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Abstract
This article is based on a literary review pertaining to the etiology and pathological mechanism of brachial plexus damage sustained
by neonates at birth. The study attempts to identify characteristic environmental, chronologic, epidemiologic and clinical features of
arrest of the shoulders at birth in order to establish their compatibilities with two competing concepts about the cause and mechanism
of Erb’s and Klumpke’s palsies in newborn infants:
A) Excessive traction exerted by the professional who assists the mother during the birthing process.
B) Spontaneous injury ‘in utero’ caused by myometrial activity during gestation and/or labor.
Of the pertinent literary data the following ones appear to be of importance within the context of this analysis:
1. Since fluid fills the amniotic cavity during pregnancy, according to Pascal’s law of fluids no part of the fetal body can be subjected
to excessive pressure as long as the membranes are intact.
2. Uterine contractions spread from the fundus towards the cervix gradually, thus creating an expulsive force. The musculature
generates no traction force; the mechanism responsible for evulsion and rupture injuries that manifest clinically as Erb’s and Klumpke’s
palsies.
3. Because almost one-third of all births occur by cesarean section in contemporary practice, brachial plexus palsy should be
frequent following abdominal deliveries if the spontaneous in utero damage hypothesis was correct. However, Erb’s and Klumpke’s
palsies after cesarean section are extremely rare.
4. Forceps and ventouse deliveries increase the risk of brachial plexus damage up to 10-fold. This could not be the case if a high
proportion of these injuries were unrelated to vaginal birth.
5. Shoulder dystocia and its associated injuries are 5 to 15-times more frequent in the USA than in England, Italy, Ireland, Israel or
Hongkong (China). Because the reproductive process is largely identical among all races, a difference of such magnitude is unlikely to
be caused by a factor which is intrinsic to human pregnancies.
6. During the last 50 years the rate of arrest of the shoulders and the typical injuries associated with it increased 5–10-fold in
America. Such a sudden change is unlikely to be attributable to some inherited predisposition in a stable population.
7. Before 1975 non-interference with the birthing process was standard requirement in the USA. Then the policy changed and
physicians were advised to extract the child promptly after the delivery of the head. Increase of rate of shoulder dystocia shortly after
the introduction of the new policy suggests a cause-effect relationship between the two events.
8. Non-interference with the birthing process has been the recommended routine in Great Britain since the early 20th Century. The
rates of shoulder dystocia in the USA and Great Britain were equally low before the 1970’s. Its occurrence has remained stable in the
Britain but increased steeply in this country after obstetricians had changed the method of delivery from conservative to active.
The above summarized observations have practical implications in obstetrics. These are discussed with emphasis upon the fact
that some of the new developments in perinatology, perceived as part of the progress initially, have proved counterproductive in the
long run.
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Introduction
For more than a century Erb’s and Klumpke’s palsies have been
attributed to forceful traction applied by the accoucheur during
delivery. A new theory was presented two decades ago. Its proponents
suggested that one-half or more of these afflictions result from
spontaneous myometrial activity in the course of gestation or during
labor [1-3]. It has also been opined that brachial plexus palsies that
occur in utero spontaneously are unpreventable [4]. It needs mention
that the long established explanation of the pathogenesis of these
injuries is still favored by many obstetricians and most neurologists [57]. The dispute about the causation is not purely academic. If brachial
plexus damage generally is secondary to traction, many injuries can
be prevented either by resisting the temptation of extracting the body
by force or by elective cesarean section when the fetus appears unduly
large. Obviously, this controversy has important clinical implications,
thus physicians can ill afford to make an error. Traditionally, neonatal
brachial plexus injuries have been associated with arrest of the shoulders
of the fetus at the outlet of the birth canal after the delivery of the head;
a phenomenon generally referred to as “shoulder dystocia”. A variety
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of factors predispose for this dangerous complication of the birthing
process (Table 1). In terms of importance they vary on a broad range
but three of them, namely maternal diabetes, large fetal size and use of
extraction instruments for delivery are widely recognized as conducive
to arrest of the shoulders. Since in any one case usually several of the
listed factors appear in the background the relative importance of
the remaining ones often remains obscure. As an example, oxytocin
often is used for induction or stimulation of labor when the mother
suffers from diabetes or preeclampsia; conditions that predispose for
shoulder dystocia themselves. When administered by an inexperienced
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Preconceptional

