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Abstract: Hydrocephalus affects the central nervous system as a result of progressive ventricular
dilatation from the accumulation of cerebrospinal fluid in the brain’s lateral ventricles. This paper
reports on the oral characteristics of a child with congenital hydrocephalus, discusses her complex
dental care needs, and presents dental management of this case. Despite the complex and challenging
dental needs, this child received dental treatment in a chairside approach without general anesthesia.
A thorough knowledge of the patient’s medical condition, together with expert clinical skills, was
indispensable for managing the child and improving the quality and length of her life.

Keywords: hydrocephalus; dental care for the chronically ill; facial asymmetry; tooth diseases; oral
health; dental care for the disabled; child

1. Introduction

Hydrocephalus (HC) refers to a diverse group of conditions that result from the
impaired circulation or absorption of cerebrospinal fluid (CSF). The CSF in the brain’s
lateral ventricles causes progressive ventricular dilatation, affecting brain growth and
development [1] (HC can happen at any age, but it occurs more frequently among infants,
with an incidence ranging from 0.4 to 0.8 cases per 1000 births [2]). The prevalence rate is
higher in some developing countries [1]

Hydrocephalus can be congenital or acquired. Congenital hydrocephalus (CHC) may
occur due to a ventricular obstruction caused by congenital aqueduct stenosis, neural tube
defects (e.g., myelomeningocele and Chiari II malformation), posterior fossa malformation,
developmental cysts, and congenital foramen of Monro atresia [1] (Kahle et al., 2016). CHC
can be either syndromic or nonsyndromic. The genes implicated in congenital hydro-
cephalus cause include 2 X-linked (L1CAM and AP1S2) and three autosomal recessive
genes (CCDC88C, MPDZ, and EML1) [3]. The maternal environmental risk factors for
CHC development include medication and alcohol use during gestation; maternal lifestyle
pathologies such as obesity, diabetes, or hypertension; lack of prenatal care; and low socioe-
conomic status [4]. The causes of acquired pediatric hydrocephalus include inflammation,
neoplasm, and vascular disease [1].

The clinical presentation of hydrocephalus varies. Infants may show increased head
circumference, bulging of the anterior fontanel, distended scalp veins, broad forehead,
deviated eyes downward because of impingement of the dilated suprapineal recess on
the brainstem tectum (setting sun sign), and spasticity. In older children, hydrocephalus
signs may be subtler, including irritability, lethargy, poor appetite, headache, epilepsy, and
vomiting [5].
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A gradual change in personality and deterioration in academic productivity suggests
a slowly progressive form of hydrocephalus. Children with CH may use difficult words;
however, their understanding of abstract concepts is restricted, and their pragmatic con-
versational skills are weak [6]. Hydrocephalic children are at increased risk for various
developmental disabilities. The mean intelligence quotient is reduced, particularly for per-
formance tasks compared with verbal abilities. Many children have abnormal memory and
executive function, spatial navigation, learning, and processing speed [1]. Although most
hydrocephalic children are pleasant and mild-mannered, some show aggressive behavior.
Hydrocephalic children must receive long-term follow-up in a multidisciplinary setting [6].

The diagnosis of HC depends on a combination of characteristic clinical features,
MRI imaging of the brain to demonstrate ventriculomegaly (the most crucial diagnostic
investigation), and the absence of other causes of encephalopathy [1]. The diagnosis can be
made from the dilatation of the lateral brain ventricles during ultrasound examinations
after the 20th week of pregnancy. Analyzing CSF biomarkers was suggested as a means to
gain insight into the pathophysiology of hydrocephalus and have potential diagnostic and
therapeutic value [7].

Despite the possibility of early diagnosis and surgical treatment, the prognosis for
CH is still not good, as the perinatal mortality rate is as high as 38% [8]. Most cases
of hydrocephalus require extracranial shunts, particularly ventriculoperitoneal shunts
(VPSs), which generally consist of Silastic tubing that runs subcutaneously from the head
to the abdomen with a valve between the ventricular and distal catheters. The major
complications of shunting are occlusion (characterized by headache, papilledema, emesis,
mental status changes) and bacterial infection, usually caused by Staphylococcus epidermidis
and other microorganisms (characterized by fever, headache, and meningismus). The
infection is most likely to occur during the first eight weeks after surgery in approximately
10% of cases [9]. Malignant hyperthermia and cerebral venous thrombosis were recently
reported after neurologic surgery to insert a VP shunt [10]. Finally, repeated shunt revisions
because of shunt failures are associated with a reduction in cognitive functions. Despite
reoperation due to high failure rates, shunts have almost the same configuration and design
they had when they were introduced in the 1950s [1]. Endoscopic third ventriculostomy
(ETV), alone or paired with choroid plexus cauterization (CPC), has been introduced in the
U.S. and Canada as an alternative to CSF shunts with favorable results [11].

