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Abstract

Background
This study aims to identify normal HRAM values and related factors in healthy Vietnamese adults.

Methods
This cross-sectional study was conducted at Viet Duc hospital, Hanoi, Vietnam, during April and May,
2019. Healthy volunteers were recruited to participate in the study. Anorectal measurement values
including pressure and an electromyographical signal from the digestive tract were recorded. Differences
between groups were analyzed using paired t-tests, and linear regression models was used to compare
anorectal values between men and women.

Results
A total of the 76 healthy volunteers was recruited. The mean functional anal canal length was 4.2 ±
0.5 cm while the mean anal high-pressure zone (HPZ) length was 3.4 ± 0.5 cm. The mean defecation
index was 1.4 ± 0.8, with values ranging from 0.3 to 5.0. The mean threshold volume to elicit RAIR was
18.1 mL. Mean rectal sensation values were 32.4 mL, 81.6 mL, and 159 mL at the �rst sensation, the
desire to defecate, and the urge to defecate, respectively. Dyssynergic patterns occurred in approximately
50% of study participants and included mainly types I (27.6%) and III (14.6%). There were signi�cant
differences between males and females in maximum anal squeeze pressure, maximum anal cough
pressure, maximum anal strain pressure, maximum rectal cough pressure, and maximum rectal strain
pressure (all p < 0.01).

Conclusions
This study establishes normal HRAM values in healthy Vietnamese adults, particularly with regards to
normal values of anorectal pressure and rectal sensation. Further studies that include larger sample sizes
should be conducted in order to further con�rm the constants and their relationships.

Background
Anorectal manometry (ARM) is a primary method for evaluating anorectal function [1, 2]. While
conventional ARM has been used to effectively diagnose and manage anorectal disorders [3–5], that
technique has limitations that affect the measurement and interpretation of results [6, 7]. In response to
these limitations, high-resolution anorectal manometry (HRAM) has been developed over the past ten
years and has been shown to provide advantages in comparison to conventional ARM [2]. Among these,
the most advantageous aspects of HRAM include improvements to sensor systems and the computer
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software used to record and replicate ARM values over time and anorectal locations. The HRAM uses the
technique of stationary examination to provide detailed topographic and colorimetric mapping of the
anorectal area [2]. In order to standardize the HRAM technique, it is necessary to identify normal values
that can be used as a baseline for comparison with speci�c disease cases. Knowledge of normal HRAM
values thus enhances our understanding of anorectal disorder-related diseases.

Studies regarding normal HRAM values in healthy people have been conducted in several countries [8–
11]. In Vietnam, a single study using HRAM has been conducted, which reported values in patients with
hemorrhoids before and after doppler-guided transanal hemorrhoidal dearterialization [12]. Although use
of HRAM has become widespread, there are currently no reports of normal HRAM values in Vietnam.
Therefore, the aim of this study is to identify normal HRAM values and related factors in healthy
Vietnamese adults.

Methods
This cross-sectional study was conducted at Viet Duc hospital, Hanoi, Vietnam, during April and May,
2019. This study received ethical approval from the ethics committee of the Hanoi Medical University,
Hanoi, Vietnam (ref. 21NCS17/HDDDDHYHN; dated 08/02/2018). Healthy volunteers were recruited to
participate in the study and study aims, objectives, possible adverse effects of anorectal HRAM, and the
right to withdraw from the study at any time without consequences were explained to them. All
participants provided written consent before participating in the study.

We calculated the sample size using the formula for estimating a population mean proposed by the
World Health Organization using a signi�cance level of 0.05 [13]. We assumed a maximum resting
pressure of 69.1 mm Hg according to values reported by Li et al. [9]. We assumed a population standard
deviation of the maximum resting pressure of 15 mm Hg and a relative precision of 5%. After controlling
for an estimated 5% non-response rate, we calculated a minimum sample size of 76 patients.

Inclusion criteria for participants included age of 18 to 75 years, normal defecation for the three months
prior to enrollment, and normal physical abdominal and digital anorectal examinations. Exclusion criteria
included constipation, fecal incontinence, obstructed defecation, hematochezia, hemorrhoid, rectal mucus
discharge, and any history of anorectal diseases. We excluded pregnant women, people with
cardiovascular, respiratory, psychiatric, neurologic, endocrine, hepatic, or renal diseases. Digital rectal
examination was performed in all participants to ensure they were free from any anorectal diseases. We
also collected relevant patient data such as sex, age, height, and weight.

