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Introduction: 

The introduction of the fol'ceps into obstetrics is not a new 

concept, but its use has certainly- been a controversial subject; 

OM which even today- doe■ not find all obstetrical authorities in 

full agreement. The obstetrical toreei,s was invented by a French 

Huguenot refugee named Peter Cbaaberlin, Senior, who came to Eng­

land about 1569. Chamberlin kept his invention quite well con­

cealed r or many years perhaps because Qf fear of cri tie ism fran 

the public or fran the medical profession. However, at the start 

of the eighteenth centurj the fCJt'ceps became a familiar instru­

ment. Edward Chapman, who publiehed the first account ot the for­

ceps in 1733, stated that there were many sorts of forceps and 

that they were 1tll known. The first American forceps was intro­

duced in 1812 by Thanas Chalkley James of Philadelphia. Jfany 

hundreds of modifications have been made since, but the vast 

majority are now of merely antiquarian interest. 

There.are certain pl'llerequiri.tes of any forc�pa delivery which 

are of vital importance and which need to be emphasized. Dennen 

lists them as follows: the head should be engaged; the cervix should 

be tully dilated; the exact position of the head should be deter­

mined; the type of pelvis should be lmown; tne operator should 

be familiar with the advantages and disadvantages of the diff-

erent types of instruments and the technique of their use. Ex­

ceptions to these requir•ents exist, but they are rare and such 

circumstances which will warrruit the ignoring of these· rules will 

not be encountered f'requently. 
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Definition: 

It is the general concensus of opinion among the leading Ob-
.. . 

stetrical authorities in the country that the criteria for class­

ifying mid.torceps operations need to be l'evised. '!be definition 

of a type of forceps operation mu:st include reference to a fetal 

and a pelvic plane which are ascertainable and constant. At pre­

sent a mid.forceps delivery is defined by many obstetricians as an 

obstetrical operation by which a fetus which presents c•�cally 

and whose presenting part is located between the planes or the ia­

chial spines and the ischl.il tuberosities, is delivered by forceps. 

In this definition the moat dependent portion of the fetus is used 

as the fetal point of reference. fut since the biparietal dia­

meter of the fetal head is usually the widest diameter which must 

pass through the maternal pelvis, its location is of greatest im­

portance. Extreme molding lengthens the long axis of the bead, 

thus the leading point may be at the plane or the isehial spines 

and the biparietal diameter at the inlet. Similar abnormalities 

may be seen in extension of' the head and asynclitism. 'lhe long 

distance !root mid to high pelvis have led to humerous errors in

claaaification and to attellpts at forceps delivery on unengaged 

heads. Without a syst8"atlzed claadfication, there is a great 

void between the low force,a, in which the head is visible, and 

the mid!orceps, which may be anything from a eimple low-midf Ol'­

ceps to a canplicated deli'fery of a head at the inlet. '!'his is 

one reason why the true miti'orcep1 operatiOA has· .tallen into dis­

credit. 

The log.I.cal approach \o the problem is to relate the station 
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of the head (the biparieW diameter) to the four major planes of 

the pelvis. 'l'hey are; (1) the plane or the inlet (superior strait) 

which is bounded by the ptoomonot..ry ot 'the sacrum an� -�he up�i 

inner border of the symphf'Sia; (2) the plane of greatest pelvic 

dimensions (mid-plane which extends between the middle of the inner 

border of the syrnphysia and the junction or the second � third 

sacral vertebrae; (.3) the plane of least pelvic dimensions (plane 

of ischial spines) which is bounded anteroposteriorly by the lower 

inner border or the s,mp}trsis and the sacro-coceygeal joint, and 

laterally by the ischial spines; (4) the plane or the outlet, 

quadrilat�ral in shape, which ie_bounded by the �erococcygeal

joint, the ischial tuberasites, and the interior border of the 

e,snphysis.· The correspo.Gding operative deliveries could be en­

titled high, ·m1d, low-mid, and low_ forceps. This proposed class­

ification by Dennen had received favorable comment by many obste­

tricians, but some alterations may be necessary before it will be 

universally accepted. It is a reeo�ed !act that the exact le­

vel·or the biparietal diameter may be di!ficult_to make without 

a vaginal examination and I,..ray studies, but the importanc� or 

this additional lq!ormation befere attempting a rnidforeeps oper­

ation should make them manditor7. In face and brow presentatiol18
1

the biparietal diameter is not the greatest diameter involved in 

the mechanism. or labor and exception will need to be made in such 

conditions. 

