponding to receptors near the 

cephalie equator are higher than lhose for recep­
tors disrallt from il. For example, in Figure se 
the Iower receptor (at the equator) records much 
higher pressures than the olher \wo. 

The difference in presmre belween Ihe re­
ceptor near the equator and those dislam from 
it has been found bolh when the membranes 
are inlaet (Figures SA) and whcn they are 

ruptured (Figures SR and Se). However, the 
grealest pressure difIerenees have been ohserved 
after rurture of che lllernhranes (Figure Se). 
In Figure 8, Ihe pressure al ooth receplor~ 

(medlum and lower) is always greater than 
the amnio\Íe pressure, but lhe exaet relationship 
bctwccn cach receptor and Ihe amniotie pressure 
varies according to the stage considered. In 
seetion A, the pressure at the medium receptor 
IS al'proximately 2.6 times greater. In seetion B, 

th" pressure al the lower receptor is approxi­
mateIy 2.5 times greater than the amnif>\Íc 
pressurej at the medium receptor it is a linlc 
\ess Ihan at the lower receptor, though still 

grealer Ihan lhe amniotic pressure. In section e 
(ending in ddivery of the newborn), the pres­

sures at the two receplOrs are practieal1y iden­

tical; ooth are murh lower Ihan (hose recorded 

TAELE 1, Anal;,si, of variance of Ih<· ratio helween prc"'lrc in uphali c receptor' an<.l amniotie 

pressure 

roUIl.C'_.OF Sl!M 0]- !lEGRE'" oF 

V'<RIATlO,", SQVAR~' FRE,DO" '<,".HE< F",,,.'7., = 7.71 

Betwcen I(r"up, 17.7'5J	 17.755J 

Within grc,up' F" .1 = 21.29~2 

Betwecn prr;"d, 3_H5J 4 0.8338 

Within pni"ds 9.6726 164 0.0590 
3(j.762~	 165 

-------~--

• CompM;".n hetwan data obtaincd fmm thc rec<'"plof near lhe cepha];c equalor and lhp~e 

distan! ¡",m ir in record No. 1475, illustrated in Figures 4 and 5. 
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MEMBRANE5 INTACT RUPTURED RUPTlJREO 
STATION -2 - 2 -2 
CERV, DILATAT10N '~m Scm 5,5 ¡:m 

CERVICAL lENGTH 15cl'l' 1.0 cm -'lo 1~75'cm 

'ElAl HEA"' oA'E 

uPPER REC<PT"" 

