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A comparative study on the analgesic efficacy,

progress and outcome of labour using epidural

versus combined spinal epidural analgesia in
labour

Dr Haneen Abdul Raoof, Dr Elizabeth Joseph

Abstract— BACKGROUND:This article aims to examine the analgesic efficacy, progression, and outcome of CSE (combined spinal-epidural) and epi-
dural analgesia in labour. MATERIALS & METHODS:The Department of Anaesthesiology at Government Medical College, Thrissur undertook this pro-
spective observational research in association with the Department of Obstetrics and Gynaecology, for a period of 18 months from January 2018 to June
2019 among parturients admitted to the labour room, for safe confinement. Sixty parturients in established labour and requesting epidural were alterna-
tively divided into two groups. Group Epidural received a bolus of 10 ml 0.2% ropivacaine with 2 mcg/ml fentanyl as 5 ml increments 5 mins apart. Group
CSE received a bolus of 1 ml of 0.2% ropivacaine and 0.5 ml 25 mcg of fentanyl in the intrathecal space (1.5 ml total). Both groups were started on con-
tinuous infusion with 0.1% ropivacaine with 2 mcg/ml fentanyl. Analgesic efficacy, maternal haemodynamics, fetal heart rate, progress of labour(time
from initiation of analgesia to delivery), level of sensory and motor blockade, incidence of caesarian section or instrumental delivery and occurrence of
side effects were recorded using a clinical performa.RESULTS:In the CSE group compared to the Epidural group, the Numeric Rating Scale(NRS) for
pain following analgesia administration was considerably lower. The duration of labour was much longer in the group receiving an epidural than in the
CSE group. The CSE group had a shorter second stage of labour. The requirement of top-up boluses was lesser for group CSE. The maternal pulse rate
and blood pressure changes in the initial 5,10,and 15 mins after administration of CSE were more compared to the Epidural group. The sensory level
obtained upon instituting CSE analgesia was statistically significant indicating that sensory blockade of T6 and T8 was common with CSE as opposed to
T8 and T10 in the Epidural group. None of the parturients had any motor blockade. The outcome of labour was comparable in either group irrespective
of the technique of analgesia. The incidences of post-procedure complications like maternal hypotension & bradycardia, foetal bradycardia, and pruritus
were none. CONCLUSION:Similar extent of pain reduction were given by CSE and epidural analgesia. The quality of analgesia was better with CSE.
The progress of labour was shorter with CSE. The outcome of labour was comparable in either group. The change in hemodynamic parameters during
the initial period could be due to better pain relief with CSE.

Index Terms: Epidural, Combined Spinal Epidural, Ropivacaine, Fentanyl, Labour Analgesia.
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1 INTRODUCTION

Parenteral opioids, nitrous oxide, and non-pharmacologic in-
terventions have been outperformed by neuraxial analgesia in
terms of the quality of labour, with little impact on the method
of delivery and maternal and neonatal outcomes. Regional
analgesia treatments enhance foetal oxygenation and placental
perfusion while reducing the depressive effects of sedatives
and opioids on the foetus. Epidural analgesia is a popular
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technique. The CSE approach for labour analgesia, on the oth-
er hand, has gained significant popularity[1].There has been a
lot of disagreement over whether the increased use of neurax-
ial analgesia during labour has had an impact on the rising
incidence of caesarean delivery.

2 OBJECTIVES

Our primary objectives were to compare epidural and CSE
analgesia in labour with regard to analgesic efficacy, the pro-
gress of labour, outcome of labour. Our secondary objectives
were to assess the highest sensory blockade level attained, the
intensity of motor blockade, and the hemodynamic variations,
patient satisfaction score and side effects.
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3 MATERIALS & METHODS

The Department of Anaesthesiology at Government Medical
College, Thrissur undertook this prospective observational
research in association with the Department of Obstetrics and
Gynaecology, for a period of 18 months from January 2018 to
June 2019 among parturients admitted to the labour room, for
safe confinement, after obtaining clearance from Institutional
Ethical Committee.

