
Introduction

Dexamethasone is an effective agent for the prevention and 
treatment of postoperative nausea and vomiting (PONV), and 
its preoperative administration can provide better postoperative 
emotional state and physical comfort, and reduce the severity of 
postoperative pain and requirement of analgesics [1,2]. In ad-
dition, it is known that intravenous and perineural dexametha-
sone injection, as an adjuvant agent of regional anesthetics, can 
prolong the duration of analgesia and anesthesia by a variety of 
mechanisms, including peripheral and central mechanisms [3,4]. 

Several investigators have been interested in determining 
whether chronic steroid medications can influence the time 
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course of neuromuscular blockers (NMBs) during anesthesia, 
because some patients may take steroid medication for chronic 
diseases. They showed that chronic treatment with steroids 
shortened the duration of neuromuscular block in patients re-
ceiving atracurium or rocuronium [5,6]. However, during the 
perioperative period, a single-dose steroid, such as dexametha-
sone and prednisone, can be administered in patients for the 
prevention and treatment of PONV. It is not yet clear whether a 
single steroid injection would have an effect similar to chronic 
medication. A recent study reported that a single dose of 8 mg 
dexamethasone showed different results in the time course of 
rocuronium, an aminosteroid non-depolarizing NMB, accord-
ing to different injection time points. Dexamethasone (8 mg) in-
jection administered 2–3 h before surgery hastened the clinical 
duration, recovery index, and total recovery time of rocuroni-
um; however, dexamethasone injection immediately before the 
induction of anesthesia did not influence the time course of the 
NMB [7]. However, to date, no studies have been conducted on 
the effect of dexamethasone on the onset time and recovery pro-
files (clinical duration, recovery index, recovery time, and total 
recovery time) of cisatracurium, a benzylisoquinolium non-
depolarizing NMB. 

In the present study, we tested our hypothesis that a single 
dose of dexamethasone administered 2–3 h prior to the induc-
tion of anesthesia would also hasten the onset time and recovery 
profiles of cisatracurium in patients receiving general anesthesia. 

The primary end point was the onset time, which is the time 
from the start of cisatracurium injection to maximum depres-
sion of first twitch of the train-of-four (TOF). The secondary 
end points are clinical duration, recovery index, recovery time, 
and total recovery time.

Materials and Methods

This study was registered in the Clinical Research Informa-
tion Service (CRIS, cris.nih.go.kr) on May 8, 2015, and the reg-
istration number is ‘KCT0001519’. 

This prospective, randomized, double-blind study was ap-
proved by our Institutional Review Board. After obtaining writ-
ten informed consent from all patients or guardians, we enrolled 
117 patients aged 20–65 years, belonging to the American Soci-
ety of Anesthesiologists (ASA) physical status I or II, and sched-
uled to undergo elective surgery under general anesthesia. We 
excluded patients who had taken a steroid medication within the 
last 24 h or had received chronic steroid medication or medi-
cines, such as furosemide, magnesium, or cephalosporin, known 
to influence the neuromuscular function. In addition, patients 
with neuromuscular disease, diabetes, a history of allergy to 
cisatracurium and dexamethasone, a body mass index (BMI) 
> 25, as well as pregnant or breastfeeding women were excluded. 

The study protocol adhered to the published guidelines for phar-
macodynamic studies of NMBs [8].

All patients were premedicated intramuscularly with 0.05 
mg/kg of midazolam 30 min before anesthesia. Standard moni-
toring included an electrocardiogram, non-invasive blood pres-
sure, end-tidal partial pressure of carbon dioxide (ETCO2), and 
peripheral pulse oximetry. The patients and investigators were 
blinded to the study medications; a non-investigating nurse 
randomized medications by using a random number table, and 
produced them as indistinguishable, numbered syringes. 