A midtorceps delivery may then be defined as one done on a 

head, the leading boey part ot which is at or just. below the plane 



of the ischial spines with the biparietal diameter below the sup­

erior strait. The head aearly fills the hollow ot the sacrum. 

A low-midtorceps delivery is one in which the biparietal dia­

meter is at or below the plane ot the ischial spines with the lead­

ing point within a tingerbreath ot the perineum between contract­

ions. The head completely f'ills the hollow ot the sacrum. 

Indications: 

It is the feeling ot most authors that labor is not an·endur­

ance test between mother, baby and doctor. It ia alright to watch 

a patient for c8l'tain progress, but one should be prepared to re­

cognize when this is acc<:111pllshecl. 

The principal indication tor the use or forceps is failure 

of labor to progr�ss in the second stage after a reasonable_period 

of time. There are other !actors, however, which are also ot vital 

importance in the final analysis and these will receive considera­

tion subsequently. There is no complete agreement amongst obstet­

ricians o! the exact time limit that should be employed. Decker 

suggests a llmit o! one hour in a multipara and two hours tor pria­

ipara in second stage labor without progress. Results ot such de­

liveries in his series ot 547 mitU'oreepa deliveries aake it diff­

icult to justify.further prolongation or the uterine contractions, 

except in most unusual circumstances. this concept, as te time 

limit, is generally accepted in most obstetrical circles. 

other factors �hieh should be considered and which are usually 

helpful in confirming the adviseability or mid.-.t'orcepa operations 

include pelviradiography., rupturing or fetal membranes, use of ox­

ytocin and trial forceps. By the use of pelviradiography several 
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things are accomplished. First., it helps the obstetrician in ver­

ifying the location of the presenting part., and espe�ially the le­

vel of' the biparietal diaeter. Secondly., this will rule out pro­

nounced pelvic contractions and almost eliminate cephalopelvic dis-

proportions. The knowledge of pelvic architecture aids in proper 

selection and executien o! the fo,ceps op.ration •• 

Weinb4:�g reports a series of 1000 midforceps operations in 

which pelvira<S;ography was done on nearly ill the patients and 

which resulted in a fetal mortality- or 0:5%. Iri this study pat-

ients with a contracted pelvic inlet, with or n.thou.t a relative 

or borderline.disproportion, or those with a nddpelvic �ndex of

less than 13.5 cm. were delivered abdauinally it they- were full 

term. A similar· study by Steer on 2'}!'/ Jli.dforceps deliveries in 

which 70% were delivered because or pelyic disproportiQn, result­

ed in a fetal -mortality or 5.3%. This clearly illustrates the im­

portance of' pelviradiogrsphy in determining adviseability or mid­

forceps operations. 

In the same series or 1000 cases, Weinberg states t�t if' the 

second stage contractions are weak, progress may "ell be une�ct,..; 

ed within the prescribed time limit. Instead or waiti.r,e longer.,

after one hour he prefer• to stimulate the second stage contract­

ions by rupturing the membranes it they are still intact. If af­

ter one-half hour the contractions are still not pewer!ul, he 

uses oJcytocin injection (Pitocid) hypoderrnicall1 in doees of 1 to 

2 minums every 20 minutea for one hour or an intravenous inf'usion 

of dilute o�cin injec\ion. If the contractions fail to rfsult 

in descent and rotation, the time indication for mid!orceps delivery 
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is invoked. The maternal mortality in this aeries was 0% and the 

fetal mortality was 0.5%.

Douglas and Kaltreider have advocated "trial forceps" in mid­

pelvic arrest since bony 4isprop•rti01l represents only one cause. 

Val.position of the fetal head Cir uterine ·inertia bein1 two others 

frequently delivered vagiaally. This consists or applying for­

ceps and using "undue foreett which 1$ referred to by Strother as 

"the amount of force which can be applied to the forceps with the 

rollers of the table unloeked without moving the table". Moon 

and Wall report a series or 131 add.forceps operations in which 
.• . 

trial f�eepa were used routinel1. In tl'ris group ., eleven cases 

tailed and �ere sectioned. None or these resulted in stillbirth 

or neonatal injury or death. I-:Pay pelvimetry had been done on all 

but two of these patients before trial forceps were applied. It is 

a well recognized :t'act that trial forei!ps are no� :·ueed .rolitiilel7 in 

obstetrics and more studies of their value 11111 need to be done be­

fore a full evaluation can be made. But in areas where they are us­

ed, the reports seem quite ravorable. 