Prenatal

Intrapartum

Family history of diabetes

Borderline glucose tolerance

Induction of labor

Personal history of diabetes

Gestational diabetes

Protracted 1st stage of labor

Small maternal stature

LGA* fetus

Prolonged 2nd stage of labor

Maternal obesity

Excessive (>35 lbs) weight gain

Stimulation of labor with oxytocin

Previous LGA* newborn

Preeclampsia

Conduction anesthesia

Primigravida >35 years old

Postdatism or postmaturity

Delivery by forceps

Previous shoulder dystocia

Delivery by vacuum extractor

Inadequate maternal pelvis

Manual extraction of fetus

*Large for gestational age.
Table 1: Risk factors for shoulder dystocia.

practitioner, it may be given in a high dose to overcome uterine
dysfunction that had been caused by the drug itself. The inclusion of
manual extraction of the fetus in this listing is an unusual feature of this
article which is unlikely to be found elsewhere. However, for reasons to
be explained later the author believes that not only does the currently
fashionable procedure deserves to be listed as a risk factor but equals in
magnitude the three prominent ones previously mentioned.
While the earlier presented definition of shoulder dystocia appears
to reflect a clear consensus about this diagnosis, in actual fact it is a
poorly defined clinical entity. The unresolved question is how soon
the shoulders of the fetus are supposed to follow the emergence of the
head from the birth canal. Opinions in this regard range from 5-10
seconds to 6-8 minutes. This divergence of opinions means that at this
time it may need some search to find two physicians who are in full
agreement about the time when the diagnosis of shoulder dystocia
becomes applicable. Thus, whereas there is no reason to question the
validity of statistics indicating that 0.5 to 2 out of 1000 neonates suffer
lasting brachial plexus injury at birth, it is less certain that about 1 out
of 7 cases of shoulder dystocia results in such damage [6].
Apart from the fact that they are incapacitating, brachial plexus
birth injuries are often associated with brain damage. Clinical problems
of this kind rarely offer themselves to evaluation by prospective,
controlled, double blind studies. On this account, the validity of
theories concerning their causation needs to be tested on the basis of
their compatibilities with facts that surround, characterize or derive
from the pathological entities involved. This being the case, the subject
of the current review is the question of whether the ‘in utero’ damage
hypothesis of Klumpke’s and Erb’s palsies is consistent with the clinical
features of this dangerous obstetrical complication.

