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ABSTRACT

Drooling, also known as sialorrhea, refers to the unintentional loss of oral fluids from the mouth, such as saliva. In
healthy infants and toddlers, isolated drooling is common and may be connected to teething. The autonomic
parasympathetic nervous system regulates saliva production from the paired glands. Children with impaired motor
control and oral sensibility is more likely to experience chronic sialorrhea; excessive salivation is less common. Physical
complication includes dry lips, dehydration, unpleasant Odor, and subsequent bacterial infection. The goal of
anticholinergic medication is to alter the neuroglandular regulation of saliva. Various approaches to manage this
condition for moderate and severe drooling include conservation interventions, physical therapy, drug therapy,
radiotherapy, pharmacotherapy, oral motor training and surgery. These background, assessment, and management
topics are covered in great detail in this article.
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INTRODUCTION

Drooling refers to an inability to regulate mouth secretions. Drooling not caused by overproduction of
saliva; rather, it is the result of an issue with the mechanism of coordinated control of the palatolingual or
orofacial muscles. Drooling can occur in patients even in those who produced less salivary flow, such as
those with Parkinson's disease [1, 2]. Salivary “continence” occurs generally by 15-19 months, many kids
will still have over salivation until they are three years old, especially when they are eating It is classified
as pathogenic after the age of four3. The overall frequency of severe sialorrhea in children is 0.6% [3]. In
chronic neurological disorders, sialorrhea is highly prevalent and has an effect on mental health and a
mark on life quality [4]. There are two types sialorrhea anterior and posterior [5]. Both can happen either
concurrently or independently. In addition, posterior drooling can cause social embarrassment, isolation,
and low self-esteem [6] The sublingual and submandibular glands release 70% saliva within
unstimulated state. On the other hand, most saliva is produced by the parotid glands when the body is
prompted. In the stimulated condition compared to the resting state, saliva flow is five times

Causes of Drooling [7]
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Some medicines are known to cause drooling or sialorrhea: -

Indirect muscarinic stimulants are to block the acetylcholinesterase enzyme. By raising acetylcholine
levels, they activate muscarinic or nicotinic receptors, which causes an increase in salivary flow. The three
primary clinical acetylcholinesterase inhibitors were used. donepezil, galantamine, and rivastigmine is
used to treat Alzheimer's disease. Drooling is rarely -seen as a clinical issue with this family of medicines,
despite its unique mechanism [7-9]. Neostigmine, physostigmine, and edrophonium are further
acetylcholinesterase inhibitors that are primarily used in the diagnosis and management of myasthenia
gravis. All anti-dopamine medications have the potential to induce drooling as a result in dysfunctional
bradykinesia, a condition which swallowing occurs infrequently. Patients typically exhibit extrapyramidal
side effects, which makes this clinically extremely obvious. Therefore, sialorrhea may result with
antipsychotic medications due to the following factors:

1. Induced Parkinson's disease symptoms.

2. Areduction in noradrenaline or blockade of a2-adrenergic receptors.

3. The muscarinic receptors M3 and M4 are directly affected.

Common first-generation antipsychotic drugs including fluphenazine and haloperidol, cause more
extrapyramidal symptoms than atypical antipsychotics, which belong to the second generation, include
clozapine, risperidone, and olanzapine. Excessive sedation is a mechanism that hinders swallowing and is
a negative effect of several antipsychotic medications [10]. Clozapine is the prototype of an atypical
antipsychotic. Due to its antagonism with the sympathetic nervous system's a2-adrenergic receptors with
its agonistic action on glandular muscarinic receptors M3 and M4, which activates the parasympathetic
nervous system to promote salivary production it can cause sialorrhea [11, 12]. When benzodiazepines
are taken in excess or at high doses, it can sometimes result in drooling this indicates that the swallowing
process has changed [13]. Non-steroidal anti-inflammatory drugs, quinidine, potassium, iron
preparations, doxycycline, and tetracycline may cause oesophageal mucosal inflammation, leading to
drooling due to functional or pain impairment [14,15]. Toxins including organophosphate insecticides
and nerve agents can cause drooling by blocking the acetylcholinesterase enzyme, resulting in the
muscarinic and nicotinic receptors being overstimulated. Drooling can also be caused by mercury,
thallium, manganese, and arsenic poisoning [16-25], Moreover, it is a clinical indicator of some illegal
substances such as phencyclidine [26]. Herbal medicines, such as jaborandi (containing pilocarpine) and
yohimbine (alkaloids) that act as peripheral adrenergic a2 antagonists, can increase salivary production
3839, Furthermore, the medication betel nut, it contains arecoline, a direct muscarinic agonist that can
cause "betel nut drooling," and is ingested by millions of people in Southeast Asia." Saliva flow can also be
stimulated by red pepper and citric acid [24]

