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Abstract 

The purpose of this study was to detennine whether breech-presenting infants have a 

different pattern of early motor development than cephaiic-presenting infants, thus 

explaining both the failure to assume cephalic version at the end of gestation and the 

higher rates of childhood morbidities associated with breech presentation. Ninew 

consecutively bom term breech-presenting singletons with birih weights greater than 

2500 grains and no major congenital anomalies were paired with similar cephalic- 

presenting infants, matched on gender and mode of delivery, for an overall total of 180 

infants (1 00 delivered abdominally, 80 delivered vaginally). Infants were examined at 

birth, 6 weeks, and 3, 5, 7, 10, 15, and 18 months by reliable raters who were unaware of 

presentation and delivery histories. Data on growth, neurological status, primitive 

reflexes, joint angles, and rnotor performance were collected and andysed using 2-way or 

3-way repeated measures ANOVAs. Breech-presenting infants were found to have minor 

transient differences: they had greater popliteal angles at birth and were shorter fiom 

birth through 5 months than cephalic-presenting infants and they had significantly lower 

total scores than the normative sample on the Alberta Infant Motor Scale at 6 weeks. At 

18 months, two out of three of the infants identified to be developing "suspiciously" were 

from the cesarean-breech group (degenerative central nervous system disorder; global 

developmental delay). Another infant (cesarean-breech), who had dropped out of the 

study early for failure to thrive, was subsequently diagnosed with severe cerebral palsy. 

While breech presentation per se may explah the transient differences in joint angles, the 

rapid "catch-up" in growth and motor perfomance among breech-presenting infants once 

in a nurturing extrautenne environment suggests that breech presentation may be a 



marker of intrauterine compromise. Although fetuses at either end of the spec tm of 

severity of compromise may be unafYected by mode of delivery, those in the intemediate 

"gray zone" may be vulnerable to the relative asphyxia of vaginal delivery. Future 

investigations of the condition of breech-presenthg fetuses at the end of gestation may 

optimize mode O!' delivery decisions and minimize matemal morbidity associated with 

the high rate of elective cesarean delivenes. 
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Chapter 1 

The Problem 

~ntroduction ' 
Breech presentation refers to a longitudinal lie of the fetus with the buttocks as the 

presenting part (Gimovsky and Petrie, 1989). The incidence of breech presentation h a .  

remained remarkably consistent over time, occurring in 3 to 4 percent of term births 

(Hickok et al. 1992; Tompkins, 1946). When compared with cephalic presentation, 

breech presentation is associated with higher rates of perinatal mortality (Jonas and 

Roder. 1993; Schutte et al. 1985) and morbidity (Dale and Stanley, 1980; Gimovsky and 

Paul. 1982), even when adjusting for the effects of preterm birth (Croughan-Minihane et 

al. 1 990) and congenital anomalies (Dunn. 1 976a). 

Previously, the adverse outcomes associated with breech presentation have been 

attributed exclusively to the mechanical nsks of vaginal-breech delivery (Alexopoulos, 

1973; Tank et al. 1971). which include cord prolapse (Rovinsky et al. 1973; Todd and 

Steer, 1963) and entrapment of the after-coming head (Kauppila, 1975; Porter et al. 

1960). Birth injuries secondary to handling during total breech extractions have 

contributed significantly to high rates of perinatal mortality and morbidity in the past 

(Hall and Kohl, 1956; Todd and Steer, 1963). As a result, cesarean section became the 

recommended delivery route for most cases of breech presentation (Wright, 1959). 

Although abdominal delivery is ail1 favoured in many centres (Spellacy, 1995), its high 

use is not associated with significantly lower rates of birth trauma (Gimovsky and Paul, 

1982), birth asphyxia (Green et ai. 1982), or childhood morbidity (Croughan-Minihane et 

al. 1990) when compared to the outcomes associated with the current method of assisted 

vaginal-breech delivery. The results of small sample randomized controlled ûials have 

shed doubt on the hypothesis that the mode of delivery accounts for al1 of the increased 

nsks associated with selected term breech pregnancies (Collea et al. 1980; Gimovsky et 

al. 1983). 

Recently, it has been suggested that some factor intrinsic to the fetus may be 

responsible for both the breech presentation and any subsequent neurological 
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abnormality, thereby implicating the fetus rather than the mode of delivery (Ingemarsson 

et al. 1990). In short, it is believed that an unknown pre-existing factor in the fetus may 

greatly increase the likelihood of a breech presentation; thus, delivery of such infants by 

cesarean section does not solve their intrinsic problems (Nelson, 1988). 

Pro blem Statement 

Despite its relatively fiequent and consistent occurrence over time, the cause of 

breech presentation and the increased perinatal risks is not clear in the majority of term 

breech-presenting cases. The potential role of inherent fetai rnotor abilities in explaining 

both the determination of presentation at birth and subsequent developmental statu has 

not been elucidated. The purpose of the present study is to determine whether term 

breech-presenting infants have different patterns of early growth and motor development 

than terni cephalic-presenting infants. 

Simificance 

Breech presentation is not an uncornmon obstetrical event, but one that instills a 

heightened alertness arnong ail attendants in the delivery room due to the potential 

adverse perinatal outcornes. This study was conducted to detendne whether some of the 

increased vulnerability associated with this group of infants is due to inherent differences 

in the fetuses, pre-existing the onset of labour rather than the result of dificult or 

traumatic deliveries. The identification of persistent differences between breech- and 

cephalic-presenting infants, independent of mode of delivery, may explain both breech 

presentation and sorne of the motor disorders, such as cerebrai palsy, that have been 

shown to be related to breech presentation. Such a hd ing  may have practical 

management consequences such that more prospective mothers may opt for a trial of 

vaginal delivery of the breech-presenting fetus at term, potentially resulting in reduced 

matemal morbidity associated with cesarean deliveries. Similarly, such a fuiding would 

have obvious medico-legal implications; awareness of intrhsic differences in these 

infants rnay offset potential legal action wherein developmental problems are 

inappropnately attributed to intrapartum factors. 



Footnote: 

1. A version of this section has been published in the introduction of an annotation by 

Doreen Bartlett and Nanette Okun: Breech presentation: A random event or explainable 

phenornenon? DevelopmentaI Medicine und Child Neurology, 3 6,833 -83 8, i 994. This 

matenal is used with permission of the MacKeith Press (publishers of Developmenfal 

Medicine und ChiId Neurology) and the CO-author of the annotation (Nanette Okun). 



Chapter 2 

Literature Review 

Introduction 

IdentiQing the source of the hi& rates of perinatal rnortality and morbidity among 

term breech-presenting infants is the first step in reducing these adverse events. In order 

to solve this "breech dilemma", most contributors to the obstenical literature continue to 

focus exclusively on the issue of mode of delivery (Eller and VanDorsten, 1995; Krebs et 

ai. 1995; Schiff et al. 1996). Undeniably, vaginal-breech deliveries rnay be complicated 

by significant nsks such as a prolapsed urnbilicai cord or entrapment of the after-coming 

head due to neck hyperextension, an incornpletely dilated cervix, feto-matemal 

disproportion, or nuchal amis. Recognized associated consequences include cord 

compression and asphyxia, and ceMcal  spinal cord, intracranial, intra-abdominal, or 

brachial plexus injuries (Menticoglou, 1993; Spellacy, 1995). As a result, either elective 

cesarean section (Spellacy, 1995) or external cephalic version followed by a trial of 

labour (Gifford et al, 1995a; Laros et al. 1995) are popular delivery options for this 

problematic group of fetuses. Yet, the evidence supporiing these alternatives is not 

strong for al1 cases of breech presentation. 

In a recently published critical overview of research reporting results according to the 

intended mode of delivery of tem breech singletons, investigators concluded that vaginal 

delivenes may continue to be associated with higher perinatal risks than cesarean 

delivenes (Cheng and Hannah, 1993). However, problerns associated with the authon' 

assumptions and selection biases and variations in management protocols arnong the 

various studies complicate attempts to quanti@ the extent of nsk for any given setting. 

Specifically, the authors assurned that infants delivered via emergency cesarean section 

were planned vaginal delivenes, which may not be the case. Secondly, congenital 

anomalies were excluded in only half of the articles selected for inclusion in the meta- 

analysis. The choice to deliver fetuses with known anomalies vaginally may explain the 

excess mortality and morbidity among those delivered via this route. Aiso, the average 

year of publication of investigations reporting adverse results associated with vaginal 
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delivenes was earlier than those reporting no difference according to mode of delivery 

(1 97 1. sd = 1 O S  years; and 1983, sd =3.8 years). ï h e  previous practice of total breech 

extraction may be associated with poorer outcomes. Nonetheless, authors of a separate 

review of articles published since 1980 also reported an excess risk attributable to a triai 

of labour instead of elective cesarean delivery for terni breech fetuses (39  and 1.1 percent 

for injury and death respectively) (Gifford et al. 1995b); however, the problem of 

selection bias persists. 

Thus, despite the abundance of observational studies, it is not yet clear whether 

elective cesarean delivery of the singleton term breech uifant completeZy eliminates al1 of 

the adverse perinatal outcomes associated with breech presentation. For example. in a 

large population-based study - which was not included in Cheng and Hannah's meta- 

analysis because it reported on outcomes according to atm, rather than intended, mode 

of delivery - investigators reported no differences in a variety of childhood morbidities 

among vaginally-delivered infants cornpareci with those delivered by cesarean section 

(Croughan-Minihane et al. 1990). 

Inherent digerences have been proposed as a possible alternative explanation for the 

poorer outcomes among breech-presenting infants. In this chapter, evidence supporting 

the position that breech-presenting fetuses may be inherently different, particularly with 

regard to motor abilities, is reviewed by discussing what is known about the mechanism 

of breech presentation. The rationale for extrapolating postnatal observations to prenatal 

status is discussed in the context of what is known about the continuity of motor 

f ic t ions fiom prenatal to postnatal life. 

Mechanism of Breech ~resentation' 

An understanding of the mechanism of spontaneous cephalic version, and the factors 

that may prevent it fiom taking place, may shed light on the mechanism of breech 

presentation. At 20 weeks gestation, fetuses are equally likely to be in either breech or 

cephalic presentation. As gestation continues, a greater proportion of feîuses undergo a 

final cephalic version. By 37 weeks, more than 96 percent of fetuses are in cephalic 

presentation (Hughey? 1 985). In 193 1, Taussig suggested that the combination of a 
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nomal matemal pelvis and uterus and a single term fetus with adequate kicking 

movements results in cephalic presentation by the end of gestation. The role of each of 

these three factors - the pelvis, the utenis, and, in particular, the fetus, may be 

investigated to detemiine their contribution to preventing spontaneous cephdic version 

from taking place. 

The Pelvis 

Cephalo-pelvic disproportion as a reason for breech presentation is easily discounted: 

presentation is determined before the fenis enters the pelvis (Varian, 1945). Two groups 

of investigatoa have reported that 10 percent of maternai pelves in breech cases were 

contracted (Tompkins. 1946; Wilcox, 19491, a fiequency that is no difTerent from 

cephalic cases (Wilcox, 1949). More recently, the dimensions of the anteroposterior 

diarneter of the pelvic inlet and the sum of the three pelvic outlet diameters were found to 

be no different benveen women with breech and women with cephalic presentations at 

birth (Luterkort et al. 1984). 

The Uterus 

Histoncally, the accommodation theory of cephalic version suggested that in the later 

part of pregnancy the fetus became irritated by the poor fit of breech presentation and 

moved until it was more cornfortable with the fit of a cephalic presentation (Stevenson, 

1950: Vartan, 1945). The shape and amount of available utenne space, and therefore 

presentation, may be influenced by uterine malformation, placental location, the volume 

of amniotic fluid, and parity. 

The best evidence on the role of uterùle malformations is obtained fiom three recent 

investigations on the relationship between confinned uterine malformation and 

presentation at birth. Breech presentation occwed arnong 28 and 47 percent of al1 (Ben- 

Rafael et al. 199 1 ; Michalas, 199 1) and 29 percent of full-tenn (Acien, 1993) binhs of 

women with identified uterine anomalies. Aithough utenne malformations clearly 

increase the probability that a fetus may not assume spontaneous cephaiic version before 

delivery, anomalies are not invariably linked with breech presentation. 

Placental location has long been investigated as a factor infiuencing the propensity to 

breech presentation. Several earlier investigators f o n d  cornual-funda1 placental 
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implantation to be associated with approximately 70 percent of ail breech presentations 

(Fianu and Vaclavinkova, 1978; Kan, 1963; Stevenson, 1950); however, the 

methodological problems associated with the strategies used to confii placental location 

hni t  confidence in these results. More recently, the site of placental implantation among 

fetuses in breech presentation at 32 to 33 weeks was determined by ultrasound. No 

difference in placental location was found between fenises who later assumed 

spontaneous cephdic version and those who remained in breech presentation (Luterkort 

et al. 1984; Westgren et al. 1985). 

Both too little and too much amniotic fluid increases the chance z fetus will present 

in the breech at the time of birth. Oligohydramnios significantly reduces the likelihood 

that a fetus will be able to undergo version (Hofkeyr et al. 1986), largely because the 

fetus has more difficulty moving in the relatively restricted available space (Sival et al. 

1990). In contrast, polyhydramnios provides the fetus with an environment similar to that 

of the second trimester when movement is unrestricted, resulting in a random orientation 

of the fetus (Dunn, 1976b). 

Parity has a similar infiuence. The incidence of breech presentation is higher among 

first, compared with subsequent, births (Ray1 et al. 1996; Todd and Steer, 1963). A fehis 

of a primigravida has less available space in the third trimester than that of a multigravida 

due to reduced extensibility of the uterine wall and abdominal musculature. 

Nevertheless, when al1 breech births are analyzed, 60 percent are subsequent, rather than 

first, births (Jonas and Roder, 1993). Grand multiparity, defined as more than five 

deliveries of a fetus of viable age, is also associated with a higher rate of breech 

presentation (Berendes et al. 1965), presumably becawe the fetus is less constrained at 

the end of pregnancy. 

Overall, mechanical maternai factors such as uterine malformations or 

oligohydramnios have been identified in Iess than 15 percent of breech births (Luterkon 

et al. 1984). It is clear that these mechanical restrictions are not the sole cause of breech 

presentation. 



The Fems 

What of the third factor, the fetus? In 1947, Stabler proposed a mechanism of 

spontaneous cephalic version comprising the interaction of two cornponents: the change 

in uterine shape in the later stages of pregnancy and kicking. Fetal kicking up until the 

7th month is believed to result in sequentid somenaulting due to contact of the feet with 

the relatively spheroid uterus. As pregnancy nears completion, the uterus becomes 

increasingly broad at the fundus and relatively narrow within the pelvis. When the 

buttocks are lowermost, the fetw has only to give a small kick before the pelvis is 

encountered, enhancing the effectiveness of the kick and facilitating cephalic version. 

Once in cephalic presentation, the fetus kicks ineffectualiy into the sofier uterine and 

abdominal walls. Stabler proposed that by the end of the third aimester, fetal kicking 

will much more rapidly and easily convert a breech to a cephalic presentation, than the 

other way around. 

Support for the notion that fetai kicking is an important determinant of presentation 

at birth can be found by investigating congenitai anomalies that adversely affect the 

neuromuscular function of the fetus. Indicators of neuromuscular function are strength 

and the quality of muscle tone. If either of these are impaired, one might expect an 

increased incidence of breech presentation. In fact, the weaker the iower extremity 

musculature, the more likely the fetu is to present in the breech at the time of delivery. 

The majority of infants with a thoracic level myelomeningocele will present by the 

breech while breech presentation occun in only 35 percent of those with lumbosacral 

involvement ( D m ,  1 976b). A similar dose-response relationship between 

neuromuscular dysfunction and breech presentation is found arnong fetuses with 

disorders of muscle tone (Smith, 1976). Fetuses with severe hypotonia (Prader-WU or 

Zellweger Syndromes) are much more likely to present in the breech than fetuses with 

rnild or moderate hypotonia (Dom Syndrome). In nim, fetuses with Down Syndrome 

are more likely to present by the breech at birth than are genetically undected fetuses 

@unn, 1976b). Similarly, the association between breech presentation and 

hypopituitarisrn is specdated to operate through a mechanism of hypotonia s e c o n d q  to 

a congenitd midline brain malformation (deZegher et al. 1995). While breech 
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presentation at birth is relatively common among infants with congenital disorders, the 

vast majority of breech-presenting infants are morphologically normal. Does a difference 

in the neuromuscular h c t i o n  of a stmcturally normal fenis explain a propensity to 

breech presentation? 

Fetal growth has long been identified to be impaired in fetuses presenting by the 

breech; breech-presenting fetuses are smaller than their cephalic counterparts (Berendes 

et al. 1965; von Numers, 1952) even when gestational age is controlled for (Luterkort et 

al. 1984). Impaired fetal growth has been found to predate breech presentation, rather 

îhan breech presentation per se having an inhibitory effect on growth (Zhang and 

Schvringl, 1993). Less than optimal growth may coexist with reduced fetal vigour and 

weaker kicking. increasing the likelihood that a smaller fetus will present by the breech at 

the tirne of delivery. The p n m q  cause of both reduced fetal growth and vigour rnay be 

placenta1 (Ingemarsson et al. 1990) or fetal (Luterkort and Gennser, 1987) circulatory 

insuficiency, resulting in prenatai hypoxia. Indeed, intrapartum asphyxia (Dunn. 1976a) 

and higher than expected cord hematocrit values (Dunn. 1976b) occur more fiequently in 

breech than cephalic delivenes. Clarification of the circulatory hypotheses remains to be 

made (Luterkort and Gemser. 1987); more detailed postpartum placental examinations in 

the hiture may reveal rnicrovascular abnormalities (Altschuler, 1993) that are associated 

with prenatal hypoxia, reduced growth, and breech presentation. 

Fetal vigour may also be affected by materna1 health. Increased rates of breech 

presentation have been docurnented in pregnancies complicated by matemal diabetes 

(Ray1 et al. 1996)' excessive prenatal caffeine exposure (Barr and Streissguth, 1 99 l), 

materna1 alcoholism (Halliday et al. 1982), and psychotropic drug abuse (Silver et al. 

1 987). Reduced fetal activity is associated with al1 of these adverse intrautenne 

environmental conditions. 

Further support for the importance of fetal movement in determining presentation at 

birth is obtained fiom evidence associated with infants who have been identified to have 

increased motor cornpetencies, rather than impaired movement, early in life. Infants of 

Black African descent have been identified to exhibit such early motor precocity (Cintas. 

1988). These fetuses assume spontaneous cephalic version later in gestation, despite the 



influence of an increasingly restrictive available uterine space in which to move 

(Hofmeyr et al. 1986). In addition, they are half as likely to present by the breech at the 

time of binh compared with Caucasian fetuses (Berendes et al. 1965; Hofineyr et al. 

1986; Ray1 et al. 1996; Todd and Steer, 1963), even with parity controlled for. This 

supports the view that motor fünction is an important determinant of presentation at birth. 

Data associated with umbilical cord iength also support the notion of pre-existing 

motor differences among breech-presenting infants compared with cephalic-presenting 

kfants. Because the tensile forces exerted on the cord secondary ta fetd movements are 

important determinants of cord length, umbilical cord length is considered to be a 

reflection of fetal activity. Mon of the umbilical cord length is establisbed during the 

first wo trimesters, when the f e w  is free to move. A normal slowing of the growth rate 

of the umbilical cord occurs during the last trimester, when the fems becomes 

increasingly inhibited by a reduction of available uterine space due to increased fetal 

growth and a relative reduction in the volume of amniotic fluid (Miller et al. 198 1). 

Animal work has demonstrated that the length of the umbilical cord is inversely 

proportionai to the duration of inhibition of fetal movement by temporary paralysis 

(Moessinger et al. 1987). Because breech-presenting infants have shorter umbilical cords 

(mean of 53 cm) than cephalic-presenting infants (mean of 57.5 cm), it has been 

concluded that breech fetuses have decreased Ievels of motor activity (Soernes and 

Bakke? 1986). Naeye (1 985) reported that children who had very short umbilicd cords 

(less than 40 cm) were more likely to exhibit two or more abnormalities on a neurological 

examination at 7 years of age. This snidy provides further support for the premise that 

motor abnormalities arise before, rather than during, labour and delivery. 

Investigators who have extensively studied early fetal movement support the view 

that motor functions are important detemiinants of fetaI orientation in utero. With the 

advent of real tirne ultrasound scanning? early fetal motor patterns are now observable 

and quantifiable, thereby permitting the study of neuromotor developrnent. Fetai 

movements have recently been investigated in an attempt to cIariQ the causative factor of 

breech presentation. Suzuki and Ymamuro (1985) demonstrated that at about 30 weeks 

gestation cephalic version of the fenis occurs as the fetus attempts to accommodate itself 
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to the shape of the uterus by active whole body movements. They propose that if these 

body movements are weak or absent. cephalic version does not occur and breech 

presentation is established. Milani Comparetti (1 98 1) suggests that antecedents to the 

placing and stepping reflexes noted after birth are critical in the determination of cephalic 

presentation pnor to birth. Bot .  groups conclude that the important causative factor of 

breech presentation is the fetus itself and its inability to actively move and assume a 

cephalic presentation. Recently, term breech fetuses have been observed to have 

different, and more variable, eye movements than term cephalic fetuses (Takashima et al. 

1995). Although the authors speculate that these differences may signal problems with 

the developing brain, specific neurological irnpairments or consequential alterations in 

function have not been clarified. 

In addition to taking an active role in establishing presentation. the fetus is believed 

to initiate and participate in the processes of labour and delivery, both physiologically 

(Olsen et al. 1995) and physically (Milani Comparetti, 198 1 ). This awareness of fetal 

collaboration in labour suggests that a disorder of delivery may be due, in part, by a 

movement disorder of the fetus; hence. disorders of labour may be the consequence rather 

than the cause of intrinsic fetal problems that later may manifest as cerebral paisy (Freud. 

1 897. cited in a translation published in 1968; Milani Comparetti, 198 1). 

These findings have been expanded in light of several epiderniological midies of 

cerebral palsy. Breech presentation was reported as being an important risk factor for 

cerebral palsy in the US. National Collaborative Perinatal Project (Nelson and Ellenberg, 

1985). Arnong infants with birth weights of greater than 2500 gmms, breech-presenting 

infants were found to be 3.9 times more likely to be diagnosed with cerebral palsy than 

their cephalic counterparts. When breech presentation and breech delivery were 

evaluated simultaneously by means of multivariate analyses, breech presentation rather 

than breech delivery was the significant predictor of cerebral palsy (Nelson and 

Ellenberg, 1986). A separate group of investigators evaluated the outcome of 1240 

breech-presenting infants and found no difference in the relative risks for vaginal 

compared with abdominal delivenes in the outcornes of cerebral palsy and developmental 

delay (Croughan-Minihane. 1990). These fmdings suggest an inherent difference arnong 
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breech-presenting fetuses, rather than an effect of mode of delivery. Breech presentation 

may be a marker of risk without necessarily being the cause of poor outcomes. 

The present state of knowledge of the mechanism of breech presentation suggests 

that a failure to assume spontaneous cephalic version by the end of pregnancy is 

inadequately explained by pelvic or uterine factors. The association of fetal rnovement 

problems and the heightened risk of cerebral palsy with breech presentation, and the 

increasing evidence that mode of delivery does not explain d l  of the adverse outcomes 

associated with breech presentation, suggest that a pre-existing motor disorder in the fetus 

may greatly increase the Iikelihood of a breech presentation. Collectively, a wealth of 

supporting evidence suggests that motor differences predispose the f e u  to breech 

presentation, rather than breech presentation causing a difference in motor development. 

Evidence on the relationship between breech presentation and fetal variables associated 

with movement such as fetal growth. matemal health. race, and umbilical cord length 

suggest that rnotor differences have antenatai rather than intrapartum origins. 

In the past, Lilienfeld and coileagues (Lilienfeld and Parkhunt, 195 1 ; Lilienfeld and 

Pa~arna~ick, 1955) observed that various complications of pregnancy are associated with 

a spectrum of damage that ranges £iom abortion through stillbirth and neonatal death to 

include a sublethal component of brain damage, which is manifest as cerebral palsy. 

epilepsy. and minimal cerebral dysfunction. They referred to this phenornenon as "a 

continuum of reproductive casualty". Breech presentation, as a complication of 

pregnancy, is also associated with higher rates of perinatal mortality and neurological 

morbidity. Sirnilarly, associations between breech presentation and both epilepsy 

(Churchill, 1 959) and learning difficulties (Fianu, 1976; Fianu and Joelsson, 1979) have 

been identified. If this continuum of reproductive casualty exists, one would expect 

differences in the pattern of motor development arnong breech-presenting infants 

compared with cephaiic-presenting infants, with the origin of the differences in 

development being antenatal rather than intrapartum. 
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Continuitv of Motor Fumions fiom Prenatal to Postnatal Life 

Clearly, the best method to investigate this motor hypothesis would be to enroll a 

cohort of fetuses into a study at some point past midgestation, follow their in utero motor 

development until terrn using visual ultrasound, and then analyze the results according to 

presentation at birth. Two significant problems are associateci with this approach. First, 

given the incidence of term breech presentation of 3 to 4 percent, and the possibilities for 

cephalic version nght up until the time of delivery, a large number of fetuses would have 

to be enrolled in order to obtain a sufficient number who would remain as breech. 

Second. detailed fetai motion studies are difficult to conduct at the end of gestation. The 

current state of ultrasound does not readily permit real t h e .  three dimensional evaluation 

of the entire fetus in the second half of gestation (Lyons. 1993; Raybuni. 1995). 

Although a psychometrically sound method of measunng fetal movement is under 

developrnent. it has not been completed (Sparling and Wilhelm. 1993). 

Investigations have indicated, however, that no neonatal pattern of movement c m  be 

considered to onginate at birth (Milani Compareai' 198 1 ); rather, the fetus has been 

s h o w  to have rich and varied movement patterns (Ianniruberto and Tajani, 1981), 

including the full repertoire of movements of the neonate (DeVries et al. 1982). Close 

follow up of pretenn infants bom at varying gestational ages suggests that neuromotor 

development is not affected by the change in environment at the time of birth. Instead, 

neuromotor development continues dong a predetermined trajectory. Infants bom at less 

than 32 weeks gestation have been found to have similar neuromotor development as 

infants born between 32 and 36 weeks gestation when compared at 35 and 40 weeks 

postconceptional age (Piper et al. 1989a). Similarly, the expression of primitive reflexes 

in extremely premature infants evolves as detemined by biological age (Allen and 

Capute, 1986). Accordingly, the assessrnent of early infant development is believed to 

provide important information on the prior capabilities of the fetus. 
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Summarv 

The present state of knowledge of the rnechanism of breech presentation suggests 

that a failure to assume spontaneous cephalic version by the end of pregnancy may be due 

to a pre-existing motor difference in the fetus. Evidence on the relationship between 

breech presentation and fetal variables associated with movement such as fetal growth, 

matemal health, race, and umbilical cord length suggest that motor differences have 

antenatal rather than intrapartum ongins. Delivery of such breech-presenting infants by 

tirnely cesarean section will not solve their intrinsic problems. 

Previous investigations have focused on the relationship between breech birth and 

pennatal mortality, major neurological handicap. or immediate postpartum statu. While 

certain increased nsks have been noted, until recently these risks have been amibuted to 

mode of delivery rather than pre-existing motor disorders. Yet, no information is 

currently available about the detailed early motor development of infants who are bom 

breech. If, indeed, breech presentation is a result of inherent motor differences of the 

fetus, and if the fetus exhibits iu utero al1 the movements of the neonate? it can be 

hypothesized that breech-presenting infants will exhibit patterns of early motor 

development that differ fiom those exhibited by cephalic-presenting infants. 

Footnote: 

1. A version of this section has been presented as a poster at the 1993 annual meeting of 

the American Academy for Cerebral Palsy and Developmental Medicine and 

subsequently published in the body of an annotation by Doreen Banlett and Nanette 

O h :  Breech presentation: A random event or explainable phenornenon? Developmental 

Medicine and Child Neurology, 36, 833-838, 1994. This material is used with permission 

of the MacKeith Press (publishers of Developmentul Medicine and Child Neurology) and 

the coauthor of the annotation (Nanette Okun). 



Chapter 3 

Method 

Objectives 

1. To examine a possible underlying mechanism of breech presentation by determining 

whether tenn breech-presenting infants differ fiom term cephalic-presenting infants in the 

pattem of early motor and physical development as measured by growth parameten, 

primitive reflexes, joint angles? motor performance. neurological status, and minor 

congenital anomalies. 

2. To determine whether term breech- or cephalic-presenting infanrs who are delivered 

vaginally differ fiom similar infants who are delivered via cesarean section in the pattern 

of early motor and physical development. 

3. To detemine whether there is an interaction between presentation (breech versus 

cephalic) and mode of delivery (vaginal versus cesarean section) in the pattern of early 

motor and physical development. 

Research Hvpotheses 

1. There will be significant differences between terni breech-presenting infants and 

term cephalic-presenting ùifants in some of the measured dependent variables. 

2. There will be no significant differences between infants who are delivered via 

cesarean section and infants who are delivered vaginally in the pattem of early motor and 

physical development. 

3. There will be no significant interactions between presentation (breech versus 

cephalic) and mode of delivery (vaginal versus cesarean section) in the pattem of early 

physical and motor development. 
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Sarnple and Design 

A cohort of term breech-presenting singletons who were born at either the Royal 

Alexandra Hospital or the University of Alberta Hospitals were identified between May 

1993 and June 1995. Prior to hospital discharge, the mothers of breech-presenting infants 

who were delivered either vaginally or by cesarean section between 37 and 42 completed 

weeks of gestation with birth weights greater than 2500 gmms were approached and 

recruited into the study upon consent. Gestational age at birth was detemiined by the last 

menstnial penod andlor early ultrasound and confmed by clinical assessment (Dubowitz 

et al. 1970); if questioned at the tirne of birth. 

Al1 types of breech presentations were included. Infants who were believed to 

present as breech due to factors such as uterine anomalies or oligohydramnios were 

considered for recruitment. Breech-presenting infants with major congenital anomalies 

or known or suspected chromosomal abnormalities or syndromes were excluded. 

A cornparison cohort of term cephalic-presenting singletons (37 to 42 compieted 

weeks of gestation) with birth weights greater than 2500 grams were recruited fiom the 

same hospitals as the study subjects. These infants were matched to breech-presenting 

infants on gender and mode of delivery (vaginal versus cesarean section). In addition, an 

attempt was made to match infants within the cesarean section groups on indication for 

the procedure (elective versus following triai of labour). A cephalic-presenting infant 

was recruited following completion of each newly recruited breech-presenting infant's 

term assessment to control for the effects of differences in overall early management over 

time. Infants with major congenital anomalies were excluded. 

The recmited infants were followed longitudinally for evaluation of motor and 

physical development through the first eighteen months of life. With the temporal 

sequence of this research design, the independent variables are type of presentation: 

breech versus cephalic, and mode of delivery: vaginal versus cesarean section. The 

dependent variables are components of motor and physical development: growdi 

parameters, primitive reflexes, joint angles, motor performance, neurological status, and 

minor congenitai anomalies. The outcome mesures were administered by raters who 

were unaware of the infants' presentation and delivery histones. 



Data Collection 

Measurement of Independent Variables 

Appendix 3A contains the terni data collection sheet outlining the factual 

information transcribed fiom the hospital record shody after birth to check the inclusion 

and exclusion criteria. These data were used to descnbe the groups and to ensure 

comparability of the groups on potential confounding variables such as parity and eduiic 

ongin. 

The type of presentation was identified at the onset of labour. The mode of delivery 

was determined at the discretion of the attending physician using the guidelines 

recornrnended by the Canadian Medical Association Consensus Conference on Aspects of 

Cesarean Birth (1986) and was not infiuenced by the study. These guidelines suggest that 

planned vaginal birth should be recornmended in the case of term singleton fkank or 

cornpiete breech pregnancies with estimated birth weights between 2500 to 4000 grams. 

At the same t h e ,  the guidelines recognize the importance of medical education programs 

and physician expenence in the acquisition and maintenance of the skills required for safe 

vaginal-breech birth. Footling presentations and complications involving 

oligohydrarnnios and hyperextension of the fetal neck favour cesarean section. In 

Edmonton, in accordance with experience elsewhere (Ferguson et al. 1987; VanDorsten 

et al. 198 l ) ,  extemal cephalic version may be attempted with the breech-presenting fetus 

d e r  37 weeks gestation under ultrasound guidance in proximity to the labour and 

delivery area. Whether or not the version was successfd, the infant was analyzed as 

breech presentation. Information on whether or not the delivery included labour, and if 

so, whether the onset was spontaneous or induced, and whether the progress of labour 

was normal or augmented aIso was recorded on this fonn. In addition, whether the mode 

of delivery was planned or unplanned was recorded. 

Measurement of Dependent Variables 

The assessment of motor and physical developrnent encompasses evaluation of 

physical growth parameters, primitive reflexes, range of motion, motor perfomance, 

neurological status (Stengel, 1991), and congenital anomalies. In order to adequately 

capture the very early motor and physical developrnent. infants were evaluated fiequently 
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in the fim half year, and less fkequently thereafier. They were evaluated soon after birth. 

at 6 weeks, and then at 3,5,7, 10: 15, and 1 8 rnontbs. 

Phvsical Growth: Physical growth was documented through the standard 

techniques of rneasuring length. weight, and head circumference at each 

assessrnent session. 