The patients were allocated to one of the three groups (Figs. 1 
and 2). In group A, the patients received 8 mg dexamethasone 
in 0.9% normal saline (total volume, 2 ml) intravenously, 2–3 
h before anesthesia in a ward, followed by 2 ml of 0.9% normal 
saline just before the induction of anesthesia and at the end of 
surgery. In group B, the patients received 2 ml of 0.9% normal 
saline intravenously, 2–3 h before anesthesia, followed by 8 mg 
of dexamethasone in 0.9% normal saline (total volume 2 ml) 
intravenously just before the induction of anesthesia and 2 ml 
of 0.9% normal saline intravenously at the end of surgery. In the 
control group, the patients received 2 ml of 0.9% normal saline 
intravenously 2–3 h before anesthesia and just before induction 
of anesthesia. Subsequently, 8 mg dexamethasone in 0.9% nor-
mal saline (total volume 2 ml) was administered intravenously 
at the end of surgery or after obtaining a TOF ratio of 0.9, if the 
surgery was completed within 1 h. General anesthesia was in-
duced with propofol at a target effect-site concentration of 4 μg/
ml and remifentanil at 3 ng/ml, followed by intubation without 
the aid of NMBs 3 min later. For the maintenance of anesthesia, 
the effect-site concentration of propofol and remifentanil was 
adjusted to maintain blood pressure within 20% change of ini-
tial rest systolic blood pressure and the bispectral index score 
in the range of 40 to 60. The settings of mechanical ventilation 
with 50% oxygen-air mixture were also adjusted to maintain the 
ETCO2 between 35–45 mmHg.

Neuromuscular function was assessed by acceleromyog-
raphy of the adductor pollicis muscle with TOF by using the 
neuromuscular transmission module, and it was displayed on 
a monitoring system (Anesthetic Monitoring System S/5TM, 
Datex-Ohmeda Inc., Helsinki, Finland). The arm was kept in 
the same position during the entire procedure. The stimulus 
current needed to achieve the maximal response of adductor 
pollicis muscle was automatically detected in each patient. After 
obtaining the supramaximal current, TOF stimuli were initiated 
to observe the potentiation of the first twitch (T1) of TOF and 
TOF ratios at 2 Hz, every 15 s, with square wave pulses of 0.2 
ms duration. All patients were then administered 0.05 mg/kg of 
cisatracurium 3 min after intubation for the exclusion of hemo-
dynamic effect on the time course of NMB [9]. We injected an 
additional dose of cisatracurium after obtaining the time taken 
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to reach a TOF ratio of 0.9. Then, reversal agents (pyridostigmine 
0.15 mg/kg with glycopyrrolate 0.2 mg/5 mg of pyridostigmine) 
were administered at the end of surgery in these patients. If the 
patients showed vigorous activity, and the surgeons required 
more muscle relaxation before obtaining a TOF ratio of 0.9, we 
injected additional 0.05 mg/kg of cisatracurium. These patients 
were excluded from statistical analysis. If the surgery was com-
pleted within 1 h and TOF ratio of 0.9 was not obtained, reversal 
agents (pyridostigmine 0.15 mg/kg with glycopyrrolate 0.2 mg/5 
mg of pyridostigmine) were administered after getting TOF 
ratio of 0.9, under the continuous infusion of remifentanil and 
propofol. All patients were transferred to the recovery room af-
ter confirming a TOF ratio of 0.9.

We measured and recorded the onset and recovery profiles 
as follows: (1) the time in seconds between the start of cisatra-

curium injection and maximum T1 depression (onset time), (2) 
the time in minutes between the start of cisatracurium injection 
and 25% twitch height recovery of T1 (clinical duration), (3) the 
time in minutes between 25 and 75% twitch height recovery of 
T1 (recovery index), (4) the time in minutes between the 25% 
twitch height recovery of T1 and recovery of neuromuscular 
block to a TOF ratio of 0.9 (recovery time), (5) the time between 
the start of cisatracurium injection till the recovery of neuro-
muscular block to a TOF ratio of 0.9 (total recovery time), and (6) 
the incidence of incomplete neuromuscular block (below 95% 
T1 depression). The age, sex, ASA physical status, height, weight, 
and BMI were also noted. 

