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Theme of lesson: Trauma temporary and permanent teeth in children. 

                                Causes. The clinic, diagnostics. Therapeutic tactics. 

Examination of the traumatized patient 

In order to arrive at a quick and correct diagnosis of the probable extent of injury to the pulp, periodontium and associated structures, a systematic examination of the traumatized patient is essential and will be demonstrated in the following. 

When the patient is received for treatment of an acute trauma, the oral region is usually heavily contaminated (Fig. 1.1). The first step in the examination procedure, therefore, is TO wash the patient's face. In case of soft tissue wounds, a mild detergent should be used (see later). While this is being done, it is possible to get an initial impression of the extent of injury- Thereafter, a series of questions must be asked to aid in diagnosis and treatment planning. 

These questions include: 

How did the injury occur? The answer will indicate the location of possible injury zones (e.g. crown-root fractures in the premolar and molar region after impacts under the chin) (Fig.1.2). 

Where did the injury occur? While there might be legal implications in the answer to this question, this will also indicate the possibility of contamination of wounds. 

When did the injury occur? The answer will imply a time factor, which could influence the choice of treatment. This time factor becomes critical in the case of avulsed or displaced teem. 

Finally any inconsistency between the appearance of the wounds on a child and die history supplied should raise die suspicion of the battered child syndrome. In this case, the patient should also be examined by a pediatrics ml, 

Was there a period of unconsciousness? If so, for how long? Is there headache? Amnesia? Nausea? Vomiting? These are all signs of brain concussion and require medical attention- However; this does not contraindicate immediate treatment of the dental injury. Early treatment will in most cases improve later prognosis. 

Has there been previous injury to the teeth? Answers to this question may explain radiographic findings, such as pulp canal obliteration and incomplete root formation in a dentition with otherwise completed root development (Figs. 1.3 and 1.4). 

Is there any disturbance in the bite? An affirmative answer can imply one of the following conditions: tooth luxation, alveolar fracture, jaw fracture or luxation or fracture of the temporo-mandibular joint. 

Is there any reaction in the teeth to cold and/or heat? A positive finding indicates exposure of dentin and therefore need fur dentinal coverage. 

Finally, a short medical history should reveal possible allergies, blood diseases and other information which could influence treatment. 

The clinical examination 

The clinical examination should first include examination of soft tissue wounds. If present, the penetrating nature of these should be determined, with emphasis on the possible presence of foreign bodies embedded within these wounds. Thereafter, me hard dental tissues are examined for the presence of infractions and fractures. The diagnosis of infractions is facilitated by directing the light beam parallel to the labial surface of the injured tooth .

In the case of crown fractures all possible pulp exposures should' be detected and their size noted, as well as the vascularity of the pulp (whether there is fresh hemorrhage, cyanosis or ischemia). Detection of pinpoint perforations is facilitated by thorough cleansing of the fracture surface. 

Mobility testing should determine the extent of loosening, especially in axial direction of individual teeth (an indication of a severed vascular supply) and mobility of groups of teeth (an indication of fracture of the alveolar process). 

Percussion testing, with a finger in small children or the handle of a metal instrument, has two functions. Tenderness to percussion in an axial direction (i.e., from the incisal edge) will indicate damage to the periodontal ligament- Percussion of the labial surface will yield, either a high or low percussion tone, A high, metallic percussion tone is an indication that the injured tooth is locked into bone (as in lateral luxation or intrusion). At the follow-up periods, this tone indicates ankylosis. This finding can be confirmed if a finger is placed on the oral surface of the tooth to be tested- It is possible to feel the tapping of the instrument in a tooth with a normal PDL. In the case of intrusion, lateral luxation or ankylosis, percussion cannot be felt through the tooth tested. 

Electrometric sensibility testing should be carried out if at all possible, as it gives important information about the neurovascular. 

Vascular supply to the involved teeth. The most reliable response is obtained when the electrode is placed upon the incisal edge or the most incisal aspect of enamel in the case of crown fractures, It should be noted that young teeth with incomplete root forma-tion do not respond consistently to sensibility testing; but the response at the time of injury provides a baseline value for com-parison at later follow-up examinations. Finally, sensibility testing in the primary dentition may yield inconclusive information due to lack of patient cooperation. 