Management of Drooling: - The control of drooling remains difficult Despite an availability of the
numerous successful therapeutic in nature as to reduce saliva production. Saliva flow from the
oesophagus to the mouth is regulated by cognitive abilities, swallowing, lip closure, head posture, and
oral sensitivity [26]. Primary care physicians can provide a complete history and physical examination of
their patients, as well as evaluate the effect of drooling on their standard of living and identify areas of
improvement [27]. There are several different treatment options, but it's unclear which ones are the
safest and most efficient. Improving a child's capacity to behaviourally control their secretions and
improving their Oro motor control are the primary objectives of treating sialorrhea, reduction of the
adverse effects of sialorrhea on social-affective and health outcomes*? Saliva drooling is a difficult
problem that is best treated by a multifunctional team. The team consists of the otolaryngologist, dentist,
orthodontist, neurologist, occupational therapist, speech therapist, and primary care physician Together
with the patient's consent, a management strategy might be created. The aim of managing Drooling is a
way to lessen excessive saliva production. while keeping the oral cavity moist and healthy. Preventing
xerostomia, or Mouth dryness is essential. basically, two primary methods are present [28]:
1.Non-invasive treatments: - positioning, improving eating and drinking abilities, Oral prosthetic
devices, oral therapy, biofeedback therapy, both positive and negative reinforcement, medication
treatment, and botulinum toxin treatment.

2. Invasive Treatment: - Radio therapy or surgery.

Non-Invasive Treatment: -

Positioning: It is crucial to consider the patient's position before initiating any therapy. A human being
must feel fully supported and at comfortable while sitting. Mouth control of saliva and swallowing is
enhanced by proper alignment, which includes the trunk and head control [29].

Eating and drinking skills: - Unhealthy consuming habits might make drooling worse. Some progress
may be made if eating and drinking, mouth movement, and lips closures procedures receive more focus
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and are improved. Avoiding alcohol and acidic fruits will help reduce drooling because they increase
saliva production [30].

Oral facial facilitation: this method will help in increasing the frequency of swallowing, oral motor
control, and sensory awareness. Patients with both hyper and hypotonic muscles showed improvement in
their drooling with this technique, according to Scott and Staios et al. This comprises many methods that
speech therapists typically use to enhance salivary control and muscular tone. The majority of research
indicate quick benefits with negligible long-term gains. This method is simple to use, has no negative
adverse effects, and possibly stopped if no changes are shown [31].

a) frosting- The result normally lasts between 5 and 30 minutes. enhances swallow reflex and tone.

b) Brushing: It is advised to do this before meals because the effects possibly noticed for up to 20 to 30
minutes.

c) Vibration: enhances the tone of muscles with high tones.

d) Manipulation: techniques such tapping, stroking, patting, and applying strong pressure with
fingertips directly on muscles are reported to increase oral awareness.

e) Oral motor sensory activities: such as tongue and lip exercises.

Speech therapy: For best results, speech It is best to start speech treatment as quickly as feasible. The
objectives are to enhance lip closure (particularly while swallowing), boost tongue mobility, strength, and
posture, and lessen nasal regurgitation while swallowing [32].

Rehabilitation- Sialorrhea management may be greatly aided by programs that target posture, body
alignment, and oral motor skills. While most trials demonstrate short-term improvement with limited
long-term benefit [33], there is not any agreement on the efficacy of these treatment [34]. Oromotor and
Oro sensory methods include active and passive exercises to enhance tongue mobility, strength, and
location as well as lip sealing [35]. Sensory applications include using various oral textures, vibration,
tapping, palpation, and biofeedback systems. This strategy is only appropriate for kids with moderate to
severe dental issues, adequate mental abilities. Its success rate is most when initiated early. These
methods have no adverse effects and are simple to use in daily life [36].

Behavioural therapy: Children with normal cognitive function and only moderate sialorrhea may benefit
from behavioural therapy [37]. includes overcorrection, signals, and both positive and negative
reinforcement. This can be done by family members and adults, and repeated therapy is frequently
necessary. There is little proof for it, and no negative effects have been noted [38].

Oral prosthetic device: To improve lip closure, tongue position, mandibular stability, and swallowing, a
range of prosthetic devices, such as chin cups and dental appliances, can be helpful. Better outcomes
depend on the patient's cooperation and comfort [39-42].

Pharmacological therapy

Drooling can be treated with muscarinic receptor antagonists such atropine, glycopyrronium bromide,
and scopolamine (hyoscine), which reduce salivary secretion. Patients with glaucoma, paralytic ileus,
prostatic hypertrophy, cardiac issues, or pyloric obstruction should not take these medications [43].
There are significant individual variations and incomplete results that sometimes result in the use of large
dosages and appearance of extreme side effects like constipation, impaired vision, agitation,
disorientation, retention of urine, and possibly toxic psychosis. These adverse reactions provide a higher
risk to the more patient than sialorrhea itself [44]. As the parasympathetic nervous system regulates
saliva secretion, and as the particular neurotransmitter involved is analogue (Ach), a decrease in Ach
levels would result in a decrease in salivary secretion [45].

