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Anorectal Friction
Force Is Reduced in
Fecal Incontinence
Fecal incontinence (FI) and
obstructed defecation syn-

drome (ODS) are important anorectal
disorders that affect a large proportion
of the population. They are under-
diagnosed and represent a psycholog-
ically and socially debilitating problem
that affects quality of life.1 The patho-
physiology is multifactorial. Due to
limitations with current technology for
anorectal function studies, an unmet
need exists for new technology and
metrics for diagnosis and mechanistic
insight. Current technologies have
added significantly to our understand-
ing of functional anorectal disorders
but have limitations in being relatively
unphysiological, discrepancies exist for
results obtained with different tech-
nologies, and correlation with symp-
toms is low.2–4

Fecobionics technology has the po-
tential to change the field since it in-
tegrates elements from current
technologies into one test that is bi-
onic, ie, the device is a simulated stool
with consistency and shape as natural
feces.5,6 Evacuation procedures are
done in privacy. A less advanced wired
Fecobionics device, primarily based on
pressure recordings, showed signifi-
cant potential in anorectal diagnostics
being capable of subtyping ODS and FI
patients with strong correlation with
symptoms and treatment outcomes.7–9

The new wireless Fecobionics system
is an integrated test with multiple
measures (pressures, diameters, ac-
celeration, orientation, and bending)
providing unprecedented possibility
for development of new metrics. Here
we present a novel friction force
metric that integrates pressures, shape,
size, and the anorectal angle for
assessment of defecatory function. This
study focuses on development of the
model and testing friction force in a
small group of normal subjects (NS)
and FI patients. Studies were con-
ducted at the California Medical In-
novations Institute and at University of
California San Diego after IRB approval
and informed consent. Trial Registra-
tion. www.clinicaltrials.gov Identifier:
NCT04765138.

The subjects were 18 years of age
and older. Pregnant women and
morbid obese subjects were excluded.
Demographic data and FI severity in-
dex (FISI) scores were obtained from
questionnaires. The wireless Feco-
bionics device was inserted in 15 NS
(median age 49 years (quartiles
27–56) and 10 FI patients (age 47
years (39–62)). Sixty percent of the
subjects were females. The bag on the
device was distended inside rectum to
urge-to-defecate volume and the de-
vice was evacuated in privacy. High-
resolution anorectal manometry
(HRAM, Manoscan, Medtronic) using
the London Protocol and balloon
expulsion test (BET, Mui Scientific)
were used for reference and compari-
son. Friction force was computed using
a force equilibrium model (Figure A
and Supplementary Material). The
model is purely physical, ie, not based
on empirical parameters. It takes the
rear (driving), bag, and front (resis-
tive) pressures into account along with
the gravitational force, and device
bending, shape and size. Mann-
Whitney test and Spearman correla-
tion tests were used.

The FISI score in NS and FI patients
was 0 (0–2) and 22 (14–34). Most
patients were women with anal in-
juries caused by deliveries earlier in
life. Several patients had comorbidities
such as hypertension, hypothyroidism
and depression and were on medica-
tions, eg, omeprazole. One patient had
prior hysterectomy, another had prior
rectal cancer surgery. All subjects
evacuated Fecobionics within 2 mi-
nutes, most within 20 seconds. A few
patients dropped the device before
attempting to evacuate it. In compari-
son, 8 NS and 3 FI patients could not
evacuate BET. The median urge-to-
defecate volume was 75–85 ml
without difference between groups
(P > .5). The friction force was lowest
in patients (P < .05, Figure B and C)
and negatively correlated to the FISI
score (r ¼ �0.46, P < .05). Fecobionics
data showed higher correlation with
symptoms in patients than ARM-BET
(see below). The friction force
showed strong association with the
Fecobionics rectoanal pressure differ-
ence (F-RAPG, r ¼ 0.68, P < .001,
Figure D) and the bag pressure (r ¼
0.61, P < .01), and moderate correla-
tion with maximum rectal diameter
(r ¼ 0.58, P < .01) and rear pressure
(r ¼ 0.56, P < .01). The minimum anal
diameter and device bending (a proxy
of the anorectal angle) did not corre-
late with the friction force. Friction
force showed moderate correlation
with the HRAM resting anal pressure
(r ¼ 0.55, P < .05).

HRAM anal resting and squeeze
pressures differed between groups (P <

.05) and showed negative correlation
with the FISI score (P < .05). The
HRAM-RAPG during push maneuvers
did not differ between the groups
(P > .05) and did not correlate with the
FISI score (P > .3). The HRAM resting
anal pressure correlated with the fric-
tion force (r ¼ 0.46, P < .05) whereas
the anal squeeze pressure and the
HRAM-RAPG showed no association.

An limitation is the small group
sizes. Despite this, results were statis-
tically conclusive. The next step is to
conduct large-scale follow-up studies in
well-defined groups of FI and ODS pa-
tients to obtain mechanistic insight into
the pathophysiology. The comorbidities
and medications of the FI patients are
not believed to affect our conclusions,
eg, removing the patient with prior
rectal surgery would not have changed
the conclusions. The patients were not
subtyped into passive and urge incon-
tinence since this classification has
been questioned.10 Some FI patients
with low anal resting pressure drop the
device.8 These patients were included
since the device recorded the event. A
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Figure. (A) Force balance model for anorectal expulsion of Fecobionics. F, r, f, G and fric denote force, rear, front, gravitational
force and friction force, respectively. (B) Tracing showing forces as function of time during evacuation in a patient with FI. (C)
Friction force was lower in patients with FI compared to NS. (D) Scatter plot with regression line for friction force versus the
RAPG. A strong association was found (r ¼ 0.68, P < .001).
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high percentage of NS surprisingly
could not expel BET but expelled
Fecobionics.

The present data are the first with
wireless Fecobionics in patients and
the first to present advanced metrics,
ie, friction force, a physics-based force
balance metric, representing the me-
chanical coupling between anorectal
muscle and feces. The metric is well-
suited for Fecobionics since it mea-
sures all factors of importance. Low
friction, ie low resistance to the pas-
sage of feces, is a promoter of anal
leakage. Hence, the target for FI ther-
apies is to increase the friction force.
As expected, friction force was lowest
in patients and correlated negatively
with the FISI score. Decomposing the
friction force showed that the F-RAPG
and bag pressure were the most sig-
nificant contributors. These mecha-
nistic data from NS and FI patients do
not exclude that other factors such as
anal diameter are determinants of
friction force in ODS patients. Future
studies will investigate this. HRAM
confirmed differences between the
groups but only the resting pressure
correlated with friction force. The
HRAM-RAPG was not associated with
any other measure.

The study shows the potential for
integrated bionic technology and met-
rics in anorectal assessment. We seek
to identify novel biomarkers that can
help to predict success or failure of
therapies such as biofeedback therapy
and tune personalized therapies.
Future studies will address our long-
term goal of providing mechanistically
based effective biomarkers for func-
tional anorectal disorders.
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balloon expulsion test; F, force; f, front; FI,
fecal incontinence; F-RAPG, fecobionics
rectoanal pressure gradient; Fric, friction
force; G, gravitational force; HRAM, high-
resolution anorectal manometry; IRB,
institutional review board; NS, normal
subject; ODS, obstructed defecation syn-
drome; RAPG, rectoanal pressure gradient;
R, rear
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