The necessary sample size was calculated by taking the level 
of statistical significance as α = 0.05 and β = 0.2 using an ex-
pected effect size of 0.3, which is larger than the medium effect 
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Fig. 1. CONSORT flow chart. Group 
A received 8 mg dexamethasone in 
0.9% normal saline (total volume 2 ml) 
intravenously 2−3 h before anesthesia. 
Group B received 8 mg dexamethasone 
in 0.9% normal saline (total volume 
2 ml) intravenously just before the 
induction of anesthesia. The control 
group received 8 mg dexamethasone in 
0.9% normal saline (total volume 2 ml) 
intravenously at the end of surgery or 
after obtaining a TOF ratio of 0.9 if the 
surgery was completed within 1 h.
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Fig. 2. Schematic protocol of this study. Group A received 8 mg dexamethasone in 0.9% normal saline (total volume 2 ml) intravenously 2–3 h before 
anesthesia. Group B received 8 mg dexamethasone in 0.9% normal saline (total volume 2 ml) intravenously just before the induction of anesthesia. 
The control group received 8 mg dexamethasone in 0.9% normal saline (total volume 2 ml) intravenously at the end of surgery or after obtaining a 
TOF ratio of 0.9, if the surgery was completed within 1 h. TOF: train-of-four.
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size (0.25) suggested by Cohen, owing to lack of evidence for 
calculating the effect size [10]. We required 37 patients in each 
group, and we enrolled 39 patients given the assumption of a 5% 
dropout rate. 

Statistical analysis 

We excluded data of patients from whom we could not get 
any results of the onset time, clinical duration, recovery index, 
recovery time, or total recovery time. SPSS (Windows ver. 21.0, 
IBM Corp., Armonk, NY, USA) was used for statistical analysis. 
All measured values are presented as means ± SD, mean (95% 
CI), median (interquartile range [IQR]), or number of patients 
(%). The BMI, onset time, clinical duration, and recovery index 
were compared using Kruskal-Wallis test because of the skewed 
distribution. If a significant intergroup difference was found, 
the post-hoc Mann-Whitney U test was used. The age, height, 
and recovery and total recovery times were analyzed using 

one-way ANOVA for normally distributed data. If a significant 
intergroup difference was found, the Scheffé’s post-hoc test was 
used. The sex, ASA physical status, and incidence of incomplete 
neuromuscular block were analyzed by the χ2 test. P < 0.017 
rather than P < 0.05 was considered to indicate statistical sig-
nificance in BMI, onset time, clinical duration, and recovery 
index. Otherwise, P < 0.05 was considered to indicate statistical 
significance. 

Results

Eighty patients were ultimately enrolled in this study. Thirty-
seven patients (9 patients in group A, 11 patients in group B, 
and 17 patients in control group) were excluded from the data 
analysis because their clinical duration and recovery index were 
not calculated owing to below 75% T1 depression (Fig. 1). No 
significant differences in sex, ASA physical status, age, height, 
weight, and BMI were found among the groups (Table 1).

Table 1. Patient Characteristics

Group A (n = 30) Group B (n = 28) Control group (n = 22)

Sex (M/F) 20/10 22/6 14/8
ASA physical status (I/II) 22/8 21/7 17/5
Age (yr) 41.0 ± 12.9 37.0 ± 12.6 37.7 ± 13.5
Height (cm) 169.3 ± 8.6 173.0 ± 7.0 169.9 ± 7.9
Weight (kg) 64.0 ± 8.7 68.3 ± 8.7 66.4 ± 9.6
BMI 22.3 ± 1.7 22.7 ± 1.9 22.9 ± 2.0

The values are expressed as mean ± SD, or number of patients. There are no significant differences among groups. Group A received 8 mg 
dexamethasone in 0.9% normal saline (total volume 2 ml) intravenously 2–3 h before anesthesia. Group B received 8 mg dexamethasone in 0.9% 
normal saline (total volume 2 ml) intravenously just before the induction of anesthesia. The control group received 8 mg dexamethasone in 0.9% 
normal saline (total volume 2 ml) intravenously at the end of surgery or after obtaining a train-of-four ratio of 0.9, if the surgery was completed 
within 1 h. ASA: American Society of Anesthesiologists, BMI: body mass index.

Table 2. The Effect of Dexamethasone on the Onset Time and Recovery Profiles of Cisatracurium-induced Neuromuscular Block

Group A (n = 30) Group B (n = 28) Control group (n = 22)

Onset time (s) 520.0 [500.0–560.0]*,† 562.5 [514.0–589.0]* 586.5 [575.0–642.5]
Clinical duration (min) 18.7 [16.7–20.0] 19.7 [18.7–21.5] 19.3 [18.5–21.6]
Recovery index (min) 16.3 [13.9–18.4] 18.7 [15.3–19.4] 17.9 [16.5–20.3]
Recovery time (min) 28.5 (27.3–29.6)‡,§ 32.3 (31.0–33.6) 30.9 (29.9–31.8)
Total recovery time (min) 47.1 (45.5–48.6)‡,§ 52.8 (51.6–54.0) 50.5 (48.7–52.3)
ICNMB (n [%]) 19 (63.3) 19 (67.9) 20 (90.9)

