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Abstract

Background: This case study evaluates the effectiveness of sacral nerve stimulation (SNS) for
improving neurological bladder function in a 34-year-old male patient, who underwent surgical
intervention at the level of L4 for Conus Medullaris Syndrome. The patient presented with severe
neurological deficits including bladder dysfunction. Method: Post-surgery, a targeted physiotherapy
regimen, including faradic current stimulation to the sacral nerves (S2-S4) and conventional exercises
was implemented to address bladder function. Pre- and post-intervention evaluations were carried out
using Manual Muscle Testing (MMT) and the International Consultation on Incontinence
Questionnaire-Urinary Incontinence Short Form (ICIQ-UI SF). Result: Notable improvements were
seen: MMT scores rose from 0 to 3, and ICIQ-UI SF scores decreased from 20 to 9, indicating the
potential effectiveness of SNS in treating neurogenic bladder dysfunction. The p-value was 0.046, which
is below 0.05, confirming that the differences in MMT and ICIQ-UI SF scores are statistically
significant. Conclusion: SNS demonstrated effectiveness in improving bladder function and quality of
life for the patient. These results emphasize the value of incorporating SNS into clinical practice for
individuals with neurogenic bladder dysfunction.

Keywords: Sacral nerve stimulation (SNS), electrical muscle stimulator, neurogenic bladder
dysfunction, pelvic floor exercises, urinary incontinence, manual muscle testing (MMT), the
international consultation on incontinence questionnaire-urinary incontinence short form (ICIQ-UI SF)

INTRODUCTION
Neurogenic bladder dysfunction, commonly referred to as neurogenic bladder, refers to urinary
bladder issues caused by diseases or injuries
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affecting the central nervous system or peripheral
nerves responsible for regulating urination [1, 2].
The global annual incidence of spinal cord injuries
leading to neurogenic bladder dysfunction is
estimated to range from 12 to over 65 cases per
million people [3].

The voluntary urination process involves bladder
filling, storage, and emptying. The kidneys produce
about 1.5 1 of urine daily, which flows through the
ureters into the bladder, where it is stored until it
nears the typical bladder capacity of around 500 cc
[4, 5].

The most common cause of neurogenic bladder is
damage to the brain or spinal cord. Brain damage
may result from conditions like stroke, brain
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tumors, multiple sclerosis, Parkinson's disease, multiple system atrophy, or other neurodegenerative
disorders, with bladder involvement being more likely if the damage occurs in the pons area. Spinal
cord damage can be caused by traumatic injury, demyelinating diseases, meningitis-retention syndrome,
vitamin B12 deficiency, syringomyelia, cauda equina syndrome, or spina bifida [6]. Additionally, spinal
cord compression from herniated discs, tumors, or spinal stenosis can lead to neurogenic bladder.
Damage to peripheral nerves, which connect the spinal cord to the bladder, can also cause neurogenic
bladder, typically the flaccid type. This nerve damage can be caused by conditions such as diabetes,
alcoholism, vitamin B12 deficiency, or genital herpes, and may also occur as a complication of major
pelvic surgeries, such as tumor removal [7].

Conus medullaris syndrome occurs when the conus medullaris and lumbar nerve roots are injured or
damaged. It is characterized by severe back pain, perianal numbness, symmetrical weakness in the lower
limbs, hyperreflexia, and early bowel and bladder issues. Surgical treatment for conus medullaris
syndrome focuses on relieving compression of the spinal cord and nerve roots, often through
decompression procedures like laminectomy or discectomy.

Sacral nerve stimulation, also known as sacral neuromodulation, is a therapy for neurogenic bladder
that involves implanting an electrode to deliver low-level electrical impulses to the sacral nerves. This
minimally invasive procedure has proven to have positive long-term results and is used to treat both
bowel and/or bladder dysfunction [8]. Pelvic floor exercises can help strengthen the muscles and
improve neuromuscular control in the pelvic region, potentially reducing or eliminating symptoms
associated with pelvic floor dysfunction.