3.1 Sample Size

A total of 60 parturients were alternatively divided into two
groups of 30 each. The following formula was used to deter-
mine the sample size; n= [(Za+Zp) x SD] 2 / d2 in each group,
where Za+Zp = 7.8, SD=0.6; d=0.3; which were calculated
from previous studies

The SD and d were calculated from a study conducted by Da-
vid L Hepner and Robert R Geisser at Brigham and Women's
Hospital[2].

3.2 Inclusion Criteria

Uncomplicated pregnancy with no cephalopelvic dispropor-
tion

Gestational age =36 weeks

Normal foetus in vertex presentation

Parturients in spontaneous and induced labour

Parturients who gave consent

3.3 Exclusion Criteria

Parturient refusal

Preterm gestation

Parturients with coagulopathy

Parturients with infection at the injection site

Patients in septicaemia

Parturients with active maternal haemorrhage and hypovole-
mia

3.4 Statistical Analysis

Results for continuous data in the current investigation were
presented as range values, and MeantStandard Deviation.
Categorical data were presented as numbers and percentages
for the independent t-test for comparing the two groups, and
the chi-square test was utilized to examine group differences.
For statistical significance, a P-value of 0.05 or less was uti-
lized. SPSS was the software used for analysis.

4 RESULTS

4.1 Demographic Distribution

The study's sample population ranged in age from 19 years to
35 years old. When the groups were examined using an inde-
pendent t-test, there was no statistically considerable differ-
ence between the groups (P = 0.71).

The minimum weight in the study population was 45kg, and
the maximum weight was 86 kg. The weight difference be-
tween the groups is not significant statistically. Independent t-
test was done and the P-value = 0.50. The maximum number
of parturients belonged to the group 60-69 kg.
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Using an independent t-test, the baseline cervical dilatation
between the groups revealed that there was no significant dif-
ference between the groups in terms of cervical dilatation
(P=0.42).

4.2 Analgesic Efficacy

Scores were comparable before the initiation of analgesia (P =
0.36). Using an independent t-test, the examination of NRS
during analgesia revealed lower ratings for those who were
administered CSE compared to epidural analgesia (P-value
<0.001). Fig 1.
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Fig 1: Comparison of numeric rating scale

4.3 Requirement of Top up Boluses

When utilising an independent t-test, it was statistically signif-
icant that parturients who were administered epidural anal-
gesia required fewer top-up boluses than those who were ad-
ministered CSE analgesia (P-value=0.001).

4.4 Progress of Labour
Table 1: Comparison of Progress of Labour

Group Epi- | Group
dural CSE P value
Time from analgesia initiation to 6.000 + 4.550 0.007
full cervical dilatation 2.26 +1.71 :
Duration of 2nd stage 1.375+.76 [1.03 +.53| 0.049

The independent t-test comparison between the two groups
revealed a substantial statistical difference in terms of labour
progress. The Epidural group of parturients took a longer time

IJSER © 2022

http://www.ijser.org


http://www.ijser.org/

percentage of parturients

International Journal of Scientific & Engineering Research Volume 13, Issue 10, October-2022

ISSN 2229-5518

to progress in labour. This was assessed in terms of time from
analgesia initiation to full cervical dilatation and 2nd stage
length of labour.

4.5 Outcome of Labour

The analysis of the outcome of labour between the 2 groups
showed that normal delivery was the main outcome of labour
followed by instrumental delivery and the lowest for caesare-
an section. No statistical significance was indicated by a chi-
square value of 0.610 and a P-value of 0.7.

4.6 Comparison of Sensory Blockade between the
Groups

Using the chi-square test, the sensory blockade between the
two groups was compared, and the P-value was 0.001; T6, T8,
were significantly more prevalent in parturients who were
administered CSE analgesia than in those who received epi-
dural analgesia. There were a few cases with higher levels (up
to T4) with the CSE technique. Fig 2.
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Fig 2: Comparison of sensory blockade

4.7 Comparison of Motor Blockade

None of the parturients belonging to either group developed
motor blockade.

