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Abstract

Background: Normative databases on abdominal muscles performance in women are essential in the diagnosis of muscu-
loskeletal impairment and as reference values for post-partum rehabilitation targets. This study quantified and investigated
the predictors of the static and dynamic abdominal muscles endurance of nulliparous and parous women.

Methods: Two hundred and fifty five consenting volunteers (131 nulliparous and 124 parous women) participated in this study.
Partial curl-up test of the Canadian Standardized Test of Fitness was used to assess Static Abdominal Muscles Endurance (SAME)
and Dynamic Abdominal Muscles Endurance (DAME) respectively. Demographic and anthropometric data were also obtained.
Data were analyzed using descriptive and inferential statistics. The Alpha level was set at 0.05.

Results: The mean SAME and DAME of all the participants were 33.90 £20.78 seconds and 16.26 $8.76 repetitions respectively.
Nulliparous women exhibited significantly higher mean SAME (42.71 #22.59 vs. 24.59 +13.50 seconds) and DAME (19.45 #8.96 vs.
12.88 1.17) (p=0.001) values respectively. Both SAME and DAME values differed significantly (p<0.05) across the parous group.
The primiparae had higher SAME and DAME values than their multiparae counterparts (p<0.05). A significant correlation existed
between SAME and DAME (p=0.001). Age, number of births and anthropometric parameters were significant predictors of SAME
and DAME (p<0.05).

Conclusion: This study established a set of reference mean values for static and dynamic abdominal muscles endurance in nul-
liparous and parous women. Parity was associated with a significant decrease in the static and dynamic abdominal muscles en-
durance capacity. Age, high level of adiposity and the number of births were significant predictors of decreased abdominal
muscles endurance. It is adduced that decreased abdominal muscles endurance in women may be precipitated and perpetuated
by parity.

Stowa kluczowe
wytrzymato$¢ migéni brzucha, kobiety nierodzace, kobiety rodzace

Streszczenie

Wprowadzenie: Warto$ci normatywne sity migéni brzucha u kobiet sa istotne zaréwno w diagnostyce zaburzeh mig$niowo-
szkieletowych, jak i stanowia punkt odniesienia w ustalaniu celéw rehabilitacji po porodzie. Niniejsze badanie okre$la wielko$¢
oraz analizuje predyktory statycznej i dynamicznej wytrzymato$ci migéni brzucha u kobiet nierodzacych i rodzacych.

Metody: W badaniu wziglo udzial dwiescie pigédziesiat pig¢ kobiet (131 nierodzacych i 124 rodzacych). W celu oceny statycznej
i dynamicznej wytrzymatosci migéni brzucha (ang. Static Abdominal Muscles Endurance, SAME; Dynamic Abdominal Muscles Endurance,
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DAME) wykorzystano test Partial Curl-Up Test (test cze$ciowego unoszenia tutowia wykonywany w pozycji lezenia tytem o no-
gach ugietych) bedacy sktadowa testu sprawnoéci Canadian Standardized Test of Fitness. Od badanych uzyskano takze dane de-
mograficzne i antropometryczne. Do analizy danych wykorzystano statystyki opisowe oraz dedukcyjne. Warto$¢ alfa ustalono
na poziomie 0,05.

Wyniki: Srednie wyniki SAME i DAME wszystkich uczestniczek wynosity odpowiednio 33,90 +20,78 sekund i 16,26 8,76 powté-
rzef. Kobiety nierodzace odznaczaly si¢ znamiennie wyzsza $rednia warto$cia pomiaréw SAME (42,71 #22,59 vs. 24,59 #13,50 se-
kund) oraz DAME (19,45 #8,96 vs. 12,88 +1,17) (p=0,001). Warto$ci pomiaréw SAME i DAME takze réznily si¢ znamiennie (p<0,05)
w obrebie samej grupy kobiet rodzacych. Kobiety, ktére urodzity 1 dziecko odznaczaly si¢ wyzszymi warto$ciami pomiaréw SA-
ME i DAME niz te, ktére rodzily wiecej razy (p<0,05). Stwierdzono znamienna korelacje pomiedzy warto$ciami pomiaréw SAME
i DAME (p=0.001). Wiek, ilo§¢ porodéw oraz zmienne antropometryczne okazaly si¢ by¢ znamiennymi predyktorami warto$ci SAME
i DAME (p<0,05).