Pnmitive Reflexes: The antecedents to the primitive reflexes are believed 

to be critical in enabling the fetus to assume cephalic presentation and to 

actively collaborate in the delivery (Milani Comparetti, 198 1). This 

suggests that fetuses who do not assume cephalic presentation may have 

absent or weak primitive reflexes. Primitive reflexes were measured using 

the Primitive Reflex Profile (Capute et al. 1978). This profile was 

developed to measure the presence and intensity of the asymmetrical tonic 

neck syrnmetncal tonic neck, positive support. tonic labyrinthine (prone 

and supine), segmental rolling (head on body and body on body), Galant, 

and Moro reflexes fiom birth to 24 morrr-hs. Each of the reflexes is rated 

on a 5 point ordinal scale ranging from O (absent) to 4 (obligatory). Inter- 

rater reliability on individual items ranged fiom 72.1 to 95.0 percent 

(Capute et al. 1984). Appendix 3B contains a form developed to record 

the primitive reflexes. This form also contains four additional primitive 

reflexes: upper and lower extremity grasp reflexes, lower extremity 

placing, and stepping (Allen and Capute, 1986). These reflexes are also 

rated on an ordinal scale and were incIuded because they measure two of 

the reflexes Milani Comparetti (1 98 1) considered to be important for 

determination of presentation pior to delivery (placing and stepping). 

Primitive reflexes were evaluated afler birth, at 6 weeks, and at 3 and 5 

months. 

Ranee of Motion: The clinical picture of a fia& breech-presenting 

neonate (the most comrnon type) is one of extreme hip flexion and 

adduction and full knee extension. It is important to determine whether 

this variation in early alignrnent is associated with a different pattern of 
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motor development (Sival et al. 1993). Joint angles were rneasured using 

five items of the Infnt  Neurological International Batfery (INFMIB) 

(Ellison et al. 1985; Ellison, 1994). This 20 item instrument has five 

factors or subscales: Spasticity, Vestibular Function, Head and Trunk, 

French Angles, and Legs. The angles included in the French Angles 

subscale are the scarf sign, heel to ear, popliteal angle, and leg abduction. 

Although dorsiflexion of the foot was not included in the French Angles 

factor, data also were coilected on this variable. Total score reliability was 

found to be .91 and reliability for the French Angles factor was .89 

(Ellison et al. 1985). The quantified scoring system enables cornparison of 

infants on item scores, subscores (factor scores): and total scores (Ellison, 

1986). Appendix 3C contains the items fiom the French Angles factor and 

ankle dorsiflexion of the I1VFANl.B. These items were assessed at al1 

assessment sessions, excluding the one at 18 months. 

To assist in detennining whether joint hypermobility is the cause or 

effect of breech presentation, an assessment of generalized joint laxity was 

conducted at 18 months. Guidelines for the assessment of inherent laxity 

of elbow extension, knee extension, thurnb to the vola aspect of the 

forearm (thurnb-to-wrist), and 5th metacarpophalangeal joint extension 

were proposed by Beighten et al. (1 989). Each of the four motions, which 

are inhibited by capsulo-ligamentatous rather than neuromuscular 

structures, are categorized "nomal" (O) or "hypennobile" (1 ) as indicated 

by the cnteria on the form in Appendix 3D. Three of these motions 

involve the upper extremities and are therefore not expected to be 

influenced by breech presentation, but rather permit evaluation of inherent 

joint laxity. A fifth motion suggested by Beighten et al. (1989) - palms to 

the floor - was excluded because it primarily measures extensibility of 

neuromuscular, rather than ligamentous, structures. Both left and right 

sides were scored separately for a maximum inherent joint laxity score of 

8. Reliability of this measure was not reported by the authors. In this 
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study, scoring was done directly in clear cut cases; a goniometer was used 

for joint motions close to the cut-off point. 

otor Pe-: Gross motor development was rneasured using the 

Alberta I@nt Motor W e  (AIMS) (Piper and Darrah, 1994). The AIMS is 

a n o m  referenced, observational assessment designed to identifjr infants 

whose motor performance is delayed or aberrant relative to the normative 

group and to evaiuate change in infant motor behavior over time. It 

identifies motor developmentai sequences by assessing 58 items in prone, 

supine, sitting, and standing from birth to the anainment of independent 

walking. The AIMS captures the components of weight bearing, posture, 

and antigravity movements through drawings and specific criteria in these 

categones. Using the normative data, it is possible to convert the raw 

scores to percentile scores for each month age range nom 1 to 15 rnonths. 

Inter-rater and test-retest reliabilities are very high (r  = .99 for both) (Piper 

and Darrah, 1994). A sample portion of the AIMS is contained in 

Appendix 3E. The AIMS was completed at each assessment from 6 weeks 

through 15 months, at which point most infants were expected to reach the 

highest score. The meanire was administered at 18 months only on those 

infants who had not obtained ceiling scores at 15 months. 

At 15 months, rnotor development was rneasured using the Peabody 

Developmental Motor Scales (PDMS) (Folio and Fewell, 1983). The 

PDMS is a standardized assessment tool which evaluates fine and gross 

motor development between birth and 83 months of age. Raw scores may 

be converted into an age equivalent, a deveiopmental motor quotient, a 

percentile ranking, or a standardized score. Test-retest reliability 

coefficients of .95 and .80 and inter-rater reliability coefficients of .97 and 

.94 for the two subscales are reported by the authors. Appendix 3F 

contains sarnple pages of the fine and gross motor subscales of the PDMS. 

eurolopical S t a u :  Increased rnorbidity in ternis of neurological s ta tu  

was determined on two occasions in this study. Shortly &er birth, The 
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Neurological Assessrnent of the Preterm and Full-term Newborn I n f a n t  

(Dubowitz and Dubowitz, 1 98 1 ) was administered. The assessment 

comprises two items on habituation (auditory and visual) followed by 16 

items on posture, movement, and tone, then 5 primitive reflexes and 

finally 7 neurobehavioural items. Each item is rated on a 5 point ordinal 

scde ranghg fiom a minimal to maximal response (although occasionally, 

a score of "5" indicates abnomaiity). This examination has been used 

extensively by local investigators (Piper et al. 1989a), who have achieved 

good inter-rater reliability with a correlation of greater than .80 between 

raters' scores. The predictive validity of this examination has been 

reported as exceedhg that offered by ultrasound scans in terms of 12 

month outcomes (Dubowitz et al. 1984). The movement and tone 

subsection of the Dubowitz' assessment is contained in Appendix 3G. 

The overidl neurological status was deterrnined at 18 months using the 

Neurological Eramination of the Collaborative Perinatul Projecl (Hardy 

et al. 1979) administered by one pediatrician. This exarnination involves a 

complete standard pediatric examination, including assessment of 

neurologicd function and developmental skills, in order to enable the 

physician to judge the overall status of the infant (normal, suspect, or 

abnormal). Only the data on this physician's final judgment were used in 

the analyses. 

r C-: Because both the central nervous system 

and minor extemal malformations a i se  f?om primitive embryonic 

ectodenn, a constellation of findings such as skin tags, hair whorls, or 

anomalies of placement or orientation of the eyes, mouth, nose, or ears is 

considered indicative of aberrant embryonic development of the central 

nervous system (Miller, 1989; Smith and Bostian, 1964). If breech- 

presenting infants have lower motor scores and a greater nurnber of rninor 

anomalies than cephalic-presenting infants, evidence for the etiology of 

breech presentation being inherent to the fetus and originating early in 



prenatal tife would be provided (Miller, 1989; Coorssen et al. 199 1). The 

number and type of rninor congenitd anomalies were transctibed fiom the 

hospital discharge pediatric examination to the term data collection fonn 

(Appendix 3A). The discharge exam encompasses evaluation of the head 

and neck, abdomen, and skin, as well as the respiratory, cardiac, 

genitourinary , and neurologie systems. In addition, the Neurological 

h i n a t i o n  of the Collaborative Perinatal Project (Hardy et al. 1 979) 

dso incorporates evaluation of the structure of the eyes, ears, nose, neck, 

thorax, skin, and hands and feet. The number and type of minor 

congenital anomalies associated with an ectodermal ongin were recorded. 

Assessment of minor congenital anomalies at the ùme of hospital 

discharge is known to be inconsistently recorded (Snell et al. 1992). An 

attempt was made to collect data on minor congenital anomalies from two 

sources: the hospitai discharge pediatnc examination (conducted by many 

pediatricians) and the 18 month examination of the Collaborative Perinatal 

Project (conducted by one pediatrician). This second evaluation is very 

detailed, thus enhancing the likelihood of detecting al1 minor anomalies. 

The particular ages for follow-up assessment were selected because: 6 weeks and 3 

and 5 months are ages at which changes in joint angles and primitive reflexes occur; 5 

months is the age at which most infants have achieved symmetry and some axial control 

in flexion and extension; 7 months marks the onset of prone mobility; 10 rnonths 

provides the oppomuiity to identify the early walkers; and evaluation at 15 months will 

identify the late walkers. The final follow up at 18 months was chosen because the 

ability to wak independently by this age is an important indicator in the identification of 

infmts who are developing within normal limits versus those with persistent 

abnonnalities (Amiel-Tison and Grenier, 1 983). 

le Sizg 

Sarnple size calculations were based on the main dependent variable of intererest: 

motor performance as measured by the AIMS. Appendix 3H contains the calculations. 
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An anticipated attrition rate of 15 percent over the course of this longitudinal study was 

based on a recently completed longitudinal investigation of uifants in Edmonton, Alberta, 

in which an 1 1 percent dropout rate was experienced (Piper et al. 1989b). A proposed 

ce11 sample size of 45, allowing for attrition, was shown to be sufficient to determine 

clinically significant main effects and interactions over time. Forty-five infants were 

planned for the two breech presentation cells, resulting in an overall total sample size of 

180 infants when matched with cephalic-presenting infants on mode of delivery. 

Recruitment of these infants was expected in 18 months based on previous delivery rates 

and anticipated interest in the study. 

Reliability of Raters 

nie term assessments were primady conducted by DB (the doctoral candidate). who 

received initial training From an examiner with extensive expertise using the Dubowitz' 

assessment. Two additionai raters conducted the term assessments. Inter-rater reliability 

of select items on The NeuroZogical Assessrnent of the Prererm and Full-Term Newborn 

Infant (Dubowitz and Dubowitz. 1981) (the first 12 items in the Movement and Tone 

section. al1 six reflex items. and auditory and visual orientation), al1 thirteen items of the 

adapted Primitive Reflex Profie (Capute et al. 1978), and items 2 to 6 of the INFANZB 

(Ellison. 1994) was determined by cornparhg each rater's responses with those 

independently recorded by DB. The cntena of greater than or equal to 75 percent item 

agreement on al1 selected items' and greater than or equal to 90 percent item agreement 

within 1 point. were set. These criteria were met on three initial assessments (that is, 

before the additional raters could conduct assessments independently), and on one follow- 

up assessment. 

The results for the initial and follow-up reliability assessments for both additional 

terni raters are contained in Appendix 31. The first rater achieved between 76 and 84 

percent item agreement initially, and 82 percent agreement on follow up. The second 

rater achieved 76 percent item agreement initially, and 92 percent on follow up. Both 

raters achieved greater than 97 percent item agreement within one point of DB's ratings 

at both the initial and follow-up checks. 
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The follow-up assessments, which included the AIMS, the Primitive Reflex Profle, 

and selected items fiom the NFANIB at 6 weeks and 3 and 5 months, only the AIMS and 

BVFANB items at 7 and 10 rnonths, and the PDMS at 15 months, were primarily 

conducted by DB, with major assistance fiom one additional rater, and minor assistance 

fiom one M e r  rater. Reliability of the follow-up assessments was conducted in a 

manner similar to that of the term evaluations: agreement on selected items was 

detemiined by comparing each rater's responses with those independently recorded by 

DB. Because reliability indices of the total score on the AIMS are inflated with age if ail 

items are included, analysis comprised those items in the "window" in each section, 

defmed by 2 items below the lowest item and 2 items above the highest item observed by 

DB. A similar strategy was used when evaluating comparability of s c o ~ g  on the PDMS. 

Appendix 3J contains the data on the reliability of the follow-up assessors. 

For the first rater, agreement for items assessed over time at 6 weeks, and 3 to 10 

months was greater than 97 percent when evaluated within 1 point. Actual percentage 

agreement ranged from 76 to 100 percent. For the second rater, agreement within one 

point ranged fiom 9 1 to 100 percent; actuai percentage agreement ranged fiom 72 to 86 

percent. 

For the 15 month assessments, al1 of which were conducted by either DB or Rater 1. 

al1 items were within 1 point, with exact item agreement ranging fiom 93 to 94 percent. 

Agreement for the 18 month assessment of Generalized Joint Laxity was consistently 100 

percent. 

Pracedures 
Two research assistants identified breech- and cephalic-presenting infants from the 

delivery log books at either the Royal Alexandra Hospital or the University of Alberta 

Hospitals. These recmiters contacted each eligible rnother while she was still in hospital 

to explain the nature of the study and to leave her with an information pamphlet 

(Appendix 3K). The farnilies were given t h e  to consider whether they wished to be 

involved in this longitudinal study. If they agreed to participate, the rnother's name was 

given to the person conducting the term assessrnent, who clarified aspects of the study 

and obtained written consent (Appendix 3L) before completing the initial examinations. 
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The families were asked to refhin korn discussing their infants? birth history with the 

examiners. Data fiom the heaith record were transcnbed ont0 the tenn data collection 

sheet (Appendix 3A) by the recruiter once consent had been obtained. 

The examiners aimed to m e s s  each infant after the fist 24 hours, to allow the major 

birth and position effects to be dissipated and to give families adequate thne to consider 

senously their enrollment in this longitudinal study, and before the infant was discharged 

home. If the family was discharged home fiom hospital before the h t  assessment could 

be cornpieted, arrangements were made to conduct the examination in the family's home. 

The study coordinator made arrangements for the mothers ancilor fathers and their 

iofants to retum at intervals through the f is t  18 months to complete d l  of the 

examinations. Appointments were made close to the exact ages under investigation to 

ensure that possible differences between groups are not afYected by variation in 

chronological age. Examiners were unaware of the infants' presentation and mode of 

delivery at birth. 

Ethical Considerations 

Consent from the Ethics Cornmittees of both the University of Alberta Hospitals and 

the Royal Alexandra Hospital was obtained before the onset of the study. lnformed 

consent was obtained from the parents before an infant was enrolled in the study. 



Chapter 4 

Results 

The data were entered using SPSS Data Entry II (SPSS Inc., 1987) and checked 

using the "vaiid-entry specification" feanire. Data entry was completed by two people: 

one reading the'data fiom the hard copy and the other entering the data using the personal 

computer. Random second checks were conducted throughout the three-and-one-half 

year penod of data collection to ensure comparability of the information between the hard 

copy and the computer version. The raw data are contained in Appendices 4A to 40. 

Descriptive and inferential analyses were conducted using SPSS/PC+ Base and Advanced 

Statistics. Version 5.0 (SPSS Inc., 1992). Descriptive results are presented in tables, for 

al1 variables. and box-and-whisker plots, for growth, joint flexibility, and Alberta Infant 

Moior Scale (AIMS) data, using information collected from a11 subjects. Inferential 

results utilize only those cases with complete data for each variable at the appropriate 

chronological ages (Appendices 4P to 4Y). 

Sarnpie Characteristics 

Descriation 

The recniited sample consists solely of singleton full-term infants with birth weights 

greater than 2500 gram and no major congenital anomalies bom either at the Royal 

Alexandra Hospital or the University of Alberta Hospitals between May 1993 and June 

1995. The cesarean and vaginal delivery groups comprise 50 and 40 infants respectively, 

in both breech and cephdic presentation categories, for an overall total of 180 infants. 

Initially, a sample size of 45 in each of the 4 study cells was anticipated; however, the 

vaginal delivery rate for breech-presenting infants dropped over the course of the study. 

At the Royal Alexandra Hospital, the vaginal births for this group of infants dropped 

frorn 34 to 25 percent. Through 1993, the vaginal delivery rate for breech-presenting 

infants bom at the University of Alberta Hospitals remained similar to the prestudy 

values (25 versus 26 percent). Unfortunately, data for 1994 and the first part of 1995 

were not compiled at this facility due to a major cut-back in support s t a f f  and the 
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subsequent closure of the Depamnent of Obstetncs. The reduction in the vaginal-breech 

delivery rate 1ed to a final sarnple s i x  of only 40 infants in each of the vaginal delivery 

groups, despite having added 6 months to the planned 18 month penod of subject 

recruitment. In addition, at the end of the first year of data collection, an attrition rate 

slightly higher than initially anticipated (1 8 versus 15 percent) led to the decision to 

recruit 50, instead of 45, infants in each of the groups. The subsequent decline in the 

vaginal-breech delivery rate made this higher target unattainable in a reasonable time 

fiame in the remaining two cells. 

The infant, matemal, and delivery characteristics of the four groups are summarized 

in Table 4-1. Overall, more females than males were reckited (94 versus 86). Most of 

the infants (n=106) were recmited fiom the Royal Alexandra Hospital, which, as of the 

end of June 1995, has become the sole tertiary-care maternity hospital in Edmonton. In 

al1 groups, the majority of the infants were Caucasian and bom to women in their mid- 

menties to mid-thirties. 

AI1 but one of the cephalic infants assumed a vertex presentation; subject 97 assumed 

face presentation. Classification of the type of breech presentation for infants delivered 

abdominally and vaginally respectively (n = 50,40) included fiank (n = 19, 19), complete 

(n = 0, 1), incomplete (n = 1, O), double footling (n = 7. l ) ,  single footling (n = 2, 1). and 

unclassified (n = 2 1, 1 8). None of the breech-presenting infants had been noted to 

assume neck hyperextension in ulero. 

Three women. each of whorn delivered her infant by cesarean section, were 

identified to have uterine anomalies. Of these infants, one had been in breech 

presentation (ID 25: partial septum) and two in cephaiic presentation (ID 126, 138: both 

with a history of myomectomies). Unusual volumes of amniotic fluid were reported in 4 

prepancies: two with polyhydramnios (ID 1 1 1, 142), both cephalic-presenting and 

delivered by each mode, and two with oligohydramnios (ID 1 1, 147), the first a cephalic- 

presenting fetus delivered vaginally, and the second a breech-presenting fetw delivered 

abdominally. 



Table 4-1. Infant' Matemal. and Delivery Characteristics 

Characteristic Group 
Cesarean- Cesarean- Vaginal- Vaginal- Total 

Breech Cephalic B reec h Cephalic Sample 
(n=50) (n=50) (n40) (n4O) (N=180) 

Gende? Male 22 22 2 1 21 86 
Fernale 28 28 19 19 94 

GA (weeks) Mean 38.7 39.7 39.0 39.6 39.3 
sd 1 .O I -2 12 1.3 1.2 

Ethn icitya Caucasian 42 37 33 35 147 
Native 1 1 2 2 6 
Oriental 4 4 3 O 

3 
1 1  

Black - 3 O 1 6 
Other 1 5 - 3 - 3 10 

Mat. Age Mean 28.4 29.8 28.5 29.1 29.0 
sd 6.0 5.1 4.6 4.6 5.1 

Labour Present" yes 17 42 40 40 -- 139 
no 3 3 8 - 4 1 

Labour Onset" 
spontaneous 
induced 
not recorded 

Labour Progressa 
nomal 1 1  5 24 23 63 
augmented 7 29 13 17 6 1 
not recorded 37 16 3 - 56 

Type of Delivery" 
planned 42 1 O 1 - 7 -- 55 
unplanned 8 40 - 48 
not recorded -- - 39 38 77 

Apgar Score 
1 minute:Md (Range) 8 (3-9) 8 (3-10) 7 (1-10) 8.5 (3-9) 8 (1-10) 
5 minutes: Md (Range) 9 (7- 1 0) 9 (7- 1 O) 9 (6-10) 9 (6- 10) 9 (6- 10) 

(n=3 9) 

Notes. R = Royal Alexandra Hospital; U = University of Alberta Hospitais; GA = gestational age; sd = - 
standard deviation; Mat. Age = materna1 age in years; Md = median. 
' Frequency; one mother in each of the V-C and C-B cells had 5 and 6 children, respectively. 
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Among the women camying breech-presenting fetuses, review of the delivery records 

indicated that 12 had had a trial of extemal cephalic version. Of the 5 successful 

versions, 4 infants were delivered vaginally (ID 18, 79,96, and 172) and one abdominaily 

(ID 147). AI1 cases of successful version occurred with muitiparous women. Of the 7 

unsuccessful versions, 3 infants went on to be delivered vaginally (ID 21,3 1, 170) and 4 

via cesarean section (ID 34,36,49,64). Four of these women were primigravidae (ID 

3 1, 34,49,64). 

Aithough an attempt was made to match uifants within the cesarean section groups 

on indication for the procedure (elective versus following trial of labour), hospital 

delivery practices at the time of recruitment favoured elective cesarean delivery for 

women with breech-presenting fetuses, in contrast to a trial of labour for women with 

cephaiic-presenting fetuses. A two week period following the recruitment of a breech- 

presenting infant delivered via elective cesarean section was set up to try to acquire a 

strict match. If unsuccessful afier that period, a mode of delivery match was obtained, 

ruling out fetai distress as the reason for the operative delivery. As a result of these 

delivery practices, 84 percent of the cesarean deliveries were reported as elective in the 

breech-presenting group. compared with 20 percent in the cephalic-presenting group. 

One third of the women carrying breech fetuses who ultimately delivered via cesarean 

section were reported to have expenenced labour. in contrast to 84 percent of the women 

in the cephalic-presenting group. 

Among the breech-presenting infants, birth complications included placenta previa 

(ID 1 O)? cord prolapse (ID 106, 1 X ) ,  and nuchal cord (ID 147) for those delivered via 

cesarean section, and respiratory problems (ID 3 1, 38), shoulder dystocia d e r  a 

successful version (ID 79), and brachial plexus injury (ID 171) for those delivered 

vaginally. Complications among cephalic-presenting infants included nuchal cord (ID 

42, 156, 180) and respiratory problems (ID 76,90, 141) in both modes of delivery. None 

of the infants expenenced hypoxic ischemic encephalopathy at the time of delivery. 

Representativeness 

From the 1993 University of Alberta Hospitals Annud Report. the rate of term 

breech presentation arnong singleton births was 3.4 percent, a figure that is consistent 
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with the known incidence of breech presentation among term singletons. The 1993 and 

1994 Annual Reports fkom the Royal Alexandra Hospital document breech presentation 

rates of 5.0 and 5.1 percent of al1 delivenes (that is, including preterm and multiple 

births). The overail cesarean delivery rates for rhese facilities were 19.6 and 18.5 percent 

respectively. During the same period, the cesarean delivery rates for preterm and full- 

term breech presenting fetuses was 80 and 73 percent. By way of descnbing these 

facilities M e r ,  perinatal mortaiity rates among livebirths of greater than 2500 gram 

were 3.6 and 1 -2 per 1,000 births at the Royal Alexandra Hospital and the University of 

Alberta Hospitals respectively. These figures include hospital transfers and high-risk 

term newboms. 

Determining the proportion of eligible breech-presenting infants who subsequently 

participated in the study can only be estimated. Because data conceming breech 

presentation from the Royal Alexandra Hospital comprises infants bom at al1 gestational 

ages and includes both single and multiple pregnancies. these data couid not be used for 

estimation purposes. Therefore, data fiom the 1993 University of Alberta Hospitals 

Report were used: 66 tenn breech singletons were delivered via cesarean section in this 

penod. Between May 1993 and June 1 994, 1 8 terni breech singletons delivered by 

cesarean section were recruited from the University of Alberta Hospitals, resulting in a 

participation rate of 27 percent, assuming that the annual fiequency of breech-presenting 

infants delivered by cesarean section did not change over the fust 6 months of 1994. 

Sirnilarly, 16 term breech singletons were delivered vaginally in 1993. Given that 

recniitment for the vaginal-breech ce11 occurred over two years, the estimated pool of 

eligible subjects is 32. During this period, 19 tenn breech-presenting singletons who had 

been delivered vaginally were recruited frorn this facility, resulting in a 59 percent 

participation rate. Combining the mode of delivery cells, the overall participation rate at 

the University of Alberta Hospitals may be estirnated to be 37.7 percent. 

Infants in the breech presentation cells clearly comprise convenience samples; 

vimially al1 eligible subjects were contacted by the recruiters. In contrast, the cephalic 

presentation cells more closely approximate random samples: the timing of recruitment 

was dependent upon the successfu1 recruitment of a breech-presenting infant. Still, for al1 
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four subgroups, the characteristics of families consenting to participate in the study is 

likely to be different from those decluiing. Specifically, oniy those parents Uiterested in 

early chiid development, who lived reasonably close to the follow-up facility, and who 

had time to participate over the 18 month period of the study consented. 
. . . . 

of 1-characteri~fics the Four Stu 

Analyses yielded nonsignificant differences among the four groups in terms of the 

following variables: gender, hospital of birili, ethnicity, par@, and matemal age. Due to 

the large number of cells with fiequencies less than 5, al1 of the non-Caucasian infants 

were pooled as "other" when evaluating comparability of ethnic classifications. 

Sirnilarly, comparability of parity among the four groups was evaluated by pooling 3 or 

more children into one category. 

Between the two groups of breech-presenting infants, a Chi-square analysis of the 

comparability of three classifications of breech presentation (fiank, other, unclassified) 

showed nonsignificant differences. 

Gestational age at birth was significantiy different among groups. A 2-way ANOVA 

revealed a significant effect for presentation. Breech-presenting infants were delivered at 

an average of .85 of a week earlier than cephalic-presenting infants. 

As suggested by the descriptive data, of the infants delivered by cesarean section, a 

highly statistically significant difference in the proportion of infants experiencing labour 

between the presentation groups was found. Similady, the presentation groups differed in 

the proportion of infants who were actually delivered according to plan. 

Of the infants delivered vaginally, no significant differences were noted between the 

presentation groups for labour onset (spontaneous versus induced) or the proportion of 

labours receiving augmentation. 

A Kruskal-Wallis 1 -way ANOVA revealed a statistically significant difference 

among d l  four groups on Apgar scores at 1 minute. The vaginal-cephalic group received 

the highest rarJUng (with half of the group receiving scores of 9) and the vaginal-breech 

group received the lowest ranking (with only 20 percent of the group receiving scores of 

greater than or equal to 9). Individual contrasts usinp the Mann-Whitney U test 

detennined significant differences between two sets of groups: vaginal-cephalic / 
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vaginal-breech and vaginal-cephalic / cesarean-cephalic. The Bonferroni procedure was 

w d  to adjut the p value f?om -05 to -0083 for six cornparisons (Duncan et al. 1977). 

The groups did not differ on Apgar scores at 5 minutes. 

A summary of these inferential analyses is contained in Appendix 4P. 

Attrition 

One hundred and seventy-eight infants completed the initial assessment. 

Assessments were not obtained for two infants in the cesarean-breech group. One family 

(ID 8 1) lived quite a distance fkorn Edmonton and had left the hospital before the 

examiner was able to meet with them. The second family (ID 103) left the hospital with a 

study brochure and made contact with the coordinator at three weeks after birth. The 

attrition for subsequent assessments is detailed in Table 4-2. Overall, the permanent 

attrition rates were 8.9, 14.4, 1 5.0, 1 7.2. 1 8.9,20.6, and 2 1.2 percent for the 6 week and 

3,5, 7. 10, 15 and 18 month assessments respectively. 

Analyses of the comparability between those completing al1 of the assessments and 

those missing one or more of the chronological age data collection points, revealed no 

differences for presentation, birth complications, gender, par& 1 minute Apgar scores, 

and gestational age at birth. 

Significant differences were obtained for mode of delivery, hospital of birdi, 

ethnicity (pooling classifications as previously described), and matemal age. Study 

dropouts were more Likely to have been bom at the Royal Alexandra Hospital, by 

cesarean section, to younger mothers, and of non-Caucasian descent. Details of the 

inferential analyses are contained in Appendix 44. 
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Table 4-2. Subject Attrition 

Assessrnent Age 

6 Weeks 
Permanent Attrition 
Not interested in continuing 
Lived too far out of t o m  
Moved: could not track down 
Withdrew due to child's health 

Ternporary Attrition 
Family on holiday 
Missed appointment 
Too late to be assessed 

3 Months 
Permanent Attrition 
Not interested in continuing 
Lived too far out of town 
Moved: could not track down 
Withdrew due to child's health 

Ternporary Attrition 
Missed Appointment 
Too late to be assessed 

5 Months 
Permanent Attrition 
Nor interested in continuing 

7 Months 
Permanent Attrition 
Lived too far out of town 
Moved: could not track down 

Ternporary Artrition 
Family on holiday 

IO Months 
Permanent Attrition 
Moved: could not track down 
Moved: away fiom Edmonton 

15 Months 
Permanent Attrition 
Moved: could not track down 
Moved: away fiom Edmonton 

18 Months 
Pennanent Attrition 
Not interested in continuing 

Cesarean- 
Breech 

(n = 45) 

2(64,133) 
2(56,8 1) 

1 0 9 )  

(n = 38) 

Z(4.72) 
l(57) 

3(37,84,144) 

l(40) 

(n = 39) 

(n = 36) 

2(100,101) 

1(34) 

(n = 37) 

(n = 36) 

1(W 

(n = 36) 

Croup 
Cesareari- Vaginal- Vaginal- 

Breech Cephalic 

Notes. The number in bold parentheses indicates the number of infants seen at each chronological age; the - 
reason for and the number of infants Ieaving the study during the period immediately before the assessrnent 
is detailed. 
Regarding the reasons for dropout: frequency in cells; identification numben in parentheses. 
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Aae at Assessment 

The raw data for the chronologicai ages at which the infants were assessed over the 

duration of the study are contained in the Appendices. Very young infants assessed 

clearly outside of the age range targeted for the study were excluded fiom analyses; Table 

4-3 contains a summary of the ages of the remaining subjects. At the initial assessment, a 

main effect for delivery was present. Infants delivered by cesarean section were assessed 

an average of 22 hours earlier than Ulfants delivered vaginally. This difference occurred 

because women who delivered abdominally rernained in hospital longer than women who 

delivered vaginally. thus giving the examiner a greater opportunity to assess the infants 

before the family was discharged. No significant differences in chronological age were 

noted at subsequent assessments. Appendix 4R contains a summary of the 2-way 

ANOVAs conducted at each age. 

Evaluation of Phvsical and Motor Developrnent 

Appendices 4B - 4 0  contain the raw data for physical and motor development over 

the 18 month penod. Data on growth parameters at birth are contained in Appendix 4A. 

Both descriptive and inferential analyses were conducted on each of the dependent 

variables. Box plots have been constmcted only for measures with sufficient variation in 

scores taken repeatedly over time. The "boxes" comprise the 75th, 50th and 25th 

percentile values. The ends of the whiskers comprise the fist  data point within one and 

one-half box-lengths of either the 25th or 75th percentiles. Each outlier is marked with 

an asterisk. Two-way ANOVAs were used for variables measured on one occasion 

(Dubowitz' Assessment, Joint Laxity Scores, PDMS, and age of walking) and 3-way 

repeated measures ANOVAs were conducted on variables measured over time (growth 

parameters of height, weight and head circumference, primitive reflexes, joint angle 

scores, and AIMS scores) using the MANOVA procedure. Al1 post-hoc tests were 

conducted using the Dunn Method of multiple compmisons. Assumptions supporting the 

use of parametric analyses were met for the growh parameters, the total scores for the 

two motor scales, and the "French Angles" factor of the NFANIB. The data on some of 



Table 4-3. Chronological Age at Time of ~ s s e s s m e n t ~  

Assessrnent 

Initial 
Mean 
sd 

6 Weeis 
Mean 
sd 

3 Months 
Mean 
sd 

5 Months 
Mean 
sd 

7 Months 
Mean 
sd 

10 Months 
Mean 
sd 

15 Months 
Mean 
sd 

18 Months 
Mean 
sd 

Group 
Cesarean- Cesarean- Vaginal- Vaginal- 

Breech Cephalic Breech Cephalic 

Notes. sd = standard deviation. - 
a Chronological age is in hours for the initial assessrnent and in days for subsequent assessments. 
b excluding those infants who were cIearIy outside of the age targeted. 

the individual items of the PRP and the INFANIB, however, did not meet these 

assumptions. Despite this finding, use of parametric techniques is supported because the 

items are monotonically related to development and because the ANOVA is robust. The 

departure fiom nomality of the distribution of the individuai items is not problematic 

because a reaçonable sample size exists in each of the four groups. With numbers of 

greater than 25, the shape of the sarnpling distribution approaches normality, regardless 

of the parent distribution (Glass and Hopkins, 1984, pp 184-1 88). Similady, failure to 
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meet the assumption of homogeneity of variance is not problematic because the number 

of infants in each of the groups is nearly equal (Glass and Hopkins, 1984, pp 350-353). 

Inspection of the Dubowitz' Assessment items detemiined that many of them are not 

monotonically related to development. That is, scores do not progress as developmental 

cornpetence increases. Several items are considered to reflect neurological abnormality? 

instead of optimal performance, if graded on the extreme right. These items include 

posture, arm recoil, leg recoil, head control posterior, and the rooting, sucking, waiking, 

and Moro reflexes, if graded 5, and tendon reflexes, if graded 4. Examination of the data 

revealed that only two subjects (ID 44 and 1 15) received extreme scores for the sucking 

and tendon reflexes respectively. With these subjects removed for the analysis of these 

specific items, use of a 2-way ANOVA is justified, as discussed above. 

