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To determine whether outcome in chronically constipated and encopretic chil-
dren with abnormal defecation dynamics could be Improvod with biofeedback
training, we randomly assigned patients, 5 o 16 years of age, to receive con-
.ventional freaiment alone (n =19) orconventional plus bioteedback lrealmenl '
(n = 22) and evaluated physlologic ouicome at 7 months and clinical outcome
at 7. and 42 monlhs Elghly-slx percent of patienis leamed normal defecation
dynamlcs with up 'to six blofeedback sessions. At 7 months, 13% of convention-
ally freated and. 77%. of bloteedback treated patients had normal defecation
dynamicsi(p <0, 01); one conventionally treated (5%) and 12 biofeedback-

‘ treated: pa!lenls\ (55%)' had recovered (P <0.01). Leuming normal defecation

. jdynamics was corretated with: cllnlcul recovery (p <0.01). At 7 monihs 44% of
pailenls with normal detecallon dynumlcs after’ bioleedback freatment had
abnormal defecation dynamlcs ‘and’ 7‘!% of the biofeedback- irealod patients
with normal defecation dynamics recovered ‘At 12 monlhs, 16% of convention-
ully treated and 50% of blofeedchk tredted patients had recovered (p <0.05). '
'Balloon detecation did not improve’ slgnllicunlly in those who'leamed normal -
" defecation dynamlcs Thereforef the ability to detecale balloons is apparently
inot dependent on ihe normal tunctlon ‘of the external and sphincter.and pelvic
floor muscles alone. Blofeedback treatment is complementary to a good con-
venﬂonal lhempeuﬂc reglmen ln pollents with abnormal detecullon dynamics.

'(J PeDIATR. 1990 116: 214-22)

' Several anorectal abﬂormahues mcludmg |mpalred rectal

and sigmoid sensatlons, ‘have been detécted by is and other '
mvcsugators lin chtldren, with chromc consupatlon and
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encoporesis.' % Impaired rectal sensation, higher maximal
rectal compliance, or both were found in 97% of constipated

children and were independent of rectal size. 3 Impairment
of rectal sensation' leads to fecal lmp?cnon, ‘which can |m-' gy
! pede the defecation process. This impairment can persist up '

|)|

'EAS  External anal Sphiﬁctcr
EMG | Electromyography

to 3 years despite therapy and clinical improvement: of
symptoms.? We have demonstrated that approximately
50% of children with chronic constipation and encopresis
have abnormal defecation dynamics; they close the anal ca-
nal by contracting rather than relaxing the external anal
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sphincter, as well as the puborectalis and pelvic floor mus-
cles, during defecation attempts.® These abnormal defeca-
¢+ tion dynamics may persist after 12 months of laxative
treatment,* and patients with abnormal defecation dynam-
ics are significantly less likely to have recovered after 1 year
of ‘conventional laxative treatment than constipated chil-
' 'dren with ‘normal:defecation dynamics (13% vs 70%;
I p<0.01)4

. Because the EAS is a striated muscle, it should be ame-
nable to modulation by the use of biofeedback training. The
aims of our study were to evaluate (1) what proportion of
: paucnts wlth abnormal contraction of the EAS during def-
© ecation- atlcmpts oould learn (relaxation’ ol' the EAS with'
biofeedback- training, (2) whether) relaxatlon of the EAS'

: "' EAS/ w:lh blofeedback trammg would mﬂucncc outcome.
I L AN RTESS S ; i

METHODS RO T

hefie

Study . populatlon. The study populauon consisted ‘of 43
Ich:ldrcn (33 boys) with chromo 60:1' ipation and enoopw

. for. biofeedback: training; and for the'study ‘of ' the  anal
sphmcters during theiact’ of bcarmg d0wn for defecation,
_‘below.) Abnormal defecauon ‘dynamics 'was defined as an

dcl'ecatmn atlempts' j : -
~ Children with' abnorma! defecalmn dynamlcs (5 to'16
. years of age) and their: parcnl.s were approached to enter our
study if they had =2 soiling episodes per week and evidence
of a huge amount of fecal material in the rectal ampulla at
rectal examination. In many patients, stool evacuation was
incomplete as evidenced by periodic passage of very large
amounts of stool (every 7 to 30 'days), often clogging the
toilet. 'Stooling could 1.occur: with' normal or  increased

frequency, but then the stool volume was small. All children:

had fecal soiling for more than 1 year. Children with Hirsch-
sprung discase, hypothyroidism, mental deficiency, chronic
debilitating discases, or neurologic abnormalities and chil-
dren who had had previous surgery of the colon were not
approached.