Physiology of Labor
Although every fiber of the myometrium is a potential pacemaker
[8], normally uterine activity is generated at the region of the uterotubal junctions. During pregnancy these areas incite intermittent and
infrequent contractions that do not involve the entire organ and do
not cause therefore significant cervical dilation. At the onset of labor
one of these pacemakers becomes dominant. It begins to trigger regular
and frequent contractions that spread slowly from the fundus towards
the cervix and involve eventually the entire uterine musculature.
Prominent investigators emphasized that as long as the membranes
remain intact, in keeping with Pascal’s law of fluids, the pressure
generated by contractions is distributed evenly inside the amniotic
membranes [9,10]. They cannot impose therefore more pressure upon
the shoulders than on any other part of the body between the top of the
head and the tip of the little toes of the fetus. Localized pressure injury
can only occur when the membranes rupture.
From the above outlined considerations it follows that if Erb’s
J Women’s Health Care
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palsies occur ‘in utero’, many of them can be prevented by avoiding a
frequently used and almost as frequently abused intervention, namely
artificial rupture of the membranes. Consequently, the belief that such
injuries are categorically unpreventable is obviously incorrect.
The adverse effects upon the fetus of loss of amniotic fluid have
been described in detail by Caldeyro-Barcia, a man widely considered
the father of modern perinatology [11]. Because spontaneous rupture
of the membranes usually occurs during the 2nd stage of labor [12],
rarely would the uterus have sufficient time to impose damaging force
upon the fetus if the membranes were left intact during labor. Apart
from protecting the membranes, other preventive measures could also
be explored, such as amnio-infusion or pharmacological expansion
of the amniotic fluid volume with administration of prolactin in case
of low Amniotic Fluid Index (AFI). Early delivery by induction of
labor or elective cesarean section could also be effective. Naturally,
these measures would only merit consideration if objective evidence
supported the hypothesis of spontaneous brachial plexus palsy ‘in
utero’.
The force generated by the uterus is expulsive in nature because
the stimuli that induce contractions originate at the fundus and then
progress slowly towards the cervix. This pressure being distributed
upon the surface of the fetal body evenly creates a squeezing effect
which brings about its ejection from the womb eventually. However,
it does not generate traction force conducive to disruption or evulsion
of the nerves in the brachial plexus. Yet, evidence of the latter is found
virtually invariably by magnetic resonance examination and during
explorative surgery in cases of brachial plexus damage.
Arrest of the shoulders is rare among preterm neonates for two
reasons: A) The small size of the fetus. B) The relatively large diameter
of the fetal head as compared to the shoulder girdle and the abdominal
circumference. At and after term the growth of the shoulders outstrips
that of the head, thus the passage of the latter does not guarantee that
the available space is sufficient for the shoulders. It is customary to set
specific borderlines for vaginal versus abdominal deliveries based on
fetal size for didactic purposes. It must be remembered however, that
the validity of these recommendations are modified in any particular
case by some of the factors listed in Table 1. Besides, official guidelines
are simply the common denominators of past disputes and starting
points of new ones. They do not always carry therefore the unanimous
approval of experts.
The American College of Obstetricians and Gynecologists (ACOG)
has circulated among its members a video tape which depicted a
birth where no traction was used, yet there was evidence of impaired
brachial plexus function in the neonate. However, the loss of function
was only temporary in this case. Because the care of affected neonates
is promptly taken over by other specialists, the obstetrical literature
seldom tries to differentiate between various kinds of degrees of birth
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injuries. Thus, “neuropraxia”, caused by hemorrhage and edema of the
nerve sheet in the absence of injury to the axons may not be readily
differentiated from brachial plexus “palsy” which is associated with
disruption of the axons. Similar misinterpretation may derive in cases
of nerve injury caused by bony structures, a phenomenon referred to
as “pseudoparalysis” [6].

Brachial Plexus Injury during Cesarean Section
If many Erb’s and Klumpke’s palsies develop spontaneously ‘in
utero’, they should be seen often after abdominal deliveries. Since the
rate of cesarean sections increased from about 5% in the 1950’s to over
30% by first decade of the 21th Century, associated brachial plexus
injuries should be found frequently nowadays. Clinical experience
shows that this is not the case. After excluding breech deliveries from
their material, Ubach et al. [13] found that every one of 102 babies who
needed surgery on account of brachial plexus palsy had been delivered
by the vaginal route. In the material utilized by the author’s group out
of about 300 cases of brachial plexus damage only one was associated
with abdominal delivery [14,15]. Based on the operative report, this
injury also must have been caused by forceful traction since extensive
adhesions left behind after a previous cesarean section made removal of
the fetus from uterus extremely difficult [16].
Frequent indication for surgical delivery is protracted labor.
This complication often entails hypertonic uterine activity caused by
obstruction or by the oxytocin stimulation administered to overcome
it. If the ‘in utero’ injury hypothesis of Erb’s palsy is valid, prolonged
arrest of labor - which seldom occurs in contemporary practice
prior to spontaneous or artificial rupture of the membranes- should
frequently cause brachial plexus injury. Yet, hypertonic uterine activity
is not conducive to Erb’s palsy provided delivery is conducted by the
abdominal route.
Very large fetuses that are prone to brachial plexus damage often
are delivered by cesarean section either electively or following arrest
of the labor. Experience shows that abdominal delivery virtually
eliminates the risk of lasting plexus injury [17,18].
Brachial plexus injury following cesarean section is a literary
rarity [16]. This fact permits the conclusion that Erb’s palsy unrelated
to vaginal birth is exceptionally uncommon and has little clinical
significance.