The radiographic examination 

The clinical examination should now have determined the area of injury that is the area to be examined radio-graphically. In the presence of a penetrating lip lesion as soft tissue radiograph is indicated in order to locate eventual foreign bodies. It should be noted that the orbicularis oris muscles close tightly around foreign bodies in the lip, making them impossible to palpate; they can only be identified radio-graphically. This is accomplished by placing a dental film between the lips and the dental arch and using 25% of the normal exposure time .

The standard periapical bisecting angle exposure of each traumatized tooth (using a size 1 film) gives information about cervical root fractures as well as other tooth displacements, Thus, a radio-graphic examination comprising 1 occlusal exposure and 3 periapical bisecting angle exposures of the traumatized region will provide maximum information in determining the extent of trauma. 

Essentials 

- Obtain standardized data from the patient. 

- Clean the traumatized region. 

- History: When, where and how did the injury occur? 

- Unconsciousness? Amnesia? Headache? Nausea? Vomiting? 

- Disturbance in the bite? 

- Reaction to cold or heat? 

- Previous dental injury? 

- Any allergies or serious illness? 

Clinical examination 

- Soft tissue. 

- Hard tissues (enamel fracture, dentin or pulp exposures)? 

- Abnormal mobility, tooth displacement. 

- Tenderness to percussion, percussion (ankylosis) tone. 

- Electrometric pulpal sensibility. 

Radio graphic examination 

- Soft tissues. 

- Occlusal radiographic exposure of the anterior region, 

- Periapical bisecting angle exposure of each traumatized tooth. 

Final diagnosis and treatment planning. 

Pattern of injury and diagnosis 

Crown fractures comprise the most frequent injuries in the permanent dentition- Apart from the loss of hard tissue; this injury can represent a hazard to the pulp. The usual cause of a crown fracture is a frontal impact, the energy of which exceeds the shear strength of enamel and dentin (Fig. 2.1). The tooth is thereby fractured in a horizontal pattern^ following the course of the enamel rods. If the impact is from another direction, other lines of fracture may be seen. Pulpal status following crown fracture depends upon various factors: whether there is a concomitant luxation injury and the stage of root development, whether dentin has been exposed and, if so, the time interval from injury until dentinal coverage (as well as the type of dentinal coverage), 

The closeness of the fracture to the pulp and the risk of bacteria or bacterial toxins penetrating dentin into the pulp are the primary sources of pulpal complications after crown fracture. 

Case of untreated, uncomplicated crown fractures, bacterial plaque will accumulate on the exposed dentin, later to invade dentinal tubules, the rate of invasion and its significance for pulpal status is not known. 

In case of a pulp exposure, the following events take place. Soon after injury, the exposed pulp is covered with a layer of fibrin. A zone of acute inflammation is seen immediately subjacent to the exposure site. After 2 days, proliferative changes take place, whereby the pulp ultimately protrudes through the exposure. A significant finding is that the inflammatory -cone is still confined to the most superficial 1-2 mm of the pulp even 1 week after injury. In case of an associated luxation injury, these events may be modified by total ischemia and autolysis of the pulp. 

Treatment 

Restoration of esthetics can be achieved by composite resin build-up (Figs, 2.3 and 2.4), reattachment of the crown fragment using a dentin bonding agent, or by full crown restoration. 

At the time of injury, various factors can influence the choice of treatment as well as whether or not immediate definitive treat' merit can he performed. In many situations, a temporary restoration may be indicated. These include pulpal involvement concomitant luxation injuries and lack of patient cooperation. Temporary restoration can be in the form of a pre-formed stainless steel or resin crown or temporary build-up using a temporary crown and bridge material. If pre-formed crowns are to be cemented in place, it should he remembered that, in the case of concomitant luxation injuries, the periodontal ligament has been ruptured. In these cases, care must be taken to avoid forcing the temporary luting agent into the injured periodontal ligament space. 