4.8 Comparison of Maternal Haemodynamics
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Table 2:. Comparison of Maternal Haemodynamics

Time Intervals

Group Epidur-

(mins) al Group CSE P Value
1 88.13+9.27 81.57 +7.47 0.004
5 86.97 + 8.23 81.57 +8.22 0.01
15 84.07£9.18 79.93 £ 6.54 0.05
30 80.07 £9.64 80.07 £7.28 1.00
60 80.70 + 8.44 80.07 +7.28 0.62
90 79.77 £9.76 79.03 + 6.64 0.73
120 81.17 +10.16 80.23 +7.62 0.68
180 82.53 + 8.09 78.5+6.35 0.03
Comparison of Pulse Rate Variations
Time Ir'ltervals Group Epidur- Group CSE | P Value
(mins) al
1 116.67 +14.09 | 108.13 £9.79 0.009
5 112.80 £ 12.79 | 103.33 + 8.934 0.002
15 112.20+12.84 | 102.57 +8.75 0.001
30 110.40 +10.20 | 104.73 +5.45 0.01
60 110.83 £11.86 | 107.60 + 6.26 0.19
90 109.20 +11.44 | 110.50 +4.96 0.57
120 111.67 £11.32 | 110.83 +£6.17 0.72
180 114.37 £9.65 | 110.30 +7.05 0.06
Comparison of Systolic BP Variations
Time I.nterval Group Epidur- Group CSE | P Value
(mins) al
1 77.30+9.93 69.07 £7.31 0.001
5 75.27 £9.32 69.03 + 6.66 0.004
15 75.33+7.43 68.37 + 6.44 <0.001
30 73.27 +7.58 69.40 + 6.30 0.03
60 73.30 +8.00 69.80 + 7.60 0.08
90 73.10+8.20 69.30 + 6.01 0.04
120 71.70 + 5.60 68.83 £5.77 0.06
180 71.83+7.24 69.23 £ 6.19 0.14

Comparison of Diastolic BP Variations
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Pulse rate variations

CSE analgesia was associated with a lower heart rate at time
intervals of 1,5,15 and 180 mins in comparison to epidural an-
algesia. On an independent t-test, this association was signifi-
cant statistically with P-values <0.05.

Systolic BP variations

Compared to the parturients who got epidural analgesia, the
decline in systolic blood pressure was more pronounced in
those who received CSE analgesia. An independent t-test that
produced a P-value that was primarily <0.05 made this obvi-
ous at time intervals of 0,1,5,15,30 mins.

c. Diastolic BP variations

The drop in diastolic BP was more obvious with parturients
who received CSE analgesia, especially in the time intervals of
1, 5, 15, 30 and 90 mins compared to epidural analgesia. This
association was statistically significant in the 2 groups upon
doing an independent t-test which gave a P-value of <0.05.

4.9 Comparison of Satisfaction Scores

Parturients who received CSE analgesia had better satisfaction
scores compared to those who received epidural analgesia.
This correlation was significant statistically with a P-value of
0.001 and a chi-square value of 10.82.Fig 3.
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Figure 3: Comparison of satisfaction scores
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Prevalence of Side effects

Table 3. Comparison of Incidence of Side-Effects

Number of Parturients
Side Effects i-
Group Epi Group CSE
dural
Maternal Hypotension 0 0
&Bradycardia

Foetal Bradycardia 0 0
Pruritus 0 0

Adverse effects like maternal hypotension & bradycardia, foe-
tal bradycardia and pruritus were not seen in parturients who
received either type of analgesia.

5 DISCUSSION

Age differences between the groups were comparable. In this
research, the oldest parturient was 35 years old, and the
youngest was 19. The maximum number of parturients fell
into the age group of fewer than 26 years. This is a reflection of
the social and cultural norm of getting married in the early
twenties in our society. The number of caesarean sections and
assisted deliveries was minimal in our study. This may also be
attributed to the age groups of our parturients. Ecker et al
found an incidence of increased caesarean section and ad-
vanced maternal age in parturients[3].