- We: had calculated that! 22 'pairs of isubjects 'would be
neéded per' group to allow a power of approximately 0.9 to
detect a difference of 0.7 versus 0.2 in achieving normal
bowel habits (recovery from chronic constipation and enco-
presis). Recruitment for the study took place in the Univer-
sity of lowa Encopres:s Clinic¢ from March 1985 to March
1988

Slxtccn hcalthy children (11 boys) aged 6.5to 12.8 years
(meanage:10.3 years) ‘who had 'been studied 'previously
served as control subjects.’ The parents of these control
children were University of lowa staff members who volun-

‘would! pcrsistxfdr 5.t0 6'‘months after the children success- |
: fully learned it} and (3 whelhcr’learmh 4 re!,axatmn of the !

. sis'and ‘with' abnormal: dcfocatioh dynamms (See methods '

;abnormal uoomrachon of the EAS and’ pchnc floor during.

Biofeedback treatment for-consripdn‘o& . 2185,

teered for this study. The children had 'from two bowel
movements per day to one every other day. They had no
history of previous gastrointestinal tract disease, and their
physical examination findings were normal.

The study was approved by the institutional human
research review committee. Written informed consent was
obtained from the parents and children studied.

Study protocol. Sealed envelopes with 4 X 4-inch cards
indicating either conventional therapy alone or conven-
tional therapy with biofeedback trainnig were used for ran-
domization. Patients in both treatment groups returned to 1’
the clinic for evaluation and for adjustment of medication
at 30 + 7 days, 60, 14 days, and 44+ 0.5 months after.
rando:n ass:gnment ln addition, patients in both treatment|
groups! wcre contacted ' evcry wcek durmg the, ﬁrst month

after: randéin’ asslgnmcht to ‘ensure’ {bat‘ﬁk&ﬁénts Weréite-

ceiving adequate doses of medication and complying with""
treatment, and that the same frequency of tontacts betwecn
patients and 'therapists was ‘maintained in both treatment:
groups. Patients in  the biofeedback group reoewed up to sw

. sessions ‘of btofoedback‘therapy spaced (7/+'2: days apart*-
R 'Pahem,s iwere’ mslrucwd to dnscontmue laxatwc therapy at|

6.+0.5 months aftcr lmuatnon of thernpy' ke L s

- Reevaluation of: patlents oocurmdld sweekswr s days af—
ter d:scontmuatlon of laxative thcrapy. The sevaluauon B
cluded review of the lashmonth's stool, smlmg, and lmedi-
cation diary; an interview about abdomi:ial pain and day or!'
night urinary mcontmcncc. an abdommal and rectal exam- |
ination; and anorectal manometry and studies of defecation |
dynamics. Patients were oonmdcrad o have rem#ered from
chronic consti pauon and enoopresrs if Ilhcy;mct the follow- '
ing criteria: >3 bowel movements per week and 59) soiling
episodes per month while not: receiving! laxatives: for 4
weeks.> 48 Patients were considered not'to have recovered
if they had <3 bowel movements'per week-or wére soiling |
>2 times per month or hadbeen started on a regimen of
laxatives again. Follow-up interview by questionnaire was
conducted at 12 months.

Treatment protocol. All:patients received conventional
laxative treatment for encopresis and constipation similar to .
that used for the previous 10 years in our encopresis clinic.
Twenty patients were randomly assigned to receive conven-,
tional treatment alone. Afterdisitnpaction with enemas, the:
treatment was aimed iat'relieving social ‘and 'psychologic
problems faced by these children through' education about
the underlying constipation, at prevention of accumulation
of fecal material in the colon with the help of idaily use of
laxatives (milk of magnesia) and increase in dietary fiber,
and at scheduling of toileting. Enough milk of magnesia’
(approximately 2 ml/kg body weight) was given daily to
induce at least one bowel movement daily and prevent fecal
retention. The milk of magnesia dosage was decreased
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IFlgure .Tracmgs dl:pl(:l, pressure changcs in rectum and anal canalf and EMG changcs from EAS durmg trial to defe-