Instrumental Deliveries and Brachial Plexus Injuries
Two observant investigators noted that the incidence of arrest of
the shoulders at birth increases markedly in connection with midforceps extractions [19]. Based on reviews of malpractice claims,
Brimacombe et al. found that more than one-third of all brachial plexus
injuries that led to litigation had been preceded by forceps or vacuum
extractions [20]. In their material the risk of fetal injury was ten-fold
higher following instrumental than after unassisted deliveries. Fetal
damage was more likely to be associated with mid-pelvic than with low
and outlet extractions.
If a major proportion of the investigated fetuses in this group had
suffered injury ‘in utero’, the method of delivery would have had little
effect upon the rate of Erb’s palsies. The contrary evidence indicates
therefore that the damage virtually invariably occurred during and was
related causatively to the birthing process.
When considering the mechanism of damage in connection
with instrumental deliveries, it has to be remembered that traction is
routinely applied in synchrony with contractions. On this account,
J Women’s Health Care
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delivery of the head usually occurs at the end of the corresponding
contraction. Current recommendations encourage physicians to
extract the fetal body promptly [21]. Therefore babies delivered by
forceps or ventouse are almost invariably subjected to manual traction
also without the support of uterine force. This and other facts earlier
discussed are consistent with the interpretation, that the typical
causative force of brachial plexus palsies is manual traction applied
during the extraction of the body [22].

Geographic Variations in the Incidence of Shoulder
Dystocia
The frequency of brachial plexus palsies varies on a broad range
in various environments. One would not expect such inconsistency if
arrest of the shoulders was simply an undesirable but natural aspect of
the reproductive process. Major differences would be unlikely to occur
between populations with similar living standards and comparable
ethnic compositions. The fact of the matter is however, that whereas in
the USA the incidence of arrest of the shoulders usually ranges between
1% and 3%, rates as low as 0.2% have been reported from Great Britain,
Ireland, Hong Kong, Israel and Italy; the latter in connection with a
research project where the “2-step delivery” method was tested [2329]. It is unlikely that a dangerous complication could be 5 to 15-times
more frequent in one population than in others in the absence of some
factor unrelated to the natural course of labor and delivery.
It is thought provoking that Hong Kong was under British influence
until recently. The equally favorable statistics in these two geographic
areas inhabited by different ethnic populations and separated by
thousands of miles suggests the role of a common denominator which
dates back to the years when these two groups of people were still
connected in terms of culture, economy and education.

Chronologic Fluctuations in the Rate of Shoulder
Dystocia
In a recent publication, advocates of the ‘in utero’ sustained Erb’s
palsy theory stated that the rate of shoulder dystocia had been constant
during the preceding decades [4]. For their statistics they liberally
borrowed data from foreign countries where the rate of arrest of the
shoulders had been exceptionally low. Even this generous loan from
abroad failed to obscure, however the disappointing results reported
by most American centers.
As Figure 1 indicates, a computer search conducted by this writer
provided vastly different picture of the incidence of shoulder dystocia
in this country than what the quoted article had attempted to paint.
The illustration indicates that the rate of shoulder dystocia was only
at the range of 0.2% - 0.4% between the 1950’s and the early 1970’s.
However, at that time the rate of this complication began to escalate.
The increase was continuous and exponential during the last four
decades. In one particular service, where strict research protocol
demanded prompt extraction of the child after the expulsion of the
head, an epidemic increase of arrest of the shoulders occurred [30,31].
In contrast, no unfavorable change was experienced in those services
that in keeping with the advice of American textbooks printed before
1975 and European ones published recently adhered to the two-step
delivery policy [12,32,33-41].
In the British Islands delivery without the use of traction was the
required routine throughout the last century. Thus, the rate of shoulder
dystocia remained low there up to these days [25,42,43]. The same is
still true for Hong Kong more than a decade after its separation from
the British Commonwealth [26].
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Figure 1: Incidence of Shoulder Dystocia in the United States between 1950 and 2005.