Dental-related characteristics of patients with HC have been reported in the litera-
ture [12–15]. However, there is little information on the oral health of persons with CHC.
Studies cited above have shown that the oral health of children with special-care needs,
including those with CHC, is neglected, and this negligence is manifested by the high
prevalence of carious teeth, low prevalence of restored teeth, and more biofilm due to
poor oral hygiene. Unfortunately, many dental practitioners are not trained to provide
dental care for this population, thus causing poor oral health care services. These factors
contribute to a low oral-health-related quality of life as reported in the literature concerning
children with special needs [16].

Disorders in growth and puberty in children with CHC have been reported to include
a craniofacial asymmetry in those patients who always had a shunt on the same side,
premature fusion of the cranial sutures (craniosynostosis), and disruptions of dental (teeth)
maturation [15,17–19]. The facial asymmetry is caused by a moderate growth restriction
caused by scar tissue and fibrosis around the shunt on the side where it was inserted. This
also adversely affects head posture and muscle balance. Craniosynostosis may result from
decompression of the cerebral ventricles using shunts, which interferes with cranial vault
growth. The disruption of dental maturation is caused by the alteration of growth hormone
and pituitary sex hormones resulting from abnormal intracranial pressure around the hy-
pophysis. A few articles have reported dental care for patients with CHC [14,20,21]. Table 1
summarizes the recommendations for a dental practitioner to follow when managing a
child with CHC. The article aims to describe the oral condition of a patient with congenital
hydrocephalus (CHC) and present the dental care provided.
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Table 1. A summary of recommendations related to the dental management of a child with hydrocephalus [14,21].

Procedure Recommendation Modification Further Information

Medical history A careful history of general health, associated
systemic condition

Antibiotic prophylaxis Consider with reservation in invasive
dental procedures

May be indicated for ventriculoatrial (VA) shunts rather
than ventriculoperitoneal (VP) shunts

Infective endocarditis prophylaxis
recommended for patients with underlying
cardiac conditions associated with the highest
risk of adverse outcome from infective
endocarditisfor dental procedures that

X involve manipulation of gingival tissue;
or

X the periapical region of the teeth; or
X perforation of the oral mucosa.

VP shunt Be careful not to compress the catheter during
dental treatment Use pillows and cushions to support the patient’s head

Intraoral radiographs
Place the radiograph film within a plastic bag
4 cm by 23 cm to avoid the risk of
swallowing/suffocation

Let caregiver control the intraoral position of the film

Prevention

Educate caregivers about the importance of daily
oral health care
Diet counseling
More frequent dental visits
More frequent fluoride application or higher
fluoride concentration

Demonstrate to caregivers the oral devices used to hold
the patient’s mouth open during brushing
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2. Case Report

An 8-year-old female with CHC was referred to us for dental treatment due to a lack
of cooperation with her general practitioner. During the interview, the mother reported
that the child was born with CH. Two months after birth, the child was operated on for a
VP shunt placement, which had been replaced twice since then. The spinal column had
developed sacralization in the fifth lumbar vertebra and spina bifida occulta in the first
sacral vertebra. Currently, the child is taking an anticonvulsive (Tegretol). The mother
reported that the child continually suffers from headaches, vomiting, and poor appetite.
Despite memory disorders, cognitive problems, and a lack of formal education, the child
can eat, change her clothes, and go to the toilet without additional help. An extraoral
examination showed an abnormal enlargement of the posterior region of the head. The
VP shunt, installed subcutaneously, could be felt on the left side of the head and neck
(Figure 1A–C).
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Figure 1. (A) Frontal view of the child. (B) Lateral view of the child. Note the enlargement in the head’s posterior region
due to hydrocephalus. (C) The ventriculoperitoneal (VP) shunt in the neck’s left side.

The intraoral clinical examination showed generalized gingivitis, dental plaque ac-
cumulation, and a mild gingival enlargement in the anterior area. Many permanent and
primary teeth showed extensive carious lesions. The upper-left central incisor presented
signs of hypomineralization and decalcification in the sense of an initial carious lesion
(Figure 2A–C). The child was in the transitional dentition with class I molar relationships,
showing a mild crowding in lower incisors and a dentoalveolar anterior open bite. The
child’s thumb sucking and tongue thrusting habits might have contributed to her maloc-
clusion. The lower primary molars were treated three years ago, but the dental history
showed that the child lacked the cooperation ability to complete the treatment correctly
(Figure 2C).
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The radiographic examination showed the absence of the upper-left lateral incisor
bud, multiple carious teeth, and apical lesions affecting multiple teeth, including the lower
permanent first molars (Figure 3).
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Figure 3. A panoramic radiograph showing teeth #46 and #36 with extremely large carious lesions
and periapical radiolucencies, tooth #16 with an extensive carious lesion, and large carious lesions in
the upper primary molars.

