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Abstract – The aims of this retrospective observational study were
to determine the factors which affect treatment provision and the
Median Survival Time (MST) for maintenance of tooth vitality
following complicated crown fracture. The survey was carried out
for patients treated at Newcastle Dental Hospital (NDH) according
to departmental guidelines over a 2-year period following the
introduction of a new protocol for management of these types of
injuries. Seventy-three cases of complicated crown fracture were
identified in 69 children with a mean age of 10.3 years
(SD ¼ 2.5 years). Seventy-one percent of the fractures occurred in
males (M:F ratio was 2.5:1). Fifty-one percent of the complicated
crown fractures were in immature teeth. Of the 73 traumatised
teeth, 45% presented initially in general dental practice (GDP),
37% at the dental hospital and 8% at local accident and
emergency departments with the remaining 10% seen at other or
unrecorded locations. Of the 41 fractures, which presented initially
at a location other than the dental hospital, 38% were referred to
the dental hospital without the provision of an emergency pulp
bandage. The overall definitive treatments provided for the 37
open apex teeth included pulp cap (19%), partial pulpotomy
(32%), cervical pulpotomy (8%) and pulpectomy (35%), while for
the 36 closed apex teeth it was pulp cap (28%), pulpotomy (11%),
and pulpectomy (61%). Of the 30 teeth, which underwent vital
pulp therapy (18 open and 12 closed apex), the MST for the 15
teeth treated with pulp caps was 1460 days (95% CI: 1067, 1853)
while for the 15 teeth treated with pulpotomies it was 1375 days
(95% CI: 964, 1786). There was no statistically significant
difference in the MST between teeth treated with pulp caps and
pulpotomies. In conclusion, the proportion of patients referred to
secondary care with complicated crown fractures without provision
of a pulp bandage is of some concern. More conservative
treatment of closed apex teeth sustaining complicated crown
fractures, utilizing vital pulp therapy techniques would appear to
be appropriate.
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Trauma to the anterior teeth remains a common
occurrence in children in the UK. The latest UK
National Child Dental Health Survey carried out in
1993 (1) found 17% of 15-year old had received
trauma to their incisors, with a greater prevalence in
boys (21%) than girls (12%).

Complicated crown fractures result in the exposure
of the tooth’s pulp to the oral environment. It has long
been known that bacteria are the primary aetiological
agents of pulp necrosis following a pulp fracture.
Histological studies in monkey teeth have shown that
the inflammation and associated bacterial invasion is
usually contained within the superficial 2 mm of an
exposed pulp (2). These animal studies demonstrated
the efficiency of the inflammatory reaction in con-
taining the bacterial insult within the periphery of the
exposed pulpal tissue and this finding has been pivotal
in the trend towards more conservative clinical
treatment of traumatically exposed pulps (3, 4). These
new approaches involve the removal of only the
superficial area of inflamed pulp tissue, enabling the
preservation of deeper remaining healthy, vital tissue.

Complicated crown fractures usually result in
exposures that permit salivary rinsing and prevent
impaction of contaminated debris (5, 6). However,
bacterial contamination from plaque, contaminated
debris over the exposed pulp or leakage of a
deficient temporary restoration allows bacteria to
settle in the pulp. Therefore, the provision of a well
intentioned but ultimately poor quality temporary
restoration over an exposed pulp may actively
reduce the tooth’s prognosis, emphasizing the
importance of optimum treatment quality from the
outset.

The key factor in determining prognosis after any
form of pulp exposure is minimizing the bacterial
invasion of the pulp (7). Therefore, provision of a
hermetic seal over exposed pulps to minimise
invasion by bacteria and the removal of infected
pulpal tissue as soon as possible following the injury
is critical.

At present, direct pulp capping usually involves
the use of calcium hydroxide, but this acts only on
bacteria on the pulp’s surface (8). Animal studies
have shown the success of calcium hydroxide pulp
capping in primates to be reduced from 93 to 56%
when microbial exposure increased from 1 h to
7 days (9). It follows that pulp-capping using
calcium hydroxide will be most successful if carried
out in the initial 24 h after pulpal exposure.

Cvek (10) found pulpotomies which remove the
superficial area of infected pulp to have very high
success rates, regardless of the size of the exposure
or the time elapsed since injury, providing the pulp
was previously healthy. Teeth with substantial
treatment delay healed as well as teeth treated
immediately (10), indicating that time since the

injury, in itself, is not a contraindication to under-
taking a pulpotomy.