Neurological status at 18 months is simply categorical data, with few infants in 

several cells, warranting ody  descriptive reporting. 

Efiect of Initial Noncomparabilitv of Groups 

Initiai analyses revealed several differences among the four groups of infants. 

Breech-presenting infants were delivered at younger gestational ages than cephalic- 

presenting infants. Of those delivered by cesarean section, breech-presenting infants 

were less likely to experience labour. The vaginal-breech and cesarean-cephalic groups 

obtained significantly lower Apgar scores at one minute than infants in the vaginal- 

cephalic group. And finally, infants delivered by cesarean were assessed at an earlier 

chronological age than infants delivered vaginally. Gestationaî age at birth and 

chronological age in houn were used as covariates in the analyses. 

For those infants delivered by cesarean section, t-tests on the individual items of the 

Dubowitz' Assessment and the PRP conducted at term revealed nonsignificant 

differences between those experiencing labour or not (using a liberal p value of .05). 

Only one item at birth obtained a statisticdly significant correlation with the Apgar score 

at one minute. Head raising in the prone position had a moderately weak correlation of 

-.2 1 with the first Apgar score; lower Apgar scores tended to be associated with "better" 

performance of extension abilities in prone. Overall, neither the experience of labour nor 
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the presence of lower Apgar scores adversely affected the initiai assessment (Appendix 

4s). 

Effects of Attrition 

Families of non-Caucasian decent, with a younger rnother or having delivered at the 

Royal Alexandra Hospital or by cesarean section were more likely to have dropped out 

over the course of the mdy. Independent t-tests were used to evaluate differences at the 

first assessment between those who ultimately left and those who stayed for the duration 

of the study. Adjusted alpha levels were used for the three sections of the Dubowitz 

assessment (posture and movement - ,004; reflexes - .008; and orientation - .025), the 

thirteen PRP Items (.004), and the five items on the INFANIB (.O 1). Only head raising in 

the prone position and head control postenor were noted to be weaker among those who 

dropped out. Infants who dropped out did not differ fiom those remaining in the study on 

the three growth parameters recorded at the delivery and on the individuai items of the 

PRP and the INFANIB (Appendix 4T). 

Neuro1og;icaI Statu at Birth 

A summary of the Dubowitz' scores for infants in the four groups is contained in 

Table 4-4. Two-way ANOVAs were conducted and gestational age at birth and 

chronologicai age in hours at the time of the assessment were entered as covariates. 

Using Bonferroni's procedure to correct for multiple testing, adjusted alpha levels of 

.004, ,008, and -025 for the items tested in the "posture and movement", "reflexes", and 

"orientation" subsections of the Dubowitz' assessment were obtained. Appendix 4U 

contains the ANOVA summary for these analyses. Popliteai angle was the only item to 

achieve significance for a main effect of "presenration": infants having presented in the 

breech had larger popliteal angles than infants previously in cephaiic presentation. 
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Table 4-4. Dubowitz' Assessrnent 

Item 

Posture and Movement 

Posture 
Mean (sd) 
Median (range) 

A m  Recoil 
Mean (sd) 
Median (range) 

Arm Traction 
Mean (sd) 
Median (range) 

Leg Recoil 
Mean (sd) 
Median (range) 

Leg Traction 
Mean (sd) 
Median (range) 

Popliteal Angle 
Mean (sd) 
Median (range) 

Head Control Posterior 
Mean (sd) 
Median (range) 

Head Control Anterior 
Mean (sd) 
Median (range) 

Head Lag 
Mean (sd) 
Median (range) 

Ventral Suspension 
Mean (sd) 
Median (range) 

Head Raising in Prone 
Mean (sd) 
Median (range) 

A m  Release in Prone 
Mean (sd) 
Median (range) 

Cesarea n- 
Breech 
(n = 48) 

3.8 (.4) 
4 ( 3 4 )  

3.1 (-6) 
3 (2-4) 

3.4 (.8) 
3 (2-5) 

3.6 (-6) 
4 (2-4) 

3.4 (-8) 
3 (2-5) 

2.7 (1.0) 
3 (1-5) 

2.8 (-9) 
3 (1-4) 

2.8 (.8) 
3 (1-4) 

3.0 (1 .O) 
3 (1-5) 

3.0 (.7) 
3 (2-4) 

3.0 (-9) 
3 (1-5) 

3.9 (.2) 
4 (3-4) 

Cesarean- 
Cep ha tic 
(n = 50) 

3.7 (A) 
4 (1-4) 

3.0 (.6) 
3 (2-4) 

3.2 (-8) 
3 (1-5) 

3.1 (.8) 
3 (2-4) 

3.6 ( - 6 )  
4 (2-5) 

3.3 (1.0) 
3 (2-5) 

2.9 (.9) 
3 (1-4) 

3 .O (.6) 
3 (24)  

3.0 (-8) 
3 (2-5) 

2.8 (3) 
3 (1-4) 

3.3 (-7) 
3 (2-4) 
(n=49) 

3.8 (.4) 
4 (3-4) 
(n=49) 

Group 
Vaginal- 
Breech 
(n = 40) 

3.7 (-6) 
4 (2-4) 

3.0 (S) 
3 (2-4) 

3.2 (-9) 
3 (2-5) 

3.2 ( 3 )  
3 ( 2 - 4  

3.5 (-8) 
3 (2-5) 

2.3 (1.1) 
2 (1-4) 

2.8 (.8) 
3 (2-4) 

2.8 (-7) 
3 (1-4) 

2.8 (-7) 
3 (1-5) 

2.9 (.Y) 
3 (2-4) 
(n=3 9) 

2.9 (.7) 
3 (2-4) 

3.8 (.4) 
4 (3-4) 

VaginaI- 
Cephalic 
(n = 40) 

3.6 (-6) 
4 (2-4) 

3.1 ( -5 )  
3 (2-4) 

3.4 (1.0) 
3 (2-5) 

3.2 (-8) 
3 (1-4) 

3.8 (-6) 
4 (3-5) 

3.4 (1.2) 
3.5 (1-5) 

2.8 (.9) 
3 (1-4) 

2.8 (.6) 
3 (1-4) 

2.9 (.9) 
3 (1-5) 

3.0 (.8) 
3 (2-5) 

3 -2 (-8) 
3 (1-4) 

3.8 (3 
4 (2-4) 

Notes. sd = standard deviation. - 



Table 4-4. Dubowitz' Assessment (continued) 

Item 

Reflexes 

Knee Jerk' 
Mean (sd) 
Median (range) 

P a h a r  Grasp 
Mean (sd) 
Median (range) 

Rooting 
Mean (sd) 
Median (range) 

suckingb 
~Mean (sd) 
Median (range) 

Walking 
Mean (sd) 
Median (range) 

Moro 
Mean (sd) 
Median (range) 

Orientation 

Auditory Orientation 
Mean (sd) 
Median (range) 

Visual Orientation 
Mean (sd) 
Median (range) 

Group 
Cesarean- Cesa rean- Vaginal- Vaginal- 

Breech Cephalic B reec h Cephalic 
(n = 48) (n = 50) (n = 40) (n = 40) 

Notes. sd = standard deviation. - 
Subject 1 15 is excluded Rom group Cesarean-Cephalic due to abnormal value. 
Subject 44 is excluded fiorn gmup Vaginal-Cephalic due to abnomal value. 



Gumh 

Table 4-5 contains a sumrnary of the growth variables collected at each of the 

chronologicai ages. Figures 44,492, and 4-3 contali box plots of weight, length and 

head circumference over tirne. Inspection of these descriptive data do not reveal striking 

differences among the groups of infants. 

Three-way repeated measures analyses were conducted on each of the three 

variables, using gestationai age at birth as a covariate. Appendix 4V contains a summary 

of these analyses. No significant between subjects effects were obtained for any of the 

growth parameters. 

As expected, highly statistically significant main effects of "tirne" were obtained for 

al1 three within subjects analyses. No other within subjects effect was noted for weight. 

Significant interactions with time were obtained "by presentation" for length and "by 

delivery" for head circumference. Although the data collected repeatedly over time for 

length and head circumference violated the assumptions relating to the variance- 

covariance matrix, more ngorous statistical testing was not warranted because the 

obtained p values of less than or equal to .O01 are far fiom the alpha level for statistical 

significance of .OS. 

To determine the points at which analyses would be conducted to clariQ the timing 

of a significant " t h e  by presentation" interaction, the average unadjusted lengths of 

breech- and cephalic-presenting infants over the 18 month period were compared using 

visual inspection (Figure 4-4). Breech-presenting infants averaged 1.4 centimetres 

shorter than cephdic-presenting infants at birth and six weeks, and .6 and -5 centimetres 

at 3 and 5 months. Thereafter, their average lengths were vimially identical. Post-hoc 

analyses were conducted between birth and 6 weeks, 6 weeks and 3 months, 3 and 5 

months, and 5 and 7 months. Interactions were nonsignificant between each of these 

ages. The analysis was repeated between birth and 3 months (nonsignificant) and 

between birth and 5 months (significant). While breech infants were significantly shorter 

early in life, they had demonstrated "catch up" in growth at 5 months, and thereafter 

maintained a growth trajectory sirnilar to their cephalic counterparts. Details of these 

multiple comparisons are contained in Appendix 4V. 



4 1 

Table 4-5. Growth 

Assessrnent Age Croup 
Cesarean- Cesarean- Vaginal- Vaginal- 

Breech Cephalic Breech Cephalic 

Birth (n = 50) (n = 50) (n = 40) (n = 40) 

Weight Mean 
sd 

Length Mean 50.8 52.7 50.9 51.6 
sd 3.2 2.4 2.4 2.3 

(n=49) 

6 Weeks (n = 45) (n = 38) (n = 37) (n = 39) 

Weight Mean 
sd 

Length Mean 
sd 

3 Months (n = 38) (n = 39) (n = 36) (n = 39) 

We igh t Mean 
sd 

Length Mean 
sd 

5 Months (n = 39) (n = 39) (n = 36) (n = 39) 

Weight Mean 7.28 7.20 7.12 7.34 
sd 1 .O4 -96 .9 1 .75 

(n=34) (n=3 7) (n=33) (n=3 8) 

Length Mean 64.9 65.8 65.2 65.2 
sd 2.6 2.9 2.5 2.1 

Notes. Weight in grarns at birth, kilograms thereafter; Length in centimetres; HC = head circumference, 
measured in centimetres; sd = standard deviation. 
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Table 4-5. Grow* (continued) 

Assessrnent Age Group 
Cesarean- 
Cephalic 

Cesa man- 
Breech 

Vaginal- 
Breech 

Vagina 1- 
Cephalic 

Seven Months 

Weight Mean 
sd 

Length Mean 
sd 

Ten Months 

Weight Mean 
sd 

Length Mean 
sd 

Fifteen Months 

Weight Mean 
sd 

Length Mean 
sd 

Eighteen Months 

Weight Mean 
sd 

Length Mean 
sd 

Notes. Weight in g m s  at birth, kilograms thereafter; Length in centimetres; HC = head circumference, - 
measured in centimetres; sd = standard deviation. 



Figure 4-1. Box-plots of Change in Weight 

. ------ - - - -  

Birth 6 Weeks 3 Months 5 Months 7 Months 1 O Months 1 5 Months 18 Months 

Ch ro nolog ical Age 

At each chronologicai age. groups from lefi to right are cesarean-breech, 
vaginal-breech, casarean-cephalic, and vaginalcephaiic. 

Figure 4-2. Box-plots of Change in Length 

40 l 
Birth 6 Weeks 3 Months 5 Months 7 Months 10 Months 15 Months 18 MoMhs 

Chronological Age 
Al each chronological age, groups from Idt to n'ght are cesarean-brBBCtl, 
MgirUc.keech, ~earrcephalic,  and vaginalu3pttaJk 



Figure 4-3. Box-plots of Change in Head Circumference 

Birth 6 Weeks 3 Montfis 5 Months 7 Months 10 Months 1 5 Months 18 Months 

Chronolog ical Age 

At each chronological age, groups from left to nght are cesarean-breech, 
vaginai-keech, cesareancephaiic, and vaginai-cephaiic. 

Figure 4-4. Cornparison of Change in Average Length Between Presentation Groops 

- - -  Breech 
- Cephalic 

Chronological Age 



To determine where the differences in the slopes for the within subjects head 

circumference data occurred, the average unadjusted measurements of infants delivered 

vagindly and by cesarean section were compared (Figure 4-5). Throughout the entire 

data collection penod, infants delivered vaginaily had smaller head circumferences than 

those delivered abdominaliy, but a main between subjects effect of delivery was not 

obtained. The greatest ciifference in measurements was noted at birth (.6 centimeters), 

with minor differences noted at the remaining chronological ages (between . l l  and .26 

centimeters). Two post-hoc analyses were conducted: between birth and 6 weeks and 6 

weeks and 3 months. A significant difference in the slope of the head circurnference 

trajectories was obtained only for the first contrast. Appendix 4V also contains details of 

these analyses. 

Figure 4-5. Cornparison of Change in Average Head Circumference Between Delivery Groups 

- Cesarean Section 

- - -  Vaginal 

Birth 6 Weeks 3 Months 5 Months 7 Months 10 Months 15 Months 18 Months 
Chronological Age 



Table 4-6 contains summary data on the primitive reflexes for the four groups at 

term, 6 weeks, and 3 and 5 months. The mean and standard deviation for each item is 

recorded to facilitate interpretation of the inferential analyses. The values for median and 

range are also recorded because many of the items are skewed. Box plots were not 

constructed for these items because of the limited variation in scores due to the item 

scaling and the behaviour elicited in the infaats studied. 

Three-way repeated measures ANOVAs were conducted on each of the thirteen 

items, using gestational age at birth and chronological age at the time of the fust 

assessrnent as covariates. Bonferroni's correction was used to control for the increased 

probability of making a Type 1 error due to multiple comparisons. An adjusted p value 

for statistical significance of .O04 was obtained. Appendix 4W contains a summary of 

these analyses. 

The assumption of homogeneity of covariance among al1 levels of between subjects 

effects was violated for several items (asymmetrical and symmetrical tonic neck, tonic 

labyrinthine prone, body on body, and upper extremity grasp reflexes), but not for the 

Moro reflex, which was the only significant between subjects main effect or interaction 

obtained. A main effect of "delivery" for this item was noted @ = .002), with vaginally- 

delivered infants, regardless of presentation, attaining an average of.  1 1 of a point lower 

than their cesarean section counterparts over the course of the fxst four data collection 

points. 

Again, as expected, highly statistically significant within subjects main effects of 

"time" were obtained for al1 reflexes, except the symmeaical tonic neck reflex which was 

not observed very fiequently in this sample of infants. OtheMiise, no statistically 

significant within subjects effects were obtained; no differences existed arnong the four 

groups of infants in the evolution of the primitive reflexes. 
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Table 4-6. Primitive Reflex Profile 

Assessrnent Age 

Term 

ATNR 
Mean (sd) 
Median (range) 

S'MR 
Mean (sd) 
Median (range) 

Positive Support Reflex 
Mean (sd) 
Median (range) 

TLS 
Mean (sd) 
Median (range) 

TLP 
Mean (sd) 
Median (range) 

HOB 
Mean (sd) 
Median (range) 

BOB 
Mean (sd) 
Median (range) 

Galant Reflex 
Mean (sd) 
Median (range) 

Moro Reflex 
Mean (sd) 
Median (range) 

UEGR 
Mean (sd) 

Mean (sd) 
Median (range) 

Placing Reflex 
Mean (sd) 
Median (range) 

Stepping Reflex 
Mean (sd) 
Median (range) 

Cesarean- 
Breech 

(n = 48) 

.O4 (29) 
O (0-2) 

.O4 (29) 
O (0-2) 

-90 (.47) 
1 (0-2) 

.13 (-44) 
O (0-2) 

.O4 (.20) 
O (0-1) 

2.9 (.4) 
3 (1-3) 

2.9 (.4) 
3 (1-3) 

.9i (.88) 
1 (0-3) 
(n=4 7) 

1.8 (.4) 
2 (1-2) 

-. ' 5 (-7) 
3 (1-3) 

1.9 (.4) 
2 (1-2) 

1.8 (.4) 
2 (1-2) 

1.4 ( 3 )  
2 (0-2) 

Cesarean- 
Cephalic 

(n = 50) 

.O2 (. 14) 
O (0-1) 

.O4 (20) 
O (0-1) 

.88 (-44) 
1 (0-2) 

.32 (-62) 
O (0-2) 

.O4 (20) 
O (0-1) 

2.8 (.7) 
3 (0-3) 

2.8 (3 
3 (1-3) 

1 .O4 (.97) 
1 (0-3) 

1.8 (S)  
2 (0-2) 

2.5 (.7) 
3 (1-3) 

r -9 (.3) 
2 (1-2) 

1.8 ( 3  
2 (0-2) 

1.3 (.8) 
1 .s (0-2) 

Group 
Vaginal- 
Breech 

Vaginal- 
Cephalic 

(n = 40) 

.os (-3 1 ) 
O (0-2) 

-1 O (-3 8) 
O (0-2) 

-95 (-39) 
1 (0-2) 

.30 (56) 
O (0-2) 

.O8 (.35) 
O (0-2) 

2.7 (-8) 
3 (0-3) 

2.9 (-3) 
3 (2-3) 

-78 ( 3 6 )  
.5 (0-2) 

1.9 (-3) 
2 (1-2) 

2.3 (.8) 
2 (1-4) 

2.0 (-2) 
2 (1-2) 

1.8 (.6) 
2 (0-2) 

1.4 (.7) 
2 (0-2) 

Notes. sd = standard deviation; ATNR = asymmetical tonic neck reflex; STNR = symmetrical tonic neck 
reflex; TLS = tonic labyrinthine reflex in supine; TLP = tonic labyrinthine reflex in prone; HOB = 
segmental roll, head on body reaction; BOB = segmentai roll, body on body reaction; UEGR = upper 
extremity grasp reflex; LEGR = Iower extremity grasp reflex. 
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Table 4-6. Primitive Refiex Profile (continued) 

Assessrnent Age 

6 Weeks 

ATNR 
Mean (sd) 
Median (range) 

SRIR 
Mean (sd) 
Median (range) 

Positive Support Reflex 
Mean (sd) 
Median (range) 

TLS 
Mean (sd) 
Median (range) 

TLP 
Mean (sd) 
Median (range) 

HOB 
Mean (sd) 
Median (range) 

BOB 
Mean (sd) 
Median (range) 

Galant Reflex 
Mean (sd) 
Median (range) 

hdoro Refiex 
Mean (sd) 
Median (range) 

UEGR 
Mean (sd) 
Median (range) 

LEGR 
Mean (sd) 
Median (range) 

Pfacing Reflex 
Mean (sd) 
Median (range) 

Stepping Reflex 
Mean (sd) 
Median (range) 

Cesa rean- 
Breech 

(n = 45) 

-96 (-98) 
1 (0-2) 

. 1 1 (-44) 
O (0-2) 

1.4 (-8) 
1 (0-3) 

-3 1 (-70) 
O (0-2) 

1 8  (S3) 
O (0-2) 

2.6 (A) 
3 (1-3) 

2.3 (.6) 
2 (1-3) 

1.3 ( 3 )  
2 (0-3) 

1.3 (.5) 
1 (0-2) 
b = 4 4  

2.1 (.9) 
2 (0-4) 

1.9 ( 2 )  
2 (1 -2) 

1.3 (-8) 
1 (0-3) 

.58 (.72) 
O (0-2) 

Cesa rea n- 
Cephalic 

(n = 38) 

-74 (.89) 
O (0-2) 

.O8 (.36) 
O (0-2) 

1.2 ( -5)  
1 (1-3) 

-55 (.79) 
O (0-2) 

-29 (.69) 
O (0-3) 

2.4 (.7) 
3 (1-3) 

2.1 (.7) 
2 (1-3) 

1.6 ( 3 )  
2 (0-3) 

1 2 ( 3  
1 (0-2) 
(n=3 7) 

1.9 (.9) 
2 (1-3) 

1.9 (.3) 
2 (1-2) 

1.5 (-7) 
2 (0-3) 

.92 (.7 1) 
1 (0-2) 

Group 
Vaginal- 
Breech 

Vaginal- 
Cephalic 

(n = 39) 

-82 (-94) 
O (0-2) 

.13 (-47) 
O (0-2) 

1.1 ( - 5 )  
1 (0-3) 

-56 (.82) 
O (0-2) 

2 8  (.65) 
O (0-2) 

2.5 (-7) 
3 (0-3) 

2.0 (-8) 
2 (0-3) 

1.3 (.8) 
2 (0-2) 

1.1 (-6) 
1 (0-2) 
(n=3 8) 

2.0 (-8) 
2 (0-3) 

1.7 (3 
2 (1-2) 

1.5 ( .6) 
2 (0-2) 

-92 (.66) 
1 (0-2) 

Notes. sd = standard deviation; ATNR = asymmetical tonic neck reflex; STNR = symmetricai tonic neck - 
reflex; TLS = tonic labyrinthine reflex in supine; TLP = tonic labyrinthine reflex in prone; HOB = 
segmenta1 roll, head on body reaction; BOB = segmentai roll, body on body reaction; UEGR = upper 
extremity grasp reflex; LEGR = lower extremity grasp reflex. 
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Table 4-6. Primitive Reflex Profile (continued) 

Assessrnent Age 

3 Months 

ATNR 
Mean (sd) 
Median (range) 

S'MR 
Mean (sd) 
Median (range) 

Positive Support Reflex 
Mean (sd) 
~ e d &  (knge) 

TLS 
Mean (sd) 
Median (range) 

TLP 
Mean (sd) 
Median (range) 

HOB 
Mean (sd) 
M edian (range) 

BOB 
Mean (sd) 
Median (range) 

Galant Reflex 
Mean (sd) 
Median (range) 

Moro Reflex 
Mean (sd) 
Median (range) 

UEGR 
Mean (sd) 
Median (range) 

LEGR 
Mean (sd) 
Median (range) 

Placing Reflex 
Mean (sd) 
Median (range) 

Stepping Reflex 
Mean (sd) 
Median (range) 

Cesa rean- 
Breech 

(n = 38) 

-42 (36) 
O (0-3) 

O 
O 

1.6 (3) 
1 (0-3) 

.O8 (.36) 
O (0-2) 

.O8 (-36) 
O (0-2) 

2.1 (-8) 
2 (0-3) 

1.8 ( - 5 )  
2 (1-3) 

-68 (.8 1 ) 
O (0-2) 

.97 (-43) 
1 (0-2) 

1.2 (.7) 
1 (0-3) 

1.8 (-4) 
2 (1-2) 

1.3 (.7) 
1 (0-2) 

.60 (39) 
O (0-3) 

G roup 
Cesarean- Vaginal- 
Cephalic Breech 

Vaginal- 
Cephalic 

(n = 39) 

2 3  (-67) 
O (0-3) 

.OS (-32) 
O (0-2) 

1.5 (-72) 
1 (0-3) 

-13 (-47) 
O (0-2) 

1 8 (-45) 
O (0-2) 

2.3 (.8) 
2 (1-3) 

1.6 (-6) 
2 (0-3) 

.77 (.84) 
1 (0-3) 

.69 (S7) 
1 (0-2) 

1.3 (.8) 
1 (0-3) 

1.7 (.44) 
2 (1-2) 

1.6 (-7) 
2 (0-2) 

.64 (.7 1) 
1 (0-2) 

Notes. sd = standard deviation; ATNR = asymmetical tonic neck reflex; SINR = symrnetrical tonic neck 
reflex; TLS = tonic labyrinthine reflex in supine; TLP = tonic labyrinthine reflex in prone; HOB = 
segmenta1 roll, head on body reaction; BOB = segmentai roll, body on body reaction; UEGR = upper 
extremity grasp reflex; LEGR = lower extremity grasp reflex. 
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Table 4-6. Primitive Reflex Profile (continued) 

Assessrnent Age Group 

5 Months 

A r n R  
Mean (sd) 
Median (range) 

S R l R  
Mean (sd) 
Median (range) 

Positive Support Reflex 
Mean (sd) 
Median (range) 

TLS 
Mean (sd) 
Median (range) 

TLP 

Median (range) 
HOB . . 

Mean (sd) 
Median (range) 

BO% 
Mean (sd) 
Median (range) 

Galant Reflex 
Mean (sd) 
Median (range) 

Moro Reflex 
Mean (sd) 
Median (range) 

UEGR 
Mean (sd) 
Median (range) 

LEGR 
Mean (sd) 
Median (range) 

Placing Reflex 
Mean (sd) 
Median (range) 

Stepping Refiex 
Mean (sd) 
Median (range) 

Cesarean- 
Breech 

(n = 39) 

.O5 (.32) 
O (0-2) 

O 
O 

1.59 (3) 
2 (0-2) 

O 
O 

.O8 (35) 
O (0-3) 

2.08 (.70) 
2 (0-3) 

1.67 (.58) 
2 (0-3) 

-28 (-56) 
O (O-?) 

-49 (.5 1 ) 
O (0-1) 

-13 (.41) 
O (0-2) 

1.49 (.5 1 ) 
1 (1-2) 

1.51 (.82) 
2 (0-3) 

.28 (.60) 
O (0-2) 

Cesarean- 
Cephalic 

(n = 39) 

*os (22) 
O (0-1) 

O 
O 

1.56 ( - 55 )  
2 (1-3) 

O 
O 

-03 (. 16) 
O (0-1) 

2.23 (.go) 
2 (0-3) 

1.5 1 (-60) 
2 (0-3) 

.44 (.64) 
O (0-2) 

-44 (SO) 
O (0-1) 

2 3  (S4) 
O (0-2) 

1.5 1 (-56) 
2 (0-2) 

1.64 (S8) 
2 (0-2) 

.26 (-55) 
O (0-2) 

Vaginal- 
Breech 

(n = 36) 

.- 32 (-64) 
O (0-2) 

O 
O 

1 .so (.5 1) 
1.5 ( 1  -2) 

O 
O 

2 2  (.48) 
O (0-2) 

2.42 (-73) 
3 (1-3) 

1 -53 (-6 1 ) 
2 (0-3) 

-25 (-55) 
O (0-2) 

- 1  1 (-32) 
O (0-1) 

.28 (-70) 
O (0-3) 

1.58 (SO) 
2 (1-2) 

1-64 (.68) 
2 (0-2) 

.25 (-50) 
O (0-2) 

Vaginal- 
Cephalic 

(n = 39) 

. 1 s (-54) 
O (0-2) 

O 
O 

1.46 (-64) 
1 (1-3) 

O 
O 

-13 (-47) 
O (0-2) 

2.13 (-92) 
2 (0-4) 

I .3 8 (.49) 
1 (1-2) 

2 8  (.56) 
O (0-2) 

.2 1 (-4 1 ) 
O (0-1) 

31 (.47) 
0 (02) 

1.54 ( -55)  
2 (0-2) 

1.5 1 (-76) 
2 (0-2) 

2 3  (-43) 
O (0-1) 

Notes. sd = standard deviation; ATNR = asymmetical tonic neck reflex; STNR = symmetncal tonic neck - 
reflex; TLS = tonic labyrinthine reflex in supine; TLP = tonic labyrinthe reflex in prone; HO% = 
segmenta1 roll, head on body reaction; BOB = segmental roll, body on body reaction; UEGR = upper 
extremity &g-asp reflex: LEGR = lower extremity grasp reflex. 
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Summary data for joint angles as meanited by the items fiom the L7VFANIB fiom 

birth to 15 months are listed in Table 4-7. As for the PRP items, box plots were not 

constructed for the individual RVFmIB items due to lack of variation in scores. To 

clarify the distribution of the data, both the mean and standard deviation, and the median 

and range are reported. The means and standard deviations for the total French Angles 

factor (sum of the fKst four items) across the ages are documented in Table 4-8. 

Inspection of the box plots of the French Angles fxtor (Figure 4-6) reveals a featvre of 

interest. While infants in d l  four groups became more flexible over time between 6 

weeks and 15 months, this pattern was not observed fkom birth to 6 weeks. At this early 

stage, Uifaats either remained unchanged (cephalic groups) or became less flexible 

(breech groups). 

"lime by Presentation by Delivery" repeated measures analyses were conducted on 

each of the five variables and the French Angles factor, using chronological age at the 

first assessrnent and gestational age at birth as covariates. Bonferroni's correction for the 

five items resulted in an adjusted alpha level of .O1 . Results of the inferential analyses 

are contained in Appendix 4X. The assumption of homogeneity of covariance among al1 

levels of between subjects effects was not violated for any item of the French Angles 

factor. Only popliteal angle obtained a significant main effect. Breech-presenting infants 

obtained significantly larger popliteal angles than cephdic-presenting infants over the 

course of the study. 

