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Efficacy of biofeedback therapy for objective 
improvement of pelvic function in low anterior  
resection syndrome
Kyung Ha Lee, Jin Soo Kim, Ji Yeon Kim
Department of Surgery, Chungnam National University College of Medicine, Daejeon, Korea

INTRODUCTION
Low anterior resection syndrome (LARS) is a constellation of 

symptoms, including frequent or fragmented bowel movements, 
emptying difficulties, urgency, or fecal incontinence after a 
sphincter-saving proctectomy and mesorectal excision. Symp-
toms vary in type, severity, and duration and can disturb 
quality of life from weakly to very severely. It is reported that 
50%–71% of patients who undergo lower anterior resection for 
rectal cancer develop one or more symptoms of LARS, 35%–52% 
of them suffer from major LARS, which means LARS with more 
than 30 score according to LARS scoring instruction (Fig. 1) [1]. 

Although most improvements of the functional impairment 
are known to accomplish by 6 to 12 months after operation, 
long-term studies recently reported the duration of symptoms 
can last up to 15 years after operation [2,3]. Recently, as the 
rate of sphincter-saving surgery has increased [4], the incidence 
of LARS has also increased. Pelvic radiotherapy as the part of 
the therapeutic strategy for locally advanced rectal cancer can 
also negatively affect function of the remnant rectum and 
sphincters [5].

There is no established treatment of choice for LARS. 
Most patients are recommended for only observation 
with reassurance that it will improve with sufficient time. 
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Purpose: There is no established treatment of choice for low anterior resection syndrome (LARS). To evaluate the efficacy 
of biofeedback therapy for objective improvement of pelvic function in LARS, we performed the present study.
Methods: The primary endpoint was the change of Wexner score. Consenting patients between 20 and 80 years old 
with major LARS at least 2 months after sphincter preserving proctectomy for rectal cancer were enrolled. After 
recommendation of biofeedback therapy, patients who accept it were enrolled in the biofeedback group and patients who 
refuse were enrolled in the control group. Initial and follow-up evaluations were performed and analyzed.
Results: Fifteen and sixteen patients were evaluated in the control group and the biofeedback group, respectively. There 
was no statistically significant difference of LARS score between both groups. Decrease in Wexner score and increase 
in rectal capacity were significantly higher in the biofeedback group (odds ratio [OR], 5.386; 95% confidence interval [CI], 
1.194–24.287; P = 0.028 and OR, 1.061; 95% CI, 1.002–1.123; P = 0.042).
Conclusion: Biofeedback therapy was superior for objective improvement of pelvic function to observation in LARS. It can 
be considered to induce more rapid improvement of major LARS.
[Ann Surg Treat Res 2019;97(4):194-201]
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Fig. 1. The low anterior resection syndrome score (LARS score).
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Loperamide (for diarrhea) or ramosetron (for postprandial 
urgency or incontinence) is generally used. Transanal irrigation 
has been reported to improve quality of life in patients with 
LARS [6]. The efficacy of pelvic floor rehabilitation using 
biofeedback, pelvic floor muscle training, or balloon training 
has been reported [7-9]. In the last 2 decades, sacral nerve sti-
mulation has emerged as a treatment for LARS [10,11]. Although 
surgical treatments including graciloplasty and artificial 
sphincter have been introduced, their efficacy is unclear. 
Unfortunately, a few patients who suffer from LARS which is 
too severe to maintain daily living choose to undergo stoma 
formation.

Among the numerous treatments mentioned above, biofeed-
back is a method that can induce fundamental improvement 
of pelvic function by rehabilitation. It can be performed easily 
and safely in a defined period. Biofeedback therapy does not 
accompany inconvenience of continuous taking and regulating 
medication. Also, there is less or no concern about cost-
effectiveness, feasibility, invasiveness with permanent insertion 
of artificial prosthesis as sacral nerve stimulation.

However, although there are several retrospective or pro-
spective studies have reported the efficacy of biofeedback 
therapy in LARS [8,12,13], there is no prospective and 
comparative study evaluating its efficacy for objective 

improvement of pelvic function. To evaluate the efficacy 
of biofeedback therapy for objective improvement of pelvic 
function comparing to observation in LARS, we performed the 
present study.