Anorectal manometry was performed using the ISOLAB high-resolution manometry system (Standard
Instruments GmbH, Karlsruhe, Germany) which included a 6 mm diameter catheter probe possessing
eight channel sensors. Anorectal measurement values including pressure and an electromyographical
signal from the digestive tract were recorded. We used the ViMeDat (Visible Medical Data; Standard
Instruments GmbH, Karlsruhe, Germany) software to extract values after measurement. Bowel
preparation included a Fleet enema (C.B. Fleet Company, Inc., Lynchburg, VA, USA) or patient defecation, if
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possible, approximately 2 hours before the measurement. All measurements were taken with study
participants placed in the left-lateral position with knees and hips �exed at an angle of ninety degrees.
The catheter probe was lubricated and gently inserted into the rectal ampulla about 6 cm from the anal
verge while maintaining the most proximal sensor of the catheter probe outside of the anal canal. We
assessed anorectal parameters during periods of resting, squeezing, pushing, and coughing. During the
resting period, the participant relaxed by lying still and not speaking for approximately 5 minutes. During
the squeezing period, the participant was instructed to squeeze the anal canal as tightly as possible for
approximately 20 seconds. During the pushing period, the participant was asked to bear down, as if to
defecate, for approximately 10–20 seconds. During the coughing period, the participant was asked to
cough �ve to seven times. Measurements for each period type were gathered twice.

We detected the recto-anal inhibitory re�ex (RAIR) by injecting (with 10 mL increments) up to 50 mL of air
into a rectal balloon that was attached to the head of the catheter probe. In this study, we assessed if the
RAIR present or absent, with RAIR was considered present if anal relaxation was greater than 25% [14].
We recorded the threshold volume in mL of air required to elicit RAIR. We also used the rectal balloon to
measure rectal sensation. The rectal balloon was distended in 10 mL increments up to 300 mL of air, and
the participants were instructed to describe their sensations as �rst sensation, desire to defecate, and
urge to defecate. In this study, we de�ned the defecation index as the ratio of the maximum rectal strain
pressure to the minimum anal strain pressure. We used the classi�cation system proposed by Rao et al.
to de�ne dyssynergic patterns during the period of attempted defecation, including types I-IV, where Type I
was considered a rise in rectal pressure ≥ 40 mm Hg with an increase in anal pressure, Type II was
considered a rise in rectal pressure < 40 mm Hg with an increase in anal pressure, Type III was considered
a rise in rectal pressure ≥ 40 mm Hg and with an absent relaxation or inadequate (≤ 20%) relaxation of
the anal sphincter, and Type IV included no rise in rectal pressure and an absent relaxation or inadequate
relaxation of the anal sphincter [15].

Analytical results of quantitative variables were presented as means and standard deviations whereas
those of qualitative variables were presented as absolute values and percentages. Differences between
groups were analyzed using paired t-tests. We also compared anorectal manometric measurements
between men and women using three multivariate linear regression models, including Model 1 (by sex,
adjusted by age), Model 2 (by sex, adjusted by BMI), and Model 3 (by sex, adjusted by both age and BMI).
All statistical analyses were conducted using STATA 14.0 (Stata Corp, College Station, TX, USA).
Statistical levels were considered signi�cant at p-values < 0.05.

Results
A total of the 76 healthy volunteers was recruited (age range: 21–73 years), which included 38 males (age
range: 24–73 years) and 38 females (age range: 21–68 years). Table 1 shows the general characteristics
of the study participants. The mean age of participants was 41.5 ± 13.3 years. The proportion of study
participants 40 years old or younger was higher among females (65.8%) than among males (52.6%), but
this difference was not statistically signi�cant (p = 0.24). The mean BMI was 22.4 ± 2.5, and was
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signi�cantly higher among males than among females (23.2 ± 2.7 vs 21.7 ± 2.1, p < 0.01). Only 14.5% of
people were overweight (BMI ≥ 25), a proportion that was higher among males than among females,
although the difference was not statistically signi�cant (p = 0.19).