Advances in pulpal treatments and improvements
in materials have lead to improvements in prognosis
following dental injuries (7, 10–15). These treat-
ments are completely dependent on correct initial
management of the patient and during the protrac-
ted periods of follow up that are often necessary. It is
therefore crucial that the clinicians to whom these
patients present are competent in at least the
emergency management of dental trauma and able
to provide appropriate follow up or, if necessary,
refer to an appropriate specialist centre.

Removal of exposed pulps, which prior to
trauma were healthy and symptom-free, may
constitute overly aggressive management. A report
produced as part of the Royal College of Surgeons
(RCS) Clinical Guidelines (16) suggested that 92%
of root treatments for permanent incisor teeth in
children and adolescents were unsatisfactory.
Reported success rates for completion of apexifi-
cation in immature teeth, or the avoidance of
periapical pathology following pulpectomies and
subsequent root filling varies from 80 to 96% (7,
17). Pulpectomy is not an infallible treatment. It
requires substantial treatment time and may com-
promise the tooth’s strength, making it liable to
further fractures. Previously, in cases of substantial
coronal tooth structure loss, limitations in restor-
ative materials and techniques may have required
the use of full coverage crowns with anchorage in
the root canal. Recent developments in composite
materials mean this can now be avoided in many
cases. Where possible, even in mature teeth,
preservation of a healthy vital pulp should be
regarded as the prime management objective and
considered as ‘Best Practice’.

Agreed standards and management protocols for
complicated crown fractures are available (4).
Management of dental trauma often crosses the
primary and secondary care divide and effective
communication is vital between different care
providers responsible for the patient’s treatment to
ensure optimum provision of care.

The aims of this study were to determine the
factors which affect treatment provision for patients
and the Median Survival Time (MST) for tooth
vitality following complicated crown fracture (invol-
ving the tooth pulp) for patients treated at Newcastle
Dental Hospital (NDH) according to departmental
guidelines between October 1998 and September
2000.

Materials and methods

A retrospective observational survey of all patients
attending the department’s Trauma Clinic with
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complicated crown fractures between October 1998
and September 2000 was carried out. This time
period followed the adoption of a new departmental
treatment protocol for management of these injuries
and provided a minimum of 2-year follow up for
each injury identified. Ethical approval was not
required. The hospital notes of each patient iden-
tified were assessed using a numerically coded data
collection form.

The data collected include the following.
• General identification data including: hospital

number, date of birth, gender, post code.
• Source of patient’s referral.
• Date of trauma.
• Cause of trauma.
• Place of patient’s initial presentation.
• Date of initial presentation.
• Date of presentation at the Dental Hospital.
• Tooth with complicated crown fracture.
• Grade of apexification of tooth.
• Other concomitant injuries to same tooth.
• Other associated non-dental injuries.
• Location of traumatic event.
• Other teeth injured in incident.
• Treatment at patients’ initial presentation.
• Treatment at presentation at the Dental Hospital.
• Time from initial dressing to placement of

definitive composite restoration.
The stage of root development at injury was

determined from radiographs and graded on a one
to five scale based on the classification described by
Cvek (18). Since completion of root development
was likely to occur between review appointments,
the date for root end completion was recorded as
the first date where a complete root was observed
radiographically. Each individual case of a compli-
cated crown fracture was considered separately.

A prepilot study was carried out to test the coding
on the data collection sheet, identifying and elim-
inating any ambiguities in coding.

The data collection form was then piloted on ten
sets of records (10% of the expected study popula-
tion), selected by computer randomization. To
measure reliability of the data recording, the
patients’ notes were assessed independently by two
examiners. Inter-examiner agreement was then
assessed using Kappa analysis.

In the main study, data collection was made by a
single examiner (NJ). Intraexaminer reproducibility
(internal consistency) was determined by reevaluat-
ing a randomly selected 10% sample of patient notes
using the Kappa analysis.

Coded variables from the completed data entry
forms were entered into a relational database
(Microsoft Access Version 9.0).

The statistical programme SPSS (Version 10.0)
was used for analysis of results. The MSTs for the

maintenance of tooth vitality were determined using
the Kaplan–Meier technique.

Results

Demographic results

Seventy-three teeth with complicated crown frac-
ture were identified in 69 children. The mean age of
the patients was 10.3 years (SD ¼ 2.5 years, range:
7.3–23.5 years) at the time of trauma with 52 (71%)
of the 73 complicated crown fractures occurring in
boys and 21 (29%) in girls.

Accidents (38%) and playing (19%) were the
commonest cause of complicated crown fracture,
with sports (15%) and bicycles (14%) accounting for
the majority of the remaining fractured teeth. Six
injuries (8%) were ‘non-accidental’ in origin, caused,
for example, by fights. One injury (1%) was a result
of a road traffic accident. The cause of injury was
unrecorded for three cases (4%).