METHODS
Patients were asked to participate in the study when they met 

the following inclusion criteria: (1) between 20 and 80 years 
old; (2) at least 2 months after sphincter-saving proctectomy 
with mesorectal excision for rectal cancer; (3) major LARS 
according to the LARS score (Fig. 1) [1]. After recommendation 
of biofeedback therapy to the consent patients, patients who 
accept it were enrolled in the biofeedback group and patients 
who refuse were enrolled in the control group (Fig. 2). We 
ex cluded patients with previous incontinence or defecatory 
dysfunction unrelated to rectal cancer.

Initial Wexner score (WS) (Fig. 3), LARS score, and the 
number of bowel movement (NBM) per day were evaluated and 
anorectal manometry (ARM) was performed. The biofeedback 
group underwent biofeedback therapy twice per week for a 
total of 10 times, and the control group underwent observation. 
Loperamide administration was permitted in both groups, 
and dose and times were regulated depending on patient’s 

Major LARS
LARS score > 30

Recommend biofeedback
Recommend participation to study

Agree to participate
Accept biofeedback therapy

Biofeedback group
n = 19

WS, NBM, anorectal manometry

Biofeedback treatment
2 times/wk

Total 10 times

Biofeedback group
n = 16

WS, LARS, NBM, anorectal manometry

Agree to participate
Refuse biofeedback therapy

Control group
n = 19

Observation for minimal 5 weeks

Control group
n = 15

Fig. 2. Flow-chart. LARS, low 
ante rior resection syndrome; WS, 
Wexner score; NBM, number of 
bowel movement.
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individual condition and preference freely from 1 to 8 tablets 
per day, from 1 to 2 tablets once. After 5 weeks, follow-up WS, 
LARS score, and NBM were evaluated, and follow-up ARM was 
performed.

The study was approved by the Institutional Review Board 
(approval number: 2014-06-017) and all patients provided 
written informed consent.

Anorectal manometry
Patients were asked to apply a bisacodyl suppository at least 

3 hours before the examination to empty the rectum. Enema 
shortly before ARM is avoided because it can stimulate the 
sphincter and consequently affect the results of examination.

With the patient in the Sims position, a radial 8-channel 
Micro Tip anorectal water-perfused catheter (Medtronic, 
Minneapolis, MN, USA) was placed into the neorectum 6 cm 
above the anal verge and pulled by the practitioner at the rate of 
1 cm per second. The catheter was connected to an 8-channel 
water perfusion pump system (Medtronic) and POLYGRAM 
NET software (POLYGRAF ID, Alpine Biomed ApS, Skovlunde, 
Denmark). This continuous pull-though measurement was 
performed twice. Then, a spiral 8-channel anorectal water-
perfused catheter with a balloon was placed in the neorectum. 
As the balloon was gradually inflated with air using a 50-mL 
syringe, existence of rectoanal inhibitory reflex was evaluated, 
and the volumes of the first sensation, the desire to defecate, 
and maximal tolerance were measured. This procedure was 
conducted very carefully and cautiously, especially for the 
patients who underwent radiotherapy, in order to prevent 
iatrogenic injury to the neorectum or anastomosis.

ARM data include sphincter profiles (length, mean resting 
pressure [MNRP], maximal resting pressure [MXRP], mean 

squeezing pressure [MNSP], maximal squeezing pressure 
[MXSP], mean asymmetry, vector volume, maximal pressure to 
the end of the sphincter), high pressure zone profiles (length, 
MNRP, MXRP, MNSP, MXSP, mean asymmetry, vector volume), 
rectoanal inhibitory reflex, and sensory thresholds (first 
sensation, desire to defecate, maximal tolerance). All ARM 
procedures were performed by a single experienced technician.

Biofeedback therapy
Biofeedback therapy was carried using Orion Platinum 2 

biofeedback equipment (SRS Medical Systems, Inc., Redmond, 
WA, USA) twice per week for a total of 10 sessions by a single 
experienced therapist. It is considered 4–6 or more sessions 
are necessary for learning new patterns and sustaining the 
effects and usually it is performed weekly or biweekly. It can 
be tailored individually. Because most LARS patients have 
serious symptoms, we applicated more intensive program to 
induce more prompt and maximized effect. Electrodes for 
surface electromyography (EMG) were attached to the lower 
abdomen and an acryl sensor (Perry, Elan, SRS medical Systems, 
Redmond, WA, USA) was inserted in the anus. With visual 
feedback on the computer monitor displaying EMG activities, 
the patient was instructed to squeeze and relax the anal 
sphincters and trained to perform pelvic exercise.