Labour analgesia was instituted upon maternal request irre-
spective of the cervical dilatation. Maximum parturients in our
study had cervical dilatations of 3cm and 4cm at the initiation
of analgesia. This may be explained by the obstetric practices
in our institution. Cervical dilatations of both groups were
also comparable. In a randomised study including 750 ex-
pectant mothers, Wong et al. discovered that giving neuraxial
analgesia early in labour (when the cervical dilatation was less
than 4cm) didn’t increase the incidence of caesarean birth[4].
The progress of labour in my study was assessed using two
parameters. i.e. time from initiation of analgesia up to com-
plete cervical dilatation and the time for 2ndstage of delivery.
While comparing the time from analgesia initiation to full cer-
vical dilatation the parturients in group epidural took around
6 hrs as opposed to group CSE which took around 4.5hr only.
The labour duration of the 2ndstage was around lhr 37mins
for group Epidural as opposed to 1hr 3 mins for group CSE.
While multiparous women progressed with a minimum cervi-
cal dilatation rate of 1.5cm/hr, nulliparous women's cervical
dilatation rate was about 1.2cm/hr. In our study, the primi to
multigravidae ratio was the same in either group hence this
could not have contributed to the labour prolongation in
group Epidural. In either group, the duration of stages of la-
bour conforms to the standard duration expected for any par-
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turient. In their research, ZakiM et al.[5] discovered that nul-
liparous women under the age of 20 had the slowest progress
in labour, taking the longest to progress from 4 to 10cm of cer-
vical dilatation. In our study, group epidural had more partu-
rients of age less than 22 yrs which could have contributed to
the same. Age increased the rate at which multiparous women
progressed through labour.

In a study by Zaki M. et al., it was shown that the length of
2ndstage of labour, both with and without an epidural, rose
directly with age (P<0.001), and that, across all age groups, the
use of an epidural was linked to a rise in 2ndstage duration of
around 0.4 hours. Similar to other studies, ours found that the
2ndstage was longer in the Epidural group than in the CSE
group by around 0.34hr, which was statistically significant.
Tsen et al. in their study on hundred nulliparous parturients
found that those who received CSE analgesia progressed fast-
er than the epidural group[6].

The outcome of labour was predominantly normal vaginal
delivery in both groups with few instances of instrumental
delivery and caesarean section and the analysis showed that
these were not having any statistical significance with the
mode of neuraxial analgesia. The Cochrane review of 2000
found that epidural analgesia didn’t increase the incidence of
caesarean sections, and the research by Sharma and colleagues
was crucial in reaching this result. This was the biggest meta-
analysis research, and the data clearly showed no rise in cae-
sarean section rates; the trial conducted by Sharma and col-
leagues overwhelmed the other findings due to its large num-
bers. According to Lyon et al.[7] there was no association be-
tween epidural labour analgesia and an increase in caesarean
sections.

In our study, the NRS scores before initiation of neuraxial an-
algesia were comparable in either group (6.7 in group Epidur-
al versus 7 in group CSE; P =3.67). The pain scores were high,
in accordance with McGill's pain questionnaire. The NRS
scores after initiation of analgesia were low for the parturients
who received CSE analgesia and this was statistically consid-
erable (P<0.001). The number of epidural top-up boluses was
also less for the patients who received CSE analgesia and this
was also statistically considerable (P=0.001).This could be at-
tributed to the rapid onset of analgesia due to intrathecal fen-
tanyl and reliable sacral analgesia, which has also led to less
need for further top-up boluses. This was in concordance with
reports by Gambling[8] and Kayacan et al.[9]Gomez and col-
leagues found that in a study of 42 persons comparing CSE
with conventional epidural placement for labour analgesia,
women randomised to CSE required fewer top-up dosages for
rescue analgesia than women randomized to the epidural.
This was after analgesia was initiated with either epidural
loading (8mL 0.25 percent bupivacaine) or spinal dosage
(25mcg fentanyl plus 2.5mg isobaric). The latency is reduced,
the duration of analgesia is prolonged, and the quality of the
analgesia is enhanced when lipid-soluble opioids, like fenta-
nyl, are added to the epidural and intrathecal regimens[10].
Maternal haemodynamics were assessed in terms of changes
in heart rate as well as systolic and diastolic blood pressures at
time intervals (1,5,15,30,60,90,120,180 mins). The difference
between the two groups' BP and heart rate was statistically
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significant during these time intervals with a major drop in
these parameters in patients who were given CSE analgesia.
This could be attributed to the immediate and improved pain
relief with catecholamines in association with combined spinal
epidural analgesia. This decrease in catecholamines could in
turn also lead to uterine tachysystole and foetal bradycardia.
The assessment of foetal heart rate variations in either group
of our study showed no instances of foetal bradycardia.