Podsumowanie: Wyniki niniejszego badania pozwalaja na stworzenie zestawienia referencyjnych wartoéci $rednich wytrzyma-
tosci statycznej i dynamicznej mig$ni brzucha u kobiet rodzacych i nierodzacych. Ciaza wplywa znamiennie zaréwno na spadek
wytrzymatosci statycznej, jak i dynamicznej mig$ni brzucha. Wiek, otylos¢ i liczba porodéw sa waznymi predyktorami spadku
wytrzymato$ci mig$ni brzucha. Wskazuje sig, ze zmniejszenie wytrzymatosci mig$ni brzucha moze by¢ wywoltywane i utrwalane

przez macierzynstwo.

BACKGROUND

Pregnancy and child bearing are
natural physiologic events which
causes the body to undergo signifi-
cant physiological, psychosocial and
physical changes*. Musculoskeletal
changes in pregnancy including
joint laxity, reduced trunk muscles
strength and endurance and conse-
quent postural alterations are largely
physiologic®® but are the precursors
of back and pelvic pain and spinal
instability in these women®’. Heck-
man and Sassard® corroborated that
the normal physiological changes of
pregnancy may induce mechanical
and structural changes in the spine
contributing to possibly postpartum
back pain.

The strain and stress on the ab-
dominal muscles by the developing
foetus, thereby causing it to stretch
to the point of its limit by the end of
pregnancy®'® coupled with the hor-
monal influence on the muscles"
constitute one of the most significant
mechanical and structural changes in
pregnancy. These physiological chan-
ges in the anterior and lateral ab-
dominal dimensions affect the body
image and posture of women and
also compromise the normal body
mechanics and the kinesiology of
the abdominal corset®***. The re-
sultant abdominal muscles weakness
imposes additional stress on lower
back muscles with consequent hyper-
extension of the lower spine, reduced

spinal stability and increased risk of
low-back pain and spinal injury®”*,

Strong abdominal muscles are im-
portant for women of childbearing
age to support and cradle the devel-
oping child, protecting the new
mother’s organs and back from the
increasing weight she carries'®. The
recovery of abdominal muscles func-
tion in most postpartum women is
associated with a conscious involve-
ment in rehabilitation programmes
involving physical activity and exer-
cises”?, As a result, normative data-
bases on abdominal muscles per-
formance in women are essential in
the diagnosis of musculoskeletal
impairment and as reference values
for post-partum rehabilitation tar-
gets. However, there is a dearth of
studies on the assessment and deter-
minants of abdominal muscles en-
durance in women. Therefore, this
study quantified and investigated
the predictors of static and dynamic
abdominal muscles endurance of
nulliparous and parous women us-
ing the Partial Curl-Up Test of the
Canadian Standardized Tests of Fit-
ness.

METHODS

Participants

The participants for this study were
apparently healthy women recruited
from the Obafemi Awolowo Univer-
sity (OAU), Obafemi Awolowo Uni-

versity Teaching Hospitals Complex
(OAUTHC), Ile-Ife, Osun State, Nige-
ria. Inclusion criteria for participa-
tion in the study involved being fe-
male of sixteen years and older with
or without histories of childbirth.
Eligible participants who reported
a positive history of low-back pain
within one year prior to the study,
those who reported any abdominal
muscle or visceral pain or with any
obvious spinal deformity or neuro-
logical conditions and those with
a positive history of cardiovascular
diseases were excluded from the study.

Procedures

Ethical approval for the study was
obtained from the Ethical Review
Committee of the OAUTHC. The par-
ticipants were fully informed about
the purpose of the study and their
consents were obtained before mea-
surements were taken. Demographic
data of the participants were ob-
tained using a structured proforma.