Table 1
Characteristics of the 76 healthy study participants

  Total (n = 76) Male (n = 38) Female (n = 38) p-value

  N (%) or mean (SD)

Age (years) 41.5 (13.3) 40.5 (13.4) 42.6 (13.2) 0.49

Age Group (years)        

≤40 45 (59.2) 20 (52.6) 25 (65.8) 0.24

> 40 31 (40.8) 18 (47.4) 13 (34.2)

BMI 22.4 (2.5) 23.2 (2.7) 21.7 (2.1) < 0.01

BMI        

< 25 65 (85.5) 30 (79.8) 35 (92.1) 0.19

≥25 11 (14.5) 8 (21.2) 3 (7.9)

List of abbreviations: SD: Standard Deviation, BMI: Body Mass Index

Table 2 presents HRAM values in healthy participants. The mean functional anal canal length was 4.2 ±
0.5 cm while the mean anal high-pressure zone (HPZ) length was 3.4 ± 0.5 cm. Within the anal pressure
parameter values, the mean maximum resting pressure was the lowest, at 71.5 ± 17.4 mm Hg, whereas
the mean maximum squeeze pressure was the highest, at 163.3 ± 59.1 mm Hg. For the rectal pressure
parameter values, the mean maximum cough pressure was higher than the mean maximum strain
pressure. The mean defecation index was 1.4 ± 0.8, with values ranging from 0.3 to 5.0. The mean
threshold volume to elicit RAIR was 18.1 mL. Mean rectal sensation values were 32.4 mL, 81.6 mL, and
159.0 mL at the �rst sensation, the desire to defecate, and the urge to defecate, respectively. Dyssynergic
patterns occurred in approximately 50% of study participants and included mainly types I (27.6%) and III
(14.6%).
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Table 2
High-resolution anorectal manometry (HRAM) parameters in 76 healthy study participants

  N (%) or mean (SD) Min-Max

Functional anal canal length (cm) 4.2 (0.5) 3.2–4.8

HPZ length (cm) 3.4 (0.5) 2.4-4

Anal pressure    

Maximum resting pressure (mm Hg) 71.5 (17.4) 31.3-115.9

Maximum squeeze pressure (mm Hg) 163.3 (59.1) 52.2-355.5

Maximum cough pressure (mm Hg) 99.5 (31.2) 38.4-191.5

Maximum strain pressure (mm Hg) 74.7 (28.9) 23.4-169.1

Rectal pressure    

Maximum cough pressure (mm Hg) 89.8 (35.1) 36.1-197.3

Maximum strain pressure (mm Hg) 63.1 (26.3) 18.8-163.1

Defecation index 1.4 (0.8) 0.3-5

Threshold volume to elicit RAIR (ml) 18.1 (8.3) 10–50

Rectal sensation    

First sensation (mL) 32.4 (10.9) 20–60

Desire to defecate (mL) 81.6 (19.3) 50–120

Urge to defecate (mL) 159.9 (31.5) 100–240

Dyssynergic pattern    

Normal 38 (50.0) NA

Type I 21 (27.6) NA

Type II 3 (3.9) NA

Type III 11 (14.6) NA

Type IV 3 (3.9) NA

List of abbreviations: SD: Standard Deviation; HPZ: High-Pressure Zone, RAIR: Rectoanal Inhibitory
Re�ex, NA: Not Applicable

HRAM values are presented in Table 3 according to participant sex, age group, and BMI group. There were
signi�cant differences between males and females in the means of maximum anal squeeze pressure,
maximum anal cough pressure, maximum anal strain pressure, maximum rectal cough pressure, and
maximum rectal strain pressure (all p < 0.01). Regarding age, mean maximum rectal cough pressure and
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maximum rectal strain pressure were signi�cantly higher in people aged greater than 40 years than in
those aged 40 years or less (both p < 0.05). The threshold volume to elicit RAIR among people aged above
40 years was higher than that among people aged 40 years or less (p = 0.02). The volume at �rst
sensation and desire to defecate were higher among people aged above 40 as compared to those aged
40 or less (both p < 0.01). The length of both the functional anal canal and the HPZ were signi�cantly
greater in people with a BMI of 25 or higher than in people with a BMI of less than 25 (both p < 0.01). Anal
pressure values tended to be higher in people with a BMI of 25 or greater than in people with BMI less
than 25, but the difference was signi�cant only with the maximum anal strain pressure (p = 0.01).
Furthermore, difference in rectal sensation between people with a BMI of 25 or higher and those with a
BMI lower than 25 were signi�cant at the rectal �rst sensation (p = 0.01) but not at the other two rectal
sensation parameters. Finally, linear regressions were performed in order to assess the effect of sex
(adjusted for age, BMI, or both age and BMI) on the various HRAM parameters (Table 4). Signi�cant
differences in mean maximum anal squeeze pressure, maximum anal cough pressure, maximum anal
strain pressure, maximum rectal cough pressure, and maximum rectal strain pressure between male and
female participants were recorded (all p < 0.05).
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Table 3
High-resolution anorectal manometry (HRAM) parameters in 76 healthy participants according to sex, age