No previous studies have used an electrical muscle stimulator to provide sacral stimulation
superficially, making this the first study of its kind. So, the primary aim of this case study is to evaluate
the impact of sacral nerve stimulation which is given superficially on bladder function in a patient with
neurogenic bladder dysfunction following surgery for Conus Medullaris Syndrome at the level of L4.

OBJECTIVE
The objective of the study is to assess the impact of sacral nerve stimulation on bladder control and
quality of life in neurogenic bladder dysfunction.

PATIENT PROFILE AND HISTORY
A 34-year-old male patient presented with significant neurological symptoms following a recent
surgery for Conus Medullaris Syndrome at Jorhat Medical College & Hospital, Jorhat, Assam.

According to the patient, since 1 year ago, he experienced pain in his lower back, pins and needle
and pulling sensation in the back of his lower limbs bilaterally. However, since December 2023, the
pain intensified and there was increased pulling sensation felt in both the back of his lower limbs. On
16th April, 2024, he received Injection Tramadol and Methylcobalamin for the pain. 2 h later, he felt
no sensation over his buttocks, posterior aspect of his legs and was unable to sense the passing of stool
and urine. Consequently, he was admitted to Jorhat Medical College and Hospital on 18/04/2024, where
various tests were conducted, followed by surgery. The surgery performed was L4 Laminectomy,
Flavectomy, left L4 Foraminotomy and Transforaminal discectomy on his lower back on 19th April,
2024. Despite the surgery, he remains unable to feel his buttocks, bowel and bladder, and the back side
of his thigh bilaterally. This resulted in a dependence on an indwelling catheter for bladder management.

EXAMINATION
Initial evaluation included comprehensive assessment including baseline bladder function, sensory
and motor status, and overall health status.

According to International Standards for Neurological Classification of Spinal Cord Injury
(ISNCSCI), following details are observed (Tables 1-5):
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There was an absence of bladder filling and voiding sensation. The patient was placed on an
indwelling catheter for continuous bladder drainage.

MRI of lumbo-sacral spine showed focal Intradural lesion (10x6 mm) seen in opposite L4 body
causing compression of cauda roots, decreased spinal canal AP dimension (9.6 mm), central and
bilateral paracentral disc protrusion indenting the thecal sac at L4-L5 level causing bilateral neural
foraminal narrowing (Figure 1).

Table 1. Motor strength
testing (myotome).

Right | Left
L2 4 4
L3 4 4
L4 4 4
L5 4 4
S1 2 2

Table 2. Sensory light
touch testing.

Right | Left
T12 1 1
L5 1 1
S1 1 1
S2 0 0
S3 0 0
S4 0 0
S5 0 0

Table 3. Sensory pin
prick sensation.

Right | Left

T12 2 2

L5 1 1

S1 1 1

S2 0 0

S3 0 0

S4 0 0

S4 0 0

Table 4. Reflex testing.
Right Left

Upper abdominal reflex (T9-T10) Present Present
Lower abdominal reflex (T10-T12) | Absent Absent
Knee jerk Exaggerated | Exaggerated
Ankle jerk Absent Absent
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METHODOLOGY

This is a single case study of a 34-year-old male patient presented with significant neurological
symptoms including neurological bladder dysfunction following a recent surgery for Conus Medullaris
Syndrome at Jorhat Medical College & Hospital, Jorhat, Assam. The patient was given proper
information regarding the interventions and consent form was signed. The intervention started from
27/04/24, 9 days post-operatively. The study spans a duration of 14 days. The data collection of the
study is conducted on day-0 to establish a reference point, day-4 and day-8 to capture early responses
and day-14 to gain insight into sustained effects.

Physiotherapy Intervention
Conventional Exercises

Pelvic floor exercises, including Kegel's (10-second isometrics with normal breathing), were taught
to the patient in supine, sitting, and standing positions.

Frequency
Daily sessions for 14 days from 27/04/24 to 10/05/24.

Table 5. EMS protocol.
Type of Faradic current stimulation
Stimulation

Electrodes Electrodes were strategically placed to target the sacral nerves, specifically S2-S4, which are

Placement involved in bladder control (Figures 2 and 3)

Current Surged faradic current with pulse duration of 100 psec.