Based on medical and dental histories and diagnostic tools, a diagnosis and a problem
list were set as shown in Table 2.

Table 2. A diagnosis and a problem list.

Diagnosis Problem List

• Congenital hydrocephalus � Hyposalivation

• Malocclusion � Poorly compliant parents

• Mild to moderate gingivitis High caries risk and poor oral hygiene due to [22]:

• Extensive carious lesions in teeth #16,
#36, #46, #21, and upper primary
molars

Special health needs
Visible cavitations
Enamel demineralization or hypomineralization
Lowsocioeconomic status
Insufficient oral hygiene measured with the aid of
a plaque score
High sugar intake measured by a dietary chart
Medications that impair saliva flow (Tegretol)
Poor toothbrushing performed only on days of
dental treatment

A comprehensive treatment plan was established, including

• Toothbrushing and flossing instruction and the establishment of a caries prevention
plan: Chlorhexidine mouthwash (0.12%) and gel (0.2%) were prescribed for an initial
period of two to three weeks help resolve gingivitis, and the parents were encour-
aged to supervise the child’s toothbrushing using a high-concentration fluoridated
toothpaste.

• Consultation with the child’s physician.
• Treatment of all carious lesions.
• Orthodontic treatment.
• Maintenance and recalls.
• A detailed discussion with patient and parents regarding the treatment plan.
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The basic behavioral management techniques were used in all sessions, including tell,
show, do (TSD) by explaining with simple terms of what will be done in the upcoming
sessions; distraction using mobile games and videos; and positive reinforcement by praising
and giving a reward at the end of each session. These techniques enhanced the child’s
attitude towards dental treatments as shown by a considerable improvement in behavior.
Latex products were avoided because children with neural tube defects are at higher risk
for latex allergy [23]. Attention was made to prevent compressing the VP shunt during
dental treatment.

3. Management

The child’s dental condition was managed over several sessions. The steps presented
below outline the order of the treatment procedures applied in the child patient. Each step
was completed in one, two, or more sessions as deemed necessary by the treatment team.
Flexibility in treatment plans and procedures when treating children with HC is required,
and was followed while managing the current child. The treatments were provided after
the child became familiar with the clinic’s environment and the dental-care providers.

Step 1
The child and parents were instructed on proper tooth brushing with fluoridated

toothpaste (high fluoride concentration of 5000 ppm) and flossing to improve the child’s
oral health. Full dental records, including radiographs and intraoral photographs, were
done. A detailed discussion with the parents regarding the treatment plan was made
to explain the difficulties in treating immature and infected permanent teeth as those
presented in this case.

Step 2
The lower-left permanent molar (tooth #36) had necrotic pulp and apical lesions. The

tooth’s distal root had an open apex, whereas the mesial root showed a closed apex. It was
decided to do a traditional root canal in the mesial canals and insert an apical plug using
mineral trioxide aggregate (MTA) in the distal root (Figure 4A–C).

• The procedure involved local anesthesia, a rubber dam, and removal of caries.
• Working length was established using a radiograph.
• Copious irrigation with 2.5% sodium hypochlorite NaOCl, followed by minimal

mechanical instrumentation of the root canal walls and additional irrigation with
Q-mix (Dentsply Sirona) and ultrasonic activation was performed.

• Mesial canals were obturated with gutta-percha using a lateral condensation technique
while the distal root was treated with MTA as an apical plug because there was no
apical stop.

• A moist cotton pellet was placed in the canal to facilitate MTA setting, and the access
cavity was restored using a glass ionomer cement.

• The next day, the setting of the MTA plug was verified, and the remaining portion of
the root canal was filled with gutta-percha using lateral condensation. The pulp cham-
ber was cleaned and the coronal access double-sealed with a bonded resin composite.

• A stainless steel crown was inserted.

Step 3
The lower-right permanent molar (tooth #46) was treated similarly to tooth #36, but

Biodentine (Septodont) was used as an apical plug in one session instead of MTA to reduce
treatment sessions. The root canal’s remainder was filled with gutta-percha, and the tooth
was restored, similar to tooth #36 (Figure 5A,B).
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Step 4
The upper-right first permanent molar (Tooth #16) had an asymptomatic deep carious le-

sion.