- cate! Duration of" defec’anon tnab is mdlcaled by arréwsf(”) Normal defecation consists of increased rectal (intraabdom-.’
AN mal) pressure, dccreased anal pnmsur;r and dccreasdd‘d:rect and mtcgratcd EMG activity/ Abnormal dcfccauon dynamics
AT i

consists' af}

||!|| ;

mcrcas;d\ tectal-( ntraatgdqp’ﬁn

gradua]ly« to rnamlam a dally bqwel. ovcment ancl pn:vént -
‘fecal retention and soiling! Concomltanl!y wuh the admin-

istration of milk of magnesia, the ctnld was mstrucwd totry
to defecate for 5 mmules after each ‘meal ancl after retum-
ing from school for thc initial month an lhcn totry to def-
ecate: at'least once dally|for the: rcrn ng months ofn the
study. Parents and' chlldren kepl al dlar}'tof‘ bowcl mm’tzd
ments fecal soiling, and med:cauom uged4dur:ng the study

Although' it is unusual' to: request; parents; and, patientsito

keep records for such an extended period, our previous ex-

periences showed that record keeping motivates parentsand

patients to comply with the therapy; it also supplies a guide
for adjustment of therapy. Parents and children learn from

daily record keeping because they recognize stool retention

and are able to adjust the medication and to use cleansing

enemas if necessary. : -
Biofeedback training. Twenty- three patients were ran-

domly assigned to receive additional biofeedback training.

,'prcssur ; anal' pressure, and dlrcct\and mlegratdd EMG acu\nty

Wc rcoordcd myoe]ectrtc actwny from lhc external sphinc+
Iter atl a recording speed. of 10, mm/seci with three surface,
relectrodes ! (Abco i Dealers, ' Inc., | Milwaukee, ‘Wis.). Two,

\ 1 electrodes' were, p]aced over the external sphmcter. and a’

third on the buttock. The area under the wave form of the
acuon potcmtals‘ an index of total aclwuy, was obtamed by
mtcgratmg the: primary sngnal with an EMGfavcragmg
coupler (!ype ;9852A,. SensorMedics . Corp., Anaheim,
“Calif.). S:mu]ianeously, we used a motility probe (model
| P31-D3, Sandhill Scientific Inc., Littleton, Colo.) to eval-
uate the combined function of the external and internal anal
sphincters : and ' rectal | pressure  changes, 'as  described
| previously.27 One of the transducers was placed into the -
rectum (6 cm) and a second into the anal canal (1 cm above
the anal verge). A latex ballooh (2.5 X 3 cm) tied 1o the end
of a polyethylene tube was used for rectal distension and
placed with its base 11 cm above the anal verge. The out-
puts of all transducers and surface electrodes were [ed into

!
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amplifiers of an eight-channel dynograph recorder (Beck-
man R-611, SensorMedics} and graphed on paper. The pa-
tients were shown a manometric and an EMG tracing from

a normal child (Figure). The differences in the patient’s
EAS contraction and the healthy child’s EAS relaxation
during defecation trials were pointed out. Initially the rec-
tal balloon was inflated with 50 ml air and the patients were
instructed to increase intraabdominal pressure, to push as

if dcfeca!inlg. and to inhibit contraction of the EAS in at-
tempts to produce relaxations (or tracings) similar to the

| normal EAS relaxations that he or she was shown. Constant
" verbal reinforcement, visual reinforcement (recording), and

; " sound reinforcement (the EMG rééording stylus produced |

. less noise) were given when correct responses were made

The patient experimented and tncd to modify the responses

to make them appear more _normal until he or she finally
accomplished relaxations of the EAS. After the patient was

' ‘able. to produce relaxation of 'the EAS, he or she was |

encouraged to increase the duration of'the EAS relaxation
and to do so without rectal balloon distensjon. After relax-
. ation of the EAS was accomplished, the visual feedback and
'/, later the verbal feedback were withdrawn.