Effects of Practice Patterns upon Shoulder Dystocia
During the years covered by this review the practice of traditional
midwifery became transformed into modern perinatology. Emanuel
Friedman’s research enabled physicians to avoid or correct protracted
and for the fetus stressful labor patterns [44]. Electronic fetal
monitoring and tokography allowed doctors to understand and control
uterine activity patterns and the fetal condition during pregnancy and
labor. Conduction anesthesia administered sporadically by doctors in
the 1960’s came under the control of expert anesthesiologists. The use
of ultrasound turned evaluations of fetal growth, well-being, anatomy
and gender into standard procedures.
Impressive progress in neonatal care made it possible for
obstetricians to address clinical problems aggressively. In this process
J Women’s Health Care
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cesarean section rates reached 30% at the turn of the century. By
that time elective forceps operations were largely abandoned and
indications for difficult ones were restricted. In this process, vacuum
extractor replaced forceps in the practices of most specialists. Arrested
and protracted labors were concluded by cesarean section increasingly
often. Many unduly large fetuses were identified before term and
delivered by the abdominal route. Difficult instrumental extractions
became abandoned. As a result, perinatal mortality rates gradually
declined until the late 1990’s and then leveled out. Most changes
were conducive to elimination or reduction of factors known to be
predisposing to shoulder dystocia. Therefore, it is a paradoxical aspect
of modern obstetrics that shoulder dystocia and the fetal injuries
associated with it reached epidemic proportions after most of their
predisposing factors had been either eliminated or markedly reduced.
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As a byproduct of the above described developments, at the
turn of the 21th century almost one-half of all malpractice actions
initiated against obstetricians related to brachial plexus palsies. This
development created a professional atmosphere which induced many
competent specialists to restrict their practices to gynecology or choose
early retirement.
Traditionally, innovations in obstetrics have been introduced with
considerable publicity. However, one seemingly minor change entered
clinical practice unannounced. During most of the past century
American textbooks advised physicians to allow babies to be born
spontaneously in the absence of indication for intervention [12,34-38].
Then the picture abruptly changed. After 1975 textbooks of obstetrics
instructed doctors to extract the fetus from the birth canal following the
expulsion of the head without delay [45-54]. None of them mentioned
that preceding editions had recommended the very opposite, nor did
they clarify why the proposed intervention was necessary. In new books
and new editions of old ones these statements were repeated almost
verbatim without explanation or reference to supporting literature.
Clarification of the reason behind the change of directives
concerning the method of delivery required extensive review of the
medical literature of the 1970’s. The result of this search was surprising.
Utilizing the at that time novel fetal scalp blood pH determination
technique, Wood at al. reported in 1973 that in a group of neonates
who had been born without complication the capillary blood pH fell
at a rate of 0.04 to 0.14 units / minute after the delivery of the head
[55,56]. They noted however, that the births had been uncomplicated,
the conditions of the babies excellent and their Apgar scores high.
The cited technique was new, difficult to perform and yet inaccurate.
Thus, these articles generated little attention in Great Britain where they
were published. On the other hand they induced editors of American
textbooks to recommend extraction of the fetus from the birth canal at
the first opportunity.
It was against this background that between 1975 and 2005 the rate
of arrest of the shoulder increased 5 to 15-fold in the United States
[2,9,12,15,24,30-32,57-73]. In contrast, its incidence remained low
in the British Islands where physicians continued delivering babies
without intervention [25,42,43].
Quarter of a century later the research project of Wood at al.
was repeated in well-equipped laboratories by investigators who had
long experience with the technique. It transpired that the neonatal
scalp blood pH only declined at a rate of 0.0078 to 0.011 units per
minute; a change of no clinical significance [55,72,74-76]. Nonetheless,
immediate extraction of the fetus from the birth canal remained the
recommended management in America according to most, even if not
all relevant publications [21,54,38,77].
Some investigators have taken notice of the fact that the ingenious
but technically faulty research of Wood et al. had led specialists into
wrong direction. Edith Gurewitch on the ground of an investigation
which involved over 200 patients demonstrated that the fetal capillary
pH does not drop significantly unless the head-to-body delivery
interval exceeds 8 minutes [78]. Approaching the subject from the
angle of mechanical engineering, Allen demonstrated that the use of
strong traction force during delivery is conducive to brachial plexus
damage [79]. His research confirmed the earlier findings of French
investigators that had been based upon experiments performed on
fetal cadavers [80]. Allen also showed that when extraction of the fetus
entailed difficulty, unintentionally and unconsciously doctors doubled
the force of their traction. Based on a literary review Gurewitch and
J Women’s Health Care
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Allen concluded that excessive traction force applied at birth is the
cause of most brachial plexus injuries [81].
Proof of the safety of the “two-step delivery” method was provided
by Locatelli et al. [75]. In a study which involved almost 800 mothers
they found that in the absence of intervention the average interval
between delivery of the head and that of the rest of the body was only
88 seconds. During this time the fetal scalp blood pH only declined by
about 0.001/ unit.