If the criteria as set forth in the <)JllCiilition of mid-forceps 

operation are met, and if all the above listed factor a have re­

ceived due consideration an':\ trial without results, and 1:t' theN 

is no sign of tetal or maternal distress which would require other 

trea�ent, midforcepa operation may be considered. 

Same of the underlying causes or nddpelvic arrests have al­

ready been mentioned above, but many more' are en�erated in the lit-
. 

. 

erature. The most common causes in order or their frequency are: 

Page 6. 



l. Malposition-

(a
l 

Oc�iput posterior· (commonest).-
(b Occiput transverse. · .
(c Oeeiput anterior. 

2. Contracted pelvis.

.3. Prolonged labor • 

4. Fetal distreu.

5. Soft tissue 4,at9Cia.

6. Maternal distress.

7. Elective.

Some or the other less common causes include toxemia, poat .... 

terior face presentation, impacted shoolder, uterine inertia, 

cervical rigidity, large kby and vaginal wall cyst. The order 

of frequency of these cauees will vary in different studies, but

by and large this order ia accep\able. 

Choice or Forceps: 

The selection or toreepa is of utmost importance. It is diff­

icult to believe that all lll:1d-pelvic arrests can be treated with

a single inBtrument. The often qu�ted advice to learn to use one 

type or instrum.ent well and to forget the rest, is utter nonsense. 

Instruments are available specially designed to provide the most 

effective axis traction with the.head in the transverse diameter 

(Bart.one); particula.rily designed for rotation (Kielland}; and 

for delivery o! the head in the anterior-posterior diameter (the 

classical forceps). Further elaboration on the various forceps 

and their uses ia beyond the scope or this paper, but eu!fiee 
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it to say that provided the operator is aware ·of the varying 

factors involved in midpelvic arrests and possesses a kn01fledge 

ot the fetal head, delivery can be aceanpliehedwi�h very•l;ttle 

or no· risk to the mother and fetus, provided suitable inatru-

ments are selected. 

Results: 

In an effort to evaluate more fully the usetullness or the 

mid.forceps operation, a review of the midforceps deliveries re­

ported in the literature since 1950 was done. A total or 3,528 

cases were reviewed from seven separa�e series. Thf.J separat• 

stati-etical findings are included in table 1. tegether with an 

average pereentaee for the total cases :reported. Most of the 

reports had ii>.di�at•d that the figures were corrected accord- t. 

ing to standards set forth in the var:bous hospitals. 

TABLE l. 

Number. Df Fetal Fetal Maternal Maternal 
Case!l· M�rtality Morbidity Mortaiity Morbidity 

1. 1000 (6i o.6� (6) o.60% (0) o.00% (18) 7.80%
2. 351 {l .i 0.2� (0) 0.00%

{7� 
2.00% (175) 50.00% 

3. 527 (12) 2.,:,% (0) 0.00% {O o.00% (12� 2.28% 
4. 31 (8l 26.oo.t �7� 22.00% col 0.00% {16 51.9<1/, 
5. 65 (0 .. 0�00% 5 7.70% (0 o.oo.t (10) 15.3o% 
6. 547 (26� 4.75% none reported {1� 0.05% {72) 13.10% 
7. 1808 (19. 0.85% none repo�ted (0 o.00% (14) 0.77% 

Total-3,528 (69) 1�95% (18) 1.53% (8) 0.22% (377) 10.68%

In table ll. are li1ted the causes o! fetal and maternal mor-
. . 

tality and the typea or fetal and maternal mOJ;bidity. All or th• ser­

ies are not represented in each ca�gory because of their failure to 

report these statistics. 
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Fetal 
Mortality 

1. Asphyxia
(a) C ord

strangulation
{b) Cord Prolapsed

2. Intracranial inJury.
3. Atelectasis.

TABLE 

4. Prematurit1
., 

_pneumonia.

Maternal 
Mortality 

1. Hemorrhage.

ll. 