As expected, highly statistically significant main within subjects effects of ''the" 

were noted for each individual item and the French Angles factor. The assumptions 

regarding the variance-covariance matrix were not met for any of the individual items or 

the French Angles factor. This violation potentially afEected only the results of the 

French Angles factor, which obtained a significant " t h e  by presentation" interaction, and 

the popliteal angle, which also obtained a "the  by presentation" interaction. For the 

French Angles factor, an adjusted cntical value for the F ratio was calculated by 

multiplying the value of the Greenhouse-Geisser epsilon (.72) by the degrees of fieedom 

of the numerator and denominator separately. With 4 degrees of fieedom in the 



Table 4-7. Joint Angles 

- - 

Assessrnent Age 

Term 
Sc& Sign 

Mean (sd) 
Median (range) 

Heel to Ear 
Mean (sd) 
Median (range) 

Popliteal Angle 
Mean (sd) 
Median (range) 

Hip Abduction 
Mean (sd) 
Median (range) 

Ankle Doniflexion 
Mean (sd) 
Median (range) 

6 Weelis 
Scarf Sign 

Mean (sd) 
Median (range) 

Heel to Ear 
Mean (sd) 
Median (range) 

Popliteal Angle 
Mean (sd) 
Median (range) 

Hip Abduction 
Mean (sd) 
Median (range) 

Ankle Dorsiflexion 
Mean (sd) 
Median (range) 

3 Months 
Scarf S ign 

Mean (sd) 
Median (range) 

Heel to Ear 
Mean (sd) 
Median (range) 

Popliteal Angle 
Mean (sd) 
Median (range) 

Hip Abduction 
Mean (sd) 
Median (range) 

Ankle Dorsiflexion 
Mean (sd) 
Median (range) 

Cesarean- 
Breech 

(n = 48) 

3.8 (1 -1)  
4 (2-6) 
(n=47) 

3.8 (12) 
3 (1-5) 

5.3 (3) 
5 (3-6) 

3.0 (.9) 
3 (2-5) 

1.5 ( -5 )  
2 (1-3) 

(n = 15) 

3.3 (1.0) 
3 (2-5) 

2.4 (1 .O) 
2 (1-5) 

5.3 ( .5 )  
5 (5-6) 

2.4 (.7) 
2 (1-4) 

2.3 (-6) 
2 (1 -4) 

(n = 38) 

3.4 (-9) 
3 (2-5) 

2.3 (3 )  
2 (1-4) 

5.7 ( - 5 )  
6 (5-6) 

3.2 (. 8) 
3 (3-5) 

2.4 ( 3  
2 (2-3) 

Cesa rea n- 
Cephalic 

(n = 50) 

3.6 ( 1  -1) 
4 (2-6) 

3.1 (1.1) 
3 (1-5) 

4.6 (1-1) 
5 (1-6) 

2.8 (-9) 
3 (1-4) 

1.4 ( -5)  
1 (1-2) 
(1149) 

(n = 38) 

3.4 (1.0) 
3 (2-5) 

2.0 (.7) 
2 (1-4) 

5.0 ( 1 .O) 
5 (2-6) 

2.7 (.7) 
3 (2-4) 

2.2 (.6) 
2 (1-4) 

(n = 39) 

3.5 (-9) 
3 (2-5) 

2.2 (.7) 
2 ( W  

5.5 (-8) 
6 (2-6) 

3.5 (-9) 
4 (2-5) 

2.2 ( -5 )  
2 (1-3) 

Group 
Vaginal- 
Breech 

Vaginal- 
Cephalic 

(n = 40) 

3.7 (1.1) 
4 (2-5) 

3.0 (1.2) 
3 (1-5) 

4.4 (1 .O) 
5 (3-6) 

7.9 (.7) 
3 (2-5) 

1.6 (-6) 
2 (1-3) 

(n = 39) 

3.7 (.9) 
4 (2-6) 

2.1 (.8) 
2 (1-4) 

5.1 ( .6)  
5 (4-6) 

2.8 (.8) 
3 (1-5) 

2.2 (3 
2 (1-3) 

(n = 39) 

3.5 (-9) 
3 (1-5) 

2.3 (.8) 
2 (1-4) 

5.5 (.6) 
6 (4-6) 

3.7 (A) 
4 (1 -5) 

2.3 ( 3  
2 (2-4) 

Notes. sd = standard deviation. - 
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Table 4-7. Joint Angles (continued) 

Assessrnent Age 

5 Months 
Scarf S ign 

Mean (sd) 
Median (range) 

Heel to Ear 
Mean (sd) 
Median (range) 

PopIiteal Angle 
Mean (sd) 
Median (range) 

Hip Abduction 
Mean (sd) 
Median (range) 

Ankle Dorsiflexion 
Mean (sd) 
Med ian (range) 

7 Months 
Scarf Sien 

Mean (sd) 
Med ian (range) 

Heel to Ear 
Mean (sd) 
Median (range) 

PopIiteal Angle 
Mean (sd) 
Median (range) 

Hip Abduction 
Mean (sd) 
Median (range) 

Ankle Dorsiflexion 
Mean (sd) 
Median (range) 

10 Months 
Scarf S ign 

Mean (sd) 
Median (range) 

HeeI to Ear 
Mean (sd) 
Median (range) 

PopIiteal Angle 
Mean (sd) 
Median (range) 

Hip Abduction 
Mean (sd) 
Median (range) 

Ankle Dorsiflexion 
Mean (sd) 
Median (range) 

Cesa rean- 
Breech 

(n = 39) 

4.1 (-8) 
4 (2-5) 

3.2 (.8) 
3 (1-5) 

5.9 (.2) 
6 (5-6) 

3.9 (.6) 
4 (3-5) 

3 4 (-6) - 
2 (1-3) 

(n = 36) 

4.3 (3) 
4 (2-5) 

3.9 (-8) 
3 (2-5) 

6 
6 

4.4 (-8) 
4 (3-6) 

2.6 (-6) 
3 (2-5) 

(n = 37) 

4.5 (-7) 
5 (3-5) 

4.1 (-9) 
4 (2-5) 

5.9 (.3) 
6 (5-6) 

4.7 (-7) 
5 (3-6) 

2.6 (.6) 
3 (2-4) 

Cessrean- 
Cephalic 

(n = 3 9) 

4.2 (.9) 
4 (2-5) 

3.4 (1 .O) 
3 (2-5) 

5.9 (2) 
6 (5-6) 

4.2 (-9) 
4 (3-6) 

2.3 (-8) 
2 (1-5) 

(n = 38) 

4.4 (-9) 
5 (3-6) 

3.8 (.9) 
4 (1-5) 

5.9 (2 )  
6 (5-6) 

4.7 (.9) 
5 (3-6) 

2.5 (-8) 
2 (1-5) 

(n = 37) 

4.8 ( .9)  
5 (3-6) 

4.3 (.9) 
5 (2-5) 

6.0 (-2) 
6 (5-6) 

5.3 (A) 
5 (3-6) 

2.5 (.6) 
2 (2-4) 

Group 
Vaginal- 
B mec h 

(n = 36) 

3.9 ( -9)  
4 (2-6) 

3.4 (.9) 
3 (2-5) 

6.0 (-2) 
6 (5-6) 

4.2 (.9) 
4 (2-6) 

2.3 (S) 
2 (1-3) 

(n = 36) 

4.4 (-8) 
S (3-6) 

4.0 (.9) 
4 (2-5) 

5.9 (-2) 
6 (5-6) 

5.0 (-8) 
5 (3-6) 

3.4 (.7) 
2 (1 -5) 

(n = 35) 

4.6 ( .9) 
5 (3-6) 

4.2 ( 1  -1) 
4 (2-6) 

5.9 (3) 
6 (5-6) 

5.3 (3 )  
6 (4-6) 

2.3 (S) 
2 (1-3) 

Vaginal- 
Cephalic 

(n = 39) 

4.1 (.9) 
4 (2-6) 

2.9 (-8) 
3 (1-4) 

5.8 (-4) 
6 (5-6) 

4.3 ( 3 )  
4 (3-6) 

2.3 (.6) 
2 (1-3) 

(n = 38) 

4.3 (.7) 
4 (3-6) 

3.8 (-8) 
4 (2-5) 

6 
6 

5.1 (.8) 
5 (4-6) 

2.4 (.6) 
2 (1-4) 

(n = 37) 

4.5 (.8) 
5 (3-6) 

4.2 (.9) 
4 (2-6) 

6.0 (-2) 
6 (5-6) 

5.1 (.8) 
5 (3-6) 

2.6 (-6) 
3 (2-4) 

Notes. sd = standard deviation. - 



Table 4-7. Joint Angles (continued) 

Assessrnent Age Group 
Cesarean- Cesarean- Vaginal- Vaginal- 

Breech Cephalic Breech Cephalic 

15 Months 
Scarf Sign 

Mean (sd) 
Median (range) 

Heel to Ear 
Mean (sd) 
Median (range) 

Pop liteal Angle 
Mean (sd) 
Median (range) 

Hip Abduction 
Mean (sd) 
Median (range) 

Ankle Dorsiflexion 
Mean (sd) 
Median (range) 

Notes. sd = standard deviation. - 

Table 4-8. MFANIB: French Angles Factor 

Assessmen t Age Croup 
Cesarean- Cesa rea n- Vaginal- Vaginal- 

Breech Cephalic Breech Cep halic 

Term (n = 48) (n = 50) (n = 40) (n = 40) 
Mean 15.9 14.0 15.4 13.9 
Standard Deviation 2.8 2.6 2.8 3 .O 

6 Weeks (n = 45) (n = 38) (n = 37) (n = 39) 
Mean 13.5 13.1 13.9 13.8 
Standard Deviation 2 .O 2.3 2.1 1.9 

3 Months (n = 38) (n = 39) (n = 36) (n = 39) 
blean 14.5 14.7 14.9 15.0 
Standard Deviation 2.0 2.2 1.8 1.9 

5 Months (n = 39) (n = 39) (n = 36) (n = 39) 
Mean 17.2 17.7 17.5 17.2 
Standard Deviation 1.8 2.1 1.8 1.5 

7 Months (n = 36) (n = 38) (n = 36) (n = 39) 
Mean 18.6 18.8 19.4 19.1 
Standard Deviation 1.7 2.3 1.9 1.6 

I O  Months (n = 37) (n = 37) (n = 35) (n = 3 7) 
Mean 19.2 20.4 20.1 19.7 
Standard Deviation 1.6 2.0 2.3 1.8 

15 Months (n = 36) (n = 37) (n = 34) (n = 36) 
Mean 20.4 20.4 20.4 20.4 
Standard Deviation 2.0 -.- 3 3 1.4 i -8 



Figure 4-6. Box-plots of Change in French Angles Factor 

Birih 6 Weeks 3 Months 5 Months 7 Months i O Months 15 Months 
Chronological Age 

At each ctironological age, groups frorn left 10 right are cesarean-breech. 
vaginal-breech, cesarean-cephalic, and vaginal-cephalic. 

numerator, and 500 degrees of fieedom in the denorninator, and adjusted F (critical) of 

2.3 9 was obtained. The previously obtained F (observed) of 2.72 remained greater than 

this adjusted value; therefore the '%me by presentation" interaction remained statisticaily 

significant, despite violation of the assumption. The p value for significance of the 

interaction for popliteal angle was less than .001, therefore the resdt is not aBected by 

the violation of the assumption. 

To determine at which point post-hoc analyses would be conducted to elucidate the 

timing of signifiant differences in overail flexibility over the first 15 months, the 

unadjusted averages of the French Angles factor between breech- and cephalic-presenting 

infants were plotted and compared (Figure 4-7). Post-hoc cornparisons were conducted 

between birth and 6 weeks and 10 and 15 months. A significant interaction was obtained 

for the first, but not the second contrast. Breech-presenting infants were significantly 
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more flexible than cephalic-presenting infants at birth, but fiom 6 weeks of age, their 

changes in scores were sirnilar- Calculations are detailed in Appendix 4X. 

Figure 4-7. Cornparison of Change in Average French Angles Score Between Presentation Groups 

d 

Birth 6 Weeks 3 Months 5 Months 7 Months 10 Months 15 Months 
Chronolog ical Age 

To detennine the penods for which post-hoc analyses would be conducted to clariQ 

the age at which the signifiant "tirne by presentation" interaction of the popliteal angle 

occurred, the average unadjusted values for breech- and cephalic-presenting infants were 

compared using visual inspection (Figure 4-8). Breech-presenting infants were more 

flexible than their counterparts at each assessrnent session fiom birth to 5 months, and 

thereafter, were either the same or less flexible. Given the disordinal interaction, this 

within subjects interaction of "time by presentation" is more important than the 

previously noted between subjects main effect of "presentation" for popliteal angle. The 
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difference in angle between the two presentation groups was .6, .25, -2, and . l of a point 

at birth, 6 weeks, and 3 and 5 months. Post-hoc analyses of the signifieance of the 

"differences behveen differences" berneen these groups were conducted between birth 

and 6 weeks, 3 and 5 months, and 6 weeks and 3 months. A significant interaction was 

obtained for the fint contrast, but not for the second one, and therefore, the third contrast 

was not conducted. Breech-presenting infants had signifïcantly larger popliteal angles 

than cephalic presenting infants at birth, but by 6 weeks the groups were no different. 

Breech-presenting infants assumed a trajectory of increasing flexibility over time that was 

sirnilar to cephalic-presenting infants afier 6 weeks of age. Details of the multiple 

cornparisons are contained in Appendix 4X. 

Figure 4-8. Cornparison of Change in Average Popliteal Angle Score Between Presentation Groups 

- - -  Breech 
- Cephalic 

Birth 6 Weeks 3 Months 5 Months 7 Months 10 Months 15 Months 
Chronological Age 



At 18 months, joint laxity was measured and is summarized in Table 4-9. No 

differences are apparent in the table, and the results of the ''the by presentation by 

delivery" analyses for the individuai items and the total laxity score were statistically 

nonsignificant (Appendix 4X). 

Table 4-9. Joint Laxity 

Item 

Elbow Extension Mean (sd) 
Median (range) 

Knee Extension Mean (sd) 
Median (range) 

Thumb-to- Wrist Mean (sd) 
Median (range) 

F i f i  MCP Extension Mean (sd) 
Median (range) 

Total Laxity Score Mean (sd) 

- - - 

Cesarean- 
Breech 
(n = 36) 

.O6 (.3) 
O (0-2) 

-28 (-7) 
O (0-2) 

1.3 (1.0) 
2 (0-2) 

.67 ( 1  .O) 
O (0-3) 

2.3 (1.9) 

- 

Croup 
Cesarean- Vaginal- 
Cephalic Breech 
(n = 36) (n = 34) 

Vaginal- 
Cephalic 
(n = 36) 

Notes. MCP = metacarpophalengeal: sd = standard deviation. - 



Motor Performance 

Summary data for the AIMS subsection and total scores across the ages assessed are 

contained in Tables 4- 10 and 4-1 1 respectively. Figure 4-9 contains box plots for the 

total scores from 6 weeks to 15 months. Al1 infants obtained top scores by 18 months, 

except IDs 109 and 126, who were identified as neurologically "suspicious". No striking 

group differences or trends over tirne are apparent upon inspection of these descriptive 

data. 

Table 4- 10 Alberta Infant Motor Scaie Subsections 

Assessrnent Age 
Cesarean- 

Breech 

6 Week 
Prone 
Supine 
Sitting 
Standing 

3 Months 
Prone 
Supine 
Sitting 
Standing 

5 Months 
Prone 
Supine 
Sitting 
Standing 

7 Months 
Prone 
Supine 
Sitting 
Standing 

10 Months 
Prone 
Supine 
Sitting 
Standing 

~ r o u ~  
Cesarean- Vaginal- 
Cephalic Breec h 

Vaginal- 
Cep h a lic 

(n = 39) 
2.0 (-9) 
2.6 (.6) 
.8 ( -6)  

1.6 (S)  

(n = 39) 
3.3 (1.3) 
3.9 (.8) 
1.9 (.9) 
2.1 ( .5)  

(n = 39) 
6.9 (1.7) 
6.8 (1.4) 
4.5 (1.3) 
2.5 (S) 

(n = 38) 
11.7 (3.8) 
8.0 ( -9)  
8.6 (1.5) 
3.3 (1.5) 

(n = 3 7) 
18.6 (2.9) 
8.8 (.7) 

11.1 (1.0) 
9.1 (3.1) 

Notes. Mean (standard deviation in brackets). 
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Table 4-1 1. AIberta Infant Motor Scale 

Assessrnent Age Group 
Cesa rean- Cesarean- Vaginal- Vagiaal- 

Breec h Cephalic Breech CephaIic 

6 Weeks (n = 45) 
Mean 6.1 
Standard Deviation 1 -5 

3 Months (n = 38) 
Mean 11.6 
Standard Deviation 2.4 

5 Months (n = 39) (n = 39) (n = 3 6) (n = 39) 
Mean 20.7 21.2 19.6 20.7 
Standard Deviation 2.7 3 .O 3.9 3.5 

7 Months (n = 36) 
Mean 30.8 
Standard Deviation 4.1 

10 Months (n = 37) (n = 37) (n = 35) (n = 37) 
Mean 48.2 47.9 46.7 47.6 
Standard Deviation 3.8 5.7 6.2 6.9 

15 Months (n = 36) (n = 37) (n = 34) (n = 36) 
Mean 57.9 57.6 57.7 58.0 
Standard Deviation .5 1.4 1 .O - 

Figure 4-9. Box-plots of Change in AlMS Total Scores 

At each chronological age, groups from left to nght are cesarean-breech, 
vaginal-breech, cesarean-cephalic, and vaginalcephalic. 
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Three-way repeated measures analyses were conducted on subsection scores fiom 6 

weeks to 10 months, and fiom 6 weeks to 15 months for the total score. Aoalyses were 

limited for the subsections because many singdar variance-covariance maaices occurred 

with inclusion of the 15 month data. Bonferroni's correction was used to adjust the p 

value h m  -05 to .O 125 for the four subsections analysed. Resuits are contained in 

Appendix 4Y. Aside f?om the highly statistically significant main within subjects effect 

of 'lime" for all subsections and total score, no signifïcant effects were obtained. 

The total AIMS scores for each of the four groups were also compared with the 

noms on the AIMS at 6 weeks, and 3,5,7, and 10 months using a series of z-tests. 

Details of the analyses are contained in Appendix 4Y. Group scores were not 

significantly different fiom the normative data except for the following exceptions. First, 

the cesarean-cephalic group obtained significantly higher average scores than the 

normative sarnple at 3 months of age, and at 15 months, the cesarean-breech and vaginal- 

cephalic groups obtained higher average scores. Second, cesarean-breech and vaginal- 

breech groups obtained highly statistically significant lower average scores at 6 weeks @ 

< .001). 

Inspection of the proportion of AIMS items observed and not observed at 6 weeks of 

age among the four groups led to the selection of one item for M e r  analysis: supported 

standing (2). Chi-square analysis determined that the proportion of infants who were 

credited with this item was significantly different among the four groups (Chi-square = 

14.44, df = 3, p = .002). To confimi the source of this difference, analyses were repeated 

for presentation and mode of delivery groups; only presentation groups were different 

(Chi-square = 13.75, df = 1, p = -0002) with fewer breech-presenting infants being 

credited with the item. Specifically, 65 percent of cephalic-presenting infats were 

credited with the item, in contrast to 35 percent of breech-presenting infants. The most 

striking changes from the first to the second supported standing items on the AIMS are the 

head being held in line with the body, instead of being flexed forward, when viewed fiom 

the side, and more consistent bearing of weight through the lower extremities. 

To determine whether a loss of statistical significance in motor differences by 3 

months might be explained by either a greater drop out among breech-presenting infants 



with lower 6 week ALUS scores or cephalic-presenting infants with higher 6 weeks AIMS 

scores, t-tests were conducted. No difference in 6 week scores was obtained between 

those who had or had not dropped out by 3 months for either the breech (t = 435, df = 80. 

p = .40) or cephalic (t = .44, df = 75, p = .66) groups. 

A summary of the resdts of the Gross Motor and Fine Motor Subscales of the P M  

evaluated at 15 months is contained in Table 4-12. Two-way ANOVAs were conducted 

on the four ski11 areas within each subscaie, and on the total subscale scores. 

Bonferroni's correction yielded an adjusted alpha level of .O1 3 for the ski11 areas. No 

statistically significant main esects or interactions were obtained (Appendix 4Y). 

Table 4- 12. Peabody Developmental Motor Scales 

SU bscale 
and Skill Area 

- - - - - - - - - - - . - - - - - -- - - -- - - -- . . - - -  

Group 
Cesarean- Cesa rean- Vaginal- Vaginai- 

Breec h Cephalic Bteech Cephalic 
(n = 36) (n = 37) (n = 34) (n = 36) 

Gross Motor Total 
Mean 
Standard Deviation 

Balance 
Mean 
Standard Deviation 

Non-locomotor 
Mean 
Standard Deviation 

Locomotor 
Mean 
Standard Deviation 

Receipt / Propulsion 
Mean 
Standard Deviation 

Fine Motor Total 
Mean 
Standard Deviation 

Grasping 
Mean 
Standard Deviation 

Hand Use 
Mean 
Standard Deviation 

Eye-Hand 
Coordination 

Mean 
Standard Deviation 

Manual Dexterity 
Mean 
Standard Deviation 
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A summary of the ages at which the infants tirst walked (by parentai report) is 

contained in Table 4- 13. Al1 of the averages are close to 12 months. A 2-way ANOVA 

resulted in no significant hd ings  (Appendk Y). 

Over the course of the study, ten children were observed to use forms of movernent 

other than crawling at 10 months of age. Seven of these children presented in the breech: 

four had been delivered via cesarean delivery (ID 30,34,49, 103) and three vaginally (ID 

45, 68, 171). The remaining three were in vertex presentation, one was delivered by 

cesarean section (ID SO), and two vagindly (ID 47, 174). With the exception of cases 

103 1 7 1 and 1 74, these infants did not crawl before becoming ambulatory. 

Table 4- 1 3. Age Walked 

Group 
Cesa rean- Cesa rean- Vaginal- Vaginal- 

Breec h Cephalic B reec h Cephalic 
Months (parental report) (n = 36) (n = 36) (n = 34) (n = 36) 

Mean 11.8 11.8 12.2 11.8 
Standard Deviation I .3 1.5 1.6 1.4 

Neuroloaical Status at 1 8 months 

Two children in the cesarean-breech group were identified by the pediatrician to be 

developing "suspiciously" at 18 months. Both of these deliveries were elective cesarean 

sections, with no Iabour. Subject 6 was identified to have strabismus, a tremor, and a 

global delay. Subject 109 was identified to have hypotonicity in the shoulder girdle, 

hypertonia in the lower extrernities, strabismus, and poor balance. He was referred to the 

Glenrose Rehabilitation Hospital for an assessment, and was subsequently diagnosed with 

a degenerative central nervous system disorder (deceased July 1996, aged 2 1/2 years). 

One child in the cesareansephalic group (ID 126) was identified to be developing 

"suspiciously" on the basis that he had not yet acquired independent ambulation. His 

mother reported a history of late walking. A summary of the outcomes of the infants 

assessed at 1 8 months is contained in Table 4- 14. 



Table 4- 14. Neurological Outcome 

Normal 
Suspicious 
Abnomai 

- - -  

Group 
Cesa rean- Cesarean- Vaginal- Vaginal- 

Breech Cephalic Breech Cephalic 
(n = 36) (n = 36) (n = 34) (n = 36) 

Minimal Congenital Anomalies 

Only one infant in the total sample (ID 59, cesarean-breech) was identified to have a 

minimal congenital anomdy at bhh .  She was described as having an unusual head shape 

and tapered fmgers. The family withdrew frorn the study after the fust assessment due to 

the infant's faiiure to thrive. This child has subsequently been referred to the Glenrose 

Rehabilitation Hospital and has been diagnosed with myoclonic seimes, mental 

remdation, and severe cerebral palsy (spastic quadriplegia). 

Anomalies of ectodennai origin were specifically targeted; however, none were 

detected at either the pediatric hospital discharge examination or the 18 month 

assessment. Other congenital anomalies were noted. Congenital dysplasia of the hip was 

present in four infants, al1 of whom had been in breech presentation: three were delivered 

abdominally (ID 37. 72, 84) and one vaginaily (ID 166). Congenital muscular torticollis 

was observed in four infants: one in each of the four study cells (ID 47,50, 103, 166). 

Two of these infants (47,50) did not crawl before walking; both of them had been in 

cephalic presentation pnor to delivery. Two infants (ID 1 14,148), both in the cesarean- 

cephalic group, exhibited major plagiocephaly in the absence of congenital muscular 

torticollis. Both were evaluated for craniosynostosis with negative results. 

Additional anomalies among breech-presenting infants included ~raniosynostosis (ID 

54), a liver anomaly (ID 144), and a cardiac septal defect (ID 157). The fnst two were 

managed surgically, the latter conservatively. Arnong cephalic-presenting infants, two 

infants were diagnosed early widi significant medical problems and promptly treated with 
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excellent results. One infa t  had infantile spasms (ID 70); the other had congenital 

hypothyroidism (ID 178). in al1 of these cases. the diagnoses were made after the infants 

had been recruited into the study. 

Sumrnarv of Results 

One hundred and eighty infants were r e c ~ t e d  to investigate possible differences and 

interactions between presentation (breech versus cephalic) and mode of delivery 

(cesarean section versus vaginal) over the first eighteen months of life. Information was 

collected on neurological status at birth, growth (length. weight, and head circurnference), 

primitive reflexes, joint angles. motor development, neurological status at 18 months, and 

minimal congeni tal anomalies. 

ï h e  four groups of infants dernonstrated some differences at the time of recruitrnent. 

Breech infants were born at earlier gestational ages, infants delivered by cesarean section 

were assessed earlier initially. vaginal-breech and cesarean-cephalic infants had Iower 

Apgar scores at 1 minute than vaginaitephdic infants, and of those delivered by 

cesarean section. infants in cephalic presentation were more likely to have experienced 

labour. Gestational age and chronological age in hours at the time of the first assessrnent 

were used as covariates in the analyses. Neither the one minute Apgar score nor the 

expenence of labour af5ected the early results. 

Over the course of the 18 month study, the attrition rate was 2 1.2 percent. niose 

dropping out were more Iikely to have been bom at the Royal Alexandra Hospital, by 

cesarean section, to younger mothers, or of non-Caucasian descent than those remaining 

in the study. When the characteristics of infants remaining in the study were compared 

with data collected nom the normative sample of the AIMS, with few exceptions, no 

differences were obtained. 

Two-way ANOVAs or 3-way ANOVAs with repeated measures were conducted on 

each dependent variable to determine significant main effects of "presentation" and 

"delivery", interactions of "presentation by delivery", or interactions between either 

"presentation" or "delivery" and "time". 



66 

The neurologicai assessrnent at birth revealed only that breech-presenting infants had 

larger popliteal angles than cephalic-presenting infants. This finding was corroborated by 

the joint angle data. Breech-presenting infants were observed to have greater overail 

flexibility at birth, but were similar to cephalic-presenting infants thereafier. This effect 

of overail flexibility resulted from contributions of dl 4 items of the French Angles 

factor. but upon item analyses, only poplited angle was statisticaily significant. Again, 

breech-presenting Uifants had larger angles at birth, but deveioped similarly to their 

counterparts as they matured. No differences in joint laxity were detected between the 

groups at 1 8 months. 

Breech infants were significantly shorter than cephalic infants early in life; they 

demonstrated "catch-up" growth by 5 months of age. Vaginally-delivered infants, 

repardless of mode of delivery, had smaller head circurnference measurements than 

cesarean-delivered infants at birth only. 

In tems of primitive reflexes, the only significant finding was a main effect of 

delivery on the Moro reflex. Infants delivered vaginally had more mature Moro reflex 

scores over the course of the first five months than infants delivered by cesarean section. 

No statistically significant results were obtained fiom the 3-way repeated measures 

analysis of ALUS data on motor development; however, z-tests revealed that breech 

infants, regardless of mode of delivery, performed well below the normative sample at 6 

weeks. Breech-presenting infants were less likely to exhibit the AIMS item supported 

standing (2) than cephalic presenting infants. No differences were obtained on the PDMS 

at 15 months or age of walking as determined by parental report. Of the 10 infànts who 

were not crawling at 10 months, 7 had been breech. 

At 18 months, three children were identified to be developing "suspiciously'~. Two 

had been in the cesarean-breech group: one was diagnosed with a global developmental 

delay, and the other was subsequently diagnosed with a degenerative central nervous 

systern condition. The third infant was in the cesarean-cephalic group, and was identified 

as "suspicious" based on the observation that he was not yet walking, although was 

deveioping normally othewise. One child who dropped out is known to have since been 

diagnosed with cerebral palsy (severe spastic quadriplegia), and was also From the 
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cesarean-breech group. No anomalies of ectodennal ongin were detected in any of the 

infants. 



Chapter 5 

Discussion 

Introduction 

The relatively high rates of perinatal mortality and childhood morbidity among 

breech-presenting infants compared to their cephalic-presenting counterparts have 

resulted in the publication of many observational snidies documenting the effects of 

mode of delivery. In a compelling commentary, Hytten (1 982) stated that few 

investigaton have addressed the fundamental question of why the f e u  presents in the 

breech in the fîrst place. During the 15 years since this editorial, the question has 

remained largely unanswered. To clari& why some fetuses fail to undergo cephalic 

version at the end of gestation, a comparison cohort study between breech- and cephalic- 

presenting infants, accounting for the possible effects of mode of delivery, was planned. 

Assuming continuity of motor functions fiom the ongins of fetal movement through the 

perinatal period? three research hypotheses regarding the early postnatd physical and 

motor development of infants fiorn these two presentation groups were proposed. Based 

on a critical review of the literanire, breech-presenting infants were hypothesized to be 

inherently different from cephalic-presenting infants in the pattem of early development. 

however no differences between mode of delivery groups and no interactions between 

presentation and mode of delivery were anticipated. 

The data do not support the first hypothesis: no persistent, inherent differences were 

obtained between the presentation groups. The second and third hypotheses were 

supported: no important effects of delivery or interactions between presentation and 

mode of delivery in the pattern of early physical and motor development were detected. 

Although support for the inherent difference hypothesis was not obtained, a few early 

differences between breech- and cephalic-presenting infants were present. Specifically, 

breech-presenting infants had greater popliteal angles at birth and were shorter than 

cephalic-presenting infants early in the first year. They also obtained significantly lower 

scores than the normative sample on the Alberta Infant Motor Scale (AIMS) at 6 weeks. 

After 3 months of age, however, al1 groups of infants were developing similady. The 
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previous evidence that supports the premise that deficits in antenatal movement abilities 

may be causally implicated in breech presentation will be re-examined in light of the 

study findings. 

Inherent Differences 

The incidence of breech presentation is known to be greater among fetuses with 

major congenital abnonnalities afEecting neuromuscuiar function. The motor abilities of 

infants with diagnoses such as familial dysautonomia, myotonic dystrophy, 

meningomyelocele, hypopihiitarisrn, or Wernig-Hoflbann, Smith-Lemli-Optiz, Prader 

Willi? Zellweger, or Down Syndromes are clearly different fiom morphologically normal 

infants (Axelrod et al., 1974; Braun et al. 1975; dezegher, 1995; Dunn, 1976b; Smith, 

1976). In this snidy, infants with know-n or suspected major congenitai anomalies were 

excluded fiom the sarnple. Based on the knowledge that minor anomalies of ectodermal 

origin are associated with anomalies of the central nervous system (Coorsen et ai. 199 1 : 

Miller, 1989; Smith and Bostian, l964), testing of the inherent difference hypothesis led 

to the evaluation of the presence and nurnber of minor malformations around the time of 

birth and at 18 months. None of the infants in thîs study, in either presentation group, 

was identified to have any minor malformations of ectodermal origin. Despite collecting 

this information at two points, no support for the inherent diflerence hypothesis was 

obtained fiom this source. 

Epidemiological evidence suggests that the excess rates of neurological morbidities 

among infants having presented by the breech have antenatal origins and are not a 

consequence of the effects of dificuit vaginal deliveries (Croughan-Minihane, 1990; 

Nelson and Ellenberg, 1986). This study was not designed with a sufficient sample size 

to detect statistically significant differences in the proportions of neurologicdly abnormal 

infants between the presentation or mode of delivery groups. Nonetheless, the notion of 

intrinsic functional differences was supported in a few individual cases. Of the three 

children categorized "suspicious" at 18 months, the two with the more severe disorders 

(global delay and degenerative central nervous system disorder) had been breech 

presentations and were delivered by cesarean section. A third infant fkom the cesarean- 
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breech group, who had dropped out of the study, was subsequently diagnosed with severe 

spastic quadnplegia. n i e  data, however, did not reveal differences in neonatal 

neurological statu, thus concurring with results obtained by DeJong and Stolte (1982) 

and Luterkort et al. (1 986a). 

Close examination of the early longitudinal development of 13 primitive reflexes did 

not reveal any significant differences between the groups of infants that may explain a 

failure to undergo spontaneous cephaiic version. Instead, these early elicited motor 

behaviours, for the most part, were observed to evolve similady arnong al1 four groups of 

infants. These results do not support Milani Comparetti's suggestion that precursors to 

the lower extremity placing and stepping reflexes are critical detemiinants of the 

anainment of cephaiic presentation prior to birth (1 98 1). None of the oreech-presenting 

infants had an absent lower extremity placing response when assessed soon after birth. In 

contrast. absent responses were recorded for several cephalic-presenting infants. The 

stepping reflex was noted to Vary among al1 four groups of infants over time, being 

present (strongly or weakly) or absent with equal fiequency among the four groups. 

Similarly, no persistent differences were obtained on joint angles. groowth. or motor 

performance. Given the evidence of a negative relationship between the quality of 

neuromotor performance and the incidence of breech presentation fiom infants with 

congenital anomalies (Dunn. 1976b) and those with precocious motor development 

(Cintas. 1 988; Hofineyer et al. 1986), subtle differences between the presentation groups 

were expected. Despite a careful analysis of many aspects of infant physical and motor 

development, support for the inherent difference hypothesis was not obtained. 

Low power does not explain these results; the sample size was large enough to 

provide a power value of greater than .80 to detect "medium" main efTects and 

interactions over time (Cohen, 1988). It rnight be argued that each of the items contained 

in the Dubowitz Assessment, PRP, French Angles Subsection of the BVFANIB, and the 

AIMS offers an insufficient nurnber of categones to enable possible differences between 

groups to be detected; however, al1 of these measures have been developed to detect 

clinically meaningful differences. Thus, breech-presenting infants were found to have no 

clinically meaningful. persistent, inherent differences in neurological status, growth. 
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primitive reflexes, joint angles. or motor performance when compared to cephalic- 

presenting infants. 

Transient Differences 

In contrast to the lack of support for inherent differences, minor transient differences 

were detected. First, the joint angle data revealed that breech-presenting infa t s  had 

greater popliteal angles at birth; but by 6 weeks of age, their flexibility scores were no 

different fkom cephalic-presenting infants. This fmding differs fiom the results of 

another group investigating the variations and effects of range of motion on early motor 

development of infants who had been in breech presentation (Siva1 et al. 1993). These 

investigators followed the postnatal development of motor fûnctions of 13 infants who 

had been breech and compared their results with hist0h.l  controls. Breech infants 

exhibited less hip extension in the neonatai period, maintained an attitude of hip flexion 

in the first 12 weeks. and had an abnormally flexed walking pattern at 12 to 18 months 

relative to the controls. They concluded that the intrauterine movement restriction of the 

legs may cause long term alterations in the development of motor functions of the lower 

extremities, possibly through a mechanism of altered proprioception. Problems in 

reconciling this interpretation with the current study include the possible effects of rater 

bias and the extreme intrauterine movement restriction imposed by oligohydramnios 

(Sival et al. 1990): which was expenenced by more than half of the sample, rather than to 

breech presentation per se. 

Although associations between breech presentation and congenital dysplasia of the 

hip (Robinson, 1968) and between inherently greater flexibility and congenital dysplasia 

of the hip (Carter and Wikenson, 1964) have long been estabfished, the hypothesis that 

breech-presenting fetuses are inherendy more flexible than cephalic-presenting infants, 

and thus predisposed to an abnormal presentation, was not supported by the joint laxity 

data coliected at 18 months. 

The second transient difference detected was associated with growth. In this 

investigation, morphologically normal term breech-presenting infants with birth weights 

greater than 2500 grams, regardless of mode of delivery. were found to be shorter than 
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their cephalic-presenting counterparts from birth through 5 months of age. This fmding 

of poorer growth among breech-presenting fetuses is not new. In studies of neonates 

bom at al1 gestational ages and birth weights, breech-presenting Ulfants have been 

observed to be lighter, but not shorter than their cephalic counterparts (Luterkort et al. 

1984; von Nuers ,  1952). In the present study, because preterm infants and those 

weighing less than 2500 gram were excluded, a statistically significant difference in 

weight between presentation groups was not detected. 

In the past, controversy regarding the causal order of events relating to breech 

presentation and poorer growth has misen. 1s poorer growth the cause or effect of breech 

presentation? With the knowledge that a final cephalic version is more Iikely to occur in 

the third trimester, Zhang and Schwingl(1993) postulated that there would be a positive 

relationship between the duration of the abnormal presentation and the differences in 

birth weight between breech and cephalic neonates if breech presentation caused fetal 

growth retardation. To investigate this hypothesis, they used cross sectional data from a 

birth cohort of breech- and cephalic-presenting infants and plotted the average birth 

weights of those bom between 24 and 44 weeks gestation, calculated after controlling for 

gender. materna1 race. parity. and matemal age. They found that the discrepancy in 

weight was greatest between 29 and 34 weeks gestation, decreasing after this point, 

suggesting that poor fetal growth predates breech presentation. 