With respect to maintaining pulpal vitality, successful restoration of enamel-dentin crown fractures requires a hermetic seal of exposed dentinal tubules, this can be achieved by using glass ionomer cement, hard setting calcium hydroxide paste or a dentin bonding agent (sec later). While zinc oxidc-eugenol cement has been found to be one of the best agents for producing a hermetic Antibacterial seal, it is not recommended in situations where a composite resin restoration is to be placed, as the eugenol component will interfere with polymerization. 

Composite resin build-up (Fig. 2.4) 

Preparation 

Preparation of teeth for composite build-up has long been a subject of debate. It has been found that a chamfer margin (in contrast to a bevel) yields the best final result due to ease of finishing and the greater bulk of material at the final margin- The best restorative result is achieved if a rubber dam is used- 

Dentinal coverage 

Prior to acid etching and final restoration, dentinal coverage is necessary to protect pulpal vitality- This can be in the form of hard setting calcium hydroxide paste, glass ionomer cement or a dentin bonding agent (see later), 

Acid etching 

In order to ensure a tight seal against micro leakage following restoration, adequate acid etching is required. That is, 30 seconds' etch followed by ringing of the etched enamel surface with a Copious flow of water for 20 seconds in order to remove all traces of etchant. Thereafter air drying to yield the characteristic mat enamel surface, 

Choice of composite material 

Light-cured resins have been found TO possess the best color stability when compared with two-component self-cured resins. Crown fractures can be restored either using a layer build-up Technique or by the use of standardized crown forms which are filled with the restorative material to be used. The choice of either technique is a personal one. However, it should be noted that light from the polymerizing lamp can only penetrate 2.0 mm and that in larger restorations adequate polymerization requires greater light exposure to achieve optimal material properties. 

Reattachment of the crown fragment (Fig. 2.6) 

This form of treatment has been shown to yield good esthetic results in that original tooth anatomy is restored with a material that abrades at a rate identical to that of the adjacent tooth substance and at the same time permits continual monitoring of pulpal status through the fragment (Fig. 2.5). 

Clinical procedure (Fig. 2.5) 

The enamel-dentin fragment can either be brought to the dental clinic at the time of injury or can be recovered later. All fragments should be stored in either physiologic saline or tap water until bonding to prevent discoloration and/or infractions due to dehy-dration. 

In the case of small uncomplicated fractures, where there is a good distance from the fracture surface to the pulp, and no concomitant luxation injury, bonding can be performed immediately. However, following profound uncomplicated fractures (where the red of the pulp can be seen through dentin), and concomitant luxation complicated fractures, a period of temporary restoration must be included in the treatment schedule. 

Temporization 

In uncomplicated fractures, the exposed fracture surface (enamel and dentin) is disinfected and then covered with hard-setting calcium hydroxide cement (e.g. Dycal®, Life®). 

In complicated fractures, pure calcium hydroxide (e.g. Calasept®) is placed over the perforation. The enamel and dentin of the fracture surface are then covered with hard-setting calcium hydroxide- In both cases; the teeth are temporarily restored (4 wk for uncomplicated fractures, 3 months for complicated fractures) until bonding. 

In the case of concomitant luxation injuries, the fixation period is the same as for the given trauma entity. However, for concomitant concussion or subluxation temporization of approximately 2 wk is recommended. The temporary restoration should stabilize the fractured tooth in order to avoid migration of the injured incisor or its antagonists. If preformed crowns are used, eugenol containing cements should be avoided as eugenol can penetrate dentin and prevent optimal bonding. 

In the case of a complicated fracture, pulpal considerations are discussed later. Bonding is carried out when there is hard tissue closure of the perforation, i.e. approximately 3 months after in-jury. At that time, the temporary restoration is removed and the fracture site examined. An intact hard tissue barrier should be present at the site of exposure- There should also be normal sensibility to pulp tearing. 