Discussion
Due to lack of consensus about the method of the delivery, shoulder
dystocia has no widely accepted criteria. If the body is not expelled
within 30 seconds after the head obstetricians in the USA try to extract
the body and consider the diagnosis established if do not succeed
promptly. Doctors who favor two-step delivery attach the diagnosis
of shoulder dystocia only to those cases where the fetus remains still
undelivered at the end of the next contraction.
Different interpretations invite different actions and different
actions lead to different consequences. One may be tempted to think
that the differing rates of shoulder dystocia in various practices are
simply reflections of the fact that what some obstetricians consider
arrest of the shoulders others prefer to call “two-step-delivery”. It
could also be deduced on this basis that in the absence of common
denominator the reported differences in the rates of shoulder dystocia
have little significance. Unfortunately, this is not the case. According to
reliable statistics the rate of “shoulder dystocia” related fetal damage in
the United States is as high as 10% [23]. It follows from this information
that arrest of the shoulders that physicians invite by unwarranted
interventions is not less conducive to brachial plexus injuries than
those brought about by Mother Nature.
The physiology of childbirth provides explanation for the above
outlined facts. Interruption of the delivery process after the expulsion
of the head signals that the pregnant uterus (a far stronger group of
muscles than any man’s biceps) has been unable to overcome with
one single effort bony and/or soft tissue resistance to the passage of
two large body parts, namely the head and shoulders. When doctors
try to extract the body with “gentle” traction after the dissipation of
uterine systole, they attempt to achieve something that the uterus had
been unable to accomplish despite its superior strength and efficient
squeezing mechanism. Upon encountering resistance in this process,
the doctor is correct when concludes that the shoulders became
arrested. However, this arrest was man-induced and could have been
avoided.
When the vacuum extractor was introduced into practice several
decades ago, it was stipulated that traction must be used synchronously
with uterine contractions in order to minimize the risk of fetal damage
from either force [82]. Why this expediency that often delays the births
even of distressed fetuses is ignored when perfectly healthy babies are
delivered, is a puzzle which is difficult to fathom.
Authors of textbooks who changed their instructions concerning the
method of delivery had little reason to anticipate that the new approach
would have an adverse effect. Their relevant advice emphasized that the
force used for the extraction of the fetus should be gentle. They could
reasonably assume therefore, that in case of difficulty physicians would
abandon their efforts and fall back to the technique they had learned
from previous editions of the same books. It required the insight of
an engineer to demonstrate that interpretation of the term “gentle”
varies on a broad range and includes even sheer force when emotions
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rise in response to assumed or real danger signs [79,81]. These authors
may have also overlooked that the term gentle cannot be quantitated.
Besides, human memory is short and new information tends to sink
old experience into oblivion. Lenin, the spiritual leader of the bloody
Russian Revolution displayed more wisdom in this regard than what
most of us possess. When one of his scrupulous comrades warned him
that his contemplated policy statement prepared for “Pravda” would
contradict another that he had published only a few days earlier, he
answered with cool equanimity:
-“Nobody reads yesterday’s newspaper.”

safe way to follow at the present time. Future investigations should rest
on this firm basis rather than on the quicksand of “active management”
of labor and delivery. Unfortunate children and unlucky physicians
have paid high prices for the error of the 1970’s.
Had aggressive management of the birthing process been set up in
1975 as a research project with the British Islands serving as control,
there would be good reason to abandon it at this time. The advantages
of the conservative approach to the management of the birthing process
have been demonstrated by now beyond reasonable doubt. To draw
due attention to this fact has been the purpose of this study.

Nobody reads yesterday’s textbook either. Thus the fact that the
management of the birthing process had been changed overnight was
overlooked or quickly forgotten by contemporary practitioners.
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