group, and BMI group

  Sex Age group BMI group

Male

(n = 38)

Female
(n = 
38)

p-
value

Age
≤40
(n = 
45)

Age > 
40 (n 
= 31)

p-
value

BMI 
< 25
(n = 
65)

BMI≥25
(n = 11)

p-value

N (%) or mean (SD) N (%) or mean
(SD)

N (%) or mean
(SD)

Functional
anal canal
length (cm)

4.3
(0.5)

4.1
(0.5)

0.09 4.2
(0.5)

4.3
(0.5)

0.40 4.1 (0.5) 4.7
(0.3)

< 
0.01

HPZ length
(cm)

3.5
(0.5)

3.3
(0.5)

0.09 3.4
(0.5)

3.5
(0.5)

0.40 3.3 (0.5) 3.9
(0.3)

< 
0.01

Anal pressure                  

Maximum
resting
pressure (mm
Hg)

74.9
(16.3)

68.0
(18.0)

0.08 73.7
(17.9)

68.2
(16.4)

0.18 70.3
(18.4)

78.1
(7.8)

0.17

Maximum
squeeze
pressure (mm
Hg)

183.3
(48.0)

143.3
(62.0)

< 
0.01

159.3
(60.1)

169.0
(58.1)

0.48 161.2
(58.5)

175.4
(64.6)

0.47

Maximum
cough
pressure (mm
Hg)

112.2
(31.9)

86.7
(24.8)

< 
0.01

99.7
(29.4)

99.2
(34.0)

0.94 97.5
(30.1)

111.0
(36.2)

0.19

Maximum
strain pressure
(mm Hg)

84.1
(28.4)

65.4
(26.7)

< 
0.01

73.9
(28.9)

76.0
(29.4)

0.76 71.3
(28.9)

95.2
(20.3)

0.01

Rectal
pressure

                 

Maximum
cough
pressure (mm
Hg)

101.7
(38.7)

78.0
(26.7)

< 
0.01

81.4
(34.2)

102.1
(33.2)

0.01 87.5
(34.2)

103.5
(39.3)

0.17

Maximum
strain pressure
(mm Hg)

75.1
(27.6)

51.0
(18.5)

< 
0.01

58.1
(24.4)

70.3
(27.7)

0.04 61.3
(25.3)

73.8
(31.1)

0.15

Defecation
index

1.4
(0.7)

1.4
(0.8)

0.93 1.4
(0.8)

1.4
(0.7)

0.92 1.4 (0.8) 1.1
(0.5)

0.28
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  Sex Age group BMI group

Threshold
volume to elicit
RAIR (mL)

18.7
(9.1)

17.5
(7.5)

0.53 16.3
(8.6)

20.6
(7.3)

0.02 18.1
(8.5)

18.2
(7.5)

0.97

Rectal
sensation

                 

First sensation
(mL)

32.6
(10.6)

32.1
(11.4)

0.83 28.4
(7.1)

38.1
(13.0)

< 
0.01

31.2
(10.4)

39.1
(12.2)

0.03

Desire to
defecate (mL)

79.2
(18.4)

83.9
(20.2)

0.29 76.7
(17.6)

88.7
(19.8)

< 
0.01

80.6
(18.9)

87.3
(21.5)

0.29

Urge to
defecate (mL)

159.2
(30.6)

160.5
(32.7)

0.86 156.9
(32.6)

164.2
(29.8)

0.32 159.2
(30.6)