Glycopyronnium bromide oral: In 2010, the FDA approved this solution formulation for children with
severe sialorrhea and neurologic problems aged 3 to 16 [46]. The remedy is recommended for the
intermittent, short-term therapy of severe sialorrhea symptoms [47].Studies have different dosage
recommendations for oral usage. An initial dosage of 12.8ug/kg/ dose of glycopyrronium should be
administered three times a day, according to the product's list of characteristics. The effects start quickly
(15-30 minutes) and peak between one and four hours, lasting up to six to eight hours [43]. Compared to
transdermal scopolamine, it is usually more well-tolerated and has a similar but less common side effect
profile. While either drug can be utilized, glycopyrronium needs to be taken first [48].

Atropine: -Drooling can be minimized when atropine is taken sublingually [49]. Comparing sublingual
release to parenteral delivery, there are numerous benefits. Atropine has a reversible effect, is
inexpensive, and does not require specialized training to administer. Patients with dementia, cognitive
decline, or hallucinations should not use it [50, 51].

Transdermal patches (Scopolamine®): - scopolamine are used for treat motion sickness-related
nausea. Dry mouth is the most frequent adverse effect. Those who drool have tested for both scopolamine
and clozapine reactions., brain lesions, Parkinson's disease or significant oropharyngeal resection [52,
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53]. Nebulization is a preferable way to administer scopolamine since it improves medication absorption.
It has been observed that an 800ug dose given twice or three times a day is both effective and free of side
effects [54].

Benzhexol (trihexyphenidyl): This medication is mostly used to treat dyskinetic cerebral palsy and
disorders of dystonic movement. Benzhexol was generally well tolerated and successful in an
investigation that was without a prescription, medication in the management of kids with cerebral palsy's
dystonia or sialorrhea [56]. For sialorrhea, the starting dose should be 0.5 mg for newborns and 1 mg for
kids once a day. Dosage should be titrated every two weeks up to a maximum of two milligrams per day.
Oral Benztropine: - - Some research suggests that benztropine also reduces excessive salivation.17 3-3.8
mg/day dose ranges have been reported. Sedation, dysphoria, and restlessness are serious central side
effects that are reported [55].

Intra-oral botulinum toxin (BTX) injections: Although BTX has a wide range of therapeutic
applications, its efficacy in treating excessive drooling has just recently been established [57]. This
neurotoxin inhibits the cholinergic nerve terminals' ability to release Ach [58]. As new nerve terminals
emerge to form new brain connections, the blocking is only temporary [59]. When anticholinergic therapy
does not produce the desired results, these injections are frequently taken into consideration [43].
Reports indicate that the effect is maximal four to six weeks after injection, extending durations of one to
six months [60]. the submandibular and parotid gland infusion is often administered under
ultrasonography supervision. The most common adverse effects are thickening of secretions, dysphagia,
and injection site irritation. At the moment, the FDA has approved BTX types A and B for the treatment of
adult chronic sialorrhea [61, 62] in young people, in spite of the Although BTX injections have a beneficial
overall effect, there is insufficient evidence to verify its efficacy [63, 64].

INVASIVE TREATMENT

Radiation therapy

Scholars like Borg al et. have examined the application of ionizing radiation as a treatment for sialorrhea
in an attempt to lessen the production of saliva’¢ Because it can result in delayed development,
xerostomia, stomatis, tooth decay, malignancy, and Radiation osteitis, they suggested avoid radiotherapy
for children [65].

Surgical Treatment [66]

The final therapeutic option for sialorrhea is surgery, which is advised:

* When conservative treatments have failed in moderate-to-persistent instances.

« In extreme situations if there are signs of past treatment failure or minimal benefit from conventional
therapy.

« In moderate cases where cognitive development is delayed or conservative therapy have failed due to
lack of cooperation.

Neurectomy: -. Saliva flow is decreased when the parasympathetic nerve is sectioned. The tympanic cord
and plexus nerve can be sectioned unilaterally or bilaterally by themselves and conjunction in addition to
other treatments a submandibular gland like that exegesis [67, 68]. The sublingual and submaxillary
glands secrete less when the tympanic chord is removed; However, the side effects of this surgery alone
have been demonstrated to be insignificant [69]. Therefore, it is not advised for people who have hearing
issues. Controversial are the long-term outcomes of isolated neurectomies [70].

Surgical procedure of gland and salivary duct: - The aim of duct blockage is to achieve atrophy of the
gland. There are several distinct methods. which consist of the submandibular glands' exegesis or the
bilateral the ducts of parotid glands. Based on data from three investigations involving 96 patients, the
simplest strategy has shown to be effective (85-86% success rate) [71]. With a success rate of 75%-89%,
repositioning the submandibular duct, either alone or in combination, is a routine treatment. Benefits
consist its physiologic features and it’s a minimally invasive [72]. Various research has reported on the
methods and outcomes of ductal repositioning.

CONCLUSION

Drooling is major issue in certain kids, particularly those suffering from neurological issues. Monitoring
sialorrhea is crucial since it can cause children's potentially dangerous chronic pneumonias with silent
micro-aspirations. The multidisciplinary expert team more effectively organizes the diagnosis and
treatment of children's chronic sialorrhea. Treatment choices for children vary based on age, severity, and
cognitive function. Non-invasive and reversible treatments should be prioritized first, with surgical
operations as last resort. Future extensive research in this area is necessary because this issue affects so
many children and their families.
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