Fetal 
Morbidity 

1. Cephalhematoma.
2. Facial paralysis (transient).
3. Birth trauma.

Maternal 
Morbidity 

1. Cerrlcal laceration.
2. Laceration of bladder.
3. Perforation of uterus.
4. Diihrssens incisions.
5. Veaicovaginal fistula.
6. Hemorrhage ( over 500 c. c. ) •
7. Rectovaginal fistula.
8. Urinary retentio-n�
9. Vaginal laceration or hematama.
10. Puerperal fever.
11. Post partum pyelltis.

The fetal mortalit7varied .trom 0% noted in 65 cases report­

ed by Korgan 8:D,d Reyes to 26% r�orted b7 Taylor. The overall 

fetal mortality was only 1.95% in, 3,528 cases. Studdiford and· 

Decker reported that the gross fetal mortality in �esarean sect­

ions between 1942 and 19Sl was 8.8% and corrected to 6.2%. With 

present day improvements in anesthesia and surgical technique 

this figure may well be· lower., 
but it would be highlJr questionable 

that it could approach the figure of 1.95% seen with mid!orcepa 

operat'iorus. The series reported by Taylor would tend to indicate 
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that mi.dforceps operations should be eliminated. In the last 

10
.,
0S.5 consecutive deliveries at Colorado General and Denver Gen- · 

eral Hospitals, Taylor r'eports the midf o:rceps was used only 31 

times. Primary uterine inertia or a dela,ed second stage with 

arrest of the head at the midpelvis were prominent features 1n 

25·0; the 31 cases. Secondary inertia from anesthesia was the 

cause of arrest of progress of 4 more. During this same period 

of ·study oesarean section was performed .28 times on patients with 

obstetrical problems which paralleled those.delivered by mid.for­

ceps. There was no mortality or·morbidity among the infants, 

no maternal mortallt7 and no serious maternal morbidity. 

Since uterine inertia was a prominent feature in Taylor's 

aeries and since his fetal mortality and morbidity were so high, 

one might conclude that these factors are related. Eastman 

states that the best treatment for primary inertia is time. 

Ct.her means of treatment include repeated encouragement and rea­

ssurance of the patient, stimulation with enemas, postural thera­

py and artificial rupture of membranes. If the inertia is re­

fractory to these methods, Eastman feels that pituitary extracts 

used properly should be employed. Failure of this method occurs 

in about 10% of uterine inertia. Provided the head is engaged 

and the cervix is 6 Cm. dilated. Diihrssen 1 s method of incision 

and forceps delivery is ,enerally the choice. If the head is 

high and/or the cervix ie less than 6 Cm. dilated, cesarean sec­

tion is justified. In '11.ylor 1 s own series, ce�arean section 

Page 10. 



proved to be preferable O\l'�r midforcep� in uterine inertia. 

This would support the theory that perhaps mid!'orcepa should 

seldom or never be used in uteri.lie inertia. 

In secondary uterine inertia the therapy is primarily the 

use of morphine sedation and intl"avenous glucose. If these mea­

sures fail cesarean section or Diihrssens incisions, as discuss­

ed above, are preferable according to F.astman. 

These facts may help to explain the relatively high fetal 

mortality seen in Taylor's series even though the full details 

describing .the procedure• follow'ed in the deliveries were not 

reported. 

The fefal morbidity statistics are not remarkable, except 

for the series by Taylor. An overall average of 1.53% is su.ff-
. . 

iciently low to advocate the use of the midforceps. The mater-

nal mortality is similarUy low. 

The maternal. morbidity. however, of 10.68% is much higher 

than would be desirable. Many of the causes listed under this 

heading in Table ll. are perhapt not directly due to the use of 

the m1dforceps and others could perhaps be avoided by emploY­

ing proper forceps, and ly more careful evaluation or the pel­

vis and the cervical dilatation. 

P.b_yaieal and Mental Development: 

Many of the mental and physical defects seen in children 

and adults have been attt-ibuted to injury inflicted at the time 

of delivery, especially when forceps were used. Among these de-



f ects are such eondi tiona as cerebral palsy, epilepsy and mental 

retardation. There is a sparsii;r of reports in the recent liter­

ature concerning the fretu,ency &f mental or ph,:sical defects fol­

lowing mid.forceps· operat$ons primarily because follow ups are 

difficult. However, one study was done recently by Corston at 

Grace Maternity Hospital, Halitax, Nova Scot;!a in which 73 mid.­

forceps deliveries and 75 controls were compared. These patients 

were delivered between 1922 and 1936. F.acl?, subject was submitted • 

t o  a full physical examination and to psychological evaluation. 

