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Abstract. – OBJECTIVE: To analyze the dif-
ferent influence of body position on wireless 
high-resolution anorectal manometry parame-
ters and in classification for chronic constipa-
tion patients.

PATIENTS AND METHODS: Fifty consecu-
tive patients with chronic constipation and 20 
healthy volunteers were included in this study, 
all of whom accepted the Rome IV constipation 
questionnaires, underwent rectal balloon ex-
pulsion test and wireless high-resolution ano-
rectal manometry. The wireless high-resolution 
anorectal manometry was performed in the left 
lateral, seated, and squatting positions for ev-
ery study subject. The Statistical Product and 
Service Solutions (SPSS) 21.0 software (IBM 
Corp., Armonk, NY, USA) was used for statisti-
cal analysis.

RESULTS: The anal sphincter resting pressure, 
anal sphincter squeezing pressure, and rectal in-
ternal pressure during the evacuation in the seat-
ed position and squatting position were signifi-
cantly higher than those in the left lateral po-
sition in both the volunteer group and patient 
group, without a significant difference between 
the seated position and squatting position. The 
initial perception threshold was higher in the pa-
tient group than in the volunteer group. The wire-
less high-resolution anorectal manometry in dif-
ferent positions combined with the rectal balloon 
expulsion test mainly affects the diagnosis of the 
subtype of inadequate defecatory propulsion.

CONCLUSIONS: Compared with the left lat-
eral position test, the wireless high-resolution 
anorectal manometry in the seated position and 
squatting positions is more consistent with the 
human physiological bowel condition, and the 
result of the test can be affected by the body 
position. The wireless high-resolution anorectal 
manometry can differentiate between subtypes 
during the diagnosis of inadequate defecatory 
propulsion.
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tion, Functional defecation disorders.

Introduction

Chronic constipation is one of the most com-
mon functional gastrointestinal diseases. It can 
be divided into1 slow transit constipation (STC), 
outlet obstructive constipation (OOC), and mixed 
constipation (MC) according to pathophysiolo-
gy. According to the Rome IV standard2, it 
can be divided into functional constipation (FC), 
functional defecation disorder (FDD), and con-
stipation-predominant irritable bowel syndrome 
(IBS-C). FDD is subdivided into dyssynergic 
defecation and inadequate defecatory propulsion. 
We chose different treatments according to the 
classification. For STC, the volumetric laxative 
is the better choice3, and biofeedback therapy is 
the preferable choice for OOC4. In chronic con-
stipation patients, 20-81% present with FDD5-8, 
and the volunteers may also show FDD when 
they undergo anorectal manometry in left lateral 
position9.

To obtain the correct classification, related 
diagnostic tests are needed10. The rectal bal-
loon expulsion test is a preliminary screening 
test for FDDs9, and the anorectal manom-
etry and the perianal electromyography are 
the main procedures for the diagnosing of 
FDDs. The high-resolution anorectal manom-
etry can provide more anatomical information2 
by simulating the change in anorectal pressure 
during defecation, which is very important for 
the diagnostic classification and treatment of 
defecation disorders. However, the anorectal 
manometry is traditionally performed in the 
left lateral position, which is not consistent 
with human physiological defecation and thus 
accounts for the high incidence of FDDs. The 
wireless high-resolution anorectal manometry 
provides us with the opportunity to perform 
the test in the seated and squatting positions 
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very conveniently. To analyze the diagnostic 
value of different body positions using the 
wireless high-resolution anorectal manometry 
for the classification of chronic constipation, 
50 chronic constipation patients and 20 healthy 
volunteers were recruited for our study. All the 
study subjects underwent anorectal manometry 
in three different positions, namely, the left 
lateral position, the seated position and the 
squatting position, and the influence of each 
position on the results of parameters was ob-
served. We also analyzed the effect of different 
body position on the classification of chronic 
constipation.