30 to 35 defecation trials and las_.{ed approximately 45 min-

apart were given. The number of training sessions given de-
pended on how soon the child /learned Ito relax the EAS.
Biofeedback training sessions were stopped after 10 relax-
ations of the EAS without visual feedback could be accom-
plished in each of two successive blofccdback training ses-
i sions.
i Defecation studlee and anorectal manometry
Studies of the EAS and pelvic floor during the act of
bearing down for defecation. These studies were performed
' atleast 1 hour after disimpaction with one or two phosphate
" enemas. In children with enormous fecal retention, disim-
paction was done over several days and the child returned
after disimpaction for testing. Myoelectric activity from the
EAS and pressures in the anal canal and rectum were re-
corded with the anal surface electrodes and the anorectal
-motility probe. Instruments anditheir position were the
same as those described during biofeedback training.

. While lying in the left lateral position, the child was asked
" to bear down five times as if defecating and to squeeze
(tighten up) five times in random order, We defined defe-
- cation dynamics as normal if the integrated EMG decreased
during intraabdominal pressure increase (rectal pressure
recording =30 mm Hg) during at least two of five defeca-
tion trials. We defined defecation dynamics as abnormal if
- there was a persistent increase in the integrated EMG dur-
ing bearing down (with intraabdominal pressure increase of
i'""- =30 mm Hg) in at least four of the five defecation trials.$

A biofeedback. \training session included ‘approximately,

utes: At least two and up to six training sessions 7.+ 2 days |

Biofeedback treatment for constipation . = 217/

In three recordings, no change in the integrated EMG could |
be detected during intraabdominal pressure increase; this .
result was counted as normal. In the first few patients, we
had no coupler for EMG integration, so an increase in fre-
quency and amplitude of the action potentials of the raw
EMG was used.

Studies of balloon defecation. To simulate defecation of
a stool from the rectum, we asked children to defecate rec-
tal balloons filled with 30, 50, and then 100 ml water,
allowing 5 minutes for each balloon, while sitting on a toi-
let chair. Defecation of a balloon of each size was evaluated |
during the first minute and during 5 minutes. The intraab-
dominal ' pressure exerted on)the rectal balloon: during
attempts to defecate was transmitted'via 'a| polyethylene;
tube to a pressure transducer. (type 4- 1327-0, Beckman\]n-- ;
struments Inc., Fullerton, Cahf ) and recorded. g

Studies of the effects of recraf distension. Becausc it i/
possible that children with chronic constipation who do not
recover have significantly)more impairment iin anorectall' _
function than children who recover, we evaluated! the:

response of the rectum and anus to rectal distension. These | dhay

tests have been described prevlous]y, sngmﬁcantly higher:
balloon volumes are required 'in the constlpatcd chitdren’

compared with control subjects.’ 2.7.8 With the base: of the . X
balloon 11 cm above the anal verge, we ‘determined (1) the! "'

minimal amounts of air (measured in mlllilllers) required |
toelicit a transient sensation of rectal balloon distensionand | -
the threshold of the rectosphincteric reflex (=5 mm Hg re- .
laxation of anal tone) by inflating the balloon two or; threc

times transiently with volumes of aif between 60and/Sml|

in random order, starting each time at 0 ml,” 'and (2) the
minimal amount of air required to produce a lasting (30
seconds) urge to defecate (critical lvolume), a sustained |
complete relaxation of the internal and external sphincters )
(constant relaxation), and a rectal contraction of =10 mm
Hg (recorded 6 cm above the anal verge) by stepwise addi-
tion of 10 ml air increments, up to 60 ml, and then 30 ml.
increments each 10 to 15 seconds into the rectal balloon.2
When the critical volume was reached, but constant relax-
ation or a rectal contraction of =10 mm Hg had not yet oc-
curred, the next higher volume was used as the volumes of
constant relaxation and rectal contraction.:

Statistical methods. Statistical 'methods mc]uded the
Wilcoxon nonpaired rank sum test and signed rank sum test
and the Fisher exact probability test, with significance ac-
cepted at 5% level. Results were expressed as mean =+ SD.