To interpret the possible clinical significance of this finding of smaller overall 

growth arnong breech-presenting neonates, the characteristics of infants with intrautenne 

growth retardation may be reviewed. Interestingly, growth compromised fetuses have 

been found to have a lower probability of assurning spontaneous cephalic version at ihe 

end of gestation than normally grown fetuses (Westgren et al. 1985). Although serial 

measurements of fetal anthropometric characteristics were not collected in this 

investigation of infants with birth weights appropriate for gestational age, some of these 

breech infants may have fallen off their growth curves and may represent infants with 

some degree of intrauterine growth retardation. In support of this view, breech- 

presenting infants had obtained similar growth patterns to cephalic-presenting infants by 

5 months of age, timing that is similar to that reported recently in a sample of small-for- 
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gestational-age infants (Albertsson-Wikland et al. 1993). The possibility that breech- 

presenting infants with poor fetal growth and a high velocity of postnatal growth were 

born to mothers with low prepregnancy weight - the major deteminant of size at birth 

(Brooks et al. 1 995) - and parents of taller-than-average heights - the major determinant 

of postnatal growth (Hemgreen et al. 1 994) - cannot be excluded dennitively. However, 

Luterkon et ai. (1 986b) found that birth weight among breech-presenting infants was not 

correlated with matemal prepregnancy weight. 

Finaily, variations in early motor performance revealed a third transient difference. 

Breech-presenting infants, regardless of mode of delivery, performed well below the 

normative sample at 6 weeks of age. Significantly fewer breech-presenting infants 

received credit for the second standing item on the AIMS at 6 weeks. That is, breech- 

presenting infants were less likely to demonstrate control of the neck and huik extensors 

when supported in standing by the examiner. Rather than being able to hold the head in 

line with an extended tnink, they were more likely to be flexed throughout the body. 

Similarly, they were less likely to take weight through their lower extremities 

consistently. At 6 weeks of age, breech-presenting infants were apparentiy less vigorous 

than cephalic-presenting infants. No group differences in motor performance were 

observed afier 3 months of age. In support of this finding, no differences in the age of 

acquisition of developmental milestones such as sining, standing, and walking without 

support have been reported by others (Sival et al. 1993). 

These transient differences may be best explained by liberation fkom a nonoptimal 

situation. Because inherent diflerences in joint laxity were not found, the resolution of 

joint angle differences are most plausibly explained through a causal path of breech 

presentation causing abnomal joint mobility which normalizes once the mechanical 

a u e n c e s  are removed at birth. Although persistent differences in growth and motor 

performance were not detected, the observed transient differences may signal antenatal 

characteristics that predispose the fehis to breech presentation. Following close 

inspection of the perinatal outcomes of a large nurnber of breech-presenting infants, 

Kauppila (1 975) speculatea that a poorly grown fetus may not be capable of the vigorous 

movements required for cephalic version. The rapid catch up in length, coupled with the 
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rapid normaiization of motor scores, suggest that bodi poorer growth and reduced vigour 

may have a common cause. Biologically, this common cause may be a less-than-optimal 

intrauterine environment. Once the fetus is fieed fiorn this environment, assuming a 

numuing postnatal environment, growth and development can proceed unencumbered. 

Recent studies of the association between fetal vigour and breech presentation 

support the "less-than-optimal intrauterine environment" hypothesis suggested by the 

transient differences detected in this study. For example, an inordinately high rate of 

breech presentation (14 percent) has been reported in pregnancies after embryo 

cryopreservation (Heijnsbroek et al. 1995). Although the authors did not provide an 

explanation for this extraordinaq fkequency, one wonders whether cryopreservation 

results in a more vulnerable fetus. In addition, the rate of breech presentation among 

preterm births is double that of fenises at corresponding gestational ages. The underlying 

cause of some cases of preterm labour and breech presentation is speculated to be fetal 

compromise (Ingemamon et al. 1990). Similarly, three recent studies of elderly 

primigravidae (> 35 years), have noted a doubling of the rate of breech presentation 

compared with pnmigravidae in their menties (Edge and Laros, 1993; Ena et al. 1995; 

Jonas et al. 1991). While this higher rate rnay be explained in part by the higher 

fiequency of preterm delivenes among older women, these women are also more likely to 

experience other pregnancy complications such as hypertension. And, as previously 

noted in the literature review, women with nongestational diabetes are also predisposed to 

higher rates of breech presentation (Ray1 et al. 1996). In addition to medicai 

complications with pregnancy, matemal behavioural risk factors such as excessive 

caf5eine intake (Barr and Streisguth, 1991) and alcohol (Halliday et al. 1982) and dmg 

(Silver et al. 1987) abuse influence the intrauterine environment and are associated with 

less active fetuses and breech presentation. Less vigorous fetuses may have more 

difficulty assuming final cephalic version; thus, breech presentation may be a marker of a 

problem associated with reduced fetal vigour. 

The literature fïndings of shorter umbilical cords occurring in pregnancies in which 

the fenis moved less do not help resolve the results relating to Uiherent versus transient 

differences. Presumably the shorter cords may occur as a result of either inherent 
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differences or transient effects on the fetus in the first two trimesters (Miller et al. 198 1 ). 

On the basis that breech-presenting fetuses have been found to have shorter umbikal 

cords than cephalic-presenting fetuses, it has been concluded that breech fetuses move 

less (Soemes and Bakke, 1986). In contrast with this view, no quantitative differences in 

either subjective reporting of perceptible movements or ultrasound evduation of the 

frequency of movements between fenises who remained in breech presentation and 

fetuses who assumed cephalic presentation at the time of delivery were reported in a 

longitudinal study of fetuses identified to be in breech presentation at 33 weeks 

(Luterkort and Masai, 1985). Thus, the vigour rather than the quantiy of movement 

may be an important determinant of fetal orientation pnor to birth. 

Mechanism of Breech Presentation 

The results of this study suggest that the fundamentai reason that the fenis presents in 

the breech in the first place is not an inherent difference in motor cornpetencies. Instead. 

an adverse infiuence during pregnancy may explain both the temporary reduction of 

growth and vigour. which may make cephalic version more difficult to assume at the end 

of gestation. and the catch up in growth once in a nurturing extrauterine environment. 

In addition. the type of movement that may be responsible for establishing cephalic 

presentation may be different fiom that which has long been assumed to be implicated. 

The proposition of the importance of kicking (Stabler, 1947) and stepping (Milani 

Comparetti, 198 1) in changing fetal orientation gained wide acceprance in the past. The 

results of this study do not support this popular assumption. Instead, active whoie body 

movements, as observed by S d  and Yamamuro (1985) in rnidgestation, may be more 

infiuential. Although the dose-response relationship between either the extent of lower 

extremity paralysis @un, l976b) or the degree of hypotonia (Dunn, 1 W6b; Smith. 

1976) and the incidence of breech presentation was discussed in the context of fetd 

kicking in the literature review (Chapter 2), fetuses with either a higher level of spinal 

impairment or greater seventy of hypotonia will also have greater disabilities relating to 

h-unk and whole body movements. In support of the importance of whole body 

movements, Soernes and Bakke (1 986) observed that cephalic-presenting infants, who 
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had longer umbilical cords than breech-presenting infmts, were also more likely to have 

coils around the body. Active whole body movements may explain this finding better 

than fetai stepping or kicking. Finally, the typical fetal attitude is known to be 

characterized by extreme flexion of al1 body parts, most notably in the neck and trunk. 

From this starting position, any movement is logically one toward greater extension 

(Tompkins, 1946). Absence or weakness of whole body movements, particularly in 

extension, might therefore increase the likelihood of a fetus rem&ing in breech 

presentation later in gestation. The results of this study, given the dflerence in early 

standing performance between breech- and cephalic-presenting infàtits detected by the 

AIMS and the absence of any finding relative to elicited neurological or primitive reflex 

items, support the view that spontaneous integrated whole body movements, rather than 

stepping responses, may be influentid in deteminhg presentation at birth. 

In diis study of breech- and cephalic-presenting infants, it is interesting to speculate 

whether a greater number or range of "significant fmdings" related to motor performance 

would have resulted with the use of measures of spontaneous movement other than the 

AMS, such as the observation of "general movements". Broadly, "general movements" 

are described as gross movements involving the whole body lasting a few seconds to a 

minute, waxing and waning in intensity, force and speed, and notable for their fluency 

and elegance in normal, healthy individuals (Hopkins and Prechtl, 1984). They originate 

at 9 to 1 0 weeks gestation (deVries et ai. 1982) and their developmental transformations 

in the first few months of postnatal life have been described (Hopkins and Prechtl, 1984). 

These investigators have prornoted the concept of "Gestalt Perception", rather than 

invasive techniques or handling, to conduct evaluations of rnotor performance (Hopkins 

and Prechtl, 1984). Recently, Hadders-Algra and Prechti (1992) have demonstrated that 

early postnatal changes in general movements are unrelated to the changes in the 

neurological repertoire, supporthg the view tbat these two types of assessments provide 

information about either different aspects of development or behaviours under different 

environmental conditions. 

In any case, the fetal movements that may be causally irnplicated in the mechanism 

of cephalic version, and therefore may explain breech presentation, may be descnbed as 
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Mgorous, çpontaneous, and integrated, rather than frequent, elicited, and isolated. Hence, 

the emphasis on conducting measures of elicited responses early in life (e.g. Dubowitz' 

Assessrnent and PRP), rather than measures capturing spontaneous and integrated 

movements, rnay have masked the oppominity to identiS, other early motor behaviours 

that rnay be different between breech- and cephalic-presenting infants. 

Pediatncians can assure the parents of morphologicaIly nomal term breech- 

presenting infants with birth weights greater than 2500 grams that alterations in joint 

angles will be transient with no known efTects on early rnotor development. Similarly, if 

length is subnormal at the tirne of birth, excellent catch-up growth rnay be anticipated and 

early subnormai motor performance rnay be expected to nomalize rapidly. No inherent 

differences in early physical and motor deveiopment among breech-presenting infants 

shouid be anticipated. 

The CO-existence of poor early growth and poor early motor development among 

breech-presenting infants rnay warrant closer inspection. The primary cause of both 

reduced fetal growth and reduced vigour rnay be placental insufnciency (Ingemamon et 

al. 1990), thus predisposing the fetus to intrapartum asphyxia (Dunn, 1976a). The "less- 

than-opbal-in~auterine experience" or "intrauterine compromisey' hypothesis rnay 

explain both the increased rates of childhood morbidity noted in the literature and the 

rapid "catch up" in growth and motor performance demonstrated by the USants in this 

study. This hypothesis also rnay explain the inconsistent and conflicting results of the 

investigations of the effect of mode of delivery on perinatal death rates for breech- 

presenting fetuses. If the inmuterine compromise is chronic and severe, as rnay have 

been the case for three of the infants in this study, mode of delivery rnay not affect the 

outcome, which has aiready been determined to be poor. If, however, the intrauterine 

compromise is of relativeiy short duration and mild, a rapid "catch up" rnay be expected, 

regardless of the mode of delivery. Although this study of 90 breech- and 90 cephalic- 

presenting infants did not detect an interaction between presentation and mode of delivery 

in the outcornes measured, the question which still arises is whether a "gray zone" of fetal 
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vulnerability exists within the wide spectrum of the hypothesized intrauterine 

compromise. Are there breech-presenting fetuses who are so vuinerable that the asphyxic 

event of vaginal delivery does cause injury? If so, the identification of vulnerable fetuses, 

and the subsequent reduction of a portion of the rates of perinatai mortality and childhood 

morbidity, may be possible through the implementation of carefid antenatal assessment in 

selected cases of fetuses presenting by the breech. 

Beginning at the most rnacroscopic level, one may ask whether the ultrasound 

evaluation of "general movements" is useful in identiQing such vulnerable fetuses. 

Fetuses identified to have intrauterine growth retardation secondary to pregnancy induced 

hypertension have been noted to have a lower fiequency of and reduction in the faster 

components of movement *.&en compared to average for gestational age fetuses 

(Bekedarn et al. 1985). An extreme reduction or cessation of movement has been found 

to signal severe compromise or impending intrauterine death; however, when cases with 

barely discemible movements are excluded, significant overlap between normal and 

reduced growth groups has been observed (Bekedam et al. 1985; Sivd et ai. 1992). Inter- 

individual differences blur the distinction between normal and abnormal fetuses 

(Bekedam et al. 1985). This range of variation probably precludes the usefûlneçs of the 

assessment of "general movernents" in identiQing those at risk for injury fiom labour and 

delivery. Among the population of intrauterine growth retarded fetuses, the CO- 

occurrence of reduced heart rate variability, late decelerations, and a deterioration of the 

repertoire of general movements has been observed (Sival et al. 1992) and this 

constellation of signs has been found to be associated with hypoxemia at birth (Bekedam 

et al. 1987). Clinically, the monitoring of heart rate variability may be more useful than 

the observational assessment of general movements in identifying vulnerable breech- 

presenting fetuses. 

Secondly, investigations of the placenta may provide insight regarding fetal 

vuherability to vaginal delivery. Grannum and associates (1979) first descnbed a 

classification system of placental maturity based on ultrasound evaluations of changes in 

the inte@ty of the chononic plate and alterations in echogenic densities in the placental 

substance and basal layer. They categorized normal changes as progressing fiom Grade O 
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in the fïrst and second trimesters, to Grade 1 around 30 to 32 weeks gestation, and fuially 

to Grade 3 by the end of tem gestation. They suggested that the placenta may mature 

more rapidly in abnomal pregnancies. In the context of knowledge that postrnature 

placentas are associated with a higher nsk of utero-placental insufficiency (Altschuler, 

1993), ultrasound monitoring of placental maturation may be usefûi. The results of a 

randomized controlled trial have demonstrated that obstetricians' knowledge of the 

presence of a Grade 3 placenta, found to be present in 15 percent of an unselected 

pregnant population at 34 to 36 weeks gestation, was associated with a reduction in the 

nsk of perinataî death (Odds Ratio = .26,95 % confiidence interval .O8 - .81) (Proud and 

Grant, 1987). 

Finally, evaluating the health status of breech-presenting fetuses may best be 

conducted through Doppler ultrasound of blood velocity signals, a procedure which 

provides information regarding the hemodynamics of the uterus and fetus (Marsal, 1994). 

The shape of the maximum velocity of the waveform is infiuenced by peripheral vascular 

resistance, blood viscosity, elasticity of the vesse1 wdls, and heart function. The velocity 

of blood flow in the urnbilicai artery and the abdominal part of the fetai descending aorta 

is largely determined by vascular resistance in the placenta. Variations in waveforms in 

these vessels have been found to be associated with suboptimal fetal growth, the 

development of fetal distress, and adverse outcornes of delivery. For example, decreased, 

missing, or reversed flow of the diastolic velocity in the umbilical artery andor the fetal 

descending aorta is associated with fetal hypoxemia (Marsal, 1994). A meta-analysis of 

Doppler velocimetry of the umbilical artery in pregnancies complicated by growth 

retardation a d o r  pregnancy induced hypertension indicates that the perinatal mortality 

among normaily-fmed infants reduces with its use (Odds Ratio = .5 1,95% confidence 

interval .35 - .74) (Neilson, 1994). In a small sample study, Luterkort and Gemser 

(1987) found no differences in the basal pulse wave parameters of the fetal descending 

aorta between breech- and cephalic-presenting fetuses. It is not known whether this 

method would be useful in highly selected breech fetuses who are perceived to be most 

vulnerable. 
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Doppler velocimetry of other fetal vessels rnay be useful. Because the redistribution 

of the blood supply among fetuses with growth retardation in hypoxic situations results in 

preferentid supply to the brain, measurement of fetal cerebral vessels rnay enhance the 

identification of those fetuses most at risk (Chang and Cheng, 1994; Marsal, 1994). It 

has also been suggested that the evaluation of fetal venous hernodynamics rnay provide 

early detection of irnpaired fetal oxygenation (Marsal, 1994). Based on the belief that 

intrapartum asphyxia is probably more damaging when superimposed on underlying 

hypoxia (Tynell et al. 1990), Doppler assessment o f  the hernodynamics of breech- 

presenting fetuses may Iead to intervention that reduces the possible risk of fetal brain 

damage with vaginal delivery. This type of intervention rnay be useM in highly selected 

pregnancies only, for example, those complicated by both hypertension (Torres et al. 

1995) and breech presentation. 

This study was not designed to address the essential "breech dilemma" identified by 

obstetricians: which is the prefemed mode of delivery for term breech-presenting fetuses? 

While the need for a randomized controlled triai continues to be emphasized (Weissman 

and Hagay, 1999, defuiitive knowledge of the optimal mode of delivery rnay remain 

elusive. In a recent survey of principal investigators associated with the Matemal-Fetal 

Medicine Units Networks in the United States, the authors concluded that the problem of 

the safety of a trial of labour for persistent term breech fetuses rnay never be adequately 

addressed due to feasibility constraints associated with investigators' reluctance to 

participate and the large sarnple size requirements due to the admittedly low incidence of 

adverse outcomes. Hannah and Hannah (1 996) have recently Iaunched an international 

randomized controlled trial of mode of delivery among selected term breech singletons 

with funding fiom the Medical Research Council of Canada. If the assessment of fetal 

vigour is found to be usefil, careful antenatal evaluation of fetuses known to be in breech 

presentation, in addition to the classification of breech presentation, position of the fetal 

neck, volume of amniotic fluid, and estimation of fetal weight (Canadian Medical 

Association Consensus Conference, l986), rnay contribute to mode of delivery decisions. 

The results of this study also suggest that the observation of spontaneously generated 

movements, rather than scoring of elicited responses, rnay provide more useful 
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information. Evaluation of neurological sbtus (Dubowitz' Assessment) and primitive 

reflexes (modified Primitive Reflex Profle) yielded nonsignificant differences between 

breech- and cephalic-presenting infmts, concurring with the results of othes regarding 

neonatal neurological examinations (Ddong and Stolte, 1982; Luterkort et al. 1986a) 

using Prechtl's neurological examination (Prechtl, 1977). Although Prechtl has since 

become a strong proponent of the observationai assessment of spontaneous movement 

(e.g. Hopkins and Prechtl, 1984), his earlier neurological examination contains many 

elicited responses. One of the reasons for obtaining negative results for the assessment of 

neurological status and primitive reflexes as indices of motor performance may be due to 

the evoked nature of the motor behaviours. Growing consensus is developing among 

those interested in early motor developrnent regarding the lack of clinicd utility of 

assessments that are based on evoked responses or isolated motor capabilities (Bradley, 

1994; Haley et al. 1993; Piper and Darrah, 1994). Instead, the observation of motor 

patterns of spontaneous and integrated activity conducted in the Uifant's or child's naturai 

setting, with minimal handling, instruction, or other interference is advocated. 

In keeping with the discussion of the utility of elicited versus spontaneous 

assessment of postnatal motor behaviour, predictors of fetal distress during labour among 

fetuses with recognized growdi retardation have been found to be Pulsed Doppler 

ultrasound of fetal arteries and nonstress testing, and not contraction stress tests and 

vibroacoustic stimulation tests (Arabin et al. 1993). 

Ge- 
. . .  

Infants in the breech presentation cells clearly comprise convenience samples; 

virtually al1 eligible subjects were contacted by the recruiters. In conîrast, infants in the 

cephalic presentation cells represent a type of systematic sample: the timing of 

recruitment was dependent upon the successfid recruitment of a breech neonate. Still, for 

al1 four subgroups, the characteristics of families consenting to participate in the study is 

likely to be different nom those declining. Specifically, only those parents interested in 

early child development, who lived reasonably close to the follow-up facility, and who 

anticipated flexible work schedules over the 18 month period of the study consented. The 
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impact of parental interest on early motor developrnent is not known, although the infants 

from this volunteer sample did not obtain consistently higher motor scores than the 

normative sample of the AIMS. 

Although the breech-presenting infmts recmited for this study comprise a 

convenience sample, as a group, these uifants have many characteristics representative of 

al1 breech neonates. Among fetuses in breech presentation, 53.1 percent have been 

reported to be female (Jonas and Roder, 1993), a proportion similar to this sample (52.2 

percent). The observation that breech infants, regardless of mode of delivery, are bom 

approximately one week earlier than cephalic-presenting infants has also been noted by 

others (Luterkort et al. 1984; Zhang and Schwingl, 1993). Breech-presenting infants are 

knc?wn to be four times more likely to be subsequently diagnosed with congenital 

dysplasia of the hip (Robinson, 1968). This sample contains four infants with hip 

dysplasia; dl four had been breech. 

The purpose of this study was to determine whether inherent differences in the 

pattern of early motor development may be a possible contributing factor to fetal 

presentation at term. The method used is a causal-comparative method (Borg and Gall, 

1989); two groups of infants who were different on one critical variable (presentation) 

were compared, and inferences about what influenced presentation were made, while 

accounting for possible effects of mode of delivery. Assuming that neuromotor fictions 

are continuou h m  prenatai to postnatal life, neuromotor development was evaluated 

early in postnatal Iife and its relationship to presentation at birth exarnined. As stated in 

Chapter 2, if one is prepared to prospectively evaluate the necessarily large number of 

individuals to obtain a sufficient number who remain as breech, a preferred method 

would have been to engage in a study with the temporality reversed. One would closely 

observe the neuromotor development of fetuses in utero and relate this with the outcome 

of presentation at birth; however, aside fiom feasibility constraints, limitations in 

technology and rneasurernent cwently preclude this approach. 
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The resolution of the subnormal motor scores of breech-presenting infants between 6 

weeks and 3 months has been attributed to liberation nom a less-than-optimal intrauterine 

environment As an alternative explanation, this early self righting rnay result fiom die 

influence of variables that are not present prior to birth, such as vision or socialization, 

which may stimulate the infant to explore and interact. Although this alternative 

explanation rnay explain how the breech-presenting infants caught up in motor 

performance, it does not explain why they were dif5erent in growth and motor 

development early in life. 

Limitations also exist in the range of data collected and the method of analyses. A 

series of analyses evaluating possible effects of each dependent variable in isolation was 

conducted. A multivariate approach, such as logistic regression, rnay permit the testing 

of the significance of constellations of variables and interactions between variables that 

rnay be critical in explaining a failure to undergo cephalic version near the end of term 

gestation. For example, while matemal mechanical variables have been shown to be 

present in a small proportion of breech pregnancies (Luterkort et al. 1984), the interaction 

arnong variables such as the volume of amniotic fluid (Sival et al. 1990), fetai size, and 

the vigour of fetal whole body movements may provide more information than the surn of 

each individual component tested in isolation. - 
Fenises in breech presentation at the end of term gestation are identified to be a high 

nsk group due to the associated elevated rates of perinatal mortality and childhood 

morbidity. While a portion of these outcomes may be inevitable, regardless of mode of 

delivery, it rnay be possible to identi@ a small subgroup of fetuses who rnay be 

vulnerable to the added asphyxia invoked by labour and vaginal delivery, whether they 

remain as breech or following successful extemai cephalic version. The assessrnent of 

the quality of "general movements" of breech- and cephalic-presenting infants rnay be 

possible with the development of obstetric ultrasound permitting real-tirne, three 

dimensional observation of the entire fetus at the end of gestation. It is not clear whether 

detailed investigations of this sort might benefit vulnerable fetuses in breech presentation. 



Perhaps greater emphasis should be given to the investigation of fetai or placental 

circulatory insufEciency which may be causally implicated in, rather than sirnply 

associated with, reduced fetal vigour. The clinical utility of antenatal testing methods 

such as fetal heart rate monitoring, placentography, and Doppler ultrasound of fetal and 

urnbilical vessels is yet to be established in this group of fetuses. 

Co- 

This is the fkst detailed comparative investigation of the postnatal physical and 

motor development of a large number of breech- and cephalic-presenting uifants 

conducted by evaiuators who were unaware of the infants' presentation and delivery 

histories. Despite reasonable support in the existbg literature for a hypothesis that 

breech-presenting infants would be inherently different fkom cephalic-presenting infants 

in the pattern of early physical and motor development, persistent differences were not 

observed. An inherent difference in motor ability does not explain why some fetuses do 

not orient in cephalic presentation at the end of gestation. Instead, transient 

manifestations of poorer growth and motor development suggest that breech-presenting 

fetuses may lack sufficient general body strength to assume cephalic version. The rapid 

"catch up" in Iength and motor performance once in a numiring extrauterine environment 

suggests that breech presentation may be a marker of intrauterine compromise. Breech- 

presenting fetuses at either end of the spectmm of severity of compromise may do equally 

well or equally poorly, regardless of mode of delivery. For a group of fehises in the 

intermediate "gray zone", however, the mode of delivery decision rnay be critically 

influentid. In the hture, detailed investigation of the condition of breech-presenting 

fetuses at the end of gestation rnight result in the identification of a subgroup that may be 

vulnerable to the asphyxia associated with labour and delivery. Such information, when 

coupled with optimal obstetrical management, may reduce a portion of the higher rates of 

perinatal mortality and morbidity associated with breech pregnancies and minimize 

matemal morbidity associated with elective cesarean deliveries. 
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Appendix 3A: Term Data Collection Form 

Birth and DeIiverv Coding 

Num ber: --- 
Gender: Male (1); Fernale (2) - 
Hospital of Bi&: Royal Alexandra (1); UAH (2) - 
Gestational Age (weeks): -- 
Birthweight (gram~): ---- 
Presentation: Breech (1); Cephalic (2) - 
Classification: 

if breech, if cephalic, 
t 'htk (0) Vertex (6) 
Complete (1) Face (7) 
Incornplete (2) Brow (8) - 
Double Footling (3) 
Single Footling (4) 
Unknown (5) 

Labour: No (O); Yes (1) 
Onset: Spontaneous ( 1); Induced (2) 
Progress: Normal ( 1 ); Augmented (2) 

Delivery: Vaginal (1); Cesarean Section (2) - 
Type: Planned (if CS, prirnary) (1) 

Unplanned (after nia1 of labour if CS) (2) - 

If Breech: 
Head Position: Ftexed (1); Hyperextended (2); Unknown (j) - 
And if had Extemal Cephalic Version, 

not successful(0); successfùl (1) - 

Apgar Scores: 1 minute 
5 minutes 

Infant Birth Complications: Absent (O); Present ( 1 ) 
(note presence of cord prolapse, nuchal cord 
or amis, head entrapment. birth trauma, etc.) 

Materna1 Variables: A S  -- 
Parity -- 
Known uterine abnormalities: 

No (O); Yes (1) (note type) - 
Oligohydramnios: No (O); Yes (1) - 
Polyhydramnios: No (O); Yes (1) - 

Newborn Examination 
Birth length (cm): -- 
Head circumference (cm): -- 

Ethnic Origin: Caucasian ( 1); Native (2): 
Oriental (3); Black (4);Other (5) - 

infant Variables: 
Minor congenital anomalies: absent (O); present (1 ) - 
Number of minor congenital anomalies (rnake note of type) 
Hjpoxic Ischemic Encephalopathy: No(O);Yes(l) - 

if yes, Sarnat Stage (1); (2); (3) - 
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Appendix 3B: Primitive Reflex Profile (adapted fiom Capute et al. 1978 and Allen and Capute 1986) 

Ab breviations: 

abd 
add 
A'MR 
c m  
derom 
ext 
extr 
flex 
incr 
lat 
LE 
min 
ML 
movf 
OCC 

P a s  
P* 
retr 
rom 
sec 
sh 
SR: BoB 
SR: HoB 
STNR 
TLP 
' IZS 
E 

abduction 
adduction 
asymrnetrical tonic neck reflex 
curvation 
derotation 
extension 
extremiry 
flexion 
increased 
Iaterally 
lower extrernity 
minimal 
midline 
movement 
occiput 
passive 
protraction 
retraction 
rotation 
seconds 
shoulder 
segmentai roll, body on body 
segmentai roll, head on body 
symmetrical tonic neck refiex 
tonic labyrinthine reflex in prone 
tonic labyrinthine reflex in supine 
upper extrem ity 



Primitive Reflex Profile (Capute et al. 1978, AIIen and Capute, 1986) ID: Date: 

O I +  2+ 3+ 4+ 
ATNR absent Pass.rotn, Pass.rotn, to 1 80° ext > 30 sec 

no visible visible UE + LE extlface or 
response extlface > 90° flex fledocc 

Incr tone fiedocc UE + LE 
STNR absent Pass.rnovt, visible as in 2+ 3+ response 
(neck no visible flex UE, with 180° for > 30 sec 
flex response ext LW ext or 
+ ext) Incr tone ext UE, > 90°-flex 

flex LE in > 1 extr 
Positive absent Weight Weight > equinus equinus 
Support - flexion, 1-30 sec 30 sec 5-30 sec > 30 sec 

no support <5 sec 
esuinus 

TZS absent No visible neck ext, as in 2+, with flexion, 
(neck response sh retri posture sh retr or LE 
flex 
i- ext) 

lncr tone neck flex, persists ext > 30 sec 
sh pm 5-30 sec 
< 5 sec 

TLP absent Incr flex neck flex, with flex, as in 3+, 
(neck tone sh pm, sh under > 30 sec 
flex LE flex tnink. or 
+ ext) h ipsknees 

> 9Oe flex 
SR:HoB body not rolls when rolls non-derotn log-ro I l ing 

follow when head > XI0 before (LE rorate 
head>30° pastML head ML before UE) 
Dast ML (derom) (derom) 

SR:BoB body not rolls when rolls non-derotn log-rol1ing 
follow when hips > 300 before (UE rotate 
hips > 30° past ML hips ML before LE) 
past ML (derom) (derom) 

Galant absent tmnk curv trunk curv hips swing persistent 
>felt/seen < 450 lat. > 450 hip elevation 

Moro absent or min arm extlabd 2* and back marked 
flexion extfabd then arches or opisthotonus 

UE add or I 80° ext LE 
wrist flex 

UE Grasp absent weak strong finger fi ex, flex lifts 
fuiger fmger elbow flex, infant off 
flex flei traction bed 

LE Grasp absent weak strong 
toe toe 
flex flex 

LE absent initial initial brisk flex/ 
Placing flex only flexl strong, 

weak ext brisk &t 
Stepping absent equivocal consistent exaggerated 

reciprocal fle&xt, 
fledext easily elicited 
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Appendix 3C: The French Angles Factor and Ankle Dorsiflexion (INFANIB, Ellison, 1994) 

The NFANEB: A Reliable Method for the Neuromotor Assessrnent of Infants, By P.H. Ellison, Copyright 
@ 1994, Patricia H. Ellison, published by Therapy Skill Builders, Tucson AZ. Items 2 to 6 reprinted with 
permission o f  Patricia H. Ellison, M.D. (July 7, 1995). 
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Appendix 3D: Assessrnent of CeneraIized Joint Laxity (fiom Beighton et al. 1989) 

Name: ID: 

Date: 

Right Left 

Elbow Extension: sitting, humems flexed 

forward 90°, extend elbow fbiiy: 

> s0 hyperextension = 1 

< 5O hyperextension = O - 

Knee Extension: supine. hip slightly flexed, 

extend knee fuily: 

> 100 hyperextension = 1 

< 100 hyperextension = O - 

Thum b-to- Wnst: sitting. humerus flexed 

forward 90°, elbow flexed 90°, flex wrist 

and attempt to contact tip of thumb to 

vola aspect of forearm: 

contact = 1 

no contact = O 

5th Metacamo~halan~eal (MCPI Extension: sitting, 

with forearm and palm on table, extend 5th MCP fully: 

>go0= 1 

< 9 0 ° = 0  - -- 

Total Laxity Score 
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Appendix 3E: Sample Portion of the Alberta Infant Motor Scaie (Piper and Danah, 1994) 

Motor Assessrnent of the Developing Infant, by M.C. Piper and J. Darrah, copyright@ 1994, W.B. 
Saunders, Philadelphia PA. A photo-reduced portion of the second page of the Alberta Infant Motor Scale 
Score sheet is reprinted with the permission of W. B. Saunders (June 29, 1995) and Martha C. Piper, PhD, 
senior author (December 0 1, 1995). 



Appendix 3F: Peabody Developmental Motor Scales: 

Sample from the Fine and Gross Motor Subscales (Folio and Fewell, 1983) 

12-14 rnonths 53. (A) Grasping Cubes Pbcc (W cubes Yk-by-side ori table S y .  boch d Ihc 

continued bbC(cl.- 

Giraiont Pbces oric dupe in board. 

A d d i r i a n a l ~ : I f d u ' l d i I ' u c r u ~ ~ ~ c o r e 2 o n ( h i s  
Hanandori itern62Kdu'ld I n x r t s a t t t h r n ~ ~ c o r c Z ~ n  
this item. on item 62, and on item 66. 

15-17 monthi 55. (8) Unwmpping C u k  /or& kcms a[ UiL5 Pbct crPk an tabk Atlrac( childs anmtion t0 ~ u k .  by 
brd- sitting on banging h hree t i r n a  Thtn wmp cube i n  üssuelfswrc !%y. %et Ihc 
amminer's bp blockm 

at tabk GilaiDlc Secura cuix by unwrapping. 

56. (C) Filling Cup Pbct crrp and sluai crrba on tabk. S y .  Put the blocks i n  the 
CUP.- 
Gifericwc PW al1 a b e r  in cup. 

57. (C) Building T i r  Demonsfmte building towc of /'&. Lcave standing. . 

Piaa  cighl crpb4 on u b k  &y. 'Build a towcr Iike mi=' 

A & W  Saring: I f  diild complctes t o w ~  of six t o  eighi 
dxs. x w c  2 on th& i t an  and on itcm 67. 

58. (C) tmicating Scribblt Ounanstmte making lirœs on p s p a w i t h  d e .  P h  xccnd . shed dpapcrand marker in f~ of chiid. Say. 'Do what 1 did.' 

A&&hd S s r h g t  Ctnuve g q  o f  mariter for scwing nuc2 
Han. 

-. 