Statistical analysis
The primary endpoint of the present study was the change 

of WS, and secondary endpoints were the changes of LARS 
score, NBM and ARM profiles. Using the Power and Sample 
Size program, the sample size of each group was calculated 
as 19 at the significant level 0.05, power of 0.8, mean of 4.9, 
and standard deviation of 6.0 [8]. Comparisons of clinical 

The WEXNER SCORE
A Frequency Assessment Tool
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Fig. 3. The Wexner score (The 
trans lated version into the native 
language was used).
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and pathological characteristics, results of initial and follow-
up evaluations, and changes of those results between both 
groups, and multivariate analyses were performed using chi-
square linear-by linear association and binary logistic regression 
analysis of SPSS ver. 12 (SPSS Inc., Chicago, IL, USA).

RESULTS
Nineteen patients were enrolled in each group. However, 4 

and 3 patients were excluded from the control group and the 
biofeedback group, respectively, due to loss of follow-up, refusal 
of follow-up evaluation, or refusal to complete biofeedback 
therapy. Finally, 15 and 16 patients were evaluated in each 
group, respectively.

Clinical and pathological characteristic are reported in Table 
1. There was no statistically significant difference in sex, 
age, neoadjuvant radiotherapy, type of operation, pathologic 
stage, interval after surgery, and follow-up period between 
groups. However, tumor location and anastomotic level were 
significantly lower in the biofeedback group (P = 0.015 and P = 
0.011) and rate of ileostomy was significantly higher in the 
biofeedback group (P = 0.009).

The results of initial evaluation are presented in Table 2. 
There was no statistically significant difference in LARS score, 
NBM, MNRP, MXRP, MNSP, MXSP, and rectal capacity. However, 
WS was significantly higher in the biofeedback group (10.47 vs. 
13.06, P = 0.010).

The results of follow-up evaluation are presented in Table 3. 
While initial WS was significantly higher in the biofeedback 
group, follow-up WS was lower in the biofeedback group with 
borderline significance (8.53 vs. 6.81, P = 0.070). Rectal capacity 
was significantly higher in the biofeedback group (62.67 vs. 
105.00, P = 0.026).

Differences between initial and follow-up evaluations are 
presented in Table 4. Decrease in WS, increase in MNSP, and 
increase in rectal capacity were significantly higher in the 
biofeedback group (1.93 vs. 6.25, P < 0.001; -7.4200 vs. 5.5750, 

P = 0.043; -20.00 vs. 42.50, P = 0.005). Decrease in number of 
bowel movements and increase in MXSP were higher in the 
biofeedback group with borderline significance (4.20 vs. 7.31, 

Table 1. Clinical and pathologic characteristics

Characteristic Control group 
(n = 15)

Biofeedback 
group (n = 16) P-value

Sex 0.066
    Male 12 (80.0) 7 (43.8)
    Female 3 (20.0) 9 (56.2)
Age (yr) 0.113
    <70 9 (60.0) 14 (87.5)
    ≥70 6 (40.0) 2 (12.5)
Tumor location (cm) 0.015
    <5 1 (6.7) 8 (50.0)
    ≥5 14 (93.3) 8 (50.0)
Neoadjuvant 
radiotherapy

0.172

    No 14 (93.3) 11 (68.8)
    Yes 1 (6.7) 5 (31.2)
Surgical procedure 0.600
    Low anterior 

resection
14 (93.3) 13 (81.2)

    Intersphincteric 
resection

1 (6.7) 3 (18.8)

Anastomotic level 0.011
    <5 cm 5 (33.3) 13 (81.2)
    ≥5 cm 10 (66.7) 3 (18.8)
Ileostomy 0.009
    No 13 (86.7) 6 (37.5)
    Yes 2 (13.3) 10 (62.5)
Pathologic stage 0.149
    I, II 7 (46.7) 12 (75.0)
    III, IV 8 (53.3) 4 (25.0)
Interval after surgery 
(wk)

17.31 
(32.00–161.00)

37.13 
  (8.00–139.43)

0.055

Follow-up period 
(wk)

7.08 
(4.57–15.00)

9.39 
  (4.00–23.00)

0.102

Values are presented as number (%) or median (range).

