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The dental pulp

Dental pulp is the living, soft tissue structure which resides in the coronal pulp chamber and root canals of primary and permanent teeth.

Histologically, it is composed of loose connective tissue, surrounded on its periphery by a continuous layer of specialized secretory cells, the odontoblasts. Odontoblasts are unique to the dental pulp and are responsible for dentine deposition.

Blood vessels and nerves enter the pulp through the apical foramen and occasionally through lateral or accessory root canals. The pulps of primary and young permanent teeth, especially those with incomplete apices, have a very rich blood supply.

The most important function of the pulp is to lay down dentine which forms the basic structure of teeth, defines their general morphology, and provides them with mechanical strength and toughness.

Dentine deposition commences many months (primary teeth) or years (permanent teeth) before tooth eruption and while the crown of a newly erupted tooth has a mature external form, the pulp within still has considerable work to do in completing tooth development. Newly erupted teeth have short roots, their apices are wide and often diverging, and the dentine walls of the entire tooth are thin and relatively weak.

Provided the pulp remains healthy, dentine deposition will continue during the posteruptive year for primary teeth. One of the key goals of paediatric dentistry is therefore to protect and preserve the pulps of teeth in a healthy state at least until this critical phase of tooth development is complete.

Diagnosis of pulp pathosis and rationale

Studies in the early 1970s had shown that in over 50% of the primary molars where the loss of the marginal ridge had occurred, pulp inflammation was irreversible. Research carried out recently in the Department of Paediatric Dentistry of the Leeds Dental Institute (Duggal et al., 2002), has corroborated these findings. In this study, it was shown that most teeth had pulp inflammation involving the pulp horn adjacent to the proximal carious lesion, even when caries had involved less than half the marginal ridge, studied by measuring the inter-cuspal distance (bucco-lingual) involved in the carious process. This suggests that inflammation of the pulp in primary molars develops at an early stage of proximal carious attack and by the time most proximal caries is manifest clinically, the pulp inflammation is quite advanced. These findings have important clinical implications, the most important being that restoration carried out without pulp therapy in most primary molars, where proximal caries has manifest clinically with the involvement of the marginal ridge, will fail. Once the breakdown of marginal ridge is evident pulp therapy is invariably required. It also reiterates the importance of early diagnosis of proximal caries with the use of BW radiographs. Because of this early onset of inflammation in primary molars direct pulp capping is also contraindicated.

8.8.3 Indirect pulp capping

In the majority of circumstances, carious lesions can and should be fully excavated before tooth restoration. A clinical dilemma is presented by a deep lesion in a vital, symptom-free tooth where complete removal of softened dentine on the pulpal floor is likely to result in frank exposure. The advancing front of a carious lesion contains very few cariogenic bacteria. Provided the bulk of infected overlying dentine is removed, a small amount of softened dentine may often be left in the deepest part of the preparation without endangering the pulp. This is the basis of indirect pulp capping.

All caries is first cleared from the cavity margins with a steel round bur running at slow speed. Gentle excavation then follows on the pulpal floor, removing as much of the softened dentine as possible without exposing the pulp. Precisely how much dentine should be removed becomes a matter of experience and clinical judgement, although some have advocated the use of indicator dyes (e.g. 0.5% basic fuchsin) to show when all infected dentine has been eliminated. A thin layer of setting calcium hydroxide cement is then placed on the cavity floor to destroy any remaining micro-organisms and to promote the deposition of reparative secondary dentine.

In its classical application, the indirect pulp cap was covered with zinc oxide-eugenol cement, and following several weeks' observation, the cavity was re-entered to remove all remaining softened dentine. More commonly, the calcium hydroxide pulp cap is simply covered with a layer of hard setting cement and the tooth permanently restored at the same visit. Periodic clinical and radiographic review is then undertaken to monitor the pulp response.

If, as has been discussed in the previous sections, the pulp is deemed to be inflamed, pulp therapy should be considered even in the absence of a clinical exposure. Direct pulp capping should not be carried out if an exposure is found on removal of caries, as placing a medicament, such as calcium hydroxide on an inflamed pulp will lead to failure.

8.8.4 The vital pulpotomy

Pulp therapy usually refers to two terms; pulpotomy and pulpectomy. A pulpotomy involves the coronal removal of the pulp tissue that is diagnosed to be inflamed or infected as a result of deep caries. This usually leaves an intact radicular pulp tissue upon which a medicament is applied before placing a coronal restoration.

Indications for a pulpotomy

The indications for a pulpotomy that are of direct relevance to general dental practitioners are given in Table 8.3.

There are certain conditions such as congenital heart defects, history of heart surgery where pulpotomy is not usually performed due to the risk of precipitating bacterial endocarditis. Also, in immuno-compromised (e.g. leukaemia) or deficient conditions, pulpotomy is contraindicated and extraction with the relevant essential precautions is usually preferred.

The pulpotomy technique

The various steps involved in carrying out a pulpotomy in a primary molar are shown in Figs. 8.17, 8.18, 8.19, and 8.20.