• The procedure involved local anesthesia and rubber dam isolation.
• A pinpoint pulp exposure happened (Figure 6A).
• A coronal pulpotomy was completed by removal of coronal pulp tissue.
• Hemostasis was achieved using 5% sodium hypochlorite and MTA placed as a dress-

ing material over pulp orifices (Figure 6B).
• The tooth was restored like teeth #36 and #46.
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Step 5
The upper-left first permanent molar (tooth #26) had an asymptomatic superficial

carious lesion, which was restored with a metallic crown.
Session 7
Tooth #21 showed a cavitated carious lesion on the buccal surface paired with hy-

pomineralized spots and was restored with a bonded composite (Figure 7A,B).
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Step 6
A prophylactic antibiotic (50 mg/kg of amoxicillin) was administered before extraction

of all primary teeth in a few sessions based on the recommendation of the child’s physician
and deemed appropriate by the dentist. Figure 8 shows the dental condition 1 month after
the operation.
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Step 7
After all the dental treatments were performed, interceptive orthodontic treatment

was planned to prevent finger sucking and tongue thrusting so that the anterior teeth could
re-establish normal eruption and the space of the lower canines and premolars could be
preserved. After discussing the advantages and disadvantages of this treatment with the
parents, alginate impressions were taken of the child’s upper and lower jaws to make a
removable palatal crib for the upper jaw and a fixed lingual arch for the lower.

In the next session, the palatal crib was placed (Figure 9A,B), and the lingual arch
was cemented to the lower permanent molars crowns with a glass ionomer luting cement
(Figure 9C). The child and parents were given instructions on cleaning and wearing the
palatal crib, and oral hygiene was emphasized. The palatal crib was used for 11 months; it
has been slightly modified to accommodate the emergence of the premolars.
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make a removable palatal crib for the upper jaw and a fixed lingual arch for the lower. 

In the next session, the palatal crib was placed (Figure 9A,B), and the lingual arch 
was cemented to the lower permanent molars crowns with a glass ionomer luting cement 
(Figure 9C). The child and parents were given instructions on cleaning and wearing the 
palatal crib, and oral hygiene was emphasized. The palatal crib was used for 11 months; 
it has been slightly modified to accommodate the emergence of the premolars. 

 
Figure 9. (A) The upper arch with a palatal crib. (B) The palatal crib in occlusion. (C) The lower arch with the lingual
holding arch.



Int. J. Environ. Res. Public Health 2021, 18, 1209 10 of 14

Clinical and Radiographic Follow-Up

The parents reported a noticeable improvement in the child’s appetite, the disappear-
ance of dental pain, and improved oral care and tooth brushing habits. Pit and fissure
sealants were applied to the premolars as soon as they erupted, a preventive measure
recommended for all high caries risk patients. The teeth were asymptomatic and functional
12 months after the operation. The size of the periapical radiolucency diminished, and full
healing is expected. There was a calcified bridge under the Biodentine apical plug in the
distal root. There was gradual improvement in the anterior vertical dental relationship,
improvement in the lower incisor alignment, and increased transverse growth in the lower
jaw (Figure 10A–H).
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arch one year after the treatment. (G) Both arches in occlusion. Note the reduction in an open bite.
(H) The lower arch one year after the treatment.

4. Prognosis and Discussion

Because the outcomes of the patient’s illnesses are in doubt, the prognosis of caries is
guarded due to poor oral hygiene and the child’s special needs but could be improved with
better oral hygiene and more frequent recall visits for preventive therapy. The prognosis
for improved behavior is also guarded due to the nature of CHC, with lifelong limited
intellectual functioning.

The dental treatment of patients with special needs is sometimes performed in a
hospital setting under general anesthesia (GA) or sedation. However, it should be noted
that individuals with neural tube defects present a high risk of an anaphylactic response
during GA [24]. Due to the gradual behavioral improvements after using basic behavioral
management methods, the child received dental treatments using local anesthesia with
positive results. Treating the child well, praising her positive behavior during treatment
sessions, and giving her gifts made the dental visits a favorite thing for her and changed
her attitude towards dental treatment.