Table 2. Initial evaluation

Factor Control group (n = 15) Biofeedback group (n = 16) P-value

Wexner score 10.47 (7–13) 13.06 (6–16) 0.010
LARS score 34.13 (31–39) 35.19 (32–39) 0.235
Number of bowel movements 11.00 (6–20) 13.63 (6–20) 0.162
Mean resting pressure 26.793333 (11.3000–63.5000) 27.943750 (0.0000–63.4000) 0.831
Maximal resting pressure 67.826667 (24.4000–142.7000) 73.456250 (27.4000–126.9000) 0.623
Mean squeezing pressure 67.780000 (22.4000–137.0000) 55.612500 (22.9000–118.2000) 0.319
Maximal squeezing pressure 143.040000 (55.1000–269.2000) 119.768750 (65.4000–217.3000) 0.290
Rectal capacity 82.67 (40–180) 62.50 (10–150) 0.145

Values are presented as median (range).
LARS, low anterior resection syndrome.
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P = 0.068; -7.7333 vs. 16.3125, P = 0.065).
Multivariate analyses for adjustment of significant differences 

including tumor location, anastomotic level, and ileostomy 
between both groups were presented in Table 5. Decrease in WS 
and increase in rectal capacity were independently significant 
even after adjustment of above mentioned covariates (odds 
ratio [OR], 5.386; 95% confidence interval [CI], 1.194–24.287; P = 

0.028 and OR, 1.061; 95% CI, 1.002–1.123; P = 0.042). However, 
increase in MNSP was not significant at the multivariate analy-
sis.

DISCUSSION
LARS is an inevitable result after physical loss of total or 

partial rectal volume. Reconstruction techniques, such as 
the colonic J pouch, was reported to produce only a transient 
effect that lasts shorter than 18 months [14], proving that 
LARS is not caused solely by reduction in rectal capacity and 
compliance. It is considered that there are several other factors 
contributing to the development of LARS. As pelvic dissection 
or radiotherapy can cause pelvic denervation, subsequent 
neorectal hyposensitivity can result in reservoir dysfunction 
of neorectum, and subsequent loss of distal negative feedback 
can increase proximal colonic motility. Intersphincteric re sec-
tion and pelvic irradiation can cause anal sphincter dysfunc-
tion [15]. Some studies reported that the mean anal resting 
pres sure decreased after low anterior resection and this 
change was irreversible [16,17]. The rate of direct injury to the 
internal sphincter by the transanal device during surgery has 
been reported to be as high as 18% [18]. Based on the above 
mentioned multifactorial pathology of LARS, rehabilitation 

Table 3. Follow-up evaluation

Factor Control group (n = 15) Biofeedback group (n = 16) P-value

Wexner score 8.53 (4–12) 6.81 (3–10) 0.070
LARS score 29.67 (22–34) 29.19 (22–34) 0.693
Number of bowel movements 6.80 (5–10) 6.31 (4–10) 0.457
Mean resting pressure 27.913333 (8.9000–64.6000) 28.106250 (10.7000–54.0000) 0.969
Maximal resting pressure 78.953333 (28.7000–189.9000) 79.875000 (26.0000–191.4000) 0.949
Mean squeezing pressure 60.360000 (17.6000–132.9000) 61.187500 (20.1000–144.3000) 0.949
Maximal squeezing pressure 135.306667 (45.1000–286.4000) 136.081250 (73.2000–256.1000) 0.974
Rectal capacity 62.67 (10–110) 105.00 (10–240) 0.026

Values are presented as median (range).
LARS, low anterior resection syndrome.

Table 4. Differences between initial and follow-up evaluations

Factor Control group (n = 15) Biofeedback group (n = 16) P-value

ΔWexner score 1.93 (-1 to 5) 6.25 (3–9) <0.001
ΔLARS score 4.47 (0–12) 6.00 (0–14) 0.251
ΔNumber of bowel movements 4.20 (0–15) 7.31 (1–15) 0.068
ΔMean resting pressure 1.1200 (-14.10 to 12.80) 0.1625 (-14.50 to 34.10) 0.783
ΔMaximal resting pressure 11.1267 (-42.10 to 165.50) 6.4188 (-51.40 to 93.80) 0.739
ΔMean squeezing pressure -7.4200 (-58.0 to 21.10) 5.5750 (-13.90 to 26.10) 0.043
ΔMaximal squeezing pressure -7.7333 (-112.10 to 65.80) -16.3125 (-28.80 to 64.40) 0.065
ΔRectal capacity -20.00 (-110 to 10) 42.50 (-50 to 230) 0.005

Values are presented as median (range).
LARS, low anterior resection syndrome.