RESULTS ’

Of the 20 patients randomly assigned to receive conven-
tional therapy alone, one boy was lost to follow-up 1 month
after treatment began. At that visit he was taking milk of
magnesia daily and his soiling had resolved. Therefore the
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Table I. Findings in initial history and physical examination
Conventional Blofeedback +
| treaiment alone ' conventional freatment
(n = 19) (n = 22) f-3
Age (yr) (range 5-16 yr)t 186 +22 92+ 26 NS
Gender (M/F) 18/1 13/9 <0.02
Bowel movements {No./wk)T 4+5 4+7 NS
Soiling episodes {Na./wk)t 14 + 16 19+ 19 'NS
Never toilet trained (%) 53 50 NS
Abdominal pain (%) 53 41 NS
Presence of abdominal fecal mass (%) . |58 i 59 'NS
Daytime urinary incontinence (%) ! 21 4 45 NS
Nighttime urinary incontinence (%) 21 36 NS
Previous urinary tract infection (%) 11 27 NS
Previous unsuccessful treatment (%) 55 53 NS

NS, Not significant.
*Fisher Exact Test or Wilcoxon nonpaired rank sum test.
tValues are cxpressed as mean + SD.

Table Il. Number of biofeedback training sessions given, number to learn' EAS relaxation during act of
bearing down for defecation, persistence of EAS relaxation, and clinical outcome at 7 months

v l.ei:!_mad to r_eiqx EAS®

No. of patients at
- 7-mo follow-up

| Biofeedback

_ | During session .. :(No.of '/ . (Cumulative '  |Relaxed Clinical
.| sessions given ‘relaxation ' (patients ' ' ' | percent ' |EAS - recovered

2 i’ P4 it 3 |

3 2 4 36 4 2

4 13 i3 S50 3 3

5 £ IR pii i3 64 3 2

& 5 & WSy e R i N i3 2

6 i T G T et g O 2 2

*Three patients could not learn EAS relaxation.

results for. 19 patients who received conventional treatment
were analyzed. : Iha
Of the 23 patients randomly assngned to receive baof¢ed-
back therapy in addition to conventional therapy, one boy
was. lost: to! follow-up after| the! first| biofeedback! session.
‘Therefore the results for 22 patients who rwewcd addltxonal-
| biofeedback treatment were analyzed./As can' be: seen in
‘Table I, the patients in both treatment groups had similar
age and frequency of gastrointestinal tract and urinary
symptoms, but there were significantly more girls in the
biofeedback-treated group (41%) than in the conventionally
treated group (3%) (p <0.02). During the initial evaluation,
the following were significantly more frequent in girls than
in boys: severe constipation (an abdominal fecal mass
present) (90% vs 48%; p <0.03), daytime urinary inconti-
nence (70% vs 23%; p <0.02), and a history of previous uri-
nary tract infection (60% vs 6%; p <0.001).
Biofeedback training. Eighty-six percent of patients (92%
of the boys, 78% of the girls) learned to relax the EAS dur-

" ing defecation attempts in 3.2 + 1.8 biofeedback training

 sessions (Table I1). Fourteen percent were not able to learn

i relaxation ofl EAS in six biofeedback training sessions.

Clinical outcome at 7 months. Of 19 patients in the con-
\ventional treatment group, one (5%) recovered; 12 (55%) of
22 patients' in the' biofeedback-treated  group recovered
1(p 1<0.001) (Table' IT).! Soiling frequency , per week: de-
creased significantly in the conventional treatment group
(14 £'16to 3 + 6; p <0.01) and in the biofeedback treat-
ment group (19 + 19to 1. £ 1; p <0.01). Soiling frequency
might have been higher in some of the nonrecovered patients
in both treatment groups because often the parents did not
let the children stay off their medication regimen for 4
weeks when soiling recurred.