Patients and Methods

Patients
Fifty consecutive chronic constipation patients 

were recruited between June 2016 and April 
2017, and 20 healthy volunteers were recruited. 
All chronic constipation patients complied with 
the Rome IV diagnostic criteria. All volunteers 
had no constipation symptoms. Both the chronic 
constipation patients and the volunteers met the 
following exclusion criteria: 1) anorectal disease 
confirmed by colonoscopy or lower digestive 
tract angiography, 2) diabetes mellitus, hyperthy-
roidism, hypothyroidism, and history of connec-
tive tissue disease, 3) abdominal, pelvic, and ano-
rectal surgery history, 4) inability to make body 
position changes because of spinal joint disease, 
and 5) inability to cooperate because of mental 
neurosis diseases. This study was approved by 
the Ethics Committee of Capital Medical Univer-
sity Affiliated Beijing Shijitan Hospital. All vol-
unteers and chronic constipation patients signed 
informed consent before the study.

Instrument
An eight-channel wireless high-resolution ano-

rectal manometry catheter produced by Zhejiang 
Ningbo Maida Medical Device Inc. (Ningbo, 
China) was used. The data analysis was carried 
out by a computer expert diagnostic system.

Procedure
Each subject’s medical history was collected 

by the same trained specialists and the Rome IV 
constipation questionnaires were completed at the 
same time. Each subject underwent feces evacua-
tion with a glycerin enema 30 minutes before the 
examination. All the study subjects underwent 
anorectal manometry in three different positions: 
left lateral position, seated position, and squatting 
position. All subjects underwent rectal balloon 
expulsion in a seated position.

Statistical Analysis
The SPSS (Statistical Product and Service 

Solutions) 21.0 software (IBM, Armonk, NY, 
USA) was used for the statistical analysis. The 
general characteristics of each subject were an-
alyzed by the t-test. The parameters of anorectal 
manometry in different body positions were an-
alyzed by single factor analysis of variance. The 
classification of chronic constipation conducted 
by anorectal manometry in different body posi-
tions was analyzed by the Chi-square test. The 
rectal perceptional function of different groups 
in chronic constipation was analyzed by an inde-
pendent sample t-test. The statistical significance 
was defined as p<0.05.

Results

Subject Characteristics 
Age, height, weight, and body mass index 

(BMI) showed no significant differences in either 
the volunteer group or the patient group, p>0.05 
(Table I).

Comparison of the Parameters of the 
Wireless High-Resolution Anorectal 
Manometry in Different Body Positions 
in the Volunteer Group 

There was a significant difference in the anal 
sphincter resting pressure, the anal sphincter 
squeezing pressure, and rectal internal pressure 
during evacuation among the three testing po-
sitions, p<0.05 (Table II, Figure 1). The anal 

Table I. Subject’s characteristics.

 Sex (male; female) Age (years) Height (cm) Weight (kg) BMI (kg/m2)

Volunteer  10:10 46.65 ± 12.02 166.60 ± 6.52 64.40 ± 7.01 23.17 ± 1.75
Patient  13:37 50.42 ± 16.10 164.04 ± 6.61 61.74 ± 8.16 22.94 ± 2.75
p-value  0.072 0.877 0.469 0.137
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sphincter resting pressure and the anal sphincter 
squeezing pressure in the seated position were 
significantly higher than those in the left lateral 
position (p<0.05), which was also higher than 
that in the squatting position without significant 

difference. The rectal internal pressure during 
evacuation in the seated position and squatting 
position were significantly higher than that in the 
left lateral position, p<0.05. The rectal internal 
pressure during the evacuation in the squatting 

Table II. Comparison of parameters in different positions in volunteer group.