All soft tissue remnants from the exposure site are removed. The fracture surface is disinfected and the barrier covered with a calcium hydroxide dressing (e.g. Dycal or Life), Pulpal remnants in the crown fragment are removed with a round bur, 

If necessary, the fragment is further hollowed out to accommodate the dressing over the hard tissue barrier and thus allow optimal repositioning of the fragment. Thereafter, bonding is performed as for uncomplicated fractures. 

After bonding, patients are asked to use the teeth normally. Limitations in use, however, include all horizontal occlusal forces, e.g. pulling on chewy foods (hard breads, tough meats, and toffees). 

Complicated crown fractures - pulpal considerations 

Treatment of pulp exposures depends upon pulpal healing potential and the desirability of maintaining a vital pulp- Thus profound crown fracture of a mature tooth might dictate pulpal extirpation to permit restoration with a post-retained crown (Fig, 2-7). 

In the event that a vital pulp is desired (as in young individuals) the following conditions must be fulfilled: 1.) The pulp should have been free of inflammation prior to injury; and 2.) any associated injury to the PDL must not have compromised the vascular supply to the pulp (fig. 2.8). 

If these conditions can be met, pulp capping and partial pulpotomy are the treatments of choice (Figs. 2.9 and 2.10). The choice between these two treatment procedures is unclear at present. Therefore, only a few unsupported guidelines can be given. 

Thus, pulp capping should he used primarily for small exposures Soon after injury (possibly within die first 24 hours) and where a restoration can be placed which provides a tight seal against bac-terial invasion (Figs, 2.9 and 2.11). 

In larger exposures with longer post-trauma intervals, a partial pulpotomy should be performed to a depth of 2 mm (Figs. 2.12 to 2.13). The amputation site should then be covered either with a hard setting calcium hydroxide cement, If later direct monitoring of the hard tissue barrier is not anticipated; or with pure calcium hydroxide, when later monitoring is desired- In the latter case, the perforation is covered with pure calcium hydroxide (e.g. Calasept®) and the exposed enamel and dentin is covered with a -setting calcium hydroxide cement (e.g. Dycal® or Life®). A emporary restoration is then placed which will ensure a tight seal against bacterial invasion of the healing pulp. 

Three months after injury, the exposure site is uncovered. The amputation materials as well as the necrotic pulp tissue immediately above die hard tissue barrier are removed. If the barrier appears intact, a bacteria-tight material is placed (e.g. glass ionomer cement or a denim-bonded composite). The tooth can then be restored either with conventional composite buildup using the acid-etch technique or bonding of the original crown fragment using a dentin bonding system. The need for a hermetic seal seems relevant (although not proven), as all hard tissue barriers contain numerous vascular inclusions which allow direct bacterial invasion of the pulp.

Crown fractured teeth should be followed in order to diagnose pulpal complications. A useful follow-up schedule is 1 and 2 months and 1 year after injury. Signs of pulp necrosis include loss of pulpal sensibility, coronal discoloration and periapical radiolucency. However, none of these signs is pathognomonic. 

successfully (i.e. by the formation of a calcified bridge) under the following circumstances: 

- No inflammation prior to Trauma. 

- Intact vascular supply after trauma. 

Two treatment options exist: 

- Pulp capping, 

- Partial pulpolomy. 

Which of these two treatment procedures is to be preferred has not yet been determined, however, the following conditions appear to favor pulpotomy rather than pulp capping: 

- Long exposure period after trauma (i.e. more than 24 h). 

- Large exposures (limit not established), 

- Reduced vascularity due to a concomitant luxation injury, 

Treatment procedures: Pulp capping 

- Isolate the pulp exposure. 

- Cover the pulp with a calcium hydroxide material (either hard-setting cement or pure calcium hydroxide paste). 

- Restore the tooth cither immediately with a bacteria-tight restoration, OR, after a 3-month period, where the exposure site is uncovered and the hard tissue barrier assessed. Thereafter, the hard tissue barrier is re-covered with hard-setting calcium hydroxide cement, glass ionomer cement or a composite resin retained with a dentin bonding agent, and thereafter restored. 