,*Olu¡" RECEPTOR 

LDWER REC'."'" 
," ", 

\....) 'v'-""L) l. /., __ ": 

~~~~~,~~~-~~~ """-,.. 
"~>le I·,a 

® ® © 
FIC.UI\E 4. Three 'e¡;m~m, uf record ob!ain~d <!uring spont.nn,m labor al !erm pregnon,y (ncwborn weighC 
3,320 g, Apgar scoro 'Jj. MultipJra in .upioe posiciono Vcrte, pr,-,,-mation. In A. pressure lraeings re(ord~d 

h<u" receplor> pla.:ed hetwcen k1al head and birth .:an~J "u nnl much differem from Iracing of amnioli, 
pre'Oure. In B ~nd e, ~fler rupturc- ,,/ m~mbranes, uterine contractions nrH mu.:h highcr pressure_' "n rc· 

cep!or> m:ar <'<¡ualCr of fetal hea<l (.co Figure 5) than on "rnniotie eavit;. T}'p~ l dip, app~ar in FHR lracing. 
Record l' <.¡uanlil1¡j,·dy analyzed in Figure 5. 

in scction B and only l.3 tirn..:s greater than lhr: no ehanges in fHR as long as Ihe pressure 
corresponding amniotir pressure. received by the fetal head duriog each uterine 

These results are interpreled as follows: In the cuntraetion 15 not mucb higher than the amniotic 

thrce 5t:(tions (A, H and C), both receptor5 are pressure (Figure 'l-A). Under these conditiolls 
near rhe cephalic equator and thus record higher the FHR tracing shows the normal "rapid" 
pressurcs than lh\: dmniutic. In seclion A, the oscillations, the baseline is c10se to 140 bears/ 
cephalic egualor is n<:arer the medium receptor. min, and there are no dips 1. 
Upon the desecnl of Ihe presentation (section When the compression exerted by une ~lterine 

B), the cephalic eguator gels near<:r to the lower romractinn on the fetal head is mucll higller 
receptor, which thus records pres­ lhe eavity, a!he highest than that on amniotic transient 
sures. When the descent of Ibe heacl is COffi­ fall (dip I) occurs in FHR (Figure 4, sections 
plcteJ (sccrian C), both rc,cptors are abovr: lhe B and Cj Figure 6, sections A and H; and 
cephalic equator; Ihis explains the relative reduc­ Figure 8). In Figure 6C, ulnine contractions 
tion in the pressure Ibey record. cause dlpS r even though there are no diflerences 

hetwccn rhe amniotic pressure and tbat recorded 
Cont'!ation betweell cephaltc {OmpreSSlOn and 

by thc eephalic reeeptors. However, these rr· 
dlp; 1 

ceptots are above and distant frum the equalar 
If tbe fclus is not sutlering from systemic (Figure 7e) and thus do not repon the maximaI 

bypoxia anu acidosis, uterine contractions cause pressurc received by the fetal heaJ. 
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5TATION -4 5TATlON -2 5TATION O 
CERVICAL DILATATIQN 4 cm a cm 9 cm 
I J .1 I , *1627 

__ I , bul/ml" I but/món , I 

t'.•••~~~~_~.~,~ ~:~~~~~f~~~f~~· :~Á;\· :':.:r:;;-,!., '1/ t···, 'Í~, í 1&at ... ,: ." 1, 160 "1 ley l' jo!'i "¡~' /"r'
~: uo , I _ • UQ" ' I 

hour 14:10 

® @ ©
 
F'('UH. 6. Thrn- 'q;m~nl$ of r~cof(J obtain~,l ,\uring lahor induc<xl Wilh oHlo<Ín ¡niusioo al (nm pngnancy (n~w­

hom wcight 3,460 g, Apgar SCOte 6). Mcmhrann wcrc 
of fetal head (upper rcrcplor in Se<!ion A and lown 
amniotic cavil;,. In _,celÍon e oorh receptor, are di'lanl 
lO those in amlliotic sac. Uln;"e canlraetiOllS Cau,e dips 
in Figule 7. 

Th!." greater th!." pressure exerted by !h!." ul!."rine 
contractian on lil!." fetal heacl, the larger the 
amplituJe uf the corresponding dip I in FHR 
(compare sectians B and e in Figures 4 and 5). 
In Figure X almost every uterine contraetion 
causes a dip l. Several contractions cause, in 

addition, a clip ll-that i5, a second tramiml 

faU in FHR recorJed irnmeJiately after lhe 

dip r. Oips n will not be discu5seJ in this papeL 