Recovery rates did not differ between boys and girls (29%
vs 40%; not significant). Recovery rates of biofeedback-
treated boys and girls did not differ (62% vs 44%; not sig-
nificant). Prior unsuccessful treatment was not related to
treatment outcome in the conventionally treated and bio-

S

e R

e e A

e
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Table lll. Ability to defecate water-filled ballons

Biofeedback treatment for constipation. 219

Conventional treatment

Convenfional +
biofeedback treatment

% Control
Balloon subjects % Initial % Follow-up % Inltial ' % Follow-up
volume (n = 16) (n=19) (n = 16) (n=22) (n=22)
30 ml/
=<1 min 88 o* 6* 54 14%
=5 min B8 16* 13* 14* 32+
50 ml ‘
=1 min L 11* 13* 18%" 2%
=5 min 88 [1* 13* 23 45*%
100 ml ! i
=1 min 100 i 25* 18* - A
=35 min: 100 ¢ L% 25% 36% Tiyye o 55%)

Control data from Loening-Baucke VA, Cruikshank BM, J PEDIATR 1986:108;562-6." ( 1 . Lok L

" #p <005 from control subjects (Fisher Exact Test).'
tp. <0.05 from conventionally treated patients (Fisher Exact Test).

feedback trcaled 'groups | (p = l) Pauents wnh ‘an initial

abdominal fecal ‘mass (severe COnSllpatIOH) (were signifi-'
cantly more likely to recover with biofeedback training than.

/1. with conventional treatment alone (46% vs 0%; p <0.02);
| Clinical outcome at 12 months. Recovery was achieved
at 12 months by 3 (16%) of 19 patients in the conventional
" treatment| group,and | 11/ (50%). of 22! patients in" the
" biofeedback group (p <0. 05): One patient in the biofeed-

distension initially.' Fecal impaction recurred 4 months af-
ter sugcessful dlsoommuauon of milk of magnesia. He has
no smlmg but requlres intermittent treatment for constipa-
" tion.
' Defecation studies and anorectal manometry
Studies of the EAS and pelvic floor during the act of
bearing down for defecation. Atlthe 7-month follow-up
evaluation, 2.(13%) of 16 patients in, the conventional
treatment group and 17, (77%) of 22 patients in the
biofeedback treatment group were able to relax the EAS
(p <0.01). Three patients in the conventional group had no
follow-up anorectal manometry and defecation studies. Of
19 patients who had learned to relax the EAS with biofeed-
back training, one boy and one gir] could not do so during
./ the7-month follow-up evaluation. Of the patients who could
relax the EAS at follow-up, neither of the two patients in
the conventional group had recovered but 12 of 17 patients
"' in the biofeedback group had done so (p <0.001). Recovery
fi,ll_ in the biofeedback group was significantly related to the
ability to relax the EAS during the act of bearing down for
. defecation (p <0.01).
" Studies of balloon defecation. As can be seen in Table
I, patients in both treatment groups, in comparison with
control children, were significantly less likely to pass the 30

W back treatment group, a 14-year old boy, had a relapse. He |
“bad had severe fecal impaction with enormous abdominal '

Table IV Ab:hty of b:ofw:lbeck trcated pauents o
defecate water-filled ballons

_Potlenls who relaxed

EAS af follow-up..  recovered at 7mo) "

S A g e
Balloon . Initial|  Follow-up : lnlliah Follow-up.
volume ' (n=147); (n~=17)) | (n = 12) (n = 12).’

For control data, sec Table I1I. )
*p <0.05 from control subjects {Fisher Exact Test).
fp <0.05 from initial study (Fisher Exact Test)! |

ml, 50 ml, and 100 ml water-filled balloons in I minute or
5 minutes (p <0.02). Neither treatment group showed sig-
nificantly improved ability to defecate balloons at the
7-month follow-up evaluation. The ability to defecate bal-
loons did not increase significantly in biofeedback-treated =
patients who could relax the EAS at'7 months (Table IV).
Recovered biofeedback-treated patients were able to defe-
cate the 100 ml balloon in 1 minute significantly fmore of-
ten at follow-up than initially (p <0.03), but not the 30 ml
or 50 ml balloons (not significant). Girls did not differ from .
boys in their ability to defecate balloons (p >0.]). Patients
with severe forms of constipation did Inot differ from
patients with mild constipation (no abdominal fecal mass)
in their ability to defecate balloons.