Measurement

A height meter calibrated from
0-200 cm was used to measure the
height of each participant to the
nearest 0.1cm. A weighing scale cali-
brated from 0-120kg was used to
measure the body weight of partici-
pants in kilograms to the nearest
0.1Kg. Body Mass Index (BMI) was
calculated as the ratio of weight in



kilograms to height in meter squared.
Bioelectric Impedance Analysis (BIA)
machine (Omron BF 306 (HBF-306-E),
Kyoto, Japan) was used to measure
Percentage Body Fat (PBF) following
the manufacturer’s instructions. The
participants were instructed to stand
erect with the two feet together
while holding the BIA machine in
both hands with the arms straight at
90° of shoulder flexion so that the
palmar surface of the hands covered
the metal sensor of the BIA. During
the assessment, the participants
were instructed to remove all metal
objects (such as earrings, chains, wrist
watches etc.). Dryness of the palms
was ensured by using a dry towel for
cleaning if the palms were wet
(participants with symptoms of hy-
perhidrosis were not recruited).

Lean body mass (kg) was calcu-
lated from the PBF by subtracting
fat weight (kg) from total body
weight (kg). Lean Body mass = Total
body weight - Fat weight.

Fat weight was calculated from
PBF using the following formula:
Percentage body fat = (fat weight/total
body weight) X 100. Therefore, Fat
weight = (percentage body fat X total
body weight)/100.

Assessment

Assessment of the participants’ ab-
dominal muscles endurance com-
prised three phases including warm
up (a low-intensity aerobic warm-up
procedure of five minutes timed-
walking at a self-determined pace
and gentle active stretching), static
and dynamic abdominal muscles
endurance tests and a cool down
phase comprising the same low in-
tensity exercise as the warm-up for
about five minutes. The Partial Curl-
Up Test of the Canadian Standard-
ized Tests of Fitness was used to
quantify both static and dynamic
abdominal muscles endurance. Prior
to the tests, the procedures were
explained and demonstrated to the
participants. Static Abdominal Mus-
cles Endurance (SAME) and Dynamic
Abdominal Muscles Endurance (DAME)
were assessed in random order but
each test was carried out only once.

A fifteen minute interval was al-
lowed between each assessment in
accordance with a previous study to
allow for adequate rest and recovery
from potential fatigue®'. Data of par-
ticipants who terminated the tests
due to pain in the abdominal mus-
cles or loss of concentration other
than volitional fatigue were excluded.

Assessment of static abdominal
muscles endurance (SAME): - Two
strips of tape were placed parallel to
each other at 3.5 inches apart. The
participant lay supine on the mat
with knees at right angles, the par-
ticipant extended their arm so that
the fingertips of both hands touched
a strip of tape perpendicular to the
body on both sides (Plate 1). Partici-
pant was asked to slide the fingertips
along the mat until they reached the
second set of tape strips, and then
hold for as long they could without
moving their fingertips away from
the second tape strip, and the period
of static hold was timed with a stop-
watch (Quartz Stopwatch: SW1027).
The test was terminated once the par-
ticipant could no longer hold the test
position?.. The total time from the
onset of the test and loss of ability to
hold the static curl-up position was
recorded as SAME or endurance time
(in seconds) with the stopwatch
(Plate 2).

Assessment of dynamic abdomi-
nal muscles endurance (DAME):
Two strips of tape were placed par-
allel to each other at 3.5 inches
apart. The participants lay supine on
a mat with knees bent at right angle,
the participant extended their arm

Plate 1
Starting point for Static Abdominal Muscles Endurance Assessment
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so that the fingertips of both hands
touched a strip of tape perpendicu-
lar to the body on both sides. Two
additional strips of tape were lo-
cated parallel to the first two strips
8cm apart. The participant was asked
to slide the fingertips along the mat
until it reached the second set of
tape strips, and then returned to the
starting position. When the researcher
signalled to start the test, the partici-
pant slowly curled the upper trunk
until the fingertips touched the
second strip of tape. The participant
returned to the original position with
the shoulders touching the mat. The
researcher’s hands were placed on
the mat below the point where the
back of the participant’s head touched
the researcher’s hand. The curl-up
was slow, controlled and continuous
with a rhythmic cadence of 20 curl-
ups per minute using a Metronome
(Metronom System Maelzel, Wittner,
Germany). The metronome was used
to maintain the speed of movement.
The number of curl-ups performed
by the participant synchronous to
the metronome tempo was counted
and recorded as DAME? (Plate 3). All
assessments and measurements were
carried out at the gymnasia of the
Departments of Medical Rehabilita-
tion, OAU and Physiotherapy, OAUTHC,
Ile-Ife, Nigeria respectively.