163.6
(35.6)

0.67

Dyssynergic
pattern- N(%)

                 

Normal 16
(42.1)

22
(57.9)

0.10 22
(48.9)

16
(51.6)

1.00 34
(52.3)

4
(36.4)

0.43

Type I 14
(36.8)

7
(18.4)

12
(26.7)

9
(29.0)

16
(24.6)

5
(45.4)

Type II 0 (0.0) 3
(7.9)

2 (4.4) 1
(3.2)

2 (3.1) 1
(9.1)

Type III 7
(18.5)

4
(10.5)

7
(15.6)

4
(12.9)

10
(15.4)

1
(9.1)

Type IV 1 (2.6) 2
(5.3)

2 (4.4) 1
(3.3)

3 (4.6) 0
(0.0)

List of abbreviations: SD: Standard Deviation; HPZ: High-Pressure Zone; RAIR: Rectoanal Inhibitory
Re�ex; BMI: Body Mass Index



Page 10/17

Table 4
Multiple linear regression analyses of various high-resolution anorectal manometry (HRAM) parameters

for sex (ref.: female) according to various models

  Model 1 Model 2 Model 3

  β (95% CI) p-
value

β (95% CI) p-
value

β (95% CI) p-
value

Functional anal canal length
(cm)

0.20 (-0.02,
0.42)

0.08 0.12
(-0.11,0.34)

0.31 0.12 (-0.10,
0.36)

0.27

HPZ length (cm) 0.20 (-0.02,
0.42)

0.08 0.12
(-0.11,0.34)

0.31 0.13 (-0.10,
0.36)

0.27

Anal pressure            

Maximum resting pressure
(mm Hg)

6.44 (-1.35,
14.24)

0.10 6.58 (-1.69,
14.86)

0.12 5.43 (-2.84,
13.70)

0.19

Maximum squeeze pressure
(mm Hg)

40.56
(14.75,
66,37)

< 
0.01

40.32
(13.31,
67.32)

< 
0.01

41.47
(13.98,
68.96)

< 
0.01

Maximum cough pressure
(mm Hg)

24.82
(11.75,
37.89)

< 
0.01

24.94
(11.15,
38.72)

< 
0.01

23.48
(9.59,
37.38)

< 
0.01

Maximum strain pressure
(mm Hg)

18.66 (5.95,
31.37)

< 
0.01

15.81 (2.72,
28.89)

0.02 15.15
(1.84,
28.45)

0.03

Rectal pressure            

Maximum cough pressure
(mm Hg)

24.81 (9.79,
39.84)

< 
0.01

15.75 (0.96,
30.54)

0.04 16.95
(1.97,
31.93)

0.03

Maximum strain pressure
(mm Hg)

24.68
(13.93,
35.43)

< 
0.01

20.70 (9.67,
31.73)

< 
0.01

21.39
(10.19,
32.60)

< 
0.01

Defecation index -0.01 (-0.36,
0.34)

0.96 -0.04 (-0.40,
0.33)

0.84 -0.03
(-0.40,
0.35)

0.89

Threshold volume needed to
elicit RAIR (mL)

1.39 (-2.40,
5.19)

0.47 0.94 (-3.07,
4.94)

0.64 1.36 (-2.68,
5.40)

0.51

Rectal sensation            

First sensation (mL) 1.38 (-3.05,
5.81)

0.54 -1.16 (-6.30,
3.99)

0.66 0.45 (-4.22,
5.12)

0.85

Desire to defecate (mL) -3.55
(-11.77,
4.67)

0.39 -6.51
(-15.72,
2.70)

0.16 -4.20
(-12.94,
4.55)

0.34
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  Model 1 Model 2 Model 3

Urge to defecate (mL) -0.63
(-15.13,
13.86)

0.93 -3.06
(-18.28,
12.16)

0.69 -1.84
(-17.26,
13.58)

0.81

List of abbreviations: SD: Standard Deviation; HPZ: High-Pressure Zone; CI: Con�dence Interval; β:
Coe�cient; BMI: Body Mass Index; Model 1: sex adjusted by age; Model 2: sex adjusted by BMI; model
3: sex adjusted by age and BMI