30 ml, ' ST R :
=<1 min ol I ST | LT "'31‘".
=<5 min 6%, 2980 e T nRgy i

 S0mli S L G
=1'min 2% 29%iL0 irigmani a3y
=Smin: = 18% a7%1 TR LY 5B

106 ml ' ' e L

=<1 min 12%! " 15 AN L | 58%F
=Smin  35* 53% 42 g7

Paflents) '~ il
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Conventional +

Conventional ' biofeedback
treatment | treatment
Control !
subjects | Initial Follow-up Initial Follow-up
Balloon volume (ml air) {n = 18) (n = 19 (n=16) (n = 22) (n=22)

Threshold of rectal sensation 14+ 7 24 + 18* 22 4 7% 30 + 19* 21 + 10%%
Critical volume 101 + 39 212 = 107* 234 + 62°* 203 + 92* 213 = 110*
Threshold of rectosphincteric reflex . 115" 23+ 12* 23 + 9% 21 9% 18 = 7%
Volume for constant relaxation 104 + 49 196 + 95% 240 + 58*° 220 + 99* 207 + 88*
Threshold for recial contraction | 54 + 281 147 +.103* 170 + 105*%" 118 + 87* 132 + 110*

Values are expressed as mean + SD. Control data are from Loening-Baucke V, Cruikshank BM.'J PEDIATR 1986:108:562-6,

*p <0.05 from control subjects (Wilcoxon nonpaired rank sum ms\)
' tp <0.05 from initial study {Wilcoxon nonsigned rank sum test)..

Table V1. Anorectal function test results:

i,

{

Blotoedback lreulmenl

Recovered atat 7. mo i

. Not feCOVBde at 7 mo

. I . Initial | Follow-up, - Initial Follow-up
_Balloon volume (mi air)’ B =2 (ni="42) | (n=10), (n=10) .
Threshold of rectal sensation ' 3214220 1849t 11 294 15* 24+ 12%
Critical volume : | 1652678 198 + 116%°" ' '\ 249+ 99%}; 231 +1105%
Threshald of rcctosphmctcnc rcﬂcxt AR S £ 17/ 154250 Ly 26 +B*F( 1122 & 8%
Volume for constant relaxation || " 1?3 4 67“* \ C1BB LT 1276 £ 105%F; 231 £.97%
Threshold for rectal contraction | | 84+ 36 103 :¢'<1_06a' 159 +:1113% 167 + 108%

Values are expressed as mean + SD.

*p <0.05 from control subjects (Wilcoxon nonpalred rank sum tcst) l'or comm! data, see Table v

fp <0.05 from initial study (Wilcoxon 5|gncd rank sum test).,

ip <0.05 from recovered patients {Wilcoxon nonpaired rank sum twt).l ST

Studies of the effects of rectal d’:‘s!ens:‘qn. As can be seen

in Table V, conventionally treated patients and 'biofeed-
back-treated patients initially required significantly larger.

balloon volumes to produce a rectal sensation, an urge to .
defecate, a rectosphincteric reflex, constant relaxation of 1

both the external and internal anal sphincters, and a rectal
contraction =10 mm Hg than control children required !
{(p <0.05). These balloon volumes did not differ significantly -
between conventionally treated and biofeedback-treated
patients.

Repeated studies at 7 months revealed an improvement ,
only in the rectal sensation in the biofeedback-treated group
{p <0.01); the mean volume for rectal sensation did not
differ significantly from that of conventionally treated pa-
tients but was nevertheless significantly larger than that of
control children (p <0.01). :

As can be seen in Table VI, recovered and nonrecovered

biofeedback-treated patients initially required significantly -

larger balloon volumes for rectal sensation, an urge to def-
ecate, constant relaxation, and a rectal contraction than

control children required (see Table V for data on control
subjects) (p <0.05). The follow-up study at'7 months
revealed a significant improvement only in rectal sensation
for the 12 recovered biofeedback-treated patients (p <0.05).
Rectal sensation of the recovered patients at follow-up was
similar to that of control children (p >0.1).

The 10 patients who did not recover with biofeedback
treatment initially required significantly higher balloon
volumes than recovered biofeedback-treated patients for
the urge to defecate, threshold of rectosphincteric reflex,
and volume required for constant relaxation (p <0.05). On
follow-up, these rectal distension volumes did ‘not differ
from initial means, nor did they differ between nonrecov-
ered and recovered patients (p >0.05).