The values are expressed as mean (95% CI), median [interquartile range], or number of patients (%). Group A received 8 mg dexamethasone in 0.9% 
normal saline (total volume 2 ml) intravenously 2–3 h before anesthesia. Group B received 8 mg dexamethasone in 0.9% normal saline (total volume 2 
ml) intravenously just before the induction of anesthesia. The control group received 8 mg dexamethasone in 0.9% normal saline (total volume 2 ml) 
intravenously at the end of surgery or after obtaining a train-of-four (TOF) ratio of 0.9, if the surgery was completed within 1 h. Onset time: the time 
in seconds between the start of cisatracurium injection and maximum the first twitch (T1) depression, clinical duration: the time in minutes between 
the start of cisatracurium injection and 25% twitch height recovery of T1, recovery index: the time in minutes between 25 and 75% twitch height 
recovery of T1, recovery time: the time in minutes between the 25% twitch height recovery of T1 and recovery of neuromuscular block to a TOF ratio 
of 0.9, total recovery time: the time between the start of cisatracurium injection to the recovery of neuromuscular block to a TOF ratio of 0.9. ICNMB: 
incomplete neuromuscular block (below 95% T1 depression).  *,†P < 0.017 rather than P < 0.05 was considered to indicate statistical significance in 
onset time, clinical duration, and recovery index after multiple comparisons compared with control group and group B, respectively. ‡,§P < 0.05 was 
considered to indicate statistical significance in otherwise compared with control group and group B, respectively. 
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The one-way ANOVA analysis and Kruskal-Wallis test 
showed significant differences among groups in the onset, recov-
ery, and total recovery times. However, there were no significant 
differences in the clinical duration and recovery index among 
groups (Table 2).

The onset time (median [IQR] seconds) was significantly 
hastened in group A (520.0 [500.0–560.0] s, n = 30) compared to 
that in group B (562.5 [514.0–589.0] s, n = 22) (P = 0.008) and 
C (586.5 [575.0–642.5] s, n = 28) (P < 0.001, Table 2). The onset 
time in group B was also faster than control group (P = 0.015, 
Table 2). The differences in onset time [mean (95% CI) min] 
were −41.9 (−91.9 to 8.1), −95.4 (−148.8 to 42.0), and −53.5 
(−107.7 to 0.9) seconds, between group A and B, group A and 
control group, and group B and control group, respectively. 

The recovery time [mean (95% CI) min] was significantly 
hastened in group A compared to that in group B [28.5 (27.3–
29.6) vs. 32.3 (31.0–33.6) min, P < 0.001] and control group [28.5 
(27.3–29.6) vs. 30.9 (29.9–31.8) min, P = 0.015] (Table 2). How-
ever, we found no significant difference between group B and 
the control group (P = 0.241). The differences in recovery time 
[mean (95% CI) min] were −3.8 (−5.7 to −1.9), −2.4 (−4.5 to 
−0.4), and 1.4 (−0.7 to 3.5) min, between group A and B, group 
A and control group, and group B and control group, respec-
tively. 

The total recovery time [mean (95% CI) min] was signifi-
cantly hastened in group A [47.1 (45.5–48.6) min] compared to 
that in group B [52.8 (51.6–54.0) min] (P < 0.001) and control 
group [50.5 (48.7–52.3) min, P = 0.008] (Table 2). However, we 
found no significant difference between group B and the control 
group (P = 0.108). The differences in total recovery time [mean 
(95% CI) min] were −5.7 (−8.2 to −3.3), −3.4 (−6.1 to −0.8), 
and 2.3 (−0.4 to 5.0) minutes, between group A and B, group A 
and control group, and group B and control group, respectively.

The incidence of incomplete neuromuscular block was not 
significantly different among the groups, with 63.3, 67.9, and 
90.9% incidence in A (n = 30), B (n = 28), and control (n = 22) 
groups, respectively (P = 0.07, Table 2). However, if the missing 
data was included, it was significant different among the groups 
with 71.8, 74.4, and 94.9% incidence in groups A (n = 39), B (n 
=39), and control (n =39), respectively (P = 0.019).