The p sychological tests consisted of the Wec�ler-Bellvue Intell­

igence Scale and the Bell Adjustment Inventory which tests the 

individual's adjustment in a variety of areas,; home
., health, soc­

ial., emotional and occupational. Fran the results gained in this 

study., it was stated tha� not one case of epilepsy was found arid 

that there was no significant difference in the psychological 

tests compared to the cotlt rol group. 

Eastman and De Leon reviewed 96 cases of cerebral palsy de­

livered at John Hopkins University and Hospital. A group of 

ll, 195 children born bait.ween 1945-49 were used as a cont rol ser­

ies. Most or the cerebral palsies were born during the same per­

iod as the controls. or the cerebral palay group., 6 were deliver­

by mid.forceps (6.3%) ., and 4 (4.2%) were delivered by o�serean 

section. or the cont rol (l'OUP, 2% were delivered by mid.forceps 

(224) and 4.6% by cesarean section (515).

In a series of 204 midforetps deliveries performed by Klein,

a follow up of their grolrth and development was done at 6 and l8 
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months following delivery. One was reported as slow in develop­

ment and growth and one was mentally retarded. All others were 

reported as making normal progress. 

From these reports it may be concluded that mental and phy­

sical defects seen in children and adults are not significantly 

influenced b7 the use ot the midtorceps operation. Mechanical 

trauma, of whatever nat�e, is uaquestionabl,y responsible for 

a cerlain number of cerebral paleies, but in present day prac­

tice the role it playa is certai!lly much less than was hitherto 

thought. 

Summary: 

In this paper the factors which should influence the advise­

abilit7 of the midforceps operation and the results !ran 3,528 

cases have been discussed. 'J.'be four separate pelvic planes were 

discribed and">a new definition, fQr ti4pelvic. opel'latiens.: as, des­

cribed by Dennen, was prtposed. This is felt necessary to avoid 

error in classification 1.nd to avoid attempts at forceps delivery 

on unengaged heads. 

There are many conditions in which a midtorceps operation 

may be indicated, but the most common one is malposition, such 

as occiput posterior, anterior or transverse. Before any mid­

forceps operation ia att11m1pted, there are several other factors 

which must carefully be considered. These factors include (1.) 

an adequate period of time in second stage ot labor; (2.) the 

use of pelviradiograph1; (3.) rupturing of fetal membranes; 

(4.) th• use of oxytocSns; (5.) and trial forceps. 
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After it is apparent that a mid.t'orceps operation ia definit-
. 

. 

ely indicated, the proper selection or the forceps becanes ot par-

amount importance. 11' the operator selects the correct type of 

fo�c•ps and is aware of t.he pelY.1.c architecture, the operation 

is performed with little or no risk to fetus or mother. 

The results obtained in 3,528 case·s of midforceps deliveries 

have been reviewed. These cases were reported in 7 separate ser­

ies. The feta� mort_ality varied from 0% in 65 cases to 26% re­

ported in a seric!s or 31 cases. The overall fetal mortalit1 in 

the 3,528 cases was 1.95j. This fig\U!� compared quite ravorabl7 

with the fetal mortality reported in cesarean sections of 6.2% 

between 1942 and 1951. 

The overall fetal morbidit1 for the 3,528 cases was satis­

racto'ril7 low at 1,5'.3%. The maternal mortality was only 0.22% 

in the same .number of caaes. The maternal morbidity overall was 

· 10.68% whi�h is much higler than would be desireable. However,

it is felt that many of the causes for the morbidit7 are·not

directly due to the mid.f'•rceps eperation, but might ·occur in any

type or delivery.