Rather than the traditional sit-up
tests, the present study employed
the Partial Curl-Up Test of the Cana-
dian Standardized Tests of Fitness
for assessment of static and abdomi-
nal muscles endurance. Trunk-curl
tests are preferred over the sit-up
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tests even though both have similar
activity levels and patterns. Trunk-
curl tests are reported to be safer,
easier and more suitable tests of
abdominal endurance compared with
the traditional bent-knee sit-up
tests®*?5, In addition, the Partial
Curl-Up Test of the Canadian Stan-
dardized Tests of Fitness are reported
to produce reasonable levels of ac-
tivity in the rectus abdominis mus-

Plate 2

cles while immunizing the resultant
spine load and has been adapted
into several low back fitness pro-
grams®?, However, Partial curl-up
tests had had poor to average reli-
ability and validity?®.

Data Analysis

The variables in this study have nor-
mal distribution; hence data ob-

Midway into full Static Abdominal Muscles Endurance Assessment

Plate 3
Midway into full Dynamic Abdominal Muscles Endurance Assessment

tained were summarized using de-
scriptive statistics of mean and stan-
dard deviation. An independent
t-test was used to compare the ab-
dominal muscles endurance level of
nulliparous and parous women.
Bivariate analysis of multiple regres-
sion was used to determine the pre-
dictors of SAME and DAME respec-
tively. A scatter plot was used to
represent the relationship between
SAME and DAME. An Analysis of
Variance (ANOVA) was used to com-
pare the SAME and DAME of the
parous group who were classified
into four groups based on the num-
ber of parity. The Alpha level was set
at 0.05. The data analysis was car-
ried out using SPSS 13.0 version soft-
ware (SPSS Inc., Chicago, IlL., USA).

RESULTS

A total of 255 women [131 (51.4%)
nulliparous and 124 (48.6%) parous]
whose ages ranged between 16 and
60 years with the mean of 27.78
+9,57 years participated in this study
(Table 1). The primiparae consti-
tuted a total of 41 (16.1%) of the
parous population. The women were
classified based on the number of
births as presented in Table 1. The
mean SAME and DAME of all the
participants in this study was 33.90
+20.78 seconds and 16.26 +8.76 repe-
titions respectively. Comparison of
the general characteristics and ab-
dominal muscles endurance of the
nulliparous and parous participants
using the independent t-test is pre-
sented in Table 2. The result shows
that the parous participants were sig-
nificantly older and heavier (p=0.001)
than the nulliparae. The measures of
adiposity (BMI, PBF and BFM) were
significantly higher among the parous
participants (p=0.001). The results
also indicated that the nulliparae
had a significantly higher mean
SAME (42.71 £22.59 vs. 24.59 £13.50
seconds; p=0.001) and DAME (19.45
£8.96 vs.12.88 £1.17 repetitions;
p=0.001) respectively.

Table 3 shows the result of the
comparison of the general charac-
teristics and abdominal muscles
endurance (SAME and DAME) of the
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primiparae and multiparae partici- Table 1
pants. The multiparae were signifi-
cantly older (p=0.001) but were not
significantly taller or heavier (p>0.05)  variables Categories Number %
than their primiparae counterparts. Nulliparous 131 514
However, BMI and PBF were signifi-  Parity

Distribution of participants based on parity

cantly higher (p<0.05) among the Pa.ro.us 124 486
multiparae participants. The primi-  pgrous Primiparae 41 381
parae had significantly higher SAME Multiparae 83 66.9
(of 30.10 £13.10 sec vs. 21.87 *12.46 2 births 36 43.3
sec; p=0.001) and DAME (16.05 +7.98  Multiparae 3 births 30 36.2
vs. 11.31 #6.20 repetitions; p=0.001) > 4 births 17 205
respectively when compared with the

multiparae.