Discussion

In the present study, 8 mg of dexamethasone hastened the 
onset time of cisatracurium when injected intravenously 2–3 h 
before surgery and immediately before the induction of anes-
thesia. It also hastened the recovery and total recovery times of 
cisatracurium when injected intravenously 2–3 h before surgery. 
However, its administration immediately before the induction 
of anesthesia did not show any significant effect on the recovery 

profiles of cisatracurium.
It is known that NMBs can interact with many drugs, such as 

most antibacterials, procainamide, quinidine, magnesium, cal-
cium antagonists, phenytoin, lithium, steroids, and furosemide 
[11]. In particular, the studies on interaction between NMBs 
and steroids were usually focused in patients receiving chronic 
steroid medication [5,6,12]. These reports documented that 
chronic steroid medication could interact with NMBs, resulting 
in resistance to NMB action. The onset time showed the con-
troversial effect according to NMBs, while the recovery profiles 
such as clinical duration and total recovery time were hastened. 
However, it is not clear whether a single steroid injection would 
have a similar effect. We frequently encounter patients requiring 
a perioperative single-dose injection of dexamethasone because 
of its antiemetic, anti-inflammatory, and analgesic proper-
ties, rather than patients receiving chronic steroid medication 
[1,2,13-15]. For the prevention of PONV, dexamethasone is 
commonly injected prior to surgery at the induction of anesthe-
sia, owing to its delayed onset [16,17]. Recently, Soltesz et al. [7] 
examined whether dexamethasone required more time to influ-
ence the time course of NMB by analyzing its interaction with 
rocuronium. They documented that a single-dose injection of 8 
mg dexamethasone 2–3 h before surgery hastened the clinical 
duration, recovery index, and total recovery time, while injec-
tion administered 15 min prior to rocuronium administration 
did not attenuate the effect of rocuronium. The present study 
using cisatracurium also showed that the recovery profiles, ex-
cept for clinical duration and recovery index, were hastened in 
patients who received 8 mg dexamethasone 2–3 h before anes-
thesia; however, dexamethasone injection just before induction 
did not significantly influence the effect of cisatracurium. These 
findings can be supported by the results of Robinson’s study [18], 
in which betamethasone induced resistance to nondepolar-
izing NMB by increasing the ED50 for atracurium by 27% and 
vecuronium by 45%. Furthermore, the onset time was hastened 
by a single-dose injection of 8 mg dexamethasone 2–3 h before 
surgery in the present study; however, in the study of Soltesz et 
al. [7] dexamethasone did not influence the onset time accord-
ing to different injection time points. This discrepancy can be 
explained by the incidence of incomplete neuromuscular block. 
Soltesz et al. [7] reported that 0.3 mg/kg rocuronium (ED95) led 
to complete neuromuscular block in nearly all patients; however, 
the present study showed high incidence of incomplete neuro-
muscular block.

Several mechanisms underlying the interaction between 
steroids and NMBs have been suggested. First, steroids have a 
direct facilitatory effect at the impulse-generating end of the 
motor nerve axon, and they act presynaptically to stimulate the 
synthesis and release of acetylcholine [19-22]. In addition, ste-
roids amplify neuromuscular transmission by the predominant 
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activation of presynaptic facilitatory adenosine A2A receptors 
leading to synaptic vesicle redistribution [23]. This activation 
of A2A receptors modulates the interaction of presynaptic nico-
tinic and muscarinic auto-receptor regulation on motor nerve 
endings to sustain acetylcholine release. Ultimately, the con-
centration of acetylcholine may be high enough at muscle-type 
nicotinic acetylcholine receptors, and non-depolarizing NMBs 
competitively inhibit the binding of acetylcholine to the recep-
tors. In the animal study using mouse isolated phrenic nerve-
diaphragm and rat external popliteal/sciatic nerve-tibialis ante-
rior muscle preparations, it was observed that dexamethasone 
and prednisolone prevented neuromuscular block induced by d-
tubocurarine via aforementioned mechanism [21,22]. Therefore, 
an increased dose of d-tubocurarine is sufficient for neuromus-
cular block [22]. In addition, sufficient time interval between 
the steroid and NMB injection is required for presynaptic effect 
to stimulate the synthesis and release of acetylcholine by a single 
injection of dexamethasone. It was found that a 2–3 h time in-
terval can attenuate the neuromuscular block of aminosteroid 
and benzylisoquinolium nondepolarizing NMBs in this study as 
well as that of Soltesz’s [7]. However, the exact time interval re-
quired to develop drug interaction with NMBs could not be de-
fined. Second, steroids are associated with inhibition of muscle-
type nicotinic acetylcholine receptor function [24] and increase 
in the expression of this receptor at extracellular sites [25]. 
Increased expression of nicotinic acetylcholine receptor resulted 
in dexamethasone-induced hyposensitivity to non-depolarizing 
NMBs, and this hyposensitivity was highest in the group using 
atracurium and least in the group using rocuronium [25]. How-
ever, a single injection of dexamethasone does not have a direct 
antagonistic effect on the nicotinic acetylcholine receptor, be-
cause the brief time interval from dexamethasone to NMB injec-
tion did not attenuate the neuromuscular block of rocuronium 
and cisatracurium in our study as well as that of Soltesz [7]. 