Treatment procedures: Pulpotomy 

- Isolate the pulp exposure. 

- Amputate the pulp to a level approximately 2 mm below the exposure site, or to where fresh bleeding is seen. 

- If immediate restoration is desired, cover the exposure with hard-setting calcium hydroxide cement (e.g. - Dycal® or Life®). 

· If later assessment of the hard tissue barrier is desired, cover the exposure with pure calcium hydroxide paste; cover the entire fracture surface (enamel and dentin) with hard-setting calcium hydroxide cement and a temporary restoration for a period of 3 months. At that time, uncover the amputation site, remove the necrotic pulp tissue immediately above the hard tissue barrier and restore with a bacteria-tight restoration.

· Pattern of injury and diagnosis 

This trauma entity is quite common and usually presents serious treatment problems due to the complex nature of the injury. Most of these fractures occur as the result of a horizontal impact. If the force of the impact exceeds the shearing strength of the hard dental tissues, a fracture will occur which initially follows me enamel rods of the labial surface of the crown and then takes an oblique course below the palatal gingival crest (Fig. 3.1). During its course through dentin, the fracture will often expose the pulp. The fracture line is usually single; but multiple fractures can occur, often commencing from the depth of the primary fracture. 

A crown-root fracture left untreated usually results in pain from mastication due to movement of the coronal fragment but is otherwise without symptoms, 

The pathological events in case of no treatment comprise inflammatory changes in the pulp, periodontal ligament and the gingiva due to plaque accumulation in the line of fracture (Fig. 3.2). 

The clinical diagnosis of a crown-root fracture is apparent when the coronal fragment is mobile (Fig. 3.2). The radiographic diagnosis is more difficult, at least with respect to its lingual extent as the fracture line is usually perpendicular to the central radiographic beam (Fig. 3.2). 

Fig.3.2. Clinical and radio-graphic diagnosis of crown root fracture. 

The coronal fragment is mobile. The radiographs are not able to reveal the apical limit of the fracture. 

CROWN-ROOT FRACTURES 

Treatment 

Most crown-root fractured teeth can be saved. In the following, various treatment procedures will be shown, including treatment indications, treatment principles and a cost-benefit analysis of their use. 

FIG.3.3. Removal of the coronal Fragment and supragingival restoration 

Removal of the coronal fragment with subsequent restoration above gingival level 

Treatment principle. To allow the subgingival portion of the fracture to heal (presumably with formation of a long junctional epithelium), whereafter the coronal portion can be restored either by: bonding the original tooth fragment where the subgingival portion of the fragment has been removed using a dentin bonding system, a composite build-up using dentin and enamel bonding systems, or y crown restoration (Figs, 3.3 and 3.4). 

Indication. This procedure should be limited to superficial frac-tures that do not involve the pulp. 

Treatment procedure. The loose fragment is removed as soon as possible after injury. Rough edges along the fracture surface below the gingiva may be smoothed with a chisel- The remaining 

Crown is covered with a temporary crown whose margin ends supragingivally. Once gingival healing is seen (after 2-3 weeks), the crown can be restored. 

Cost-benefit. The method is easily followed and treatment lime is short. However, the long-term effect with respect to the pulp and periodontum remains to be documented. 

Removal of the coronal fragment and surgical extrusion of the root 

Treatment principle. To surgically move the fracture to a su-pragingival position (Fig. 3.6). 

Indication. Should only be used where the root portion is long enough to accommodate a post-retained crown, Treatment, as soon after injury as possible, the coronal fragment is removed (Fig.3.7). The apical fragment is luxated with an elevator and removed with forceps. The pulp can be extirpated at this time. The root is then moved into a more coronal position and secured in that position with sutures and/or a splint. In case of palatally inclined fractures, 180º rotations can often imply that only slight extrusion is necessary to accommodate crown preparation, after 2-3 weeks, the tooth can be treated endodontically. After another 1-2 months, the tooth can be restored with a post-retained crown, 

Cost-benefit. Several clinical studies have indicated that this is a safe and rapid method for the treatment of crown-root fractures. 
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