Th!." ¡¡mplitudes of dips 1 are larger in sertion B 

of Figure II than in seetioos A and e, probably 
because in seetion II the fetal heaJ was receiving 

a s{ranger compr<'ssion Ihan in sfetions A and C. 

as is shown by the corresponding cephalic pres­
sure r('e~p{(Jrs. 

Figure" shows the direct linear relationship 
present in record No. 1475 between the ampli. 

tudes (lf dips 1 and Ihe pressures reeorded in the 

eephalic receptors at Ihe peaks of {he earrespond­

rupturcd al hour 12,30. Receptor placcd Ocae (qua!", 
f<xepto' in ,(ction E) record p,.""ure higher rhan lhar in 
¡f"m ((phal;" «[tiator, and preS$UIT' raorded are ,imi).. 
1 in all 3 scclinns. Tbis rccord j. Quamiulivdy analyutl 

ing uterine contranions. When this presmre was 
higher than 50 mm Hg, almos! every contraetion 
causeJ a dip 1 in the FHR Iracing. 

Diseussion 

Re/a/lon hetween amlllot'~ prusure and ~ep"altc 

compresslOn 

Qur results confirm Lindgren's rep<Jr! (14, 15, 
16) Ihat under givcn conclitions the pressure 
exertecl hy uteríne (ontractions on reeeptors 
pLtced bctween the fetal head and the uterinc 
W;l[[ may be much highcr than the pressurc 
in {he amniutic cavity. They ¡¡Iso confirm Lind­
gren's statement (14, 15) Iha{ the receptor 
placcJ al the equator of the fetal head is the 
one that records the lIighest pressurc. 

11Ie ratio (pressure in cephalic receptor/ 
amniotic pressure) is much highcr in LinJgren's 
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F,GURE R. R~coc<l "btained during laq ~(l minutes oí 
normal ,p"o(an<:ou, labor al lerm pre¡;Jl'ocy (newhorn 

wcight 3,375 ~, Ap¡.:"r ,cure 8). Membr:lne, were ruJ'­

t\lred at hour 1:45. In .\ect;on TI, utcrinc contraet;om 

cause ver)' UfOn¡;¡ ""mpre>siom 'Jf c<phalic receptor> (up 

lo 200 mm Hg) and dlp< 1 ,,1 ve,y brge amplitmk. In 
'ec!lon., A amI e, prc,mre r~'-Nde'! by (cphalic recepto" 

~nd <lmrI'Lll"ie of dips 1 are 'illJIIN th,n in stction R. 

rnults (16) than in those reported hl"re, t'\'en 

for similar obst<:tricai conuitions (Figure ID). 

Whereas we fOllllU a [mcar relationship b~tween 

(he pressure in lhe n:phalic receptor$ and the 

arnniotic pressure, LinJgren finJ~ (16) that 

when the amniatic pressure incr('ases heyond a 
certa¡n [imit, the linear relatian is lost, sinee 

the prcssure m the cephalic receptor does not 

[¡se <luorJingJy. These discrepancies may be 
due to differences in ¡he type of cephalic pres­

sure reeeptors employed. 

1'rl'5>1II1' required to produce dlps 1 

Thc corre!a¡ion founJ hetween the prcssure m 

. ~ 

.... , ..~.. ~-~. - " " ­
"--"--:.. 

.~ lOe n'" " 
P~"5SUR,, 1" RECEP~OI':S 9ETWEE~ 

FETAL HEAD Mil) BIRTH CANA, ~mH, 

¡:",un 9. Corrdatloll betweell amplilll<Je 01 l¡,re ( rlips 

in FHR \r~cill>r "nd prcssure recóveO b;- fcr~1 h'Jd ~l 

pe~k oí Ct'"cspe,nding utninc contractl,'n. lk,(·fincd 

hne and 95 pn (CI\{ "<lnfidcncc bclt are ,hown. 

OF MEM8RANES 
DlSTANT F'ilO'" THE
 

EOUATDR
 

, , 
" '"' 

AMNIOTlC PRES5IJRE 
F,f.URIc 10. 0)mp~mon <JI results prc,emed in u,i, NP~r 

wilh lho,c preví"",l,· rep(]r(ed by Lindgren (16). 

the cephalic reeeptors and the: amplitude of dips 
r (Figure 9) is in accord with the hypothesis 
(6) that rhese: transient falls in FHR are caused 
by ;] 5trong compression exerttd by [he: ute:rint 
eontractiün on the fetal head. To cause a dip l, 
the cephalic compres5ion ~houlJ be greater (han 

40 mm Hg (Figure y). This value agre:e:s wlth 
th()se recorded by ArcJ!ano t:t al. (1) employing 