Parameters

Intensity Adjusted based on patient comfort and therapeutic response

Duration Each session lasted 30 min, with stimulation alternating between the sacral region (15 min on
each side) and bladder area (15 min on each side).

Frequency Daily sessions for 14 days from 27/04/24 to 10/05/24 were conducted to maintain consistent
stimulation and monitor patient responses.
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Flgure 1. MRI of lumbo sacral spine (pre surgery)
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Figure 2. Electrode placement over sacral region.
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Figure 3. Electrode placement over bladder.

Outcome Tools
The pelvic floor muscle strength examination was conducted using Manual Muscle Testing (MMT).
The reliability of MMT grades for individualized groups ranges from 0.65-0.93 [9].

The International Consultation on Incontinence Questionnaire-Urinary Incontinence Short Form
(ICIQ-UI SF) is designed to evaluate urinary incontinence and its effect on quality of life (QoL).
Research shows a Cronbach’s alpha of 0.75, a Kappa Index of 0.70 for test-retest reliability, a Pearson
Correlation Coefficient of 0.93, and an intra-class correlation coefficient of 0.84 [10].

RESULTS

The pre and post treatment values are computed using Statistical Package for Social Sciences (SPSS)
software. There is improvement in the Manual Muscle Testing scores from 0O to 3 and International
Consultation on Incontinence Questionnaire-Urinary Incontinence Short Form scores from 20 to 9
respectively from day-0 till day-14. Figures 4 and 5 represent the MMT and ICIQ-UI SF scores over
time (Table 6).
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The patient experienced gradual sensory recovery in the bladder, with improved sensation in
previously numb areas, particularly in the S2-S4 dermatomes. This led to enhanced bladder control,
marked by a significant reduction in urinary incontinence and decreased dependency on catheterization,
eventually allowing for natural voiding. These improvements contributed to a better quality of life, with
the patient reporting increased comfort, reduced anxiety regarding bladder management, and enhanced
overall satisfaction. Additionally, gains in daily activities were observed, reflecting improved mobility
and independence.
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Figure 4. MMT scores.

20F =

18 b

16 N

14 Y

ICIQ Score

12 N

10 e

Days
Figure 5. ICIQ-UI SF scores.
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Table 6. Manual muscle testing scores.

Outcome tools Day-0 Day-4 Day-8 Day-14
Manual Muscle Testing 0 1 1 3
ICIQ-SF 20 18 13 9

The Friedman’s two-way analysis of variance by ranks test was conducted to determine whether the
differences in the scores of MMT and ICIQ-UI SF are statistically significant. Here, the p-value was
found out to be 0.046, which is less than 0.05 concluding that the difference in scores of MMT and
ICIQ-UI SF are statistically significant.

DISCUSSION

The primary objective of the study is to assess the impact of sacral nerve stimulation on bladder
control and quality of life in neurogenic bladder dysfunction. The study was done for a duration of
14 days and in this case study we observe significant improvement in the MMT and ICIQ-UI SF scores.

Sacral Nerve Stimulation (SNS) is a neuromodulation technique that targets the sacral nerve roots
(S2-S4) to treat various bladder and bowel dysfunctions. The primary mechanism involves the delivery
of electrical impulses that modulate the activity of these nerve roots, influencing the reflex pathways
that control bladder and bowel functions. This modulation restores normal activity by enhancing
communication between the bladder, bowel, and central nervous system [11]. SNS has been associated
with a marked reduction in urinary incontinence episodes and improved bowel control, particularly in
patients with fecal incontinence. A systematic review showed that SNS significantly decreases reliance
on catheterization and enhances overall bladder and bowel management [12, 13]. The American Society
of Colon and Rectal Surgeons has recognized SNS as an effective treatment option for fecal
incontinence, highlighting its role in improving patient outcomes [14].