There are some limitations associated with the present study. 
First, we used ED95 of cisatracurium (0.05 mg/kg), which is 
lower than the clinical intubation dose, because the guideline 
recommends using low doses to assess the onset and recovery 
profiles of NMB [8,26]. This dose was not sufficient to induce 
complete neuromuscular block above 95% T1 depression. The 
incidence of incomplete neuromuscular block was 63.3, 67.9, 
and 90.9% in groups A, B, and control, respectively, and if the 
missing data were included, it was increased to 71.8, 74.4, and 
94.9% in groups A, B, and control, respectively, owing to below 
75% T1 depression. Second, we performed endotracheal intu-
bation without NMB, which is not recommended for routine 
clinical situations. If we performed this procedure after injection 
of NMBs, the results of onset time and recovery profiles might 
be influenced by hemodynamic changes caused by laryngoscopy 
and endotracheal intubation. Third, we did not show intubation-

induced hemodynamic changes because we did not record them 
despite the observation for maintaining blood pressure within 
20% changes of initial rest systolic blood pressure. However, 
Guignard et al. [9] documented that the target effect-site con-
centration of remifentanil between 2 and 4 ng/ml significantly 
reduced the increase in mean arterial blood pressure and heart 
rate associated with endotracheal intubation, especially 2 or 5 
min after intubation when compared with that of pre-induction 
and pre-laryngoscopy values. In addition, they showed that the 
maintenance of hemodynamic variables within 20% changes 
could be achieved in this range of target effect-site concentration 
of remifentanil. Therefore, in this study, we used remifentanil 
at a target effect-site concentration of 3 ng/ml, and injected 
cisatracurium 3 min after endotracheal intubation, which was 
the time in which blood pressure could be maintained within 
20% changes by adjusting the concentration of remifentanil. 
Fourth, we could not establish the precise effect size because of 
lack of previously published studies on effect size. Therefore, we 
calculated the necessary sample size with an expected effect size 
of 0.3, which is larger than that of medium standardized effect 
size (0.25) suggested by Cohen. However, in this study, the dif-
ferences in onset time between group A and B and group A and 
control group were 41.9 and 95.4 s, respectively. The differences 
in total recovery time between group A and B and group A and 
control group were 5.7 and 3.4 min, respectively. The differences 
of onset time between the groups are sufficient to be considered 
as clinical meaningful significance, whereas the differences of 
recovery and total recovery times between the groups are not. 
Finally, the power of the present study may be decreased because 
of the 33.4% dropout rate due to below 75% T1 depression. De-
spite these limitations, this study showed that the onset time was 
significantly hastened with meaningful statistical difference by 
the administration of dexamethasone 2–3 h before surgery.

In conclusion, a single 8 mg of dexamethasone accelerated 
the onset and total recovery times of cisatracurium-induced 
neuromuscular block by approximately 15 and 9%, respectively, 
if administered 2–3 h before surgery. Therefore, clinicians 
should be aware that insufficient neuromuscular block is pos-
sible in patients who require a high-dose steroid preoperatively 
and in patients who undergo surgery that requires deep neu-
romuscular block. In addition, to obtain results that reflect the 
clinical conditions, an additional study with enough effective 
size and power in which clinical intubation doses of NMBs are 
used is necessary. 
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