similar eephalic rcceplOrs; when a ¡r,lnsab­

1 
'" 

: 'lO 

. " 

.•tj",,, 

~",". ",~". 

:': 1,=:r:;=~:~=:,;~~~;"¡':O;':';:O',',':'C;';'=;rj
:+,--:-+ ~"': ,. ::_L c.~ ' . 
." ." 

~ 

". ",,"od," " " " " " 
F"'l'R~ 11. M~lIual compres>ion ,,1 ¡el.1 he'l,1 through 
abdominal wall ,au'es prc"ure ri,e in r~ctp!or place,] 

hetw'""lI hl'.J ~nd uterine wall. Whcn p't"ure reach,,<l 

6() mm J l¡;, FHR fdl ahruptly. Comprc"ion camed ¡¡,e 

01 20 mm flg in amnio¡k prej,urc. During m~nual 

compre,_,ion, a utcrinc comracli"n ,¡,atc,] and reached 

pe.k ab"m 10 sec alter ,'nd 01 (ompression, causing ri,e 
,,[ JO mm Hg both in amninli( ]"Ht<sure and cephali<' 

l'"·,,ure receptor but no dfnl on FHR (aÍ\er 1). 
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dominal manual romrrLssion W25 Jpplied lO 

[he fetal head, thc cephal ic receptor indicated 
a pressure higher than '50--60 mm Hg befare the 
fal! in FHR W.15 produced (Figur<' Il)_ Some­
what lower values (30-40 mm Hg) were ob­
tained by Chung and Han (n with direet 
(ompres~ion oí the fetal head by [he vaginal 
r(Jute. Kdly (J n estimated th:n when the 
amniotie prtssure IS 40 mm Hg the fetal head 
would be supponing a force of J1 pounds. 
assuming the head to be spherical and to ha\'c 

a dj~lJKICI "f 10 C"'. 

Consequftlces 01 cCf'ha/¡e compres;lon 

eran/al hypt:ru'lSlOn afld (t:rcbral Ischem!a. 

Since the bones of ti'.e feul skull are not fused, 
it is n.ltural 10 a"ume ¡hac compre,~sion on [he 
fetal heaJ wilJ produce crania~ hyperrension 
(Figurl" 12). Thc correJation bctween intra­
craniJl f'rc~~lIre anJ pres~urc in rhe receptor .out­
sidc the fetal head was studied hy simultaneous 
rerording in the ,ame fetus. Inrracranial prcssurr 
w,,", recor.-!"d in :1 ,:ead krus by introducing a 
catheter into the k:al head, which was punc­
!urt:d órough th~ ~agi\lal sUlllrc, Figur~ 13 
sh()ws t~;tt [here 's an aceeptabJe correIation be­
(Ween Jiren intracranial pr..,mre :tnd [he rccord 

Obtainrtl Wilh {he ~ephallc pre>sure recept<Jrs. 
In a living fetus, increased intracranial pressure 

may result in reJuced hlood A(jw through the 
¡'"Ún. Thc re>ulting hypollia (lnd hypercapnia 

ot the ~entral nervous system would stimu\are 
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I'¡~.URE 12, f'~lhoph}"slOlug}" üf fetal d;s'urbances result­

ing from cq>haltc compres,ion prorlllc'.ed bv uler;nr con­

tracli,,", (w'Irkillg h¡'I"'lhe';;). 

,!'IGCRIe B. Lower Irac;ng i, "'cord üf lntra("ph~lic pr<"'­
'urr obt.ined !TI J"ad lel'" al 36th "'nl, üf prcgnancy 
by m"an, "f cathctn ;ntrot1uc"d into h"ad by pu!\cturmg 
U"nillm rbrough 'agitl"l ,UlUre. E!<"atiom ,,1 ;ntra­
,,'phalic f".,sur" ('u"'J by ul.rin<' wnlro";on, are "jm;· 

lu to Ih~<l' rcwrJeJ by p,e;,urc rcce[>l'lf pl"(ed betw"'n 
letal heaJ and urerinc walL 

the vagLL~ ",::nte, dnd contribute t<J Jips 1 (FIgure 
12). Tht complete disappearance of dips 1 after 
ktal atropini7.allon is in acwrd wi!h {he hypu­
thesis (5. 6) Pos{uiating that incrtased vagal tone 
is [he r.1tChalli~H1 Íi1\'olveJ in the;r pathogeocsis. 
A trao~ltnt cerebral ischemia cao :liso explalO the 

change> observed in the fetal e1ectroenct:'phalo­
pam (,Iow waves of high volu¡:e) (9) occur· 
ring Jtlring the peaks (Jf strong tl~eri1l<: (,;ntra<-­

tions that alsn produce dips r (Figure 12). 

Ceplwlic deforma/IOn. Even in norm::¡] wn· 
ditiom, ¡he compressioll uf the equatorial zone 
of the fetal head is stronger than III other areas 
(16) and may rau~e a defurm~t¡on (molJing) 