15-1 7 months 73. (D) Walking Op Srairs standing on %nd scvccal aqn abovc diild. Say. ' C m  Lo mc- 
continued *ar m. CIirnbs four aqx holding ont0 mil  or wall and pking 

rail or wall 
bath leet oii cadi sep (marking lime). 

foot on & (aliemsting leet) and using rail or wall for 
supQan w r c  2 on chu item and on item 9 2  

74. (D) Walking standing Run a w y  from chiid. Say. Ifatch me.' I n  dion to  d e  qui& 
movtment 

maiorr- Walk  10 kt with fast walking seps using heel-loe 
gaiL This movcm«it lime mus k twice that of kem 7 2  the 
previocp waiking t i m c  

75. @) Walking BMkward standing h n o n s m t e  prrlling p<rb.(oy a i l e  walking backward. looking 
at toy and calling attention to its action. Givc cord Lo chlkt. Say. 
Tou piIl IL- 

Walks backard GY seps: one d t w  triais. May or 
m a y  not pr i t  tq *le valking. 

76. (O) Walking h standing. four ttcps Say. 'Walk d m  the s t v -  
Sbirs Giloion- aeunds four stem holding wall o r  rail and 

pbang borh feec ori csct! i c p  (making the). 

-Savhg:If &Id deKerds four s tqs  withou( cupporf 
piacing both fea on ead~ sep (marking tirne). saxe 2 on (bis 

- Sreps cm or kick inca bal1 in saam@ to imltate 
k i d r i ~  

Peabody Developmental Motor Scales, By M.R. Folio and R.R. Fewell, copyright @ 1983, Chicago. A 
photo-reduced version of pages 3 1 and 54 are reprinted with permission of The Riverside PubIishing 
Company (Apr-il 15, 1996). 



Appendix 3C: Movement and Tone Subsection of The Neurological Assessment 

of the Preterm and Full-term Newborn Infant (Dubowitzand Dubowitz, 198 1 )  

- - - m m  

n-rwrrrorcrrwnct ri- 
KKmQN 

IiLUlrr 9 .Ln-- 
Y kluim a r c -  --- 

Llir*~CIi--aml - m m -  
rrr 

N k k l n r  - 
M U i l E u L I L W m O m  M m  8-u-W WU- Olrmm- 
msmo* 
W k r i h k k h  

rnyi* -.<Y* ---- 
m e n  - w u  iclrr- 

m c i i r r r r -  
aiipbe-mu. 

--- 

The Neurological Assessment of the Preterm and FuII-tem Newborn Infan& By L. Dubowitz and V. 
D u b o w i ~  198 1,  copyrigh@ambridge University Press, New York. Illustrations on pages 12 and 13 
reprinted with the permission of Cambridge University Press (Novernber 3, 1995). 



Appendix 3H: Sample Size Caiculations (Cohen, 1988) 

These sarnple size calcuiations are based on the main dependent variable of interest: scores on the 
AIMS. The standard deviation for each monthly age range is different, therefore the magnitude of 
clinically significant differences in scores ais0 varies with age. The table below lists the differences 
between two groups considered to be dinically significant, the standard deviation (sd), the effect size (d = 
clifference / sd), and the eflect size (f = d / 2), which is used for power analysis for ANOVA models. The 
estimates for a clinically significant difference corresponds to an f > .25 (medium effect size). 

Age in Months 
3 5 7 10 15 

Difference 2 3 4 3 1 
sd 3.3 5.2 7.3 4.4 0.3 
d 0.6 1 0.58 0.55 0.68 3.33 
f 0.3 1 029 0.28 0.34 1.67 

Main Effects: FolIowing the example in Cohen (1988) in section 8.3.3 (Main Effects in Factorial and 
Complex Designs), the structure of this design is an 1 x J (presentation by mode of delivery), with two 
levels in each of the I and J. for a total number of cells equal to 4. and the proposal of n=39 subjects in each 
ce11 before dropouts. This gives the folIowing table from which to proceed: 

Effect 
1 
J 

Interaction of 1 x l 
within ceIl (error) 
Total 

denominator df 
i -  l =  l 
j -  1 = 1 
( i -  I ) ( j -  l ) =  1 
ij (n, - 1) =4(38)= 152 
ijn, - 1 = 4(39) - 1 = 155 

Using equation 8.3.4, a value is calculated for n': n' = denominator df + 1 
u + l  

n T =  152 + 1 - 
2 +  1 

n' = 52 

Using the appropriate table for u (2), alpha level (.OS), and f (-25) (8.3.13), and n' = 52, and a ce11 size of 
39, there is a power of .80 to detect main effects of both presentation and mode of delivery, if they exist. 

Interactions: In Cohen (1 988, p. 355), a different method for detennining sample size for tests of 
interactions suggests a different calculation for u: 

u = (k - l)(r - I)(p - 1) 
where k, r, and p are the nurnber of the interacting main effects. (k = 

presentation (2); r = mode of delivery (2); and p = repeated measures 
over t h e  (6 weeks, and 3,5,7,10, and 15 months (6)). 

Therefore u = (2 - 1) (2 - 1)(6 - 1) = 5, and with the alpha level = .OS, f = -25, and a power of .80, 
one looks up the vaIue for the sample size in the appropriate table (8.3.16) and fin& that n = 35 is required. 



Appendix 31 

Inter-rater Agreement: 

Term Assessors (Raten 1 and 2) 

Abbreviations: 

1 D 
ATNR 
STNR 
n s  
TLP 
SR: HoB 
SR: BoB 
PRP 
UE 
LE 
RI 
R2 

identification number 
asymmetrical tonic neck reflex 
syrnmetrical tonic neck reflex 
tonic labyrinthine reflex in supine 
tonic lab-urinthine reflex in prone 
segmental roll: head on body reflex 
segmental roll: body on body reflex 
Primitive Reflex Profile 
upper extremity 
lower exrrernity 
rater 1 
rater 2 



Assessrnent 
Subject ID Number 
Rater 
Dubowitz 

Posture 
Arm Recoil 
A m  Traction 
Leg Recoil 
Leg Traction 
Popliteal Angle 
Head Conrrol Posterior 
Head ControI Antenor 
Head Lag 
Ventral Suspension 
Head Raising in Prone 
A m  Release in Prone 
Knee Jerk 
Palmar Grasp 
Rooting 
Sucking 
Walking 
Moro 
Auditory Orientation 
Visual Orientation 

Primitive Reflex Profile 
A'MR 
STNR 

Initial (July '93) 
O24 

RI DB 

Positive Suppon 
n s  
TLP 
SR: HoB 
SR: BoB 
Galant 
PRP Moro 
UE Grasp 
LE G m p  
LE Placing 
Stepping 

INFANIB 
Sc& Sign 
Heel to Ear 
Popliteal Angle 
Leg Abduction 
Ankle Dorsiflexion 

# Agree 
# Agree within 1 
# of Items 
% Agreement 
% Agreement within 1 

% Agreement Dubowitz 
% Agreement PRP 
% Agreement iNFANIB 



Assessmen t 
Subject ID Number 
Rater 
Dubowitz 

Posture 
A m  Recoil 
Arm Traction 
Leg Recoil 
Leg Traction 
Popliteal Angle 
Head ControI Posterior 
Head Control Anterior 
Head Lag 
Ventral Suspension 
Head Raising in Prone 
Arrn Release in Prone 
Knee Jerk 
Palrnar Grasp 
Rooting 
Sucking 
Walking 
Moro 
Auditory Orientation 
Visual Orientation 

Primitive Reflex Profile 
ATNR 
STNR 
Positive Support 
TLS 
TLP 
SR: HoB 
SR: BoB 
Galant 
PRP Moro 
UE Grasp 
LE Grasp 
LE Placing 
Stepping 

tNFANIB 
Scarf Sign 
Heel to Ear 
Popliteal Angle 
Leg Abduction 
AnkIe Dorsif'iexion 

# Agree 
# Agree within 1 
# of Items 
% Agreement 
% Agreement within 1 

% Agreement Dubowitz 
% Agreement PRP 
% Agreement MFANIB 

Initial (July '93) 
024 

R2 DB 



Appendix 35 

Inter-rater Agreement: 

Follow-up Assessors at Various Ages (Raters 1 and 2 )  

Abbreviations: 

ID 
AIMS 
P 
S 
Sit 
St 
ATNR 
STNR 
TLS 
TLP 
SR: HoB 
SR: BoB 
UE 
LE 
NFANIB 
PRP 
PDMS 
MCP 
R1 
R 2  

identification nur;;ki- 
Alberta Infant Motor Scale (scoring: O = not observed, 1 = observed) 
AIMS prone item (with numerical sufix) 
AIMS supine item (with numerical suffix) 
AIMS sit item (with numencal suff?x) 
AIMS stand item (with numerical suffix) 
asyrnmerical tonic neck reflex 
symmetrical tonic neck reflex 
tonic labyrinthine reflex in supine 
tonic labyrinthine reflex in prone 
segmental roll: head on body 
segmental roll: body on body 
upper extremity 
lower extremity 
items scored I through 6 
Primitive Reflex Profile (sconng from O through 4) 
Peabody Developmental Motor Scales (scoring From O through 2) 
m etacarpophalangeal 
rater 1 
rater 2 



6 Week Assessments 
Subject ID Nurnber 
Rater 
AIMS 
Pl 
P2 
P3 
P4 
P5 
SI 
S2 
S3 
S4 
S5 
Sit 1 
S ii2 
Sit; 
St 1 
St2 
SG 
S t4 

Primitive Reflex ProfiIe 
ATNR 
STNR 
Positive Support 
TLS 
TLP 
SR: HoB 
SR: BoB 
Galant 
Moro 
UE Grasp 
LE Grasp 
LE Placing 
Stepping 

LNFANIB 
Scarf Sign 
Heel to Ear 
PopIiteal Angle 
Leg Abduction 
Ankle Dotsiflexion 

# Agree 
# Agree within 1 
Num ber of Items 
% Agreement 
%Agreement within 1 

% Agreement AIMS 
% Agreement PRP 
% Agreement ïNFANIB 

Initial (Summer 1993) 



6 Week Assessments 
Subject ID Number 
Rater 
AIMS 

Pl 
P2 
P3 
P4 
PS 
S1 
S2 
s3 
S4 
S5 
Sit 1 
Sir2 
S it3 
St 1 
SQ 
S t3 
S t4 

Primitive Reflex Profile 
ATNR 
STNR 
Positive Support 
TLS 
TLP 
SR: HoB 
SR: BoB 
Galant 
Moro 
UE Grasp 
LE Grasp 
LE Placing 
Stepping 

INFANlB 
Scarf Sign 
Heel to Ear 
Popliteal AngIe 
Leg Abduction 
AnkIe Doniflexion 

# Agree 
# Agree within 1 
Number of Items 
% Agreement 
%Agreement within I 

% Agreement AIMS 
% Agreement PRP 
% Agreement MFANIB 



3 Month Assessments 
Subject ID Number 
Rater 
AIMS P2 

P3 
P4 
P5 
P6 
P7 
P8 
P9 
P 10 
S2 
S3 
S4 
S5 
S6 
S7 
S8 
Sit 1 
Sir2 
Sit3 
Sit4 
Stl 
SC 
S t3 
S t4 

Primitive Reflex Profile 
ATNR 
S'MR 
Positive Support 
n s  
TLP 
SR: HoB 
SR: BoB 
Galant 
Moro 
UE Grasp 
LE Grasp 
LE Placing 
Stepping 

LNFANIB ScarfSign 
Heel to Ear 
Popliteal Angle 
Leg Abduction 
Ankle Dorsiflexion 

# Agree 
# Agree within 1 
Num ber of Items 
% Agreement 
%Agreement within 1 

% Agreement AIMS 
% Agreement PRP 
% Agreement NFANIB 



3 Month Assessments 
Subject ID Number 
Rater 
AIMS 
Pl 
P2 
P3 
P4 
P5 
P6 
S 1 
S2 
S3 
S4 
S5 
Sit l 
Sitz 
Sit3 
StI 
St2 
st3 
St4 

Primitive Reflex Profile 
A r n R  
STMR 
Positive Support 
TLS 
TLP 
SR: HoB 
SR: Bof3 
Galant 
Moro 
UE Grasp 
LE G m p  
LE Placing 
Stepping 

INFANIB 
Scarf Sign 
Heel to Ear 
Popliteal Angle 
Leg Abduction 
Ankle Dorsiflexion 

# Agree 
# Agree wiîhin 1 
Num ber of Items 
% Agreement 
%Agreement within 1 

% Agreement AIMS 
% Agreement PRP 
% Agreement iNFANIB 



5 Month Assessments 
Subject ID Number 
Rater 
AIMS 

P2 
P3 
P4 
P5 
P6 
P7 
Pa 
P9 
P 1 O 
S2 
S3 
S4 
S5 
S6 
S7 
S8 
S9 
Sit 1 
Sit2 
S it3 
Sit4 
S it5 
Si16 
St 1 
SC 
st3 
S t4 

Primitive Reflex Profile 
ATNR 
STNR 
Positive Support 
TLS 
TLP 
SR: HoB 
SR: BoB 
Galant 
Moro 
UE Grasp 
LE Grasp 
LE Placing 
Stepping 

rNFANtB 
Scarf Sign 
Heel to Ear 
Popliteal Angle 
Leg Abduction 
Ankle Dorsifl exion 

June '94 
119 

R2 DB 



Five Month Assessments (continued) 
Subject ID Number 140 
Rater RlfDB 

ff Agree 
# Agree within 1 
Number of items 
% Agreement 
%Agreement within 1 

% Agreement AIMS 
% Agreement PRP 
% Agreement INFANIB 



7 Month Assessments 
Subject ID Nurnber 
Rater 
AiMS 

P4 
P5 
P6 
P7 
P8 
P9 
P 10 
PI 1 
P 12 
P l 3  
P l 4  
Pl5 
Pl6 
Pl7 
PI8 
Pl9 
P20 
Pz 1 
S6 
S7 
S8 
S9 
Sit6 
Sit7 
Sit8 
S it9 
Sit 1 O 
Siti 1 
Sitl2 
Stl 
St2 
S t3 
S t4 
Sts 
St6 
St7 
St8 
St9 
StlO 

INFANIB 
Scarf Sign 
HeeI to Ear 
Popliteal Angle 
Leg Abduction 
Ankle Dorsiflexion 



Seven Month Assessments (continued) 
Subject ID Number 093 
Rater RI/DB 

# Agree 27 
# Agree within 1 3 1 
Number of ltems 3 1 
% Agreement 87% 
%Agreement within 1 100% 

% Agreement AIMS 92% 
% Agreement MFANIB 60% 



10 Month Assessments 
Subject ID Nurnber 
Rater 
AiMS 

P 14 
P l5  
PI6 
Pl7 
Pl 8 
P l 9  
P20 
P2 1 
S7 
S 8 
S9 
Sit8 
Sit9 
Sit l O 
Sitl 1 
Sit I ?  
St4 
St5 
St6 
St7 
St8 
St9 
StlO 
Stl 1 
St12 
Stl3 

WFANIB 
Scarf Sign 
Heel to Ear 
Popliteal Angle 
Leg Abduction 
Ankle Dorsiflexion 

# Agree 
# Agree within 1 
Number of Items 
% Agreement 
%Agreement within 1 

% Agreement AIMS 
% Agreement MFANIB 

May '94 
029 

R1 DB 

June '94 
044 

R2 DB 



15 Month Assessments Oct. '94 
Subject ID Nurnber 029 
Rater RI D% 
PDMS: Gross Motor Su bscale 
6 1. 2 2 
62. 2 2 
63. 2 2 
64. 2 2 
65. 2 2 
66. 2 2 
67. 2 2 
68. 2 2 
69. 2 2 

Num ber Agree 
Number of Items 
% Agreement 



15 Month Assessments Oct. '94 
Subject ID Nurn ber 029 
Rater Rl  DB 
PDMS: Fine Motor Su bsca1e 

39. 
40. 
4 1. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 
65. 
66. 
67. 
68. 
69. 
70. 

Number Agree 
Num ber of 1 tems 
% Agreement 

oct. '94 
030 

RI DB 

Dec '94 
069 

RI DB 



18 Month Assessments 

Subject ID Number 

Rater 

Generalized Joint Laxity 

Right elbow extension 

Left eIbow extension 

Right knee extension 

Left knee extension 

Right Thumb-to- Wrist 

Le fi Thumb-to- Wrist 

Right 5th MCP extension 

Lefi 5th MCP extension 

Total Laxity Score 

% Agreement 100% 

Dec 94 

005 

R1 DB 



Appendix 3K: Information Pamphlet 

Development 

T h e  purpose of this r e x a r c h  is to closely F eedback conccming the asessrnenu will 
examine the eady developmen t of babies be provided to you. Ali of the assessments 

bom ftet or bottom fïm (breech) and head will be performed at the Faculty of 
first (cephalic). The results of this work will Rehabilitation Medicine, University of 
hclp us understand how the baby's position at Aibena Each assessrnent will take 
birth is related to devetopment approxirnately 45 minutes. 

he investigators involve2 in this srudy are 
Tor. Manha Piper (Professor. Faculty of 
Rehabilitation Medicine at the University of 
Alberta), Doreen Bartiett (Graduate S mden t. 
Faculty of Rehabihation Medicine), Dr. Nan 
Okun (PeMarologist at the Royal Akxandra 
Hospital), Dr. Paul Byme (Director of the 
Nematal Intensive Care Unit at the University 
of Alkna Hospitals). and Dr. Joseph Watt 
(Developmental Pcdiatrician at the Glenrose 
Rehabilitation Hospital). 

E a c h  baby enmlied in the study will be 
assessed by a physical therapist at six 

wceks, and three, five, sevcn, ten, 15 and 18 
months. During these assessments, your 
child's growth and motor skills such as 
r o h g  over. sitting up, crawiing and waiicing 
will be measured. During the assessmenk 
your baby's movements will be observeci in 
diffcrenr positions (such as Iying on the 
curnrny or lying on the back) in order that we 
might sec how hc/she moves. A pediatrician 
will also asstss your baby at 18 months. 

our decision whether or not to participate 
Y i n  die satdy will in no way affect the odier 
matment or services your child -ives. It 
goes without saying that we would like you 
to understand thomughly what we are doing, 
so we welcome your questions. If you 
quire  additional information about the srudy 
you may contact one of the following people: 

Dr. Manha Piper 
Vice-Aesident (Research) 
University of Albena. 492-5355 

Doreen Bartiett 
Deparmient of Physical Therapy 
University of AIberta. 492-4939 

Participarion is fiee of charge. 

Universiry 



Appendix 3L: Consent Form 

Early Motor Development of Term Breech and 
Cephalic Presenting Infants 

investigators: Dr. M. Piper, D. Bartlett, Dr. N. Okun, Dr. P. Byrne, Dr. J. Watt 

Purpose: The purpose of this research is to closely examine the early development of babies born feet or 
bonom fmt (breech) and head first (cephalic) by measuring their growth, reflexes, joint movement, rnotor 
performance, and neurological deveIopment. The results of this work wilI help us understand how the 
baby's position at birh is related to development. 

Your baby will be exarnined while in the hospital, and then at 6 weeks, and 3, 5, 7, 10, 15, and f 8 
months on a variety of developmental assessments by a physical therapist who will not be aware of the 
details of your baby's delivery. The follow-up assessments will be performed at the Faculry of 
Rehabilitation Medicine at the University of Alberta and each session will cake less than 1 hou. These are 
physical examinations that will not h m  your baby. You will be totd how your chiId is developing. 
Information from your baby's birth will be recorded so we c m  descnie the babies we will assess. 

Consent: 1, (please print) agree to take pan in the above project which has 
been completely described to me. 1 understand that rny participation is voluntary and that 1 may withdraw 
from the smdy at any tirne without affecting the care my baby or 1 receive. 1 understand that this smdy will 
not harm my baby and that 1 will be given information about my baby's development. I understand that I 
should not discuss my baby's delivery with the physical therapist. 

t understand that al1 records will be given a code number. No information identiSing me or rny baby 
will be released or printed, without my consent. 

1 have read and undentood the information stated above. I sign this consent form willingly. 
AI1 questions that 1 had about the project have been answered. 1 undentand that I may cal1 Dr. 

Martha Piper (492-4939) or Doreen Bartlett (492-4939, or 432-7962 evenings) if 1 have more questions. 

(Signature of ParentIGuardian) (Date) 

(Signature of Witness) (Date) 

(Signature of Investigator) (Date) 



Appendix 4A 

Infant, Materual, and Delivery Characteristics: 

1. Cesarean-Breech Group 
2. Cesarean-Cephalic Group 
3. Vaginal-Breech Group 
4. Vaginal-Cephaiic Group 

Note: ceII is blank if data not available 

Abbreviations: 

GA 
BW 
BL 
HCB 
Eth 
Age 
Par 
C 1 

Lab Pres 
Lab On 
Lab Prog 
TYP 

identification number 
gender: M = male, F = female 
hosyitai: R = Royat Alexandra Hospital. U = University of AIberta 

Hospitals 
gestational age in weeks 
birth weight in grarns 
binh length in centimetres 
head circumference in centimetres at birth 
ethnicity: 1 = Caucasian, 2 = Native, 3 = Oriental. 4 = Black, 5 = Other 
materna1 age in years at the time of the infant's birth 
parity: number of children including this birth 
classification if breech presentation: O = frank, I = complete, 2 = 

incomplete, 3 = double footling, 4 = single footling, 5 = not documented 
labour present: Y = yes, labour present, N = no, labour not present 
labour onset: 1 = spontaneous onset, 2 = induced 
labour progress: 1 = normal, 2 = augmented 
type of delivery: 1 = actual mode of deiivery planned, 2 = actual mode of 

delivery unptanned 
Apgar score at 1 minute after binh 
Apgar score at 5 minutes after birth 
birth complications: O = absent, 1 = present 



4A-1. Cesarean-Breech Croup 

Lab Lob Lab 
BL HCB Eth Age Par CI Prcs On Prog Typ Apl Ap5 Bc 

1 1 1  
1 
1 
1 
1 
1 
1 

1 1 2  
I I I  
1 1 1  

I 
I 
1 

1 1 1  
1 1 2  
1 2 

1 
1 

1 1 1  
1 
1 
I 

1 I 
1 
1 
I 

2 2 
1 
I 
1 

1 1 1  
1 
1 
I 
1 
1 
1 
1 

2 2 2  
1 
I 
1 

1 1 1  
1 1 2  

1 
I 

1 1 2  
1 

1 1 
2 2 2  

a Ethnicity = East Indian. 



4A-2. Cesarean-Cephalic Grou p 

HCB 

3 5.0 
36.5 
35.5 
35.0 
36.0 
37.0 
38.0 
37.0 
39.5 
37.0 
35.5 
35.0 
35.0 
34.5 
34.0 
36.0 
34.5 
36.0 
35.0 
33.0 
36.0 
3 7.2 
34.5 
32.5 
36.0 
38.0 
34.5 
30.5 
37.5 
34.0 
35.0 
33.5 
35.0 
35.0 
35.5 
34.0 
36.0 
36.0 
33.5 
37.5 
34.5 
34.0 
35.5 
33.0 
35.0 
36.0 
37.0 
35.5 
35.0 
35.0 

Lob Lab Lab 
Eth Agc Par Pres On Prog Typ Apl  ApS Rc 

' Ethnicity = East Indian. 
b Ethnicity = Hispanic. 



4A-3. Vaginal-Breech Croup 

Lab Lab 
BL HCB Eth Agc Par Cl OH Prog Typ Apt ApS BC 

' Ethnicity = Lebanese. 



4A-4. Vaginal-Cephaiic Group 

tpb  Lab 
BL HCB Eth Agc Par On Prog Typ Apl Ap2 Bc 

' Ethnicity = Philipino. 
Ethnicity = East Indian. 



Appendix 4B 

Initial Assessment: 
Selected Items from the Dubowitz' Assessment 

1. Cesarean-Breech Group 
2. Cesarean-Cephalic Group 
3. Vaginal-Breech Group 
4. Vagina 1-Cephalic Group 

Note: cell is blank if data not available 

Abbreviations: 

ID identification num ber 
CA chronological age in h o u s  

Dubowitz' Items: (al1 items have been coded from the left starting at 1, except for waiking, which is coded 
1,3.4,5) 

POS 
AR 
A T  
LR 
LT 
POP 
HCP 
HCA 
HL 
VS 
HRP 
ARP 
KJ 
PG 
RT 
SK 
WK 
MR 
A 0  
VO 

posture 
a m  recoil 
arm traction 
leg recoil 
Ieg traction 
popliteal angle 
head connol (posterior neck muscles) 
head control (anterior neck muscles) 
head lag 
ventral suspension 
head raising in prone position 
arm release in prone position 
knee jerk 
paimar W S P  
rooting 
sucking 
walking 
Moro refi ex 
auditory orientation 
visual orientation 



4B-1. Cesarean-Breecb Group 

POS AR A T  LR LT POPHCPHCA HL VS HRPARP lil PC UT SK W K  .MR A 0  VO 



4B-2. Cesarean-Cephalic Croup 

POS AR AT LR LT POPHCPHCA HL VS HRPARP KJ PC RT SK W K  SIR A 0  VO 



4B-3. Vaginal-Breecb G roup 

FOS AR AT LR LT POPHCPHCA HL VS HRPARP IiJ PG RT SK WK .MR A 0  VO 



4B-4. Vaginal-Cephalic Group 

9 
6 

9 
1 I 
24 
28 
3 2 
4 I 
44 
46 
4 7 
62 
63 
69 
70 
7 1 
8 7 
90 
94 
9 7 

I I I  
Il7 
120 
119 
14 I 
1 52 
153 
155 
156 
158 
160 
162 
165 
167 
168 
169 
173 
174 
176 
178 
180 

POS AR AT LR LT POP HCPHC.4 HL VS HRP ARP tiJ PG RT SK WK MR A 0  VO 



Appendix 4C 

Initia1 Assesment: 
Primitive Reflex Profile and the 
Joint Angles from the INFANIB 

1. Cesarean-Breech Group 
2. Cesarean-Cephalic Group 
3. Vaginal-Breech Group 
4. Vaginal-Cephalic Group 

Note: ce11 is blank if data not available 

Ab breviations: 

ID identification number 

Primitive Reflex Profile Items: (al1 items have been coded from the left starting at O) 

Am 
STN 
SUP 
TLS 
TLP 
HOB 
BOB 
GAL 
MOR 
LTEG 
LEG 
LEP 
STP 

asymrnetrical tonic neck reflex 
symmenical tonic neck reflex 
positive supporting reaction 
tonic Iabyrinthine reflex in supine 
tonic Iabyrinthine reflex in prone 
segmenta1 roll, head on body reaction 
segmental roll, body on body reaction 
Galant reflex 
Moro reflex 
upper extremity grasp reflex 
lower extremity grasp reflex 
lower extrernity piacing reflex 
stepping reflex 

NFANIB Items (al1 items have been coded from the lefi starting at 1 )  

SCF scarf sign 
FE heel to ear 
PA popliteaI angle 
ABD Ieg abduction 
DF dorsiflexion of foot 



4C-1. Cesarean-Breech Group 



13 7 

4C-2. Cesarean-Cephalic Group 

Am Si3 SL'P TLS TLP HOB BO0 CAL MOR GEC LEC LEP STP SCF HE PA ABD DF 



4C-3. Vaginal-Breech Grou p 

ATN STK SUP TLS TLP HO6 BOB GAL MOR CEG LEC LEP STP SC€ HE PA ABD DF 



4C-4. Vaginal-Cephalic Croup 

A m  STS SLP T U  TLP HOB BOB GAL MOR L'EG LEC LEP STP SCF HE PA ABD DF 

9 

9 
1 I 
24 
28 
32 
4 1 
44 
46 
4 7 
62 
63 
69 
70 
7 1 
87 
90 
94 
97 

I I I  
Il7 
120 
129 
141 
152 
153 
155 
1% 
158 
160 
162 
I6S 
167 
168 
169 
173 
174 
176 
178 
180 



Appendix 4D 

6 Week Assessment: 
Growth and AIMS Scores 

1. Cesarean-Breech Group 
2. Cesarean-Cephalic Group 
3. Vaginal-Breech Group 
4. Vaginal-Cep halic Group 

Note: ce11 is blank if data not available 

Abbreviations: 

ID identification number 
CA chronological age in days 
L length in centirnetres 
W weight in kilograms 
HC head circumference in centimetres 

AIMS Items: (coded O if not observed: 1 if observed) 

P 
P 1 
P2 
P3 
S 
SI 
S2 
S3 
S4 
SIT 
SITI 
SIE 
S IT3 
SIT3 
ST 
STI 
S E  

prone item 
Prone Lying (1 )  
Prone Lying (2) 
Prone Prop 
supine item 
Supine Lying ( 1  ) 
Supine Lying (2) 
Supine Lying (3) 
Supine Lying (4) 
sit item 
Sitting with Support 
Sitting with Propped Ams 
Pull to Sit 
Unsustained Sitting 
stand item 
Supported Standing (1) 
Supported Standing (2) 



4D-1. Cesarean-Breech Croup 



4D-2. Cesarean-Cephalic Grou p 



4D-3. Vaginal-Breech Croup 



4D-4. Vaginal-Cephalic Croup 

53 .O 3.6 40.3 1 0 0  1 1  O 0  O 0 0 0  1 O 
58.0 1.8 37.7 1 I I  I l  1 O O O O O O O 
57.0 5.1 40.0 1 O O 1 O O O 1 O O O I I  
56.0 4.6 38.8 I I  I l  I I  O I l  O O I I  
59.0 5.5 39.8 1 I O 1 1  I O 1 O O O I l  
56.0 4.6 37.6 I I  I l  l O O I O O O I l  
56.0 4.4 38.3 1 1 O I I  O O O O O O 1 0  
6 1 .O 5. 1 4 0 . 4 1 0 0 1 1 0 0 0 0 0 0 I 0  
57.5 S. 1 3 7 . 0 1 1 t I I l O 1 0 0 0 1 1  
56.5 5.6 39.0 1 1  1 1  1 O 0  1 0 0 0  I I  
53.0 4.4 37.0 1 l O 1 1 1 O O O O O 1 O 
53.0 4.9 38.7 I I  O 1 I I  O I O O O I I  
57.5 4.6 38.5 1 l O 1 O O 1 O O O 1 I 
52.0 3.7 36.0 1 I O  1 1 I O  I O 0 0 1  1 
58.0 4.7 37.0 1 O O 1 1  1 O 1 O O O 1 I 
54.5 4.2 37.6 1 O O 1 I l  O O O O O 1 O 
57.5 4.9 39.0 1 I O  1 1  O 0  1 O 0 0  1 O 
57.0 5.0 39.0 1 O O 1 1  1 O 1 O O O 1 I 
57.0 4.6 38.0 I I  I l  I I O  1 0 0 0  I I  
57.5 5.4 37.9 1 I O  1 I I O O O O O  1 I 

Note: Subject 63 received credit for P4, in addition to the scores above. 



Appendix 4E 

6 Week Assessmeot: 
Primitive Reflex Profile and the 
Joint Angles from the INFANIB 

1. Cesarean-Breech Group 
2. Cesarean-Cephalic Group 
3. Vaginal-Breecb Group 
4. Vaginal-Cephalic Group 

Note: ce11 is blank if data not available 

Abbreviations: 

ID identification num ber 

Mmitive Reflex Profile Items: (al1 items have been coded from the lefi starting at O) 

A m  
Sm 
SUP 
TLS 
TZP 
HOB 
BOB 
GAL 
MOR 
UEG 
LEG 
LEP 
STP 

asymmetrical tonic neck reflex 
symmetrical tonic neck reflex 
positive supporting reaction 
tonic labyrinthine reflex in supine 
tonic labyrinthine reflex in prone 
segmenta1 roll, head on body reaction 
segmental roll, body on body reaction 
Galant reflex 
Moro reflex 
upper extremity grasp reflex 
lower extremity g a s p  reflex 
lower extremity placing reflex 
stepping reflex 

WFANIB Items (al1 items have been coded ffom the lefi starting at 1)  

SCF scarf sign 
HE heel to ear 
PA popliteai angle 
ABD leg abduction 
DF dorsiflexion of foot 



4E-1. Cesarean-Breech Group 

SVP TLS TLP HOB BOB GAL MOU L'EG LEC LEP STP SCF HE P.4 ABD DF 



4E-2. Cesarean-CephaIic Group 

ATlr; SiÏï SUP TLS TLP HOB BOB GAL MOR LEC LEG LEP STP SCF HE ABD DF 



4E-3. Vaginal-Breecfi Group 

A ï 3  STN SL'P TLS TLP HOB BO6 CAL .MOR UEC LEC LEP STP SCF HE PA ABD DF 



4E-4. Vaginal-Cep halic G roup 

AT3 SïS SVP TLS T i P  HOB BOB CAL MOR GEC LEC LEP STP SCF HE PA ABD DF 



Appendix 4F 

3 Month Assessment: 
Growth and AIMS Scores 

1. Cesarean-Breech Croup 
2. Cesarean-Cephalic Croup 
3. Vaginal-Breech G roup 
4. Vaginal-Cephalic Group 

No te: ce11 is blank if data not available 

Abbreviations: 

ID identification number 
CA chronotogical age in days 
L length in centimeires 
W weight in kilograms 
HC head circumference in centimenes 

AlMS Items: (coded O if not observed; 1 if observed) 

P 
P2 
P3 
P4 
PS 
P8 
S 
S4 
S5 
S6 
SIT 
SIE 
SIT3 
SIT4 
ST 
Sm 
ST3 

prone: al1 infants received credit for P 1, none received credit for P6 or P7 
Prone Lying (2) 
Prone Prop 
Forearm Support ( 1 ) 
Prone Mobility 
Rolling Prone to Supine without Rotation 
supine: al1 infants, except as noted, received credit for S I - S3 
Supine Lying (4) 
Hands to Knees 
Active Extension 
sit: a11 infants, except as noted, received credit for SITI 
Sitting with Propped Anns 
PuII to Sit 
Unsustained Sitting 
stand: al1 infants, except as noted, received credit for STl 
Supported Standing (2) 
Supponed Standing (3) 



4F-1. Cesarean-Breech Croup 

Notes: Subject 6 did not receive credit for S3; Subject 103 did not receive credit for SITI; Subject 27 
did not receive credit for STl . 