Comprehensive orthodontic care might also be considered after the eruption of all
permanent teeth. As long as the lingual arch appliance is left in place until the second
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permanent molars fully erupt, the prognosis is good. However, the congenitally missing
tooth in this patient’s maxillary arch significantly complicates her care. An alternative
treatment plan would have been to wait until permanent dentition eruption to initiate
orthodontic treatment; however, regaining the space after the mesial movement of the
permanent molars would have made this difficult. The simple use of a lower lingual arch
has significant advantages in this type of case. Oral habits such as non-nutritive sucking,
bruxing, and abnormal tongue swallowing and positioning can apply forces to the teeth
and dentoalveolar structures that may have deleterious effects. The use of anticonvulsant
drugs has also been associated with an anterior open bite in children with developmental
disabilities, producing respiratory depression, hypoventilation, hypoxia, and obstructive
sleep apnea [25,26]). The child must be old enough to understand the need to stop the
habit and accept helpful interventions. Treatment is directed toward behavior modification
techniques and appliance therapy, such as a palatal crib. Special-needs individuals have
high orthodontic needs due to the increased prevalence and severity of malocclusions [27],
and the parents of special-needs children are highly motivated to improve their quality of
life by improving their appearance and oral function. Unfortunately, special-needs patients
are the least likely to receive orthodontic treatment because of major obstacles that may
preclude treatment delivery or are encountered during treatment. Different management
modalities should be employed to overcome these patients’ behavioral limitations in order
to allow orthodontists to gain therapeutic access to them. Patients with special care needs
require more chairside time and an increased number of appointments, which means that
treating them in a regular orthodontic office among healthy patients is problematic since
they would disrupt the schedule. Unlike pediatric dentists, orthodontists are rarely in a
position to overcome serious behavioral problems in their patients and, accordingly, find the
prospect of treating a special-needs child daunting [28,29]. Cooperation between pediatric
dentists and orthodontists and other professionals (e.g., oral surgeons and endodontists) is
required to optimize dental care.

There is some controversy concerning antibiotic prophylaxis for patients with shunts.
Generally, patients with ventriculoatrial (VA) shunts require antibiotic prophylaxis before
dental treatment; those with VP shunts do not [30]. However, some pediatric dentists and
neurosurgeons recommend antibiotic prophylaxis for both types of shunts. The reasoning is
that the bacteria found in the oral cavity flora are also the bacteria found in shunt infections,
including Staphylococcus spp. and Streptococcus spp. [31]. The research concerning antibiotic
prophylaxis is ongoing, and interdisciplinary cooperation between dentists and physicians
should be used in treating such patients. Aptekar and Sandor (2006) advise the dental
practitioner to err on the side of caution and give antibiotics to patients with shunts [32].
However, reports on dental studies offer contradictory statements on the relationship
between hydrocephalic shunt infection and oral maneuvers [13].

Biodentine was used instead of MTA because it has been shown to have better handling
properties and, more importantly, a shorter setting time. It also poses a lower risk of tooth
discoloration [33]. The shorter setting time of Biodentine helped us with the child’s behavior
management by making appointments shorter. QMix is an endodontic irrigating solution
aimed at helping eradicate microbes from the root canal system and remove the smear layer.
QMix is a 2-in-1 solution containing 2% CHX as a disinfectant and a polyaminocarboxylic
acid calcium-chelating agent (17% EDTA) [34]. In the current case, the use of QMix helped
reduce treatment time (and, thus, disruptive behavior), as it was claimed to work in 60
to 90 s [24].

Complications and Alternative Treatment Plans

Complications for this patient could include a relapse of the open bite once the ap-
pliances are removed. The relapse could happen because of her poor swallowing pattern
or the return of thumb sucking. Although her seizures seem to be well controlled at this
point, there is greater concern about how she will tolerate the appliance. If the patient’s
behavior had been poor, making it difficult to isolate the tooth restorations or pulp therapy,
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the alternative treatment would be extraction. Removal of the first permanent molars was
an option to avoid the need for space maintenance. After consultation with the dentist, the
parents opted to treat the molars rather than have them extracted. Pharmacological man-
agement might have required this option for this patient if regular chairside management
had not been deemed feasible [35].

5. Conclusions

The parents were informed of the importance of achieving optimal dental health
in this special-care patient and the recommendations for establishing a dental home to
maintain oral health as an essential component of overall general health. As balancing the
requirements of a child with special needs can be challenging, the parents were encouraged
to work closely with the child’s dentist to put a prevention plan in place so that many
potential dental problems can be avoided entirely. Pressing medical issues often take
priority, and dental care often takes a back seat. The problem is that children with disabili-
ties or special needs are more likely to develop dental problems compared to otherwise
healthy children. Dental care had focused on oral rehabilitation in chairside dental settings,
paying close attention to the recommendations related to patients with CHC. Treating
patients with CHC requires a thorough background knowledge of the condition paired
with expert clinical skills. The overall objective of medical and dental management should
be to provide longer life in conjunction with a higher quality of life.
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