SNS promotes neuroplasticity, allowing the nervous system to reorganize and recover lost functions,
particularly in patients with neurological impairments. Studies indicate that SNS can inhibit
pathological reflexes contributing to bladder and bowel dysfunction, thus enhancing overall regulation
of these systems [11]. The ability of SNS to modify afferent signaling pathways suggests that it can
effectively alter the perception of bladder fullness and urgency, leading to improved symptom
management [13]. Patients often report enhanced sensory perception and increased awareness of
bladder fullness, indicating effective targeting of sensory pathways. This sensory recovery is crucial for
patients with conditions like overactive bladder [11].

Patients undergoing SNS frequently report higher satisfaction levels and better overall quality of life.
The alleviation of symptoms related to bladder and bowel dysfunction contributes to enhanced daily
functioning and well-being. The psychological benefits of reduced incontinence episodes and improved
control over bodily functions are significant, as they lead to increased confidence and social
participation [12, 15].

While pharmacological treatments primarily manage symptoms, SNS offers a more direct influence
on neural mechanisms, leading to more sustained improvements in bladder and bowel function with
fewer systemic side effects. Medications often come with adverse effects that can affect patient
adherence, whereas SNS provides a targeted approach that can lead to long-term symptom relief [11,
13]. Traditional surgical options for bladder and bowel dysfunction often involve higher risks and
longer recovery times. SNS is less invasive and can serve as a complementary treatment to surgical
interventions, addressing both functional and structural aspects of dysfunction. The minimally invasive
nature of SNS allows for quicker recovery and less postoperative discomfort compared to more invasive
surgical procedures [11, 14].

A case study assessed the effectiveness of combining faradic and neuromuscular electrical
stimulation to enhance sensory and motor function of the bladder and bowel in pediatric patients with
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spina bifida and myelomeningocele. Bladder control improved by 40%, while bowel control increased
by 20%. All participants showed improved bladder sensation, and 80% experienced improved bowel
sensation. Additionally, using surged faradic stimulation on the pelvic floor muscles as part of
conservative treatment in children with idiopathic rectal prolapse led to the complete resolution of even
long-standing rectal prolapse [16]. Post-operative patients with cauda equine syndrome have shown
improvement in urinary retention following a patient-specific physiotherapy treatment plan which
included pelvic floor exercises and surface faradic electrical stimulation [17].

Sacral neuromodulation (SNS) modifies nerve signals to decrease involuntary bladder contractions
and improve pelvic floor muscle coordination, leading to enhanced bladder function. Furthermore,
combining electrical stimulation with Kegel exercises likely helps strengthen pelvic muscles, resulting
in improved Manual Muscle Testing (MMT) and International Consultation on Incontinence
Questionnaire-Urinary Incontinence Short Form (ICIQ-UI SF) scores. Patients receiving SNS often
report higher satisfaction and an overall better quality of life. The alleviation of symptoms related to
bladder and bowel dysfunction contributes to enhanced daily functioning and well-being. The
psychological benefits of reduced incontinence episodes and improved control over bodily functions
further contribute to improved quality of life. Studies consistently demonstrate that patients experience
less anxiety, depression, and social isolation after SNS treatment.

The observed sensory recovery, reduced reliance on catheterization, and enhanced quality of life
emphasize the value of SNS as a treatment option. The potential for SNS to restore neurological control
over bladder and bowel functions provides hope for individuals dealing with these challenges.

LIMITATIONS AND FUTURE RECOMMENDATIONS

This study focuses on the outcomes of just one patient, which restricts the generalizability of the
findings. The findings may not fully represent the experiences of all individuals with neurogenic bladder
dysfunction. Further research with a larger sample size is needed to verify the effectiveness of
superficial sacral stimulation.

CONCLUSION

The patient’s recovery, characterized by significant improvements in bladder function and sensory
perception following superficial sacral stimulation highlight the importance of considering SNS in
clinical practice for patients with neurogenic bladder dysfunction. This case study adds to the increasing
body of evidence highlighting the effectiveness of Sacral Nerve Stimulation in enhancing bladder
function and improving quality of life for patients with neurogenic bladder.
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