The highest sensory level obtained in patients who were given
epidural analgesia was predominantly T8 followed by T10
whereas, in patients who received CSE analgesia, the level was
predominantly T8 and T6. There was one parturient who ex-
perienced unilateral numbness soon after CSE analgesia. In a
study by Lee BB and colleagues[11], a higher sensory block
was observed in a group which received 0.25% intrathecal
bupivacaine 2.5mg with 25mcg fentanyl.

None of the patients in either of the two groups had a case of
maternal hypotension, bradycardia, or pruritus. Continuous
CTG tracing demonstrated no evidence of foetal bradycardia.

6 LIMITATIONS

In multiparous and nulliparous women, the rate of cervical
dilatation and the length of labour differed. This might be a
limitation of our study. Also, the inter-individual variation in
pain thresholds and drug sensitivity was another limiting fac-
tor. A neonatal assessment like APGAR was not included in
our study, however, all the neonates had a reassuring status.
Moreover, there have been several studies proving that low-
dose epidural analgesia with opioids does not cause any ad-
verse effects on neonates.

7 CONCLUSION

In our study comparing the two methods of labour analge-
sia—epidural vs CSE —we discovered that the latter had high-
er analgesic effectiveness. When compared, the epidural pro-
cedure slightly increased the rate of labour progression but it
was within the normal limits expected for the obstetric score
of the patient. The outcomes of delivery for either technique
were comparable. There was no incidence of a motor blockade
in either group, the sensory level attained was slightly higher
for the CSE technique. The maternal hemodynamic fluctua-
tions were typically prominent in the initial few minutes for
CSE whereas it was comparable in the later hours in both the
groups. We found that the maternal satisfaction scores were
higher with the CSE technique.

8 FUTURE

Cynthia A. Wong et al.[12] observed Programmed Intermittent
Epidural Bolus (PIEB),i.e. administration of boluses at fixed
intervals in addition to Patient Controlled Analgesia (PCA)
was superior to Continuous Epidural Infusions (CEI).This
technique not only improves patient satisfaction but also de-
creases mean anaesthetic volume. Rapid drug delivery during
PIEB is attributed to the better spread of the drug and action.
IJSER © 2022

http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research Volume 13, Issue 10, October-2022

ISSN 2229-5518

Dural puncture epidural (DPE) is a technical modification of
the CSE in which the dura is perforated with a Whitacre spi-
nal needle (CSE technique), but direct administration of medi-
cations into the subarachnoid space is not done. A conduit for
translocation of epidural drugs from the epidural to the sub-
arachnoid space occurs following insertion of the epidural
catheter and appropriate administration of medications into
the epidural space. The size of the dural puncture, the dis-
tance between the puncture location and epidural drug ad-
ministration, and the pressure gradient between the two com-
partments determine the extent of drugs reaching the sub-
arachnoid space.

Ultrasound imaging of the spine has recently been proposed
to facilitate identification of the epidural anatomy (scoliosis)
and those who are obese. Carvalho et al.[13] in their study,
found a good level of success in the ultrasound-determined
insertion point and very good agreement between ultrasound
depth (UD) and needle depth (ND). Novel techniques to de-
tect epidural space like epi-drum and epi-jet and epi-sure have
also contributed to faster learning curve for the anaesthesiolo-
gists[14].