 Anal sphincter Anal sphincter Rectal internal Sphincter residual
 resting pressure squeezing pressure pressure during pressure during
 (mmHg) (mmHg) evacuation (mmHg) evacuation (mmHg)

Left Lateral 37.05 ± 8.33 112.00 ± 14.36 58.25 ± 12.38 24.25 ± 10.04
Seated  43.65 ± 6.21 127.75 ± 19.36 70.00 ± 9.46 22.50 ± 6.18
Squatting  41.00 ± 5.98 120.75 ± 18.01 72.30 ± 8.30 22.10 ± 5.69
Compared with each other p-values are p-values are p-values are p-values are
 0.004, 0.076, 0.006, 0.117, 0.001, 0.000,  0.467, 0.372, 
 and  and and and
 0.231, respectively 0.208, respectively 0.478, respectively 0.868, respectively

Figure 1. Comparison of the parameters of the wireless high-resolution anorectal manometry in different body positions in the 
volunteer. 1A, 2A, 3A show the anal sphincter resting pressure in left lateral position, seated position, squatting position. 1B, 
2B, 3B show the anal sphincter squeezing pressure in left lateral position, seated position, squatting position. 1C, 2C, 3C show 
the anal sphincter resting pressure and rectal internal pressure during evacuation in the left lateral position, seated position, 
squatting position. The anal sphincter resting pressure and the anal sphincter squeezing pressure in the seated position were 
significantly higher than those in the left lateral position. The rectal internal pressure during evacuation in the seated position 
and squatting position were significantly higher than that in the left lateral position.
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position was higher than that in the seated po-
sition, but there was no significant difference 
between the two positions, p>0.05. The anal 
sphincter residual pressure during evacuation 
showed no significant difference among the three 
positions.

Comparison of the Parameters of the 
Wireless High-Resolution Anorectal 
Manometry in Different Body Positions 
in the Chronic Constipation Group

There was a significant difference in the anal 
sphincter resting pressure and rectal internal 
pressure during evacuation among the three test-
ing positions, p<0.05 (Table III, Figure 2). The 
anal sphincter resting pressure and the rectal 
internal pressure during evacuation in the seated 
position and squatting position were significant-
ly higher than that in the left lateral position, 
p<0.05. The anal sphincter resting pressure and 
the rectal internal pressure during the evacuation 
in the squatting position were higher than in the 
seated position, but there was no significant dif-
ference between the two positions, p>0.05. The 
anal sphincter squeezing pressure and the resid-
ual sphincter pressure during evacuation were 
not significantly different between the three body 
positions (p>0.05).

Comparison of Rectal Perception 
Function Between Chronic Constipation 
Group and Volunteer Group

There is no significant difference in the rectal 
anal inhibitory reflex, the threshold of defecation, 
and the maximum tolerance threshold between 
the chronic constipation group and the volunteer 
group, p>0.05 (Table IV). The initial perception 
threshold of the patient group was significantly 
higher than that in the volunteer group (p<0.05).

The Value of Different Body Position in 
the Diagnosis and Clinical Classification 
of Chronic Constipation

The patients were classified into FC and FDD 
by using wireless high-resolution anorectal ma-
nometry in different positions combined with the 
rectal balloon expulsion test (Table V). There was 
no significant difference among the left lateral 
position, seated position, and squatting position 
(p>0.05). Then, the FDD was subdivided into 
dyssynergic defecation and inadequate defeca-
tory propulsion. We observed a difference when 
we used the wireless high-resolution anorectal 
manometry in different positions combined with 
rectal balloon expulsion test to subdivide the 
FDD group (Table VI). There was a significant 
difference between the seated position and the 
left lateral position, and between the squatting 
position and the left lateral position, but there 
was no significant difference between the seated 
position and the squatting position.

Discussion

Eighty-five percent of the anal-rectal resting 
pressure is produced by the internal anal sphinc-
ter, and the 15% is produced by the external 
anal sphincter. The anal sphincter squeezing 
pressure is primarily produced by the external 
anal sphincter and musculus puborectalis. Nor-
mal evacuation requires adequate rectal internal 
propulsion, which is more than 45 mmHg, with 
the anal sphincter 20% more relaxed than the 
resting state. In this study, in the volunteer group, 
the anal sphincter resting pressure and the anal 
sphincter squeezing pressure in the left lateral 
position were the lowest, and they were highest in 
the seated position. The anal sphincter squeezing 
pressure was 2 times higher than the anal sphinc-
ter resting pressure. The rectal internal pressure 

Table III. Comparison of parameters in different positions in chronic constipation group.