Table 4 shows the One-way ANOVA
and LSD post-hoc multiple compari-
sons of the general characteristics
and the abdominal muscles endur-
ance of the parous participants

Table 2

Independent t-test comparison of the general characteristics.
anthropometric parameters and static and dynamic abdominal muscles

grouped on the number of births. endurance between nulliparous and parous women
The result indicated that partici-
pants with one birth had the highest Nulliparous Parous
Variables Mean#S.D MeantS.D t-cal p-value
mean SAME and DAME of 30.01 N = 131) (N = 124)

+13.10 seconds and 16.05 +7.98 repe-

titions respectively; while partici— Age 22.10 £3.30 33.79 £10.34 -12.301 0.001
pants with = 4 births had the least ~ Height 1.63 £0.07 1.63 £0.06 -0.209 0.835
mean SAME and DAME of 18.59 Weight 58.21 £9.04 68.08 +12.58 -7.222 0.001
+16.58 seconds and 9.06 +5.36 repeti- gy 21.83 £2.90 25.50 +4.51 7.773 0.001
tions respectively. Furthermore, the PBF 28,01 45.03 32,35 16,66 5793 0.001
result showed that SAME and DAME =y 20,01 £6.17 1561 26.95 v 0001
. . + + -

decreased with a higher number of i 561 6. : :
births (p<0.05). Also, anthropometric ~ BFM 18194539  22518.20 -4.993 0.001
variables were significantly higher =~ SAME 42712259  24.59 +13.50 7.722 0.001
among parous PartiCiPantS with DAME 19.45 +8.96 12.88 +1.17 6.445 0.001
a higher number of births (p<0-05)- Indicates significant difference at a = 0.05

Figures 1 and 2 show the scatter
plot of the relationship between
SAME and DAME among the nullipa-
rous and parous group respectively.  Table 3
From the result, significant direct

correlation was found between SAME Independent t-test comparison of the general characteristics.
and DAME for nulliparous and parous anthropometric parameters and static and dynamic abdominal muscles
participants respectively (p<0.05). endurance between primiparous and multiparous
Multiple regression analysis revealed
that factors such as age, weight, Primiparae Multiparae
. Variables MeantS.D Mean#S.D t-cal p-value
helght7 BI\{/:H,PBF, LBM, BFI{\:/[, and the (N=41) (N =83)
z}ntnber Of EK;/};; are ds%le};ant Pre= nge 26.95 6.80 37.17+10.14  -5.832 0.001
ictors o an among :
nulliparous and parous participants. Height 1.65 £0.07 1.63 £0.06 1.589 0.115
The regression equation for pre- _Weight 65.85 £12.00 69.18 1279 -1.388 0.168
dicting SAME from age, height7 BMI 24.27 +3.92 26.11 +4.67 -2.177 0.031
weight, BMI, PBF, LBM, BFM, num- PBF 29.64 +6.28 33.69 £6.77 -3.207 0.002
ber of births is: Y= 99.285 - 0.188 gy 45.19 +6.70 45.82 +6.22 -0.516 0.606
(Age) - 11736 (Height) - 0.287 oy 20.79 £7.85 23.36 +8.28 0.511 0.101
(Weight) + 0.611 (BMI) - 0.672 (PBF) -
0.619 (LBM) + 0.691 (BFM) _ 4329 SAME 30.10 £13.10 21.87 £12.46 0.381 0.001
(no. of births), where Y is the SAME;  DAME 16.05 £7.98 11.31 £6.20 0.036 0.001
BO is a constant. The variability for Indicates significant difference at a = 0.05
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Table 4

One way ANOVA and LSD post-hoc multiple comparison of the general characteristics. anthropometric
variables and static and dynamic abdominal muscles endurance of the parous women grouped on the basis