Subject 10 received credit for 58, in addition to the scores above. 



4F-2. Cesarean-Cephalic Group 



4F-3. Vaginal-Breech Group 

CA L W HC PZ ~3 PI PS PB SI ss ~6 s r n  sm S~T-4 S T ~  

Notes: Subject 1 O8 did not receive credit for SKI. 
Subject 38 received credit for S7, in addition to the scores above. 



4F-4. Vaginal-Cephalic Group 

2 91 61.5 6 2  4 2 . 0 1 1 1 0 0 1 0 1 1 0 0 1 0  
9 93 59.0 40.0 1 0 0 0 0 0 0 0 1 0 1 1 1  
1 1  94 65.0 42.0 1 I 1 1 0 1 1 1 1 0 0 1 0  
24 93 61.5 7.2 4 1 . 0 1 1 I I O 1 0 0 1 1 0 1 1  
28 92 59.0 6.0 4 1 . 0 1 0 0 0 1 0 0 1 1 1 1 0  
32 93 59.0 5.0 41.5 1 0 0 0 0 0 0 0 0 0 0 1 1  
41 93 60.0 6.4 4 0 . 0 1 1 1 1 0 1 0 0 1 1 0 1 0  
44 93 60.0 6.0 41.0 1 1 0 0 0 1 0 0 I 0 0 1 0  
46 93 59.5 6.0 3 9 . 9 1 1 I 1 0 1 0 ~ 0 1 1 0 1 0  
47 93 61.5 6.7 40.0 I I O O O O O O O O O O O  
62 94 60.5 7.0 4 2 . 7 1 1 0 0 0 0 0 1 1 0 1 0  
63 94 64.0 7.9 4 1 . 9 1 1 ! 1 1 1 0 0 1 1 0 1 0  
69 92 61.5 6.0 41.1 1 1 0 0 0 1 0 0 0 0 0 1 0  
70 92 58.0 52 3 9 . 9 1 1 0 0 0 0 0 0 0 0 1 I I  
71 91 56.0 5  -5 412 1 0 0 0 0 0 0 0 0 1 0 1 0  
87 93 59.5 5.8 41.0 0 0 0 0 0 1 0 0 0 0 0 1 0  
90 94 61.0 6.1 4 1 . 5 0 0 0 0 0 0 0 0 0 0 0 1 0  
93 97 59.5 5.7 42.5 I I I I 1 I o o o 1 O I O  
97 93 65.5 6.8 4 0 . 7 1 1 1 1 0 1 0 0 0 0 0 1 0  

I I I  
117 91 58.0 5.5 4 3 . 5 1 1 0 0 0 1 0 0 0 0 0 1 0  
120 90 61.0 6.3 40.1 1 0 0 0 0 0 0 0 0 0 0 1 0  
129 93 62.5 6.8 4 2 . 2 1 I 1 O O I O O I O O I O  
131 93 61.5 6.0 40.8 1 0 0 0 0 1 0 0 0 0 0 1 0  
152 93 63.0 6.9 42.0 1 1 O O O I O O 1 1 O I O  
153 91 59.5 5.7 40.0 1 0 0 0 1 0 0 0 0 0 1 0  
155 93 60.0 5.0 40.1 1 0 0 0 0 0 0 0 0 0 0 1 0  
156 95 65.0 6.2 4 2 . 2 1 1 0 0 0 1 0 0 0 0 0 1 0  
158 92 62.0 6.5 38.5 1 I O O O 1 0 0 1 I O I O  
160 95 62.5 7.4 41.6 1 1 I 0 0 1 0 0 1 1 0 1 0  
162 88 60.5 5.7 3 8 . 2 1 1 0 0 0 0 0 0 0 0 0 1 0  
165 88 61.0 5.7 4 0 . 8 1 0 0 0 0 I 0 0 0 0 0 I 0  
167 89 G1.5 6 2  40.7 1 0 0 0 0 1 0 0 1 0 0 1 0  
168 92 55.0 5.0 38.6 1 1 0 0 0 1 1 0 1 0 0 1 0  
169 89 63.5 38.5 1 1 0 0 0 I I 0 1 1 0 0  
173 91 58.0 6.2 4 0 . 4 1 1 0 0 0 1 0 0 0 0 0 1 0  
173 91 61.0 6.4 412 1 1 1 1 0 0 0 0 0 0 0 1 0  
176 95 62.0 6.5 4 1 . 8 1 1 1 0 1 1 0 0 1 0 0 1 0  
178 91 63.0 5 2 40.2 1 1 0 0 0 1 0 0 0 0 1 0  
180 91 62.0 6.1 4 0 . 1 1 1 1 1 0 1 0 0 1 0 0 I 0  

Notes: Subject 47 did not receive credit for STI . 
Subject I 1 received credit for S7, in addition to the scores above. 



Appendix 4G 

3 Month Assesment: 
Primitive Reflex Profile and the 
Joint Angles from the INFANIB 

1. Cesarean-Breech Group 
2. Cesarean-CepbaIic Group 
3. Vaginai-Breech Group 
4. Vaginal-Cephalic Group 

Note: ceIl is blank if data not avaiiable 

Abbreviations: 

ID identification num ber 

Primitive Reflex Profile Items: (al1 items have been coded ffom the lefi starting at O) 

A m  
STN 
SUP 
TLS 
TLP 
HOB 
BOB 
GAL 
MOR 
UEG 
LEG 
LEP 
STP 

asymrnetrical tonic neck reflex 
symmemcal tonic neck reflex 
positive supporting reaction 
tonic labyrinthine reflex in supine 
tonic laby~inthine reflex in prone 
segmental roll, head on body reaction 
segmenta1 roll, body on body reaction 
Galant reflex 
Moro reflex 
upper extremity grasp reflex 
lower extremity grasp reflex 
iower extrem ity placing reflex 
stepping reflex 

INFANIB Items (al1 items have been coded fiom the lefi starting at 1) 

SCF scarf sign 
HE heel to ear 
PA popliteal angle 
ABD leg abduction 
DF dorsifl exion of foot 



4G-1. Cesarean-Breech Croup 

ATN ST3 SC? T U  TLP HOB BO8 CAL .CIOR UEC LEC LEP STP SCF HE ABD DF 



4G-2. Cesarean-Cephalic Group 

A î N  STX SL'P TLS TLP HOB BOB CAL MOR UEG LEC LEP !YiT SCF HE ABD DF 



QG-3. Vaginal-Breech G roup 

ATPI' !SI3 SVP T U  TLP HO6 BOB CAL MOR UEG LEC LEP STP SCF HE PA ABD DF 



4G-4. Vaginal-Cephalic Croup 

A T N  !STX SEP TLS TLP HOB BO6 CAL MOR UEC LEC LEP STP SCF HE PA ABD DF 



Appendix 4H 

5 Month Assessment: 
Growth and AIMS Scores 

1. Cesarean-Breech Group 
2. Cesarean-Cephalic Group 
3. Vaginal-Breech Group 
4. Vaginal-Cephalic Group 

Note: ceil is blank if data not available 

Abbreviations: 

ID identification number 
CA chronological age in days 
L length in centimeaes 
W weight in kilograrns 
HC head circumference in centimetres 

AIMS Items: (coded O if not observed; 1 if observed) 

prone: al1 infants, except as noted, received credit for PI -P4 
Prone Mobility 
Forearm Support (2) 
Extended A m  Support 
Rolling Prone to Supine without Rotation 
Swimming 
Reaching fiom Forearm Support 
Rolting Prone to Supine with Rotation 
supine: al1 infants, except as noted. received credit for S 1 - 54 
Hands to Knees 
Active Extension 
Hands to Feet 
Rolling Supine to Prone without Rotation 
Rolling Supine to Prone with Rotation 
sit: al1 infants, except as noted. received credit for SITI -SIT3 
Unsustained Sitting 
Sitting with A m  Support 
Weight Shifi in Unsustained Sitting 
stand: al1 infants, except as noted, received credit for STI -Sn 
Supported Standing (3) 



4H-1. Cesarean-Breech Croup 

Notes: Subject 74 did not receive credit for SIT3; Subject 1 19 did not receive credit for STl or ST2. 
Subject 1 O received credit for P 14, in addition to the scores above. 



4H-2. Cesarean-Cephalic Group 

ID CA L W HC P5 P6 P7 P8 P9 PI0 PI2 S5 S6 S7 S8 S9 SIT4 SITS SIT6 SlTf Sï3 

Notes: Subjects 1 12 and 126 did not receive credit for P4: Subject 26 did not receive credit for SIT2. 
Subject 29 received credit for P13; Subject 19 received credit for SIT8, in addition to the scores 

above. 



4H-3. Vaginal-Breech Group 

Notes: Subjects 127 and 157 did not receive credit for P4; Subject 157 did not receive credit for SIT2: 
Subjects 1 18 and 127 did not receive credit for SIT3. 





Appendix 41 

5 Month Assessment: 
Primitive Reflex Profile and the 
Joint Angles from the INFANIB 

1. Cesarean-Breech Group 
2. Cesarean-Cephalic Group 
3. Vaginal-Breech Group 
4. Vaginal-Cephalic Group 

Note: ceIl is blank if data not available 

Abbreviations: 

ID identification num ber 

Primitive Reflex Profile Items: (al1 items have been coded from the lefl staxting at O) 

A m  
STN 
SUP 
TZS 
TLP 
HOB 
BOB 
GAL 
MOR 
UEG 
LEG 
LEP 
STP 

asymmetrical tonic neck reflex 
symmetrical tonic neck reflex 
positive supporting reaction 
tonic labyrinthe reflex in supine 
tonic labyrinthe reflex in prone 
segmental roll, head on body reaction 
segmental roll, body on body reaction 
Galant reflex 
Moro reflex 
upper extremity gmp reflex 
lower extremity grasp reflex 
lower extremity placing reflex 
stepping reflex 

MFANIB items (al1 items have been coded from the left staning at 1 )  

SCF scarf sign 
HE heel to ear 
PA popfiteal angle 
ABD leg abduction 
DF dorsifl exion of foot 



41-1. Cesarean-Breech Group 

SCP TLS TLP HOB BOB CAL RIOR CEG LEC LEP STP SCF HE PA ABD DF ATN 



167 

41-2. Cesarean-Cephalic Group 

A I X  STS SL'P TIS TLP HOB BOB CAL MOR UEG LEC LEP STP SCF HE PA ABD DF 



41-3. Vaginal-Breech Croup 

AIiT Sm SLP TLS TLP HO6 BOB CAL MOR UEC LEC LEP !STP SCF HE PA ABD DF 



169 

41-4. Vaginal-Cephalic Group 

ATN !WS SCP T U  TLP HOB BOB CAL MOR CEG LEC LEP !XP SCF HE PA ABD DF 



Appendix Al 

7 Month Assessment: 
Growtb and AIMS Prone Scores 

1. Cesarean-Breech Group 
2. Cesarean-Cephalic Croup 
3. Vaginal-Breech Group 
4. Vaginal-Cephalic Group 

Note: ce11 is blank if data not available 

Abbreviations: 

ID identification number 
CA chronoiogical age in days 
L length in centimetres 
W weighr in kilograrns 
HC head circumference in centimetres 

AIMS Prone Items; (coded O if not observed: 1 if observed) 

P 
P7 
P8 
P9 
P 1 O 
PI 1 
P l 2  
P 13 
P 14 
PIS 
P l 6  
Pl7 
Pl8 
P 19 
P20 

prone: al1 infants, except as noted, received credit for P 1 -P6 
Extended Ann Support 
Rolling Prone to Supine without Rotation 
Swirnming 
Reaching fiom Forearm Support 
Pivoting 
Rolling Prone to Supine with Rotation 
Four-Point Kneeling ( 1 ) 
Propped Lying on Side 
Reciprocal Crawling 
Four-Point Kneeling to Sitting or Half-Sitting 
Reciprocal Creeping ( 1 ) 
Reaching from Extended A n  Support 
Four-Point Kneeling (2) 
Modified Four-Point Kneeling 



AI-1. Cesarean-Bteech Group 

Notes: Subject 103 did not receive credit for P6. 



172 

dl-2. Cesarean-Cephalic Group 



173 

RI-3. Vagina LBreech Group 

Note: Subject 6 1 did not receive credit for P6. 



AI-4. Vaginal-Cephalic Group 

2 
9 

I I  
24 
28 
32 
4 1 
44 
46 
47 
62 
63 
69 
70 
7 1 
8 7 
90 
94 
97 

I I I  
1 I7 
1 10 
IX 
141 
152 
153 
155 
156 
158 
160 
162 
165 
167 
168 
169 
1 73 
174 
176 
178 
180 



Appendix 4K 

7 Month Assesment: 
AIMS Supine, Sitting and Standing Scores, 

and Joint Angles from the INFANIB 

1. Cesarean-Breech Group 
2. Cesarean-CephaIic Group 
3. Vaginal-Breech Group 
4. Vaginal-Cephalic Group 

Note: ce11 is blank if data not available 

Abbreviations: 

rD identification number 

AIMS Items: (coded O if not observed; 1 if observed) 

s 
S7 
S8 
S9 
SIT 
SIT7 
SITS 
SIT9 
SITlO 
SITl 1 
ST 
ST3 
ST4 
ST5 
ST6 
ST7 
ST8 

supine: al1 infants, except as noted, received credit for S 1 - S6 
Hands to Feet 
Rolling Supine to Prone without Rotation 
Rolling Supine to Prone with Rotation 
sit: al1 infants, except as noted, received credit for SITl -SIT6 
Weight Shift in Unsustained Sitting 
Sitting without A m  Support ( 1 )  
Reach with Rotation in Sitting 
Sitting to Prone 
Sitting to Four-Point Kneeling 
stand: al1 infants, received credit for ST I - S n  
Supported Standing (3) 
Pulls to Stand with Support 
Pulls to Stand/Stands 
Supported Standing with Rotation 
Cruising without Rotation 
HaIf-KneeIing 

MFANIB Items (al1 items have been coded from the lefi starting at 1 )  

SCF scarf sign 
HE heel to ear 
PA pop1 iteal angle 
ABD k g  abduction 
DF dorsiflexion of foot 



4K-1. Cesarean-Breech Croup 

ID SI S8 S9 Sl ï7  S n 8  SIT9S1TlOSITII Sf3  ST4 STS ST6 S i 7  ST8 SCF HE PA ABD DF 

Notes: Subject 91 did not receive credit for S5; Subject 1 O4 did not receive credit for S6. 



4K-2. Cesarean-Cephalic Group 

Notes: Subject 130 did not receive credit for SIT6. 
Subject 52 received credit for SITl2 in addition to the scores above. 

S ï S  SCF HE Ph ABD DF 



4K-3. Vaginal-Breech Croup 

Notes: 

S7 S8 S9 SIT7 SIT8  SIT9SïïIOSITII ST3 Si4 Sr5 ST6 ST7 ST8 SCF 

Subject 127 did not receive credit for SIT5 or SIT6. 
Subject 166 received credit for SIT12 and ST9 in addition to the scores above. 

HE PA ABD DF 



4K-4. Vaginal-Cephalic G roup 

Notes: 

S7 S8 S9 SIT7 SIT8 Sm SITIOSITI 1 ST3 STJ ST5 Sr6 Si7 Sr8 SCF HE PA ABD DF 

Subject 44 did not receive credit for S6; Subject 165 did not receive credit for SIT5 or SIT6. 



Appendix 4L 

10 Month Assessment: 
Growth, Joint Angles from the INFANIB, and AIMS Prone Scores 

1. Cesarean-Breech Group 
2. Cesarean-Cephalic G roup 
3. Vaginal-Breech Group 
4. Vaginal-CephaIic Group 

Note: ceII is blank if data not availabie 

Abbreviations: 

ID identification n um ber 
CA chronological age in days 
L length in centimetres 
W weight in kilograrns 
HC head circumference in centimetres 

WFANIB Items (al1 items have been coded from the left starting at 1 )  

SCF scarf sign 
HE heel to ear 
PA popliteal angle 
ABD leg abduction 
DF dorsiflexion of foot 

AIMS Prone Items: (coded O if not observed: 1 if observed) 

prone: al1 infants, except as noted. received credit for P 1 -P 13 
Four-Point Kneeling (1 ) 
Propped Lying on Side 
Reciprocal Crawling 
Four-Point Kneeling to sitting or Half-Sitting 
Reciprocal Creeping (1 ) 
Reaching from Extended A m  Support 
Four-Point Kneeling (2) 
Modified Four-Point Kneeling 
Reciprocal Creeping (2) 



4L-1. Cesarean-Breech Croup 

CA L W HC SCF HE PA ABD DF Pl3 PI4 PIS Pl6 Pl7  Pl8 P l9  PZ0 P21 



4L-2. Cesarean-Cephalic Croup 

CA L W HC SCF HE PA ABD DF PI3 PI4 PIS Pl6 Pl7 PI8 Pl9  PZ0 P21 



4L-3. Vaginal-Breech Group 

CA L W HC SC€ HE PA ABD DF P l 3  Pl4 PIS Pl6  Pl7 Pl8 P l9  P20 PZ1 

Notes: Subject 68 did not receive credit for P8-P12; Subject 171 did not receive credit for P8-P11. 
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4L4. Vaginal-Cephalic Croup 

ID CA L W HC SCF HE PA ABD OF Pl3 PI4 PIS PI6 Pl7  Pl8 P l9  P20 P21 

Notes: Subject 47 did not receive credit for P8, Pl 1 or PI?; Subject 174 did not receive credit for P9, 
P 1 1 ,  or P12; Subject 180 did not receive credit for P 12. 



Appendix 4M 

IO Month Assessment: 
AfMS Supine, Sitting, and Standing Scores 

1. Cesarean-Breech Croup 
2. Cesarean-Cephalic Croup 
3. Vaginal-Breech Croup 
4. Vaginal-Cephalic Croup 

Note: ce11 is blank if data not available 

Abbreviations: 

ID identification nurnber 

AIMS Items: (coded O if not observed; 1 if observed) 

S 
S7 
sa 
S9 
SIT 
SIT9 
SITlO 
SITl 1 
SIT 12 
ST 
ST4 
ST5 
ST6 
ST7 
ST8 
ST9 
STIO 
STl 1 
ST12 
ST13 
ST14 
STI 5 
ST16 

supine: al1 infants received credit for SI - S6 
Hands to Feet 
Rolling Supine to Prone without Rotation 
Rolling Supine to Prone with Rotation 
sit: al1 infants, except as noted, received credit for SITI-SIT8 
Reach with Rotation in Sitting 
Sitting to Prone 
Sitting to Four-Point Kneeling 
Sitting without A m  Support (2) 
stand: al1 infants, except as noted, received credit for STI-ST3 
PulIs to Stand with Support 
Pulls to StancUStands 
Supported Standing with Rotation 
Cruising without Rotation 
Hatf-Kneeling 
Controlied Lowenng fiom Standing 
Cruising with Rotation 
Smnds Alone 
Early Stepping 
Standing fiom Modified Squat 
Standing h m  Quadriped Position 
Walks Alone 
Squat 



4M-1. Cesarean-Breech Group 

Note: Subject 103 did not receive credit for ST 3. 



4M-2. Cesarean-Cep halic Group 

Notes: Subject 1 14 did not receive credit for S1T8; Subjects 126 and 130 did not receive medit for ST3. 
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4M-3. Vaginal-Breech G roup 





Note: 

Abbreviations: 

MFANIB Items 

SCF 
HE 
PA 
AB 
DF 

AIMS Scores: 

AIM 

Appendix 4N 
15 Month Assessment: 

Crowth, Joint Angles from the INFANIB, AIMS Scores, and 
Peabody Devefopmental Motor Scales Scores 

1. Cesarean-Breech Group 
2. Cesarean-Cephalic Grou p 
3. Vaginal-Breech Group 
4. Vaginal-Cephalic Group 

ceil is blank if data not available 

identification number 
chronological age in days 
length in centirnetres 
weight in kilograms 
head circumference in centimetres 

(al1 items have been coded from the left staning at 1) 

scarf sign 
heel to ear 
popliteal angle 
leg abduction 
dorsiflexion of foot 

Total score: maximum of 58 (infants obtaining a lower total score al1 received fewer 
credits in the stand subsection only) 

Peabody Developmental Motor Scales Scores 

B 
NL 
LC 
RP 
TGM 
GR 
HU 
EH 
MD 
TFM 

Balance raw score (note: al1 children received fiil1 scores for "Reflexes") 
Nonlocomotor raw score 
Locomotor raw score 
Receipt and Propulsion of Objects raw score 
Total Gross Motor raw score 
Grasping raw score 
Hand Use raw scrore 
Eye-hand Coordination raw score 
Manual Dexterity raw score 
Total Fine Motor raw score 



19 1 

4N-1. Cesarean-Breech Group 

CA L W HC SCF HE PA AB DF h l M  B SL LC RP TC31 CR Hü EH ;MD TFM 
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4N-2. Cesarean-Cephalic Group 

CA L W HC SCF HE PA AB OF A1.M B NL LC Ri' TGM GR i iC EH .MD TF31 



4N-3. Vaginal-Breech Group 

CA L W HC SCF HE PA AB DF A1.M B NL LC 
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4N-4. Vaginal-Cephalic Group 

CA L W HC SCF HE PA AB DF AI31 B NL LC RP TCM GR HU EH MD TF31 



Note: 

Abbreviations: 

Appendix 4 0  
18 Month Assesment: 

Growth, Joint Laxity Scores, and Final Neurological Outcome 

I . cesa rem-Breech Group 
2. Cesarean-Cepbalic Group 
3. Vaginal-Breech Group 
4. Vaginal-Cephalic Group 

ceIl is blank if data not available 

identification num ber 
chronological age in days 
length in centimerres 
weight in kiIograms 
head circumference in centirnetres 

Joint Laxitv Score: biIateral sum, each joint is scored "0" if below criterion, or ' b t"  if above (see forrn 
contained in Appendix 3D) 

EE 
KE 
TTW 
MCP 
TL 

Finai Outcome: 

WALK 

elbow extension 
knee extension 
thum b-to-wrkt 
5th metacarpophalangeal extension 
total laxity score 

Pediatrician's summary: Normal = O, Suspicious = 1, Abnormal = 2 

Age walked, to the closest half month, based on parent report 



40-1. Cesarean-Breech Group 

MCP 

2 

O 
O 
2 
2 
O 
Z 
O 
O 
2 
O 
O 
O 

2 

O 
O 
O 
O 

O 

O 

2 

O 
O 

2 
O 
O 
2 
O 
2 
O 
2 
O 
O 
O 

O 

2 
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WALK 

12.5 

9.5 
12.0 
12.0 
9.5 

11.0 
12.5 
14.0 
13.0 
12.0 
10.5 
12.5 
11.5 

10.5 

12.0 
13.0 
12.0 
12.0 

9.5 

13.5 
12.0 

12.0 
10.0 

13.0 
14.5 
10.5 
12.0 
13.0 
13.0 
10.0 
11.0 
11.5 
11.0 
1 OS 

14.0 

11.0 



40-2. Cesarean-Cephalic Group 

ï7W MCP TL NEL-O WALK 



40-3. Vaginal-Breech Grou p 

MCP 

O 
2 
1 
O 
2 

O 
2 
O 
O 
O 
O 
O 

2 
O 
O 
O 
2 
2 
O 
7 - 
O 
O 
2 
2 
O 
2 
2 
2 

O 
2 

2 
2 
O 

2 
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WALK 

10.0 
14.0 
16.5 
11.5 
10.5 

9.5 
13.0 
12.0 
11.5 
11.5 
10.0 
13.0 

13.0 
12.5 
12.0 
14.0 
13.5 
1 OS 
13.5 
11.0 
12.5 
13.0 
10.5 
11.0 
11.5 
14.0 
15.5 
12.0 

11.0 
11.5 

14.5 
11.0 
11.5 

11.0 



4 0 4 .  Vaginal-Cephalic Group 

MCP 

O 
2 
O 
2 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 

2 
O 
O 
O 

2 
O 
O 
7 - 
O 

O 
O 
2 
2 
O 
2 
2 
2 
i - 
2 
2 
7 - 
2 



Appendix 4P: Comparability of Initial Characteristics of the Study Groups 

1. Nominal Level Variables (Chi-Square Tests) 

Variable d i  Value of c h i 2  

Gender 
Hospital of BUth 
Ethnicity 
P a n y  
Between Breech Groups 

Type of Presentation 
Between C-S Delivery Groups 

Experience of Labour 
Mode of Delivery Planned 

Between Vaginal DeIivery Groups 
Labour Omet 
Labour Progress 

II. Ordinal Level Variabies (Kruskal-Wallis I-Way ANOVA; Mann-Whitney U tests as post hocs) 

Variable 

Apgar Score at 1 Minute 
Apgar Score at 5 Minutes 

Post Hoc Procedures U W 
Apgar Score at 1 Minute 

V-B:V-C 428.5 1208.5 
C-C:V-C 684.0 2 136.0 
C-B:V-C 735.5 2084.5 
C-B:C-C 1207.0 2573 .O 
C-B:V-B 788.5 1568.5 
C-C:V-B 810.5 1590.5 

III. Interval Level Variables (ANOVAs) 

Variable and Source d f 

Gestational Age at Birth (2-way) 
Presentation 1 
Delivery 1 
Resentation by Delivery 1 
Subjects within Pr x D 176 

Materna1 Age (l-way) 
Between 
Within 

Value of chi2 P 
(corrected for ties) 

Notes: Nonsignificant p values are left blank; C-S = cesarean-section; V-B = vaginal-breech; V-C = 
vaginal-cephalic; C-C =cesarean-cephalic; C-8 = cesarean-breech; Pr x D = interaction between 
presentation by delivev. 



Appendix 44 :  Comparability Between Those Aîtending Al1 Sessions and Tbose Missing One or 
More of the Sessions 

1. Nominal k v e l  Variables (Chi-Square Tests) 

Variable df 

Resentation 
Mode of Delivery 
Buth CompIications 
Hospital of Birth 
Gender 
Ethn icity 
Parity 

II. Ordinal Level Variables (Mann-Whitney U test) 

Variable U W 

Apgar Score at J Minute 2929 3964 

III. Interval Level Variables (t-tests) 

Variable df 

Matemal Age 
Gestational Age at Birth 

Value of chi2 

Nores: Nonsignificant p values are tefi blank. 



Appendix 4R: Comparabiliîy of Chronological Age at Assessrnent 

Age and Source 

Birth 
Presentation 
Delivery 
Presentation by Delivery 
Subjects within Pr x D 

6 Weeks 
Resentation 
Delivery 
Presentation by Delivery 
Subjects within Pr x D 

3 Months 
Presentation 
Delivery 
Presentation by Delivery 
Subjects within Pr x D 

5 Months 
Presentation 
Delivery 
Presentation by Delivery 
Subjects within P r x  D 

7 Months 
Presentation 
Delivery 
Presentation by Delivery 
Subjects within Pr x D 

IO Months 
Presen tation 
Delivery 
Presentation by Delivery 
Subjects within Pr x D 

15 Months 
Presentation 
Delivery 
Presentation by Delivery 
Subjects within Pr x D 

18 Months 
Presentation 
Delivery 
Presentation by Del ivery 
Subjects within Pr x D 

Note: Pr x D= interaction of presentation by delivery. 
Nonsignificant p values are lefi blank. 



Appendix 4s: Effect of Initial Non-Comparability Among Croups 

Dubowitz' Items 
Posture 
Arm Recoil 
A n  Traction 
Leg Recoil 
Leg Traction 
Popliteal Angle 
Head Control Postenor 
Head Control Anterior 
Head Lag 
Ventral Suspension 
Head Raising in Prone 
A m  Release in Prone 
Paimar Grasp 
Rooting 
Walking 
Moro 
Auditory Onentation 
Visual Orientation 

Primitive Reflex Profile Items 
Asymmeûical Tonic Neck 
Symmetrical Tonic Neck 
Positive Support 
Tonic Labyrinthine (Supine) 
Tonic Labyrinthe (Prone) 
Head on Body 
Body on Body 
Galant 
Moro 
Upper Extremity Grasp 
Lower Extremity Grasp 
Lower Extremity PIacing 
Stepping 

t-tests (delivered by C-S; experienced 
labour / not) 

t 

-.49 
.75 

-.O2 
-92 

-1.89 
-.73 

-1.32 
-.73 
-.3 1 
-.48 

- 1.68 
-17 
-. 17 
.3 9 

-.36 
1.84 
1-72 

- 1 .O2 

.73 
1.01 
- 26  

-1 .1  1 
-.63 

-1 -70 
-.3 8 
-. 18 
1.38 
-.86 
.5 1 

- 1 .O9 
-.62 

Note: C-S = cesarean-section; Apl = Apgar score at 1 minute. 
Nonsignificant p values leA blank. 

Correlations with Api 

Some of the items in the t-tests had unequal variance, therefore degrees of freedom adjusted. 



Appendix 4T: Effect of Attrition: Cornparison of Initial Results 

Variable 
Sue  at Birth 

Weight 
Length 
Head Circumference 

Du bowitz' Items 
Posture 
A m  Recoil 
Am Traction 
Leg Recoil 
Leg Traction 
Popliteal Angle 
Head Control Posterior 
Head Control Anterior 
Head Lag 
Ventral Suspension 
Head Raising in Prone 
A m  Release in Prone 
Knee Jerk 
Palrnar Grasp 
Rooting 
Sucking 
Waking 
Moro 
Auditory Orientation 
Visual Orientation 

Primitive Reflex Profile Items 
Asymmetrical Tonic Neck 
Symmetrical Tonic Neck 
Positive Support 
Tonic Labyrinthine (Supine) 
Tonic Labyrinthine (Prone) 
Head on Body 
Body on Body 
Galant 
Moro 
Upper Extrem ity Grasp 
Lower Extremity Grasp 
Lower Extremity Placing 
Stepping 

INFANIB Items 
Scarf 
Heel to Ear 
Popliteal Angle 
Hip Abduction 
Dorsifiexion 

t-tests 
(Between those who left and those who stayed) 

Note: Nonsignificant p values left blank. 
Some of the items in the t-tests had unequal variance, therefore degrees of freedom adjusted. 



Appendix 4U: ANOVA Summary of the Dubowitz' Assessrnent Conducted at Term 

Item and Source 
Posture 

Gestational Age 
Chronological Age in Hours 

Presentation 
Del ivery 
Presentation by Delivery 
Subjects within Pr x D 

Arm Recoil 
Gestational Age 
Chronological Age in Hours 

Presentation 
Delivery 
Presentation by Delivery 
Subjects within Pr x D 

Arm Traction 
Gestational Age 
Chronological Age in Houn 

Presentation 
Delivery 
Presentation by DeIivery 
Subjects within Pr x D 

Leg Recoil 
Gestational Age 
Chronological Age in Hours 

Presentation 
Delivery 
Presentation by Delivery 
Subjects within Pr x D 

Leg Traction 
Gestational Age 
Chronological Age in Hours 

Presentation 
Delivery 
Presentation by Delivery 
Subjects within Pr x D 

Popliteal Angle 
Gestational Age 
Chronological Age in Hours 

Presentation 
Delivery 
Presentation by Delivery 
Subjects within Pr x D 

Head Control Posterior 
Gestational Age 
Chronological Age in Hours 

Presentation 
Del ivery 
Presentation by Delivery 
Subjects within Pr x D 

Notes: Nonsignificant p values left blank. Pr x D = interaction of Presentation and Delivery. 



ANOVA Summary of the Dubowitz' Assessment Conducted at  Term (continued) 

Item and Source df MS F P 
Head ControI Anterior 

Gestational Age 1 -32 -64 
Chronological Age in Hours 1 .O2 .O4 

Presentation 1 1 .O0 1.99 
Delivery I -53 1 .O6 
Presentation by Delivery 1 .75 1.49 
Subjects within Pr x D 172 .50 

Head Lag 
Gestational Age 1 -76 .99 
Chronological Age in Hours 1 1.50 1.94 

Presentation 1 .17 22 
Delivery 1 -89 1.15 
Presentation by Delivery 1 .O8 -10 
Subjects within Pr x D 172 .77 

Ventral Suspension 
Gestational Age 1 2.87 5.24 
Chronological Xge in H o m  1 1.10 2.00 

Presentation 1 1.55 2.83 
Delivery I .O6 .11 
Presentation by Delivery 1 2.17 3.96 
Subjects within Pr x D 171 -5 5 

Head Raising in Prone 
Gestational Age 1 2-15 3.5 1 
Chronological Age in Hours 1 .O 1 .O 1 

Presentation 1 3.39 5.52 
Delivery 1 -30 .49 
Presentation by Delivery 1 .O9 .14 
Subjects within Pr x D 17 1 .6 1 

Arm Release in Prone 
Gestational Age 1 -19 1.19 
Chronological Age in Houn 1 .O0 .O0 

Presentation 1 .65 4.00 
Delivery 1 .32 2 .O0 
Presentation by Delivery 1 2 0  1.27 
Subjects within Pr x D 171 .16 

Knee Jerk 
Gestational Age 1 -16 1.79 
Chronological Age in Hours 1 .O3 .3 9 

Presentation 1 .O6 .68 
Delivery 1 .25 2.85 
Presentation by Delivery 1 .O3 .3 1 
Subjects within Pr x D 165 .O9 

Palmar Grasp 
Gestational Age 1 .13 .25 
Chronological Age in H o m  1 3.60 7.30 

Presentation 1 .O0 .O0 
Del ivery 1 1.45 2.94 
Presentation by Delivery 1 .59 1-20 
Subjects within Pr x D 1 72 -49 

Notes: Nonsignificant p values lefi blank. Pr x D = interaction of Presentation and Delivery. 