 Anal sphincter Anal sphincter Rectal internal Sphincter residual
 resting pressure squeezing pressure pressure during pressure during
 (mmHg) (mmHg) evacuation (mmHg) evacuation (mmHg)

Left Lateral 33.88 ± 14.08 90.08 ± 27.89 28.02 ± 16.68 31.10 ± 22.95
Seated  43.52 ± 18.99 93.40 ± 29.97 40.04 ± 16.97 42.24 ± 25.96
Squatting  43.90 ± 16.70 95.20 ± 30.02 45.50 ± 20.78 40.30 ± 28.06
Compared with each other p-values are  p-values are p-values are p-values are
 0.005, 0.003, 0.572, 0.384,  0.001, 0.000, 0.032, 0.076,
 and and and and
 0.910, respectively 0.759, respectively 0.137, respectively 0.707, respectively
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Figure 2. This figure shows the parameters of the wireless high-resolution anorectal manometry in different body positions 
in one chronic constipation patient. 1A, 2A, 3A show the anal sphincter resting pressure in left lateral position, seated position, 
squatting position. 1B, 2B, 3B show the anal sphincter squeezing pressure in left lateral position, seated position, squatting 
position. 1C, 2C, 3C show the anal sphincter resting pressure and rectal internal pressure during evacuation in left lateral 
position, seated position, squatting position. The anal sphincter resting pressure and the rectal internal pressure during the 
evacuation in the seated position and squatting position were significantly higher than that in the left lateral position.

RAIR: rectal anal inhibitory reflex.

Table IV. Comparison of rectal perception function.

  RAIR Initial perception Defecation Maximum tolerance
 N (mL) threshold (mL) threshold (mL) threshold (mL)

Control 20 14.50 ± 5.10 31.50 ± 7.80 72.75 ± 15.34 123.25 ± 23.97
Constipation 50 13.00 ± 5.80 41.90 ± 20.18 83.00 ± 36.32 122.40 ± 51.73
p-value  0.316 0.003 0.102 0.926

Table V. Comparison of the classification of chronic constipation between the left lateral position and seated position/
squatting position.

                                           BE + seated ARM                                 BE + squatting ARM

 BE + LL ARM FC FDD FC FDD

FC 19  1 19  1
FDD  1 29  4 26

LL: left lateral, ARM: anal rectal manometry, BE: balloon expulsion.
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during evacuation is the lowest in the left lateral 
position and highest in the squatting position, 
with all the results over 45 mmHg in the three po-
sitions. The relaxation percentage of anal sphinc-
ter is more than 20%. This process is accompa-
nied by physiological defecation. The results are 
consistent with the previously reported results 
in healthy volunteers11-14, which also verified the 
practicability of the high-resolution wireless pres-
sure measuring instrument15. In this study, the 
rectal internal pressure during evacuation and 
the relaxation percentage of the anal sphincter in 
the chronic constipation patient group are inade-
quate, which indicates that chronic constipation 
patients may suffer from defecation disorders16,17. 
The rectal perception function indicated that the 
initial rectal perception threshold in the patient 
group was higher than that in the volunteer group, 
which is consistent with a previous report18, in-
dicating a reduction in rectal sensitivity in the 
patient group.

Anorectal manometry is traditionally per-
formed in the left lateral position due to the previ-
ous instruments. However, the physical defecation 
position is the seated position or the squatting po-
sition, which can be timesaving and power saving 
as concluded from previous questionnaires19 on 
healthy volunteers. It is related to the contraction 
direction of the anorectal and the surrounding 
muscles when evacuating in different positions. 
The anorectal angle is approximately 80-90° in 
the seated position and approximately 100-110° in 
the squatting position. The greater the anorectal 
angle, the straighter the rectum is, and the easier 
the defecation is. We can also see an expanding 
trend of the anorectal angle from the seated posi-
tion to the squatting position when taking X-ray 
defecography, which makes the defecation more 
feasible. The wireless high-resolution anorectal 
manometry instrument can be flexibly operated 
in the seated and squatting position, and the qual-
ity and inspection results are reliable and consis-

tent with the previously reported results carried 
out by water-perfused catheter and solid-state 
high-resolution anorectal manometry (3D) in vol-
unteers and chronic constipation patients11,13-15.