of number of births

1 birth 2 births 3 births 24 births
Variables Mean1S.D Mean1S.D Mean1S.D Mean1S.D F-ratio p-value
(N=41) (N = 36) (N =30) (N=17)
Age 26.95 +6.80% 31.72 £7.05° 39.50 £10.31° 44.59 +9.48° 24.822 0.001
Height 1.65 +0.07 1.64 +0.05 1.63 £0.05 1.61 +£0.07 1.484 0.222
Weight 65.85 +12.00 66.31 £9.82 70.77 £14.17 72.44 £15.12 1.841 0.143
BMI 24.27 +3.92% 24.74 +3.40° 26.77 +5.09° 27.85 +5.61° 3.969 0.010
PBF 29.64 +6.28% 32.49 +5.31° 34.27 +8.14° 35.24 +6.84° 4.223 0.007
LBM 45.19 £6.70 4412 +4.39 47.16 £7.00 47.05 +7.44 1.631 0.186
BFM 20.79 +£7.85 22.19 +6.56 23.60 +9.50 25.39 +9.29 1.518 0.213
SAME 30.01 +13.10°7 25.14 +11.50° 19.80 £10.17° 18.59 +16.58° 5.146 0.002
DAME 16.05 +7.98° 14.00 +7.27° 9.37 £3.63° 9.06 +5.36° 8.209 0.001

For a particular variable. mode means with different superscript are significantly (p<0.05) different. Mode means with same superscripts are not significantly
(p>0.05) different. When only one contrast is significant. one of the cell means has no superscripts attached. A pair of cell means that is significant has

different superscripts. BMI =

abdominal muscles endurance; DAME = Dynamic abdominal muscles endurance

Body mass index; PBF = Percentage body fat; LBM = Lean body mass; BFM = Body fat mass (fat weight); SAME = Static

the predictive equation for SAME is
26.6%.

The regression equation for pre-
dicting DAME from age, height,
weight, BMI, PBF, LBM, BFM, number
of births is: Y= -46.089 - 0.158 (Age)
+47.625 (Height) - 0.324 (Weight)
+ 1.272 (BMI) - 0.220 (PBF) - 0.379
(LBM) + 0.197 (BFM) + 1.684 (no. of
births), where Y is the DAME; BO is
a constant. The variability for the pre-
dictive equation for DAME is 25.6%.

DISCUSSION

This study quantified and investi-
gated the predictors of static and
dynamic abdominal muscles endu-
rance of nulliparous and parous
women. The results on the anthro-
pometric characteristics of the par-
ticipants revealed that the total body
weight and the measures of adipos-
ity (BMI, PBF and BFM) were signifi-
cantly higher among the parous
women compared with their nullipa-
rous counterparts. In line with this
result, previous investigators have
found maternal weight gain and
increase in general body fatness to
be associated with pregnancy and
parity®*32. Stamnes Koepp et al.*?
submitted that both pre-pregnant

weight and weight gain in pre-
gnancy are important predictors of
babies’ birth weight. However, opti-
mal maternal weight-gain ranges in
pregnancy are controversial and
inconclusive®. Nonetheless, mater-
nal weight gain outside certain rec-
ommended ranges is associated with

SAME

various adverse maternal outcomes
such as increased risk for preg-
nancy-associated hypertension, ges-
tational diabetes, complications du-
ring labour and delivery, and post-
partum weight retention and subse-
quent maternal obesity as well as an
increased risk of unsuccessful breast-
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feeding®. Weight gain during preg-
nancy is more of fat gain than body
water gain*® and women tend to gain
weight and fat with succeeding preg-
nancies*. This fat gain is preferen-
tially deposited in the hips and thighs
as it is often reflected by widening
thighs and hip girth®?. However,
fat stores in the lower body are con-
tinuously mobilized as the pregnancy
advances to meet the demands of the
developing brain for essential fatty
acids and energy during the time of
peak growth of the foetus*. Lassek
and Gaulin* submitted that when fat
is regained after the postpartum pe-
riod, relatively more is stored in cen-
tral versus peripheral depots, resul-
ting in a patterned change in body
shape with parity.

The mean static and dynamic ab-
dominal muscle endurance of the wo-
men in this study was 33.90 *20.78
seconds and 16.26 £8.76 repetitions
respectively. Comparable with the
mean values obtained in this study,
Mbada et al.¥’ in an earlier study
found SAME and DAME of 34.8 £20.1
seconds and 15.6 *7.79 repetitions
respectively among Nigerian women
using the Partial Curl-Up Test of the
Canadian Standardized Tests of Fit-
ness. Other studies by Ito et al.®®

found the mean value of 85.1 44.8
seconds for static abdominal muscle
endurance among women using
a modified Kraus-Weber technique
while Alaranta et al.** found a mean
dynamic abdominal endurance of 19.0
+14.0 repetitions among women using
the repetitive sit-up test.