ANOVA Summary of the Dubowitz' Assessrnent Conducted at Term (continued) 

Item and Source 
Rooting 

Gestational Age 
Chronological Age in Hours 

Presentation 
Del ivery 
Presentation by Delivery 
Subjects within Pr x D 

Sucking 
Gestational Age 
Chronological Age in Hours 

Presentation 
Delivery 
Presentation by Delivery 
Subjects within Pr x D 

Walking 
Gestationai Age 
Chronological Age in Hours 

Presentation 
Delivery 
Presentation by Delivery 
Subjects within Pr x D 

Moro 
Gestational Age 
Chronological Age in Hours 

Presentation 
Delivery 
Presentation by Delivery 
Subjects within Pr x D 

Auditory Orientation 
Gestational Age 
Chronological Age in H o m  

Presentation 
Delivery 
Presentation by Delivery 
Subjects within Pr x D 

Visual Orientation 
Gestational Age 
Chronological Age in Hours 

Presentation 
Delivery 
Presentation by Detivery 
Subjects within Pr x D 

Plotes: Nonsignificant p values left blank. Pr x D = interaction of Presentation and Delivery. 
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Appendix 4V: Sumrnary of the 3-Way Repeated Measures Analyses of Growth Parameters 

Item and Source 

Weight 
Between Subjects 

Gestational Age 
Presentation 
Del ivery 
Presentation by Delivery 
Subjects within Pr x D 

Within Subjects 
Tirne 
Time by Presentation 
Tirne by Delivery 
Time by Pr x D 
Time x Subjects within Pr x D 

Length 
Between Subjects 

Gestational Age 
Presentation 
Delivery 
Presentation by Delivery 
Subjects within Pr x D 

Within Subjects 
Time 
Tirne by Presentation 
Time by Delivery 
Time by Pr x D 
Time x Subjects within Pr x D 

Head Circumference 
Benveen Subjects 

Gestational Age 
Presentation 
Delivery 
Presentation by Delivery 
Subjects within Pr x D 

Within Subjects 
Time 
Tirne by Presentation 
Tirne by Delivery 
T h e  by Pr x D 
Time x Subjects within Pr x D 

Notes: Nonsignificant p values lefi blank. Pr x D = interaction of Presentation by Delivery. 
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Sumrnary of the 3-Way Repeated Mesures Analyses of Growth Parameters (continued) 

Post-hoc Analyses using the Dunn Method of Multiple Cornparisons 

Length 

Cornparison 1. Presentation Groups: Birth to 6 Weeks 

Numerator 

Mean 

Contrast (C) 

n 

C x Mean 

Surn of C x Mean 

(Sum of C x ~ e a n ) ~  

MSw (Born MANOVA) 

Denominator MS, x Sum of c2 
n 

F Ratio F (obs) 

Square Root of F (obs) 

- for 4 cornparisons 

Breech 

(birth) 

50.83 

+ 1 

80 

+ 50.83 

- .O1 

.O00 1 

.O 125 

-0479 

2.39 

.Il45 

-0009 

-0296 

Cephalic Ereech Cephalic 

(birth) (6 weeks) (6 weeks) 

d e  333 alpha = -05 2.529 

t (obs) < t (crit), therefore nonsignificant 

Notes: C = contrast; obs = observed; crit = critical. 

MS, = value fiom MANOVA run with no covariates. 
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Summary of the S W s y  Repeated Measura Analyses of Growth Parameters (contïnued) 

Port-hoc Analyses using the Dunn Method of Multiple Cornparisons 

Length 

Cornparison 2. Presentation Groups: 6 Weeks to 3 Months 

Breech Cephalic Breech Cephalic 

(6weeks) (6weeks) (3months) (3mootbs) 

Numerator 

Mean 55.33 56.69 60.39 60.99 

Contrast (C) + 1 - 1 - 1 + 1 

n 8 1 77 74 7 8 

C x Mean + 55.33 - 56.69 -60.39 + 60.99 

Sum of C x Mean - .76 

(Sum of C x ~ e a n ) *  S776 

MS, (fiom MANOVA) 2.39 

Denominator MS, x ~ u m  o f c  .1233 
n 

F Ratio 

t (crit) 

F (obs) 4.6845 

Square Root of F (obs) 2.1644 

- for 4 cornparisons d e  306 alpha = -05 2.529 

t (obs) < t (crit), therefore nonsignificant 

Notes: C = contrat; obs = observed; crit = cnticaI. 

MS, = value fiom MANOVA run with no covariates. 



Summary of the 3-Way Repeated Measures Analyses of Growth Parameters (continued) 

Post-hoc Analyses using the Dunn Method of Multiple Cornparisons 

Length 

Cornparison 3. Presentation Groups: 3 to 5 Months 

Breech Cephalic Breech Cephalic 

(3 months) (3 months) (5 months) (5 months) 

Numerator 

Denominator 

F Ratio 

t (crit) 

Mean 

Contrast (C) 

n 

C x Mean 

Sum of C x Mean 

(Sum of C x ~ e a n ) '  

ç2 
n 

Surn of C' 
n 

MS, (from MANOVA) 

MS, x Surn of Ç' 
n 

F (obs) 

Square Root of F (obs) 

- for 4 cornparisons df= 30 1 alpha = .O5 2.529 

t (obs) < t (cnt), therefore nonsignificant 

Notes: C = contrast; obs = observed; crit = critical. 

MS, = value fiom MANOVA ~n with no covariates. 
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Summary of the 3-Way Repeated Measures Analyses of  Growth Parameters (continued) 

Post-hoc Analyses using the Dunn Method of Multiple Comparisons 

LRngth 

Cornparison 4. Presentation Groups: 5 to 7 Months 

Numerator 

Denominator 

F Ratio 

t (crit) 

Mean 

C o n m t  (C) 

n 

C x Mean 

Sum of C x Mean 

(Sum of C x ~ e a n ) '  

ç2 
n 

Sum ofc2 
n 

MS, (fiom MANOVA) 

MS, x Sum of Ç* 
n 

F (obs) 

Square Root of F (obs) 

- for 4 cornparisons 

Notes: C = contrast; obs = observed; crit = critical. 

Breech 

(5 months) 

65.07 

+ 1 

75 

+ 65.07 

- -46 

-2 1 16 

.O 133 

,0544 

2.39 

-1300 

1.6277 

1.2758 

Cephalic Breech Cephalic 

(5 months) (7 months) (7 months) 

d* 294 alpha = .O5 2.529 

t (obs) < t (crit), therefore nonsignificant 

MS, = value fiom MANOVA run with no covariates. 



Summary of the 3-Way Repeated Measures Analyses of Growth Parameters (contuiued) 

Post-hoc Analyses using the Duan Method of Multiple Cornparisons 

Lengt h 

Cornparison 5. Presentation Groups: Birth to 3 Months 

Numerator 

Denominator 

F Ratio 

Mean 

Contrast (C) 

n 

C x Mean 

S m  of C x Mean 

(Sum of C x ~ e a n ) ~  

ç' 
n 

Sum a f ~ '  
n 

MS, (frorn MANOVA) 

Ms, x Sum of ç' 
n 

F (obs) 

Square Root of F (obs) 

- for 5 cornparisons 

Notes: C = contrast; obs = observed; cnt = critical. 

Breech 

(birth) 

50.83 

+ 1 

80 

+ 50.83 

- -77 
S929 

.O 125 

.O489 

2.39 

- 1  169 

5.07 19 

2.252 1 

Cephalic Breech Cephalic 

(birth) (3 months) (3 months) 

d+ 327 alpha = .O5 2.6 1 

t (obs) < t (crit), therefore nonsignificant 

MS, = value from MANOVA m with no covariates. 



Summary of the 3-Way Repeated Measures Analyses of Growth Parameters (continued) 

Post-hoc Analyses using the Dunn Method of Multiple Cornparisons 

Length 

Cornparison 6. Presentation Groups: Bith to 5 Months 

Denorninator 

F Ratio 

t (crit) 

Mean 

Contrast (C) 

n 

C x Mean 

Sum of C x Mean 

( S m  of C x ~ e a n ) '  

MS, (fiorn MANOVA) 

MS, x Surn of ç2 
n 

F (obs) 

Square Root of F (obs) 

- for 5 cornparisons 

B reech 

(birth) 

50.83 

+ 1 

80 

+ 50.83 

- -92 

.8464 

.O 125 

.O487 

2.39 

- 1  164 

7.27 15 

2.697 

d e  328 

Cephalic Breech Cephalic 

(birth) (5 months) (5 months) 

alpha = .O5 2.675 

t (obs) > t (cnt), therefore statistically significant 

Notes: C = contrast; obs = observeci; crit = critical. 

MS, = value fiom MANOVA nrn with no covarïates. 



Summary of the 3-Way Repeated Measures Analyses of Growth Parameten (continued) 

Post-hoc Analyses using the Dunn Method of Multiple Cornparisons 

Head Circumference 

Cornparison 1 .  Delivery Groups: Buth to 6 Weeks 

Numerator 

Mean 

Conmt  (C) 

n 

C x Mean 

Sum of C x Mean 

(Surn of C x ~ e a n ) '  

ç2 
n 

Surn of Ç' 
n 

MS, (from MANOVA) 

Denominator MS, x Sum of ç2 
n 

F Ratio F (obs) 

Square Root of F (obs) 

- for 2 cornparisons 

Vaginal 

(birth) 

34.67 

+- 1 

78 

+ 34.67 

- 37 
,1369 

,0128 

.O488 

.43 

.O2 1 O 

6.5 190 

2.55 

Cesarean 

(birt h) 

35.29 

- 1 

93 

- 35.29 

.O 1 O8 

df= 326 alpha = -05 

Vaginal 

(6 weeks) 

3 8.47 

- 1 

76 

- 38.47 

-0132 

2.265 

Cesarean 

(6 w ee ks) 

38.72 

+ 1 

83 

+ 38.72 

.O 120 

t (obs) > t (crit), thesefore statisticaIly significant 

Notes: C = contrast; obs = obsemed; crit = critical. 

MS, = value fiom MANOVA nin with no covariates. 



Summary of the 3-Way Repeated Measures Analyses of Growth Parameters (continued) 

Post-hoc Analyses using the Dunn Method of Multiple Cornparisons 

Head Circum ference 

Cornparison 2. DeIivery Groups: 6 Weeks to 3 Months 

Numerator 

Denominator 

F Ratio 

t (crit) 

Mean 

Contrast (C) 

n 

C x Mean 

Sum of C x Mean 

( S m  of C x ~ e a n ) '  

ç' 
n 

Surn of ç2 
n 

MSw (from MANOVA) 

MS, x Sum of ç2 
n 

F (obs) 

Square Root of F (obs) 

- for 2 cornparisons 

Vaginal 

(6 weeks) 

38.47 

. + I  

76 

+ 38.47 

- .O9 

.O08 1 

.O 132 

.O5 1 5 

-43 

.O22 1 

.3 665 

.6054 

df= 307 

Cesarean Vaginal Cesarean 

(6 weeks) (3 months) (3 months) 

alpha = .O5 2.265 

t (obs) < t (crit), therefore nonsignificant 

Notes: C = contrast; obs = observed; cnt = critical. 

MS, = value fiom MANOVA run with no covariates. 
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Appendix 4W: Surnmary of the 3-Way Repeated Measures Analyses of Primitive Reflex Profile 

Items 

Item and Source 

Asyrnmetrical Tonic Neck 
Between Subjects 

Cahn and GA 
Presentation 
Delivery 
Presentation by Delivery 
Subjects within Pr x D 

Within Subjects 
Time 
T h e  by Presentation 
T h e  by Delivery 
Time by Pr x D 
Time x Subjects within Pr x D 

Symmetrical Tonic Neck 
Betwecn Subjects 
Cahrs and GA 
Presentation 
Delivery 
Presentation by Del ivery 
Subjects within Pr x D 

Within Subjects 
Time 
Time by Presentation 
Time by Delivery 
Time by Pr x D 
Time x Subjects within Pr x D 

Positive Supporting 
Between Subjects 

Cahrs and GA 
Presentation 
Delivery 
Presentation by Delivery 
Subjects within Pr x D 

Within Subjects 
Tirne 
Time by Presentation 
Time by Delivery 
Time by Pr x D 
Time x Subjects within Pr x D 

Notes: Nonsignificant p values left blank. Cahrs and GA = chronological age in hotirs and gestational 
age (covariates). R x D = interaction of Presentation and Delivery. 
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Summary of the 3-Way Repeated Measures Analyses of Primitive Reflex Profile Items (continued) 

Item and Source df 

Tonic La byrinthine Supine 
Between Subjects 

Cahrs and GA 
Presentation 
Delivery 
Presentation by Delivery 
Subjects within Pr x D 

With in Subjects 
Time 
Time by Presentation 
Time by Delivery 
Time by Pr x D 

3 
3 
3 
3 

Time x Subjects within Pr x D 43 2 

Tonic Labyrinthine Prone 
Benveen Subjects 

Cahrs and GA 
Presentation 
Delivery 
Presentation by Delivery 
Subjects within Pr x D 

Within Subjects 
Tirne 
Time by Presentation 
Time by Delivery 
Time by P r x  D 
Time x Subjects within Pr x D 

S R: Head on Body 
Berween Subjects 

Cahrs and GA 
Presentation 
Delivery 
Presentation by Delivery 
Subjects within Pr x D 

Within Subjects 
Time 
Time by Presentation 
Time by Delivery 
Time by Pr x D 
Time x Subjects within Pr x D 

Notes: Nonsignificant p values Ieft blank. Cahrs and GA = chronological age in hours and gestational 
age (covariates). Pr x D = interaction of Presentation and Delivery; SR = segmental rolling. 
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Summary of the 3-Way Repeated Measures Analyses of Primitive Reflex Profile Items (continued) 

Item and Source 

S R: Body on Body 
Between Subjects 

Cahrs and GA 
Presentation 
Dei ivery 
Presentation by Delivery 
Subjects within Pr x D 

Within Subjects 
Time 
Time by Presentation 
Time by DeIivery 
Time by Pr x D 
Time x Subjects within Pr x D 

Galant 
Between Subjects 

Cahrs and GA 
Presentation 
Delivery 
Presentation by Delivery 
Subjects within Pr x D 

Within Subjects 
Tirne 
Time by Presentation 
Time by Delivery 
Time by Pr x D 
Time x Subjects within Pr x D 

Moro 
Between Subjects 

Cahrs and GA 
Presentation 
Delivery 
Presentation by Delivery 
Subjects within Pr x D 

Within Subjects 
Time 
Tirne by Presentation 
Time by Delivery 
Time by Pr x D 
Time x Subjects within Pr x D 

Notes: Nonsignificant p values left blank. Cahrs and GA = chronological age in hours and gestational 
age (covariates). Pr x D = interaction of Presentation and Delivery; S R = segmenta1 rolling. 
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Summary of the 3-Way Repeated Measures Anaiyses of Primitive Reflex Profile items (continued) 

Stem and Source 

Upper Extremity Grasp 
Between Subjects 

Cahrs and GA 
Presentation 
Delivery 
Presentation by Delivery 
Subjects within Pr x D 

Within Subjects 
Time 
Time by Presentation 
Tirne by Delivery 
Time by Pr x D 
Time x Subjects within Pr x D 

Lower Extremity Grasp 
Between Subjects 

Cahrs and GA 
Presentation 
Delivery 
Presentation by Delivery 
Subjects within Pr x D 

Within Subjects 
Time 
Time by Presentation 
Time by Delivery 
Time by Pr x D 
Time x Subjects within Pr x D 

Lower Extremity Placing 
Between Subjects 

Cahrs and GA 
Presentation 
Delivery 
Presentation by DeIivery 
Subjects within Pr x D 

Within Subjects 
Time 
Tirne by Presentation 
T h e  by Delivery 
Time by Pr x D 
Time x Subjects within Pr x D 

Notes: Nonsignificant p values left blank. Cahrs and GA = chronoIogicaI age in hours and gestational 
age (covariates). Pr x D = interaction of Presentation and Delivery. 



Summary of the 3-Way Repeated Measures Analyses of Primitive Reflex Profile Items (continued) 

Item and Source d f MS F P 

Stepping 
Between Subjects 

Cahrs and GA 
Presentation 
Delivery 
Presentation by Del ivery 
Subjects within Pm D 

Within Subjects 
Tirne 
Time by Presentation 
Time by Delivery 
Time by Pr x D 
Time x Subjects within Pr x D 

Notes: Nonsignificant p values Ieft blank. Cahrs and GA = chronological age in hours and gestational 
age (covariates). Pr x D = interaction of Presentation and Delivery. 
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Appendix 4X: Summary of the 3-Way Repeated Measures Analyes of Joint Angle Data and 2-Way 

Analyses of Joint Laxity Scores 

Item and Source 
INFANIB Items 
Scarf Sign 

Between Subjects 
C h  and GA 
Presentation 
Delivery 
Presentation by Delivery 
Subjects within Pr x D 

Within Subjects 
Time 
T i e  by Presentation 
Time by Delivery 
Tirne by Pr x D 
Time x Subjects within Pr x D 

Heel to Ear 
Between Subjects 

Cahrs and GA 
Presentation 
Delivery 
Presentation by Delivery 
Subjects within Pr x D 

Within Subjects 
Time 
Time by Presentation 
Time by Delivery 
Tirne by Pr x D 
T h e  x Subjects within Pr x D 

Popliteal Angle 
Between Subjects 

Cahrs and GA 
Presentation 
Delivery 
Presentation by Delivery 
Subjects within Pr x D 

Within Subjects 
Tirne 
Tirne by Presentation 
Time by Delivery 
Tirne by Pr x D 
Tirne x Subjects within Pr x D 

Notes: Nonsignificant p values left blank. Cahrs and GA = chronological age in hours and gestational 
age (covariates). Pr x D = interaction of Presentation and Delivery. 



Summary of the 3-Way Repeated Measures Analyes of Joint Angle Data and 2-Way Analyses of 

Joint Laxity Scores (continued) 

Item and Source 
INFANIB items 
Hip Abduction 

Between Subjects 
Cahrs and GA 
Presentation 
DeIivery 
Presentation by DeIivery 
Subjects within Pr x D 

Within Subjects 
Time 
Tirne by Presentation 
Tirne by Delivery 
Time by Pr x D 
Time x Subjects within Pr x D 

An kle Dorsiflexion 
Between Subjects 

Cahrs and GA 
Presentation 
Delivery 
Presentation by Delivery 
Subjects within Pr x D 

Within Subjects 
Time 
Time by Presentation 
Time by Delivery 
Time by Fr x D 
Time x Subjects within Pr x D 

French Angles Factor 
Between Subjects 

Cahrs and GA 
Presentation 
Delivery 
Presentation by Delivery 
Subjects within Pr x D 

Within Subjects 
Time 
Time by Resentation 
Tirne by Delivery 
Time by Pr x D 
Time x Subjects within Pr x D 

Notes: Alpha levels significant by Bonferroni's Correction (.O 1) for individual items, or .O5 for French 
Angles Factor. Nonsignificant p values ieft biank. Cahrs and GA = chronological age in hours 
and gestational age (covariates). Pr x D = interaction of Presentation and Delivery. 
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Summary of the 3-Way Repeated Measures Analyes of Joint Angle Data and 2-Way Analyses of 

Joint Laxity Scores (continued) 

Post-hoc Analyses using the Dunn Method of Multiple Cornparisons 

French Angles 

Cornparison 1 .  Presentation Groups: Birth to 6 Weeks 

Numerator 

Denorninator 

F Ratio 

t (crit) 

Mean 

Contrast (C) 

n 

C x Mean 

Surn of C x Mean 

(Sum of C x ~ e a n ) *  

c2 
n 

Sum of ç2 
n 

MS, (fiom MANOVA) 

MS, x Sum of c2 
n 

F (obs) 

Square Root of F (obs) 

- for 2 cornparisons 

Breech 

(birth) 

15-65 

+ 1 

88 

+ 15.65 

1.45 

2.1025 

.O 1 14 

,0477 

3 -42 

.163 1 

12.89 

3.59 

d e  333 

CephaIic Breech Cephalic 

(birth) (dweeks) (6weeks) 

alpha = .O5 2.265 

t (obs) > t (crit), therefore statistically significant 

Notes: C = contrast; obs = observed; crit = critical. 

MS, = value fiom MANOVA mn with no covariates. 
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Summary of the 3-Way Repeated Measures Analyes of Joint Angle Data and 2-Way Analyses of 

Joint Laxity Scores (continued) 

Post-hoc Analyses using the Dunn Method of Multiple Cornparisons 

French Angles 

Cornparison 2. Presentation Groups: 10 to 15 Months 

Breech Cephalic Breech Cephalic 

(10 months) (10 months) (15 months) (15 months) 

Numerator 

Mean 

Con trast (C) 

n 

C x Mean 

Surn of C x Mean 

(Sum of C x ~ e a n ) *  

c2 
n 

Sum of ç2 
n 

MS, (fiom MANOVA) 

Denom inator MS, x ~ u m   of^' 
n 

F Ratio 

t (crit) 

F (obs) 

Square Root of F (obs) 

- for 2 cornparisons 

t (obs) < t (crit), therefore nonsignificant 

Notes: C = contrast; obs = observed; cnt = critical. 

MS, = value fiom M'NOVA run with no covariates. 
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Summary of the 3-Way Repeated Measures Analyes of Joint Angle Data and 2-Way Analyses of 

Joint Laxity Scores (continued) 

Post-hoc Analyses using the Dunn Method of Multiple Cornparisons 

Popliteal Angle 

Comparison 1 .  Fresentation Groups: Birth to 6 Weeks 

Numerator 

Mean 

Contras t (C) 

n 

C x Mean 

Sum of C x Mean 

(Sum of C x ~ e a n ) '  

ç2 
n 

Sum o f ç 2  
n 

MS, (fiorn MANOVA) 

Denom inator MS, x sum  of^' 
n 

F Ratio F (obs) 

Square Root of F (obs) 

t (crit) - for 3 c o m p ~ s o n s  

Breech 

(birth) 

5.1 

+ 1 

88 

+ 5.1 

.3 5 

-1225 

.O1 14 

-0477 

-29 

.O138 

8.8768 

2.98 

d e  333 

Cephalic 

(birth) 

4.5 

- 1 

90 

- 4.5 

.O11 1 

alpha = .O5 

Breech Cephalic 

(6week.s) (dweeks) 

t (obs) > t (crit), therefore statistically significant 

Notes: C = contrast; obs = observed; crit = cntical. 

MS, = value from MANOVA run with no covariates. 
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Sumrnary of the 3-Way Repeatd  Measures Analyes of Joint Angle Data and ZWay Analyses of 

Joint Laxity Scores (continued) 

Post-hoc Analyses using the Dunn Method of Multiple Cornparirons 

Popliteal Angle 

Cornpaison 2. Presentation Groups: 3 to 5 Months 

Breech Cephalic Breech Cephalic 

(3 months) (3 months) (5 months) (5 months) 

Denominator 

F Ratio 

Mean 

Contrast (C) 

n 

C x Mean 

Sum of C x Mean 

(Sum of C x ~ e a n ) ~  

ç' 
n 

Sum of Ç' 
n 

MS, (fiorn MANOVA) 

MS, x Sum of ç2 
n 

F (obs) 

Square Root of F (obs) 

- for 3 cornparisons d e  30 1 alpha = .O5 2.422 

t (obs) < t (crit), therefore nonsignificant 

Notes: C = contrast; obs = observed; crit = critical. 

MS, = value corn MANOVA run with no covariates. 



Surnmary of the 3-Way Repeated Measures Analyes of Joint Angle Data and 2-Way Analyses of 

Joint Laxity Scores (con tinued) 

Item and Source df MS F P 

Joint Laxity Scores 

Elbow Extension 
Presentation 
Delivery 
Presentation by Deliveq 
Subjects within Pr x D 

Knee Extension 
Presentation 1 .32 
Delivery 1 .8 1 
Presentation by Delivery 1 .55 
Subjects within Pr x D 138 -34 

Thurn b to Wrist 
Presentation 1 - 1  1 
Delivery 1 -43 
Presentation by Delivery 1 - 1  1 
Subjects within Pr x D 138 -80 

Fifth MCP Extension 
Presentation 1 .O2 
De I ivery 1 1.31 
Presentation by Del ivery 1 -43 
Subjects within Pr x D 138 .96 

Total Laxity Score 
Presentation 
Delivery 
Presentation by Dei ivery 
Subjects within Pr x D 

Notes: Alpha level (Bonferroni's Correction) .O 13 for individual items or -05 for Total Laxity Score. 
Nonsignificant p vaIues lefi blank. Pr x D = interaction of Presentation and Delivety. 
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Appendix 4Y: Summary of the 3-Way Repeated Measures Analyses of the AIMS and 2-Way 

Analyses of the Peabody Developmental Motor Scaies Scores and Age Walked 

Su bsection and Source 

A ï M S  Su bsections 
(to 10 Months) 

Prone 
Between Subjects 

Presentation 
Delivery 
Presentation by Delivery 
Subjects within Pr x D 

Within Subjects 
Time 
Time by Presentation 
T ime by De tivery 
~ i m e  by Pr x D 
Time x Subjects within Pr x D 

Supine 
Behveen Subjects 

Presentation 
Delivery 
Presentation by Delivery 
Subjects within Pr x D 

With in Subjects 
Time 
Tirne by Presentation 
Time by Delivery 
Time by Pr x D 
Time x Subjects within Pr x D 

Sitting 
Between Subjects 

Presentation 
Delivery 
Presentation by DeIivery 
Subjects within Pr x D 

Within Subjects 
Time 
Time by Presentation 
Time by Delivery 
Time by Prx D 
Time x Subjects within Pr x D 

Notes: Alpha levels significant by Bonferroni's Correction (.O 13) for sub-section scores. Nonsignificant 
p values left blank. Pr x D = interaction of Presentation and Delivery. 



Summary of the 3-Way Repeated Measures Analyses of the AIMS and 2-Way Analyses of the 

Peabody DevelopmentaI Motor Scales Scores and Age Walked (continued) 

Subsection and Source d f MS F P 

AIMS Subsections 
(to 10 Months) 

Standing 
Between Subjects 

Presentation 
Delivery 
Presentation by Delivery 
Subjects within Pr x D 

Within Subjects 
Tirne 
Time by Presentation 
Time by Delivery 
Tirne by Prx D 
Time x Subjects within Pr x D 

AIMS Total Score 
(to 15 Months) 

Between Subjects 
Presentation 
Delivery 
Presentation by DeIivery 
Subjects within Pr x D 

Within Subjects 
Time 
Time by Presentation 
Time by Delivery 
Tirne by Pr x D 
Tirne x Subjects within Pr x D 

Notes: Alpha levels significant by Bonferroni's Correction (.O 13) for sub-section scores or .O5 for Total 
AIMS Score. Nonsignificant p values left blank. Pr x D = interaction of Presentation and 
Delivery . 
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Surnmary of the 3-Way Repeated Measures Analyses of the AIMS and 2-Way Analyses of the 

Peabody Developmental Motor Scales Scores and Age Walked (continued) 

z-tests benueen Group AlMS Scores and the Nomative Sample (Piper and Darrah, 1994) 

6 Weeks: Mean = 7.3; sd = 1.96 

Group n 

Cesarean-Breech 45 

Cesarean-Cephalic 3 8 

Vaginal-Breech 37 

Vaginal-Cephatic 39 

3 Months: Mean = 1 1.2; sd = 2.86 

Group n sem z 

Cesarean-Breech 38 .46 r = 1 1.6 - 1 1.2 = 0.87 

.46 

Cesarean-Cephalic 39 .46 z = 12.1 - 1 1.2 = 1.96 

-46 

VaginaI-Breech 36 -48 z = 1 1 -2 - 1 1 .S = O 

.48 

Vaginal-Cephalic 39 .46 z = 1 1.2 - 1 1.2 = O 

.46 

5 Months: Mean = 20.6; sd = 4.45 

Group n sem z 

Cesarean-Breech 39 .72 z = 20.7 - 20.6 = 0.14 

-72 

Cesarean-Cephalic 39 .72 z = 2 1.2 - 20.6 = 0.83 

.72 

Vaginal-Breech 36 .74 z = 19.6 - 20.6 = - 1.35 

-63 

Vaginal-Cephalic 39 .72 z = 20.7 - 20.6 = . l 4  

.72 
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Summary o f  the 3-Way Repeated Measures Analyses of the AIMS and 2-Way AnaIyses of the 

Peabody Developmental Motor Scates Scores and Age Walked (continued) 

z-tests berween Group AIMS Scores and the Normative Sample (Piper and Darrah, 1994) (continued) 

7 Months: Mean = 30.3; sd = 6.18 

Group n sem z 

Cesarean-Breech 36 1.03 z = 30.8 - 30.3 = 0.49 

1 .O3 

Cesarean-Cephalic 38 1 .O0 z = 32.1 - 30.3 = 1.80 

1 .O0 

Vaginal-Breech 36 1-03 z = 3 1.1 - 30.3 = 0.78 

1 -03 

Vaginal-Cephalic 38 1 .O0 z = 3 1.6 - 30.3 = 1-30 

1 .O0 

10 Months: Mean = 47.4; sd = 6.70 

Croup n sem z 

Cesarean-Breech 37 1.10 z = 48.2 - 47.4 = 0.73 

1.10 

Cesarean-Cephalic 37 1.10 z = 47.9 - 47.4 = 0.45 

1-10 

Vaginal-Breech 35 1.14 z = 46.7 - 47.4 = -0.6 1 

1.14 

VaginaI-Cephalic 37 1.1 O z = 47.6 - 47.4 = 0.18 

1-10 

15 Months: Mean = 57.4; sd = 1.2 1 

Croup n 

Cesarean-Breech 36 

Cesarean-Cephalic 3 7 

Vaginal-Breech 34 

Vaginal-Cephalic 36 

sem z 

.20 z = 57.9 - 57.4 = 2.50 

.20 

.20 z = 57.6 - 57.4 = 1.00 

-20 

.2 1 z = 57.7 - 57.4 = 1.43 

.2 1 

.20 z = 58 - 57.4 = 3.00 

2 0  
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Surnmary of the 3-Way Repeated Measures Analyses of the AIMS and 2-Way Analyses of the 

Peabody Developrnental Motor Scales Scores and Age Walked (continued) 

Subscale and Source d f MS F P 

PDMS Gross Motor Subscale 

Balance 
Presentation 
Del ivery 
Presentation by Deiivery 
Subjects within Pr x D 

Non-locomotor 
Presentation 
Delivery 
Presentation by Delivery 
Subjects within Pr x D 

Locomotor 
Presentation 1 34.37 
Delivery 1 16.61 
Presentation by Delivery 1 6.05 
Subjects within Pr x D 129 15.85 

Receipt / Propulsion 
Presentation 
Delivery 
Presentation by Delivery 
Subjects within Pr x D 

Total Cross Motor 
Presentation 1 56.84 1.29 
Delivery 1 67.82 1.54 
Presentation by Delivery 1 1.10 .O3 
Subjects within Fr x D 139 44.12 

Notes: Alpha level (Bonferroni's Correction) = .O13 for individual skiIl areas or .O5 for Total Sub-scale 
Score. Nonsignificant p values left blank. PDMS = Peabody Developmental Motor Scales. Pr x 
D = interaction of Presentation a d  Detivery. 



Surnmary of the 3-Way Repeated Measures Analyses of the AlMS and 2-Way Analyses of the 

Peabody Developmental Motor Scales Scores and Age Walked (continued) 

Subscale and Source df MS F P 

PDMS Fine Motor Subscale 

G rasping 
Presentation 
Delivery 
Presentation by Delivery 
Subjects within Pr x D 

Hand Use 
Presentation 1 -00 
Delivery 1 -00 
Presentation by Delivery 1 .O5 
Subjects within Pr x D 139 2.27 

Eye-Hand Coordination 
Presentation I 6.99 -82 
Delivery 1 15-78 1.84 
Presentation by Delivery 1 46.96 5.48 
Subjects within Pr x D 139 8.57 

Manual Dexterity 
Presentation 
Delivery 
Presentation by Delivery 
Subjects within Pr x D 

Total Fine Motor 
Presentation 1 9.33 -40 
Deiivery 1 1 1.47 .49 
Presentation by Delivery 1 40.04 1 -72 
Subjects within Pr x D 139 23.34 

Notes: Alpha level (Bonferroni's Correction) = .O I3 for individual ski11 areas or .O5 for Total Sub-scak 
Score. Nonsignificant p values Ieft bIank. PDMS = Peabody Developmental Motor Scales. Pr x 
D = interaction of Presentation and DeIivery. 



Sumrnary of the 3-Way Repeated Measures Analyses o f  the AIMS and 2-Way Analyses of  the 

Peabody Developmental Motor Scales Scores and Age WaIked (continued) 

Source d f MS F P 

Age Wafked 
Presentation 1 -8 8 
Delivery 1 .88 
Presentation by Deiivery 1 1.78 
Subjects within Pr x D 137 2.14 

Notes: Nonsignificant p vaIues left blank. Pr x D = interaction of Presentation and Delivery. 