We recognized that there are 4 types of ano-
rectal pressure changes during defecation2,20 as 
follows: a normal pattern is characterized by 
increased intrarectal pressure associated with 
anal relaxation. Type I is characterized by an 
increased intrarectal pressure (≥45 mmHg) and 
increased anal pressure, reflecting the contrac-
tion of the anal sphincter. Type III is char-
acterized by an increased intrarectal pressure 
(≥45 mmHg) with absent or insufficient (<20%) 
relaxation of the anal sphincter. The type II pat-
tern reflects inadequate propulsion (intrarectal 
pressure <45 mmHg) with insufficient relax-
ation or contraction of the anal sphincter. The 
type IV pattern describes inadequate propulsion 
(intrarectal pressure <45 mmHg) with adequate 
relaxation (>20%) of anal sphincter pressure. 
Types I and III describe dyssynergic defecation, 
and types II and IV describe inadequate propul-
sion. When performing biofeedback training4, 
we should emphasize rectal internal propulsion 
training for type II and IV, training for relax-
ation of the anal sphincter for types I and III. In 
this study, we found that the different positions 
mainly affect the rectal internal pressure, and 
the rectal internal pressure in the left lateral 
position of some chronic constipation patients 
can be enhanced when switching to a seated or 
squatting position, which can influence the sub-
division of the FDD, from inadequate defecatory 
propulsion to dyssynergic defecation or normal. 
Therefore, the results of this study suggest that 
when patients were diagnosed with FDD in the 
left lateral position, they should repeat the test 
in the sitting or squatting position. In addition, 
they should consider the clinical assessment of 
chronic constipation and conduct an appropriate 
biofeedback training plan.

Table VI. Comparison of the classification of functional defecation disorder between the left lateral position and seated 
position/squatting position.

                              BE + seated ARM                            BE + squatting ARM

   Inadequate  Inadequate
  Dyssynergic defecatory Dyssynergic defecatory 
 BE + LL ARM defecation propulsion defecation propulsion

Dyssynergic defecation 7  0  5  0
Inadequate defecatory propulsion 8 14 10 11
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Chronic constipation requires a comprehensive 
therapy3,21-24, retraining the physiology of defe-
cation, improving the education of physiological 
defecation, establishing a balanced diet (such as 
increasing dietary fiber consumption and drink-
ing more water), and exercising regularly. We 
should pay attention to the effect and safety as 
well as drug dependence when selecting drugs 
for patients with FC. Volumetric laxative, such as 
polyethylene glycol electrolytes, is a better choice 
because there is no intestinal absorption, less 
adverse effects, an increase in the frequency of 
defecation, and improvement of the fecal charac-
ter25,26. For STC, prodynamics, such as cisapride 
or mosapride, and 5-HT4 receptor agonists, such 
as prucalopride, can be added to the treatment of 
severe chronic constipation to improve intestinal 
function and relieve constipation symptoms27-30. 
Biofeedback therapy is the preferable choice for 
FDD4. The therapist guidance and patient com-
pliance will be the key factors for successful 
treatment. Psychotherapy plays a vital role in the 
treatment of patients with severe chronic consti-
pation. Surgical treatment should be considered 
carefully, and the evaluation for serious psycho-
logical disorders or other gastrointestinal diseas-
es, except colonic disease, should be considered 
before surgery.

Conclusions

In summary, the position of anorectal manom-
etry mainly affects the subdivision of FDD be-
cause the body position mainly affects the rectal 
internal pressure during evacuation. Therefore, 
for chronic constipation patients, when they show 
inadequate propulsion in the left lateral position 
testing with the traditional instruments, it is rec-
ommended that the patient change to the seated 
or squatting position and repeat the test using 
the wireless high-resolution anorectal manometry 
instrument and make a preferable biofeedback 
treatment program based on the results. 
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