of [he head (Figure 12). Horcll and Fernstrüm 
(2) havc shown radiologieally t:-tat during labor 
lhe pa~icta¡ /:wmcs are usualIy "disaligned"-that 
is, more prominent than the occipital and frontal 
boncs (Figure 14A). h should be f!XdleJ 

that the larger pmlion uf the p.uietal hones are 
in a zone distan! f:om the equator-that is. onc 

[hat rc'ei~'es ;¡ lowl'r pressure. The frontal anJ 
occipi:al h(Jnes ate in lhe equawrial zone, rcreivc 

a sttrlllp,er compression. and Jre relativeIy de· 

rrC5~ed inwdrd (Figure 14). 

Thc deformatioll oí the head may stimulate 

l"ephalil mechaooreccptors. wbch mar elicil a 
rdIex vagal ,tirnulation und thus contribut" m 
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F,'---UR"- 14. Molding ,,¡ ["IJi hcad dllring lobor. In nor· 

mal comhtion< (A), puitlal b"f\c ;, moderJtdy di<pIJctrl 
<'ulward and disaligned in reIation to o<<ll'ital nnJ fromal 

bon~'. In ~hnorm~l condiliofl< (B), pari"l~1 ,\,iplJecmcm 
ixcomc, more pr"nuunccd, with grent b,,,,,.- di<alignrncm 

more ma,kcd nI I:unbdoid suturc. (Drawn after radi,,­

logical pictuIt's Iron> fl<leell allu F,·rnstrom.) 

the pathogeTlesis of dips I (5. 17). By distorting 

cerebral vessels, cephalic deformatian may addi­

tionalIy aggravate cerebrJI ischemia caused hy 

incr~a~ed Lfitracephalic pressure (Figure 12). 

Factors laczlilatl'lg rqmuorial compression alld 
delormation 01 thF Inal }urJ.d 

Hypertonus 01 the Iower ufr:nnt" st"gment. 
The abnurmal lficrease in the tone of Ihe lower 

uterine ~~gment (hypertonic luwer segmem, 
"spasm," Jnversion of eontractile gradient) (4) 

A 13 
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FIGURE 15. Hypenonul uf I'Jwa uterine ,egment, Rec­
ord "b<aillerl dllring labor ni term p<cgnancy. Cervical 

diblJti,)fl i< 5 'm. VeJl~x pre<enulion in LOA, ,¡a­

li"n •1. Upper ,""phalic receplor ,how, J'Jll"menle<l con· 

Iradilil,' and tonu< o{ lowcr part 01 uterus. 

1)91 

augments the eompression on the equatorial <!-one 
(15) and magnifies the deformation of the fetal 
head (2) (Figure 14B). Onc nample uf in­
crcaseJ tone and contraetilit}, of the lower pan 
of the uterus is shown in Figure 15. The record 
oblaineJ hy the upper eephalic receptor shows 
much more contractile activity and higher pres­
sures Ihan the lower ec:phalic receptor or Ihe 
amnlDtic pressure record. 

RllplUre 01 the mrmbrafus. When the rnem­
hr<lnes are intaet and the fetal head is comrleteIy 
suuounded by amniotic fluid (Figure 16A), 

e 

INTACT MEMBRANES 
FlOATING HEAD 
EVEN PRESSURES 
NO MOULDING 
DI PS 1 ABSENT 

/ 

INTACT MEMBRANES 
HEAD FITS T1GHTLV 
UNEVEN PRESSURES 
MODERATE MOULOING 
DIPS r ASSENT OR SMALL 

RUPTURED MEMBRANES 
HEAD FITS TiGHTLV 
VERY UNEVEN PRESSURE 
MARKEO MOULDING 
LARGE DlPS r PRESENT 
SLOW WAVES IN EEG. 

FIGt:RE 16. Thc lhlCC h\,,jroslatic eOfi<Jitiom 111 which felal hc"l m"y b<- uuring labor. In .... Iherc i, no ci.form:lli"n 

of ¡he ktal heJd, lfi fl, "nly moderalC m"ldillg; in C, marh'd Jel""",ni"n. 
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the pressure ren:iveJ is ¡he ~allle in al] are.as uf 
the head. During uterinc contractions there 

is no cephalic deformation. Blood How through 
¡he hrain is nct disturbcd. be..:ause the rise in 
cephahc prcssure is similar tu tltal uccurriog in 
other body Auids of the fetm. including rhe 

artcrÍ<t1 pres;ure. Dips 1 are not ?roduceJ. 

When the equatorial ZOlle of ¡he head is in 
contact with the uterine w,dl (Figure 16K), thls 

zone rcceives a higher pressure than ¡he re­