Protocol refinement with ultra-low-dose (<0.1%) local anaes-
thetic-opioid solutions with PCEA and PIEB allowing more
flexibility through cost-effective smart pumps and ultrasound-
guided neuraxial blocks in difficult cases can further minimize
the adverse effects on progress and outcome of labour, along
with improving analgesia, patient satisfaction, and reducing
motor block[15]. The usage of Virtual Reality in labour analge-
sia is also among the latest trend which is in the pilot phase.
This has greater prospects since it does not require administra-
tion of drugs and is more based on the psychological well-
being of the parturient[16].
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thor_name@mail.com

o Co-Author name is currently pursuing masters degree program in electric
power engineering in University, Country, PH-01123456789. E-mail: au-
thor_name@mail.com
(This information is optional; change it according to your need.)
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4 CITATIONS

IJSER style is to not citations in individual brackets, followed
by a comma, e.g. “[1], [5]” (as opposed to the more common
“[1, 5]” form.) Citation ranges should be formatted as follows:
[1], [2], [3], [4] (as opposed to [1]-[4], which is not IJSER style).
When citing a section in a book, please give the relevant page
numbers [2]. In sentences, refer simply to the reference number, as
in [3]. Do not use “Ref. [3]” or “reference [3]” At the beginning of a
sentence use the author names instead of “Reference [3],” e.g,
“Smith and Smith [3] show ... .” Please note that references will
be formatted by IJSER production staff in the same order pro-
vided by the author.

5 EQUATIONS

If you are using Word, use either the Microsoft Equation Edi-
tor or the MathType add-on (http://www.mathtype.com) for
equations in your paper (Insert | Object | Create New | Mi-
crosoft Equation or MathType Equation). “Float over text”
should not be selected.

Number equations consecutively with equation numbers in
parentheses flush with the right margin, as in (1). First, use the
equation editor to create the equation. Then, select the “Equa-
tion” markup style. Press the tab key and write the equation
number in parentheses. To make your equations more com-
pact, you may use the solidus ( / ), the exp function, or appro-
priate exponents. Use parentheses to avoid ambiguities in de-
nominators. Punctuate equations when they are part of a sen-
tence, as in

[7 F(rp)drdp=[on/@u)]

[ ep(=21z, -7, ) A J(An) I, (Ar)dA.

(1)

Be sure that the symbols in your equation have been de-
fined before the equation appears or immediately following.
Italicize symbols (T might refer to temperature, but T is the
unit tesla). Per IJSER, please refer to “(1),” not “Eq. (1)” or
“equation (1),” except at the beginning of a sentence: “Equa-
tion (1) shows ... .” Also see The Handbook of Writing for the
Mathematical Sciences, 1993. Published by the Society for Indus-
trial and Applied Mathematics, this handbook provides some
helpful information about math typography and other stylistic
matters. For further information about typesetting mathemati-
cal equations, please visit the IJSER styel guide:
http://www.ijser.org.

Please note that math equations might need to be reformatted
from the original submission for page layout reasons. This in-
cludes the possibility that some in-line equations will be made
display equations to create better flow in a paragraph. If display
equations do not fit in the two-column format, they will also be
reformatted. Authors are strongly encouraged to ensure that
equations fit in the given column width.

6 HELPFUL HINTS

6.1 Figures and Tables

Because IJSER staff will do the final formatting of your paper,
some figures may have to be moved from where they ap-
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peared in the original submission. Figures and tables should
be sized as they are to appear in print. Figures or tables not
correctly sized will be returned to the author for reformatting.

Detailed information about the creation and submission of
images for articles can be found at: http://www.ijser.org. We
strongly encourage authors to carefully review the material
posted here to avoid problems with incorrect files or poorly
formatted graphics.

Place figure captions below the figures; place table titles
above the tables. If your figure has two parts, include the la-
bels “(a)” and “(b)” as part of the artwork. Please verify that
the figures and tables you mention in the text actually exist.
Figures and tables should be called out in the order they are to
appear in the paper. For example, avoid referring to figure “8”
in the first paragraph of the article unless figure 8 will again be
referred to after the reference to figure 7. Please do not in-
clude figure captions as part of the figure. Do not put cap-
tions in “text boxes” linked to the figures. Do not put bor-
ders around the outside of your figures. Per IJSER, please use
the abbreviation “Fig.” even at the beginning of a sentence. Do
not abbreviate “Table.” Tables are numbered numerically.