Pulpotomy medicament

Formocresol has traditionally been used and widely recognized within the profession, as a medication that has delivered the best long-term results. A one-fifth dilution of original Buckleys formulation has been shown to be as effective as the full strength concentrate. Formocresol is not easily available in the United Kingdom and there have been some concerns about its toxicity, both locally and systemically. These concerns have grown recently with formaldehyde, one of the important components of formocresol linked to certain forms of cancer. Attempts have been ongoing for the last few years to find a suitable replacement and one material that has generated a lot of interest recently as a suitable alternative to formocresol is ferric sulfate. Ferric sulfate has been widely used to control gingival bleeding, prior to impression taking and also in endodontics. It is an excellent haemostatic agent, forming a ferric ion-protein complex on contact with blood, which then stops further bleeding by sealing the vessels (Fig. 8.21 (a)-(c)). It has also now been shown to be as effective as formocresol in medium-and long-term studies when used in a concentration of 15.5%. This is available commercially as Astringident. The authors view is that ferric sulfate will emerge as the most suitable alternative to formocresol in the next few years. In light of recent evidence, ferric sulfate can be used as a suitable alternative for those concerned about the toxicity of formocresol or have difficulty obtaining it in the United Kingdom. However, it must be remembered that ferric sulfate has no "fixative" effect. For this reason, an accurate diagnosis of the state of the pulp tissue being left behind and on which ferric sulfate is being applied will need to be made.

Key Points
 Ferric Sulfate is a suitable medicament for pulpotomy in primary molars when the inflammation is diagnosed to be restricted only to the coronal pulp.
 Though it stops bleeding at the site of amputation of the coronal pulp, it should be applied, almost immediately, for about 1 min.

Follow-up

Teeth that have undergone pulpotomy should be reviewed clinically and if possible radiographically, though the authors accept that routine radiographic follow-up is not possible in general dental practice. Clinically, the following criteria indicate success:

 absence of symptoms;
 absence of any abscess or draining sinus;
 no excessive mobility or tenderness.

Radiographically there should be:

1. Either no further bone loss in the furcation region or regeneration of bone in this area. Ddemonstrates good bone condition in the bifurcation region 6 months after the pulpotomy was performed.

2. No evidence of internal resorption. Internal resorption usually indicates chronic inflammation and the activity of giant cells causing resorption of the dentine. It creates few symptoms, and is usually detected as an incidental finding on radiographic examination. It should be considered as a form of irreversible pulpitis.

Key Points
 Direct pulp capping has a poor prognosis in carious primary molars.
 Pulpotomy has a better prognosis than pulp capping.
 A pulpotomy should only be performed when the pulp inflammation is thought to be limited to the coronal pulp.
 Ferric sulfate (15.5%), available as Astringident is emerging as a good alternative to formocresol for use as a pulp medicament.

 Management of non-vital and abscessed primary molarsthe pulpectomy technique

Primary molars with abscesses are usually indicated for extractions. Persistent and chronic infection in primary molars can cause damage to the developing permanent tooth germs and such foci of infection should be removed.

In some cases the non-vital primary molars  or ones with a chronic discharging sinus might need to be retained. Some of the reasons for this could be:

 orthodontic,
 medical, where extraction is not appropriate, such as in severe haemophiliacs,
 parents refusal to accept extraction.

In such cases these teeth can be retained by carrying out the Pulpectomy procedure. In the United Kingdom, there is reluctance among many dentists to carry out a pulpectomy as it is perceived to be difficult in a young child, with extraction being preferred. The authors feel that this is a misconception. This technique should be learnt by all paediatric dentists, as it can often save the child from the trauma of a GA for extraction of primary teeth. Pulpectomy involves accessing the root canal system of primary molars, cleaning them as best as is possible, and then using an appropriate material, usually pure zinc oxide eugenol, to obturate the root canals. Pure zinc oxide eugenol is preferred as it is entirely resorbable and is easily removed as the roots of the primary teeth undergo resorption. Also, if it is extruded through the apices, it gets completely resorbed by the apical tissues. Other materials such as Iodoform paste, and even calcium hydroxide are also sometimes used.

The root canal morphology of primary molars is quite similar to that of permanent molars with either three of the four root canals present. In the lower primary molars there are always two mesial root canalsmesio-buccal and mesio-lingual, with one or sometimes two distal root canals. In upper primary molars there are three root canalsmesio-buccal, disto-buccal, and palatal .

Indications for pulpectomy

 Irreversible pulpitis involving both the coronal and radicular pulp.
 Non-vital primary molars or incisors that need to be maintained in the arch.
 Abscessed primary molars.
 Primary molars with radiographic evidence of furcation pathology.

The steps for performing a pulpectomy are shown in the flow diagram.

It's shows a diagrammatic representation of the technique. In some cases where there is acute infection or persistent discharge from the root canals, it may be necessary to defer the root canal obturation to a second visit. In such cases a medicated cotton pledget, barely moistened with formocresol is sealed in the pulp chamber with either glass ionomer cement or IRM. (For those who are concerned about the safety of formocresol, Ledermix would be a suitable alternative.) In the second visit the pledget is removed and the pulpectomy procedure completed.

Follow-up and review

Though the pulpectomy technique carries a good prognosis, the outcome is not as good as a vital pulpotomy. Clinical follow-up augmented by one periapical radiograph on a yearly basis is required. The following clinical and radiographic parameters can be taken as indications of success:

Clinical

 alleviation of acute symptoms;
 tooth free from pain and mobility.

Radiographic

 improvement or no further deterioration of bone condition in the furcation area.

Root canal treatment of primary incisors

The technique described above can also be used to treat non-vital or abscessed primary incisors. Increasingly, parents are reluctant to have their child's upper anterior teeth extracted. In a modern society, where a child's self-esteem is important, it is the duty of the dentists to maintain aesthetics wherever possible. Many primary incisors with abscesses that are extracted can be retained with the help of a pulpectomy technique, and the root canal morphology is such that this can easily be performed , the only limiting factor being the child's co-operation. Indications for a pulpectomy in primary incisors include carious or traumatized primary incisors with pulp exposures or acute or chronic abscesses.It's shows an example of primary central incisors treated with pulpectomy.

Key Points
 A pulpectomy should be considered wherever it is essential to preserve a primary tooth that cannot be treated with other means, such as a pulpotomy.
 Both primary molars and incisors can be treated with a pulpectomy technique.
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