maining arCds of the' ceph:,[ic polc. However, if 

rhe llwll1brancs are Intact, SaIne countcrpressure 

will m- cxerteJ br the fortowaters on the parict<d 

hone, preventing excessil't:' disalignmcllt and 

mclding_ 

TI,;, ,,::ouolCTl'rC%ure mnrkedly d;mmishts 

afler the rupllue of the lllcmhranes (Fígurt 

IGe), facilitating lhe bulgiog of the parietal 

hone. Mo!ding is increased evcn further hr..:ause 
the prcssurc (Jn the equ<lwrial ¡Ulle augmems 

after rupture of the membranes (14). The rise 

In jmr;¡crania! pressure wil! be higher than that 

in amniotic pressure (and in fetal arterial pres­
sure), with a wnsequcnt rcJllction in bJouu IlDW 

through the fetal brain. [t follQws tha.t the 

rupture of membr~nts m:lY facilitate ctrebr~l 

i~ch('mia and defOfll1ation of the fetal head by 
uterine c()ntr~ctions and rhus the production 

(JI dips 1. 

Ir i, Jogic:ll !O assume th~t a r~petition of 

wccessive cpis<Jdes of cerebral ischemia and also 
the Jef(Jrm31;on of tbe bra;n may k;¡d to 

permanent Jamage of the ..:entral nervolls sys­

tem of the fetus. This subjtct has not ye! been 

properlv imcstigateJ, allhollgh it J~seT\es high 
priority. If cnebr~1 damage IHay rcsuit from 
this mechaoisrn, nhstetriciam shúdd be \'cry 

cautious bef(Jre deciJing to perform the rupture 

[lf mt'mbranes. 

Summary 

The pressure excrted by uterine contractiom 
O!l the fetal head was recorded during J;loor 

by n1t'am of Ha! pressurc reeeptors introduceJ 
between the uteríne wall and the fetal head, 

outside the membraoes. Simuhar.eous rewrds 

of :J.mnimi( prcssure and fetal heart rate werc 

obtailletl. 

E"ch ukrine contractíon produced a conl­

pres~ion (JI the fetal head equal to or greater 

th:lrI !he prc.<sure r(se caused in the arnniotic 
cavity, depc::nding on the obstettical cunditions. 

For each period of l.1bor and for c:leh given 

receptor, there is a direct linear relationship be­

IWel"n lhe pressurc recorded bv thar rece!'ll)r 

and the arnniotic pressurc. The receptors plac~d 

ncar the equawr uf the f~tal heJd record hightr 

preS-\lreS lhan those at a greate¡ distance. In 

the lauer rhe pressure i~ C\lual lo the amniot;c 

pr~ssurc, whereas in ¡he former the pressllre n~ay 

be up to 2.5 times higher than the amni()\ic 

pfCHure. 

The stronger compression exerted by uterine 

contraniOfls en {he cqwHorial l.Ont causes a 

deformatian of the fetal head. 'Ihis m(Jlding IS 

usually eharacterized hy buJg;nf: of th... pa~i<'fa¡ 

hone because it receives less pressure than the 

occipital ~,nJ front~l oone~ at the equatorial Zlme. 

During each utn:ne contraction, the intra­

cephaJic pressure inereascs ami the cerebral hlood 

Row is cotlsequently reJuced. The transiem 

cerehral ischernia stimulates vagal tone lnd 

caus<', '1 teml'orary fall in tetal helft rate (dip 1), 

which is simuitane(Jus with ¡he contraction_ 

Rupture of the ovular membranes inneascs 

the wmpression at the equatorial zone, di. 

milllsnes chc cuunterpressure al (ho:: parietal booc. 

facilitates rnolding of fetal head, and incrtases 

thc prvJuC!ion ()f type I dips. Yhc p<Jssible 

dam'lge to [he fetal brain resulting frorn is­

(hernia Jnd deformaríon deserve> furtho JO\csti­

gatiun. 

Aeknowlcdgment 

Th~ acrhúT< aáoowln!ge ilicir g,a{il\ld~ {ú D,. Rú­

b~rt" Yabo, c.msu1tMIt in Hiostalistics of the Pan Ameri­
can H,-ahh OJ¡.:allizal;~n, for hi, adoicc in lhe analy<i$ 
,,{ ,he ,lala. 
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