Discussion
This is the �rst study to report normal HRAM values in healthy Vietnamese adults, and predominately
includes anorectal pressure and rectal sensation values. In addition, we also measured other values,
including functional anal canal length, HPZ length, defecation index, and the threshold volume to elicit
RAIR. All HRAM values were compared by sex, age group, and BMI, in which anorectal pressure and rectal
sensation values were signi�cantly different between men and women. We found that a signi�cant
proportion of healthy people had dyssynergic patterns during simulated defecation while in a prone
position. This study provided evidence of normal HRAM values along with the proportion of dyssynergic
patterns in healthy adults which may be considered baseline data with which to compare clinical
measurements in order to enhance diagnosis and treatment for anorectal diseases in Vietnam, and to
allow comparison with future studies.

Our results also show similarities in the patterns and range of values when compared with those of
previous studies regarding normal HRAM values in healthy people [8–11, 16]. However, besides the values
  for anorectal pressure and rectal sensation, previous studies reported different parameters. Although
these studies focused on normal HRAM values, they had speci�c goals in their reporting and
methodology, and so the manner and structure of HRAM indicators presented differed from ours. There
are currently no guidelines for the selection of indicators when conducting HRAM, so di�culties in
comparing results between studies may arise. As such, we suggest that a standard international HRAM
measurement reporting scheme should be developed [3, 11, 17].

Except for the study conducted by Carrington et al. [11], previous studies did not report functional anal
canal length values [8–10, 16]. The mean value of functional anal canal length was slightly higher in our
study than that reported by Carrington et al. [11]. We also did not �nd a signi�cant difference in this value
between males and females. We did �nd a signi�cant difference in the functional anal canal length
between participants with BMI < 25 and those with BMI ≥ 25, suggesting that BMI variation could affect
the functional anal canal length. In the study conducted by Paul et al., functional anal canal length was
used to evaluate anal sphincter dysfunction in patients with fecal incontinence or constipation, using
baseline values collected from a healthy volunteer control group [18]. However, functional anal canal
length did not help diagnosis of fecal incontinence or constipation in that study. Similarly, in the present
study HPZ values were relatively similar to other studies [9, 10, 19]. We also found no difference in HPZ
values according to sex and age group. Previously, it has been shown that patients with increased HPZ
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lengths may suffer from defecatory disorders [19]. We found a statistically signi�cant difference in HPZ
values according to BMI, such that participants with BMI ≥ 25 had increased HPZ values when compared
to those of participants with BMI < 25. BMI may as such also affect HPZ values, and we therefore suggest
that further studies be conducted to better determine how BMI and other factors in�uence normal HPZ
values.

Anorectal pressure values in our study are similar to those reported in previous studies, but there were
certain differences. Resting pressure in our study was similar to that reported by Carrington et al. [11],
although our value was higher those reported by Li et al. [9], Lee et al. [8], and Jones et al. [16]. Similar to
previous reports, we found no signi�cant difference in anal resting pressure between males and females
[9, 11]. In a study conducted in healthy Korean people, Lee et al. reported that the maximum anal resting
pressure was higher in men than in women [8], although that result may be in�uenced by the relatively
small sample size of that study. Maximum anal squeeze pressure results from our study were lower than
that of Carrington et al. [11] and Li et al. [9]. However, mean maximum anal squeeze pressure in our study
was higher than that of Jones et al. [16]. Differences in values may relate to variation among participants,
measuring instruments, or measurement protocol. Furthermore, the interpersonal interaction between
clinical technicians and research participants may also affect measurement results [20]. As in previous
studies [8, 11], we also found a statistically signi�cant difference in maximum anal squeeze pressure
between men and women. In addition, we report a number of other values not previously mentioned,
including maximum anal cough pressure, maximum anal strain pressure, maximum rectal cough
pressure, and maximum rectal strain pressure. These values also tended to be higher in men than in
women. We suggest that these are also important values in the evaluation of anorectal functions, and
that these values can be used as a reference for the diagnosis and treatment of anorectal disorders in the
future.

The defecation index is simple and easy to calculate and is very effective in assessing disorders that are
related to rectoanal coordination. This index is often referred to in studies involving certain anorectal
diseases [21, 22]. If we consider a defecation index < 1.3 as indicative of an anorectal disorder,
approximately 50% of participants in our study displayed such a condition. However, the participants in
our study were healthy people, and this is something that should be taken into account when using the
defecation index in diagnosis, as its use may give false-positive results. The mean defecation index in our
study is similar to that reported by Lee et al. [8]. We also did not �nd signi�cant differences in defecation
index according to gender, age group, or BMI group.