Figures may only appear in color for certain journals.
Please verify with IJSER that the journal you are submitting to
does indeed accept color before submitting final materials. Do
not use color unless it is necessary for the proper interpreta-
tion of your figures.

Figures (graphs, charts, drawing or tables) should be named
figl.eps, fig2.ps, etc. If your figure has multiple parts, please
submit as a single figure. Please do not give them descriptive
names. Author photograph files should be named after the au-
thor’s LAST name. Please avoid naming files with the author’s
first name or an abbreviated version of either name to avoid
confusion. If a graphic is to appear in print as black and white, it
should be saved and submitted as a black and white file (gray-
scale or bitmap.) If a graphic is to appear in color, it should be
submitted as an RGB color file.
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Fig. 1. Magnetization as a function of applied field. Note that
“Fig.” is abbreviated. There is a period after the figure number,
followed by one space. It is good practice to briefly explain the
significance of the figure in the caption.

Figure axis labels are often a source of confusion. Use
words rather than symbols. As an example, write the quantity
“Magnetization,” or “Magnetization M,” not just “M.” Put
units in parentheses. Do not label axes only with units. As in
Fig. 1, for example, write “Magnetization (A/m)” or “Magnet-
ization (A-m™),” not just “A/m.” Do not label axes with a
ratio of quantities and units. For example, write “Temperature
(K),” not “Temperature/K.” Table 1 shows some examples of
units of measure.

Multipliers can be especially confusing. Write “Magnetiza-
tion (kA/m)” or “Magnetization (103 A/m).” Do not write
“Magnetization (A/m) x 1,000” because the reader would not
know whether the top axis label in Fig. 1 meant 16,000 A/m or
0.016 A/m. Figure labels should be legible, approximately 8 to
12 point type. When creating your graphics, especially in com-
plex graphs and charts, please ensure that line weights are thick
enough that when reproduced at print size, they will still be
legible. We suggest at least 1 point.

6.3 Footnotes

Number footnotes separately in superscripts (Insert | Footnote)!.
Place the actual footnote at the bottom of the column in which it
is cited; do not put footnotes in the reference list (endnotes). Use
letters for table footnotes (see Table 1). Please do not include foot-
notes in the abstract and avoid using a footnote in the first col-
umn of the article. This will cause it to appear of the affiliation
box, making the layout look confusing.

1t is recommended that footnotes be avoided (except for the unnumbered
footnote with the receipt date on the first page). Instead, try to integrate the
footnote information into the text.
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6.4 Lists

The IJSER style is to create displayed lists if the number of
items in the list is longer than three. For example, within the
text lists would appear 1) using a number, 2) followed by a
close parenthesis. However, longer lists will be formatted so
that:

1. Items will be set outside of the paragraphs.

2. Ttems will be punctuated as sentences where it is ap-

propriate.
3. Items will be numbered, followed by a period.

6.5 Theorems and Proofs

Theorems and related structures, such as axioms corollaries, and
lemmas, are formatted using a hanging indent paragraph. They
begin with a title and are followed by the text, in italics.

Theorem 1. Theorems, corollaries, lemmas, and related structures
follow this format. They do not need to be numbered, but are gen-
erally numbered sequentially.

Proofs are formatted using the same hanging indent format.
However, they are not italicized.