Obstetrics has been blamed for centuries for the cerebral 

palsies, epilepa7 and mental defectives. Although little work 

has been done in this ti•ld, one report by Corston in !ova Scotia 

in which 73 nddforceps delive�ies.were compared with 75 controls, 

showed not one case ot �pilepey and no significant difference in 

psychological and physical examination. In another study F.ast­

man and De Leon reviewed 96 cerebral palsy patients along with 
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ll,195 controls. Of the Cerebral Palsies 6 (6,3%) were deliver­

ed by midtorcepa and 4 (4.2%) by Cesarean eeetion. or the con-.- . 
trols 2% (224) were delivered by mid.forceps and 4.6% (515) b,Y 

oesarean section. These reports tend to indicate that little 

influence on mental and P',aical defects w ould be expected in 

midforcepa operations: 

Conclusion: 

There is a·tendency by some authors in t he current lit­

erature to urge almost· Cdrlplete elimination of the midf'orcepa 

operation. D1 Eaopo states that only py reduction of the midfor­

ceps incidence to 0.5% and increase of the eesarean section 

rate to 6$ will it be poesi ble to eliminate birth trauma to 

mother and bab�es and maintain a p�event.able term te�l loss of 

·J.%. Taylor, in the report of his recent series, states that
' . . . 

. 

the midtorceps oper�tion may have little or .no place in modern

obstetrics. 
� 

However, in this pap er the results reported in .3, 528 mid­

!cr ceps dperations fran 7 separate series have �•en compiled. 

These operations were pe•formed for varicus reasons and under 

a·variety of different circumstances. None the less, the over­

all fetal mortality was only 1.95%. The corrected fetal mor­

tality in cesarean sections between 1942 and 1951 was 6.2%. It 

would seem safe to cc;,nelude that replacement of midf'orceps op­

erations by cesarean section is not the answer in lowering fe­

tal mortality. Furthermore, it does not seem reuona.ble to 
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conclude from these sta�1stics that the midfor cepa operatioru, 

should be eU.mina ted. 

If such be the _case, and if the fetal and ma temal mor­

tali ty and morbidity are to be reduced in midforceps operations, 

then it becomes or vital importance that certain essential fac­

tors be careflllly considtred before the midf oreepa is used. 
 . 

. 

These factors�! be�SUIDllarized briefly as follows: 

(1.) The obatetrician must have a clear understanding of the 

(2.) 

deti.niti·on· or· mid.torcepa delivery so that hi8h forceps 

deliveries or· deliveriea on unengaged heads will not be
� . 

done in erro� and •1taequat.l.1 incre�,e the risk of a suc­

cessful proceoure. 

At least"-2 hl'a. in primipara and one hour in multi.para • 

must be allned in second 1tage of labor withOl;lt progress 

bef�re other methode are initiate4. 

{).) Rupture of fetal mem.branea to st1mulat• labor. This may 
. . . 

be done occ.a$ionall.r during the above(2.) time period • 
.. . ·  . .

(4.) P•lnradi�graphy;very informative as �o _ cause or the ar­

rest ot p rogress. It also demonstrates the pelvic archi­

tecture, should !oreepa be necessar y. 

(5.) Determination or the cause or arrest or progress. 

(a) PelYiradiographf.
(b) Vaginal"examinat.ion.
(c) Cenplete eTaluation or the patient.

(6.) Use ot ()JqtQcin. 

(7.) Selection of the prcper forceps. 

(8.) Trial roeceps. 
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�ch case must neee&11arilJ' b� individualized and good ob,;.. 

stetrical. judgement must be applied. If the obstetrician has 

obtained the .full benefit or theae suggestions, as applies to 

a particular case, and if' midforeeps are still indicated, the 

procedure would be adviseable:with minimal expected risk to 

mother or f'etus. 

The.much proclaimed theory that many of the physical and

mental defects seen in cldldren and adults are due to trauma at 

time of deli very is not so well supported t04ay. In this paper, 

we are prilllarily concerned with reports to1lowing midforceps de­

liveries. The results or several recent studies which were done 

to. deterniine mental ability as_ well as the frequency or epilepsy,

eerebral pe.J.sy or other physical defects,.showed no significant

prevalance in mid!orceps deliveries as ca:npared to control groups. 

Mechanical trauma as may be encountered in tesarean section or 

forceps deliveries may well be contributory to-certain mental 

defects, but these factors, instead of acting alone, usually 

synergize with other !actors so that three or four may be ac1;.­

ive in a given case without any rational basis !or deciding 

which is the most culpable. Adherance to the above suggest­

ions in midtorcepe operations may well reduce the possibility 

ot trauma, in any case, and therefore consideration of these 

suggestions becanes even more essential. 
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