Dyssynergic patterns were de�ned by Rao et al. to help diagnose patients with chronic constipation [23].
However, most previous studies of HRAM in healthy people did not assess dyssynergic patterns [8–11,
16]. In one study that used HDAM-3D, Enrique et al. reported that a dyssynergic defecation pattern
occurred in more than 60% of health study participants [24]. In our study, approximately 50% of study
participants displayed a dyssynergic pattern, which is consistent with the previously-reported value. We
also compared the presence of a dyssynergic pattern by sex, age group, and BMI group, but we did not
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detect any statistically signi�cant differences. Study that includes a larger sample size should be
conducted to learn more about these factors.

RAIR is also considered an important indicator in HRAM as it can serve as a proxy signal that associates
with various anorectal disorders [25–28]. In our study, RAIR was present in all patients, but the threshold
volume to elicit RAIR was different. Although no previous studies have reported threshold volumes that
elicited RAIR using HRAM [25–28], we suggest that this is also an appropriate indicator to use as a basis
for comparisons of diagnoses. We found that the threshold volume to elicit RAIR was signi�cantly
different between the participant age groups, indicating that age might be a factor relating to changes in
the structure of the anorectal area. This result is in line with a study that used high-de�nition anorectal
manometry (HDAM-3D) [24], in which Coss-Adame et al. reported that the threshold volume that elicited
RAIR was 16.1 ± 1.4 mL in a sample of 78 healthy participants, with no signi�cant difference found
between males and females. Using the conventional ARM method, it was suggested that RAIR may be
absent in adult patients with megacolon, chronic constipation, or chronic intestinal pseudo-obstruction
[29–31]. In children, however, the absence of RAIR is considered to be a highly sensitive and highly
speci�c indicator of Hirschsprung disease [32].

With regards to rectal sensation, the results of our study are similar to those reported by Li et al. [9]. We
found no signi�cant difference in rectal sensation between men and women. However, as opposed to Li
et al., we detected a signi�cant difference in the volumes at �rst sensation and the threshold of desiring
to defecate according to age group [9]. However, in an study using HDAM-3D, Coss-Adame et al. reported
associations between sex and values of the threshold of the desire to defecate, the urgency to defecate,
and the maximal tolerable volume [24]. In addition, we observed a signi�cant difference in the volume at
�rst sensation according to BMI groups. We suggest that age and BMI may in�uence the threshold of
rectal sensation, although this con�icts with Lee et al., who also reported an association between BMI
and the threshold of the �rst sensation, but one that was negatively correlated [8]. As the mechanisms
involved in rectal sensation are still unknown, possible explanations of differences between study
outcomes are unclear. A study that includes a larger sample size is needed to better understand the
factors related to rectal sensation.

We are aware of some limitations of this study. The sample size was relatively small, and data were
strati�ed according to gender, age, and BMI. The small sample size in a sub-group might thus affect
statistical values during comparisons. In this study, we mainly focused on the comparison between males
and females, so it may be possible that we missed characteristics that are unique to females, such as any
history of maternity-related issues. This is a single-center study, so care must be taken when applying
these results to other health centers. Sampling may have been insu�cient to cover all possible age
groups, and it is possible that patient age may affect HRAM values. In addition, this is a cross-sectional
study, so care must be taken when interpreting the results in a causal relationship.

Conclusion
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This study establishes normal values of HRAM in healthy Vietnamese adults, particularly with regards to
normal values of anorectal pressure and rectal sensation. We have found that sex is an important factor
affecting anorectal pressure in healthy adults. Differences in HRAM values according to age group were
only signi�cant for rectal sensations, including �rst sensation and the desire to defecate. There is almost
no difference in HRAM values between BMI groups. Half of study participants had dyssynergic patterns
during the simulated strain period, among which types I and III were most prevalent. Further studies that
include larger sample sizes should be conducted to further con�rm the constants and their relationships,
and should focus on speci�c age groups in order to identify normal values to serve as a reference for
diagnosis and treatment.
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