Girls did not differ from boys in their anorectal mano-
metric measurements (p >0.1). Patients with severe consti-
pation required a significantly larger air volume to produce
an urge to defecate than patients with mild constipation re-
quired [ (238 + 97 ml air vs 164 £ 79; p <0.03), but
volumes to produce a rectal sensation, a rectosphincteric
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reflex, constant relaxation, and a rectal ‘contraction were:

similar in patients with severe and mild  constipation

(p >0.1).
DISCUSSION

Abnormal defecation dynamics and severity of constipa-
tion are factors responsible for the persistence of chronic

constipation and encopresis.* ¢ This study shows that the "

external anal sphincter, a striated muscle, is amenable to -

modulation by biofeedback training. Eighty-six percent of

chronically constipated and encopretic children learned to -

relax the EAS with biofeedback treatment. The follow -up -
evaluation revealed that significantly more pauents_ in the

biofeedback group could relax the EAS than in the conven-

chronic constipation and encopresis. | b

Healthy children can expel fecal matenal nfrom thc rec-
~ tum by volunlary actions; an increase iin’ mlraabdommal'
* pressure produced by, closurc of thc gloms ﬁxauon of the

.diaphragm, and contractlons iof the ademmal penneal'

" difficulties in defecating stool or, rectal 'balloons.

who treated 18 chronically constipated and encopretic chil-

67% of biofeedback-treated paiicnis:had:markedly_ im-

tients treated with mineral oil had improved or recovered.
In addition, four uncontrolled biofeedback studies of con-
stipated children have been reported.!®!? With biofeedback
training, all 12 constipated and encopretic children in whom
prior treatment had failed had recovered 7 to 22 months
later,'% all seven constipated children (2 to 14 years of age)

ered 2 to 18 months later,'? and 80% of 65 severely consti-
pated patients (aged 5 to 77 years) had normalization of
defecation dynamics and relief from symptoms of consti-
pation.!3 - '

‘pendent on normal defecation dynamics alone, because pa-
tients who learned normal defecation dynamics and recov-
ered did not significantly improve their ability to defecate
' the 30 ml of 50 ml balloons, although they were able to def-
. ecate the 100 ml balloon significantly more often in <1

and hamstring musclcs Seconds aftcr thc mlraabdommal [
pressure has mcreased rclaxauon of 1he lnternal ‘and exter-- |
) nal anal sphmctcrs occurs. In our, consupated chlldrcn the:

" anal ‘canal prcssure did ‘not decreasc, rather it increased |’
because the EAS and 'the pelvic floor; muscles were icon- -
tracted during defecation attempts, This paradoxic closure ¢
of the anal canal crcated pressures that exceeded the pres-:

sure in the rectum and appcarcd to be responsnble for thc !

tionally treated group, and that'lcami'n'g to relax the EAS |
was significantly related to recovery, from mild and severe ;.

dren with abnormal defecation dynamics and found that '

' had achieved regular bowel habits ! '58% 'of 12 had recov-

It appears that the ability to defecate balloons is not de-

Our study extended a controlled study by Wald et al.,? "

proved or recovered by 12 months, whereas only 33% of pa-

Biofeedback treatment for constipation. = 2211,

minute than initially. In this study, many patients had ad-

ditional anorectal function abnormalities, but 'our sample

size does not allow further analysis of anorectal function in

nonrecovered biofeedback-treated patients who could and |
could not relax EAS during follow-up.

How can chronic constipation with cncoprcsisbeavoided?
Many parents gave a history of a transition from simple
constipation to fecal impaction with soiling, most often de-
scribing large, painful bowel movements, often followed by
stool withholding, in the first 2 years of life. Allowing the
child’s bowel to remain distended for months or even years
can produce encopresis. It appears that early recognition .
and ' treatment ' of constipation,  together with) diétary!
changm, increased fluid intake, and the use of stool softcn--
ers or laxatives, may help prevent progression from smplc'..
constlpauon to chronic constipation with cncoprcSIs 4

Our results show that biofeedback training is a promis-' '

'ing mode of treatment for a subgroup of patients withab-:
' normal defecation dynamics. It is complementary toa good |\
k convent:onal therapeutic regimen. Anorectal function stud« Dok

ies and bmfccdback trammg are labor intensive and shouldl
' be offered to children who have been comphanl bul*havc._. '

failed to respond to conventional treatment, '+« © o

I thank Mrs. Cassié Savagc for laboratu'ry assistance, | | !
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