Proof. The same format should be used for structures such as

TABLE 1
UNITS FOR MAGENTIC PROPERTIES

Conversion from Gaussian and

Symbol Quantity CGS EMU to SI®

® magnetic flux IMx - 10°Wb=10" Vs

B magnetic flux density, 1 G — 107 T =10 Wb/m®

magnetic induction

H magnetic field strength 1 Oe — 10%/(47) A/m

m magnetic moment lerg/G=1emu
- 107 Am*=107 J/T

M magnetization 1 erg/(G-cm®) = 1 emu/cm’
—10° A/m

ATM magnetization 1 G — 10%(41) A/m

I specific magnetization 1 erg/(G-g) = 1 emu/g — 1 A-m’/kg

J magnetic dipole 1erg/G=1emu

moment —4nx 107" Wb-m

J magnetic polarization 1 erg/(G-cm®) = 1 emu/cm’
—4nx10°T

X% K susceptibility 1 >4n

Xo mass susceptibility 1 em¥/g — 4m x 107 m/kg

u permeability 1 - 4nx 107 H/m
=41 x 107 Wb/(A-m)

U relative permeability H = Uy

w, W energy density 1 erg/em® — 107! J/m?

N, D demagnetizing factor 1 — 1/(4m)
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remarks, examples, and solutions (though these would notStatements that serve as captions for the entire table do not need footnote letters.

have a Q.E.D. box at the end as a proof does).

aGaussian units are the same as cgs emu for magnetostatics; Mx = maxwell,

G = gauss, Oe = oersted; Wb = weber, V = volt, s = second, T = tesla, m =

7 END SECTIONS

7.1 Appendices

Appendixes, if needed, appear before the acknowledgment. In
the event multiple appendices are required, they will be labeled
“Appendix A,” “Appendix B, “ etc. If an article does not meet
submission length requirements, authors are strongly encouraged
to make their appendices supplemental material.

IJSER Transactions accepts supplemental materials for review
with regular paper submissions. These materials may be
published on our Digital Library with the electronic version of the
paper and are available for free to Digital Library visitors. Please
see our guidelines below for file specifications and information.
Any submitted materials that do not follow these specifications
will not be accepted. All materials must follow US copyright
guidelines and may not include material previously copyrighted
by another author, organization or company. More information
can be found at http:/ /www ijser.org.

7.2 Acknowledgments

The preferred spelling of the word “acknowledgment” in
American English is without an “e” after the “g.” Use the sin-
gular heading even if you have many acknowledgments.
Avoid expressions such as “One of us (S.B.A.) would like to
thank ... .” Instead, write “F. A. Author thanks ... .” Sponsor
and financial support acknowledgments are included in the
acknowledgment section. For example: This work was sup-
ported in part by the US Department of Commerce under
Grant BS123456 (sponsor and financial support acknowledg-
ment goes here). Researchers that contributed information or
assistance to the article should also be acknowledged in this
section.

meter, A = ampere, | = joule, kg = kilogram, H = henry.

7.3 References

Unfortunately, the Computer Society document translator
cannot handle automatic endnotes in Word; therefore, type the
reference list at the end of the paper using the “References”
style. See the IJSER’s style for reference formatting at:
http://www.ijser.org

transref.htm. The order in which the references are submitted
in the manuscript is the order they will appear in the final pa-
per, ie., references submitted nonalphabetized will remain
that way.

Please note that the references at the end of this document
are in the preferred referencing style. Within the text, use “et
al.” when referencing a source with more than three authors.
In the reference section, give all authors” names; do not use “et
al.” Do not place a space between an authors' initials. Papers
that have not been published should be cited as “un-
published” [4]. Papers that have been submitted or accepted
for publication should be cited as “submitted for publication”
[5]. Please give affiliations and addresses for personal com-
munications [6].

Capitalize all the words in a paper title. For papers published in
translation journals, please give the English citation first, followed
by the original foreign-language citation [7].

7.3 Additional Formatting and Style Resources

Additional information on formatting and style issues can be
obtained in the IJSER Style Guide, which is posted online at:
http://www.ijser.org/. Click on the appropriate topic under the
Special Sections link.
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4 CONCLUSION

Although a conclusion may review the main points of the pa-
per, do not replicate the abstract as the conclusion. A conclu-
sion might elaborate on the importance of the work or suggest
applications and extensions. Authors are strongly encouraged
not to call out multiple figures or tables in the conclusion—
these should be referenced in the body of the paper.
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