Table 5. Multivariate analysis

Variable Odds ratio (95% CI) P-value

ΔWexner score 5.386 (1.194–24.287) 0.028
    Tumor location 0.505 (0.010–25.010) 0.731
    Anastomotic level 1.184 (0.013–105.323) 0.941
    Ileostomy 0.443 (0.004–55.663) 0.741
ΔMean squeezing 

pressure
1.044 (0.981–1.111) 0.178

    Tumor location 0.245 (0.010–6.167) 0.392
    Anastomotic level 0.393 (0.044–3.511) 0.403
    Ileostomy 1.974 (0.099–39.339) 0.656
ΔRectal capacity 1.061 (1.002–1.123) 0.042
    Tumor location 0.041 (0.000–3.672) 0.163
    Anastomotic level 0.416 (0.032–5.374) 0.502
    Ileostomy 0.817 (0.024–27.964) 0.911

CI, confidence interval.
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can be a fundamental treatment approach that can produce 
physiologic improvement of pelvic function by adaptation 
to structural and functional changes of the pelvis after 
proctectomy and total mesorectal excision.

Biofeedback therapy is an established treatment for non-
surgically induced fecal incontinence. In LARS, several 
studies have reported that biofeedback therapy could result 
in improvement of fecal incontinence scores, NBM, use of 
anti diarrheal medication, and ARM values [7,8]. Nevertheless, 
it is hard to distinguish whether the improvement of LARS 
is due to efficacy of biofeedback therapy or natural decline 
over time because patients with LARS show variable degrees 
of improvement over time without any active treatment [19]. 
However, there is lack of prospective study concerning the 
superior efficacy of biofeedback therapy compared to obser-
vation. Although there are many studies reporting efficacy 
of biofeedback with scoring system according to the patient’s 
answers or questionnaires, there are few studies that have 
confirmed the improvement of the objective parameters. 
Therefore, we performed this prospective and comparative 
study.

In the present study, despite LARS of the biofeedback group 
is considered to be worse than that of the control group ini tially 
at the aspect of tumor location, anastomotic level, creation 
of ileostomy and initial WS, there was no statistically signi-
ficant difference between initial LARS scores of both groups. 
Biofeedback therapy was superior for decrease of WS and 
increase of squeezing pressure with statistical significance, 
and it can also be expected to decrease of NBM and increase of 
rectal capacity by the borderline significances. Strengthening 
of pelvic function by squeezing pressure and increase of 
rectal capacity can increase thresholds and enhance voluntary 
responses to LARS symptoms as frequency, urgency, and fecal 
incontinence. Considering that there was no difference of 
resting pressure between both groups, it is considered that 
functional recovery of internal sphincter is hard to be induced 
by short-term rehabilitation. It may require more sufficient time 
or may be permanent as mentioned above [16].

A major limitation of the study is the small sample size with 
relatively marked number of drop-out and the selection bias. As 
described above, patients with more severe symptoms would 
tend to applicate biofeedback therapy and be included in the 

biofeedback group. However, randomization for biofeedback 
therapy is not feasible because patient’s opinion for the 
necessity of multiple sessions of treatment varied depending on 
the patient’s tolerance to LARS, social activities, or accessibility 
to the clinic. Despite this selection bias, LARS scores were 
almost equal between both groups, and some follow-up 
parameters and their improvement degrees were confirmed 
to be superior in the biofeedback group with statistical 
significance in the univariate and multivariate analyses. 
Because these parameters are objective, placebo effects are 
less likely to intervene to the results as in the subjective 
questionnaires. Therefore, it is not considered that the bias 
did not produce significant negative effect the reliability of the 
results.

The heterogeneity of the interval from surgery to treatment, 
ranging from 8 weeks to 161 weeks, is another limitation. 
Because the severity and the course of LARS are variable, 
there is difficulty in predicting the appropriate timing of 
biofeedback therapy. Martelluci insisted retrograde irrigation 
and pelvic floor rehabilitation as biofeedback therapy has to 
be considered if major LARS exists after 30 days from surgery 
[2]. Although many patients experience a natural improvement 
of symptoms after a few or several years and there may not 
be significant difference of long-term outcomes between both 
groups, biofeedback therapy can improve pelvic function sooner 
in the period that symptoms of LARS are most suffering and 
overwhelming, and decrease the prevalence length of major 
LARS.

In conclusion, biofeedback therapy was superior for objective 
improvement of pelvic function to observation in LARS. It can 
be considered to induce more rapid improvement of major 
LARS.
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