From this study, nulliparous women
had significantly greater abdominal
muscles endurance compared with
their parous counterparts. Further-
more, among the parous group, it
was shown that the ability of the
abdominal muscles endurance to per-
form static hold or repetitions de-
creased with a higher number of
births. Specifically, the women with
‘greater than or equal to four’ births
had the lowest mean SAME and
DAME of 18.59 #16.58 seconds and
9.06 *5.36 repetitions respectively.
This study provides empirical data
that parity is an important factor in
abdominal muscles endurance in
women. Gravidity and parity have
been reported to alter abdominal
muscles properties and motor per-
formance including strength and en-
durance in women*'¢**, The physio-
logic stretching of the abdominal
muscles during pregnancy to allow
room for the developing foetus causes
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a rapid lengthening of the abdomi-
nal muscles with consequent loss of
tone, elasticity, strength and en-
durance®'*42%, Gilleard and Brown™
submitted that abdominal muscle
function is affected by structural
adaptations that occur during preg-
nancy. However, it is argued that it
is not changes to the length of
the abdominal muscles that prima-
rily reduced their functional capa-
bilities during pregnancy and post-
partum’. This contention is based
on research findings on animal sub-
jects where it was found that skele-
tal muscle fibres add sarcomere to
their length when stretched over
periods such as 3 weeks*. Gilleard
and Brown!® postulated that the rec-
tus abdominis muscle of humans,
therefore, may increase in length
and maintain maximum active ten-
sion in response to the long-term
stretch of pregnancy. It is therefore
adduced from this study that the
incomplete musculoskeletal re-
adaptation in the postpartum pe-
riod!*4%454¢ changes in the structural
morphology of abdominal muscles
complicated by an altered line of
action rather than from overstretch-
ing and thinning®, the divarication
of the rectus muscles the midline”
and consequently the occurrence of
diastasis recti abdominis'®**** possi-
bly precipitate and perpetuate re-
duced post-partum abdominal mus-
cles endurance capacity in women.
Furthermore, women who had cae-
sarean sections are prone to devel-
oping weak abdominal muscles
which is as a result of the effect of
anaesthesia®®* coupled with direct
incisions on the abdominal mus-
cles*%* or indirectly from trans-
verse incision leading to the separa-
tion of the aponeurose and conse-
quently the bruising and bloating
that can disrupt the recruitment of
transverse abdominus®*.

Consequent to the foregoing, it is
adduced that the mobilization of fat
from the lower extremities centrally
to the abdomen during the advanced
stage of pregnancy and post-partum
reduces abdominal muscles perfor-
mance capacity. Studies have shown
an inverse association between high



Medical Rehabilitation (Med Rehabil) 2013, 17 (3), 3-12

10

abdominal fat and abdominal mus-
cles strength and endurance®*.
However, it is not clear whether
central abdominal fat deposit from
each pregnancy resolves thereafter,
and if not, there may be a negative
accumulated effect with successive
pregnancies on the endurance of the
abdominal muscles. This assertion is
speculated based on this study’s
finding that the different measures
of adiposity were significantly higher
among parous women with a high
number of births; however, this is
still subject to empirical verification.
A direct relationship between static
and dynamic abdominal muscles en-
durance capacity was found in this
study. This finding was consistent
with some previous reports®”*, It is
implied that good performance of
the abdominal muscles in a dynamic
task may translate into the capacity
to perform static activities such as
postural balance of the trunk. There-
fore, training abdominal muscles for
dynamic tasks may translate to simi-
lar effects on static performance
capacity. However, Wohlfahrt et al.*®
suggested that if curl-up is being
taught with the aim of developing
abdominal muscles stability capacity,
then curl-up should be performed at
a slow controlled rate.

The prediction equation model de-
rived from this study revealed that
factors such as age, weight, height,
BMI, PBF, LBM, BFM and number of
births are significant predictors of
static and dynamic abdominal mus-
cles endurance capacity among nul-
liparous and parous women. This
finding is consistent with most stud-
ies that have reported that age®*?,
anthropometric parameters such as
body weight and height® ¢, meas-
ures of body adiposity*”*”** and dif-
ferences in body morphology and
geometry such as trunk and leg
length®¢ are significant determi-
nants of the endurance capability of
the trunk muscles test results. How-
ever, these variables did not signifi-
cantly influence the endurance ca-
pability of the trunk muscles test
results in some other studies®”*.
From this study, it is opined that the
tests results of abdominal muscles

endurance are influenced by many
factors which may be mutually ex-
clusive or in association with each
other. Therefore, the prediction equa-
tion obtained in this study may be
a swift method to diagnose abdomi-
nal muscles endurance impairment
and also serve as a useful tool in the
post-partum rehabilitation of abdomi-
nal muscles. However, it is impor-
tant to note that simple demographic
and anthropometric measures may
not accurately predict abdominal
muscles endurance without signifi-
cant errors as indicated by the level
of variability of the equations in this
study (25.6 to 26.6%).

Clinical Implications of Findings

The effect of the developmental
changes that women undergo in the
endurance capability of their ab-
dominal muscles secondary to preg-
nancy, parity and menopause are
still not well investigated. Previous
research underscores the need and
importance of a better understand-
ing of women’s trunk muscles per-
formances after child birth as this
may lead to better utilization of
physical therapy in treating related
dysfunctions associated with preg-
nancy®. Sanya and Famuyide® recom-
mended that obstetricians in charge
of ante and postnatal women should
refer them to physiotherapy for ab-
dominal muscle strengthening pro-
grammes. Mbada et al.*® corroborated
that physical therapy has a widening
role in the field of obstetrics and
gynaecology and this should include
prenatal education on the impor-
tance of abdominal muscles endu-
rance and a postpartum exercise pro-
gramme to retrain abdominal mus-
cles endurance. To this effect, physi-
cians, midwives and other health
practitioners in the field of obstet-
rics and gynaecology will need to be
sensitized on the importance of
post-partum care involving abdomi-
nal muscle endurance training. Phy-
sical therapists should work in sy-
nergy with nurses and midwives to
provide pre- and post-natal educa-
tion for the women stressing the
importance of exercises on tone and

tautness of the abdominal muscles;
and prevention of bad posture, poor
body image and musculoskeletal
pain. It is essential to document ref-
erence mean values in order to iden-
tify any departure of the abdominal
muscles endurance from what is
considered physiologic for either the
nulliparous or parous women. This
study provided reference mean data
for static and dynamic abdominal
muscles endurance among appar-
ently healthy nulliparous and parous
women which can be used to com-
pare a patient’s score at intake or as
an outcome measure in post-partum
rehabilitation of the abdominal mus-
cles. The information presented in
this article indicates the legitimacy
of applying specialist exercises for
women in the prenatal period, du-
ring pregnancy itself as well as after
giving birth. It is adduced that de-
creased abdominal muscles endur-
ance in women may be precipitated
and perpetuated by parity. Thus, the
study reinforces the need to educate
women to engage in an abdominal
muscle endurance programme to
avert the untoward effects of mus-
culoskeletal impairments caused by
pregnancy on their posture, body
image and health.

The psychometric limitations of
trunk curl-up tests constitute a sig-
nificant shortcoming to the outcome
of this study®. Other limitations of
this study includes the inability to
ascertain the health status of the
participants with regards to reports
on the last episode of low-back pain,
and also the possible influence of an
individual’s motivation in physical
performance testing. Furthermore,
there is a lack of information on the
mode of delivery with regards to
Spontaneous Vaginal Delivery ver-
sus Caesarean section which is ad-
duced as an important mediating
variable on the static and dynamic
endurance of the abdominal muscles

within the dimension of pregnancy
and childbirth.

CONCLUSION

This study provided reference mean
data for static and dynamic abdomi-



nal muscles endurance for nullipa-
rous and parous women, Parity was
associated with a significant decrease
in the static and dynamic endurance
capacities of the abdominal muscles.
Age, high level of adiposity and the
number of births were significant
predictors of decreased abdominal
muscles endurance. A significant di-
rect relationship was found between
the static and dynamic abdominal
muscles endurance capability of nul-
liparous and parous women.
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