Accuracy of radiographic interpretation

Of the 73 teeth in the study, 37 (51%) were classed
radiographically as immature with the remaining 36
(49%) classified as having completed root develop-
ment (18).

The Cohen’s Kappa score for inter-examiner
agreement in radiographic determination of root
development for 10% of the expected sample (10
teeth) was 0.84 (P < 0.001) i.e. the two examiners
agreed for 9 of 10 teeth. This level of agreement was
considered acceptable. When eight sets of records
were reassessed for consistency in data collection on
completion of the study, Cohen’s Kappa for intra-
examiner agreement was also acceptable at 0.81
(P < 0.001).

Initial management

Of the 73 teeth with complicated crown fracture
managed in the department during the study period,
45% presented initially in General Dental Practice
(GDP), 37% at NDH with eight percent presenting
at Hospital Accident and Emergency departments
(A&E) and three percent initially presenting in the
Community Dental Service (CDS). The place of
initial presentation was unrecorded in 7% of injuries
(Fig. 1).

The type of treatment at the initial presentation
of the patient was recorded. It was possible to
determine treatment provision for all 27 fractured
teeth when the patient presented initially to NDH.
Where patients initially presented elsewhere the
completeness of data available depended on infor-
mation provided in referral forms and letters.

Treatment outcomes following complicated crown fractures
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Data were available for 41 of the fractured teeth
where initial presentation was at a location other
than NDH, of these 15 (38%) were referred to NDH
without provision of an emergency pulp bandage.
Only one of the six cases presenting at A&E was
provided with a pulp bandage before referral to the
Dental Hospital. Of the 33 cases presenting initially
at GDP, eight (24%) were referred to NDH without
provision of an emergency bandage. The remaining
two cases referred to NDH without provision of a
bandage presented initially in the CDS.

Data were available for the time elapsed between
injury occurring and the date of initial presentation
for 49 fractured teeth. Twenty-one (43%) teeth were
seen the same day that the injury occurred, while 43
(88%) were seen within 48 h of the injury. The
mean time to presentation was 7 days
(SD ± 37 days). The data were significantly skewed
by the two outliers of 73 and 250 days before initial
presentation. Removal of these outliers produced a
mean time to presentation of 1 day (SD ± 1 day).

Definitive coronal restoration

Definitive coronal restoration comprised composite
in 59 cases although in seven teeth with a composite
restoration a later need to extract the tooth super-
seded the original definitive treatment. There was
substantial variability in the time taken to provide
this definitive treatment: in 34% of cases definitive
restoration was an initial treatment, but 22% of
cases were left with a temporary bandage for over
6 months (Table 1).

Definitive pulpal treatment

Open apex and closed apex teeth were considered
separately regarding definitive pulp treatment pro-
vision. The 37 teeth with a grade of apexification of
four or less, according to Cvek’s classification (18) at
the time of initial presentation, were categorised as

‘open apex’, the 36 teeth graded five were classed as
‘closed apex’.

Definitive pulp treatment provision was either
pulp capping using calcium hydroxide, partial
pulpotomy and complete pulpotomy or pulp extir-
pation. Dressings, which did not conform to these
treatments, were classified as ‘other dressings’.

The definitive pulp treatment of the 37 open apex
teeth and 36 closed apex teeth with complicated
crown fractures treated at NDH during the study
period is described in Figs 2 and 3. These figures
show the type of definitive treatment and where this
was carried out. Injuries, which attended NDH
initially, are shown separately from cases, which
were referred to NDH from other care providers for
definitive pulpal treatment to be undertaken.

Outcomes of treatment

Of the 73 teeth in the study, eight were either lost to
follow up after referral back to the GDP (six teeth)
or the patient failing to reattend (two teeth). From
the 65 teeth that were followed up, 12 remained
vital at the time of the survey, representing a time
period of between 2.6 and 9.1 years. The teeth
remaining vital were treated by pulp capping or

Dental hospital
37%
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service
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practice
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Not recorded
7%

Hospital accident & 
emergency

8%

Fig. 1. Place of initial presentation of 73 cases of complicated

crown fracture.

Table 1. Time period from date of trauma to placement of definitive
composite restoration for the 59 cases, where information was available

No. of cases %

Same day as initial presentation 20 34
<1 month 4 7
1–3 months 5 9
3–6 months 11 19
>6 months 13 22
Definitive treatment other than
composite used (e.g. tooth crowned)

6 10

Total 59 100
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Fig. 2. Definitive pulp treatment of 37 open apex teeth.
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pulpotomies (partial or complete) (Fig. 4). Of these
12 vital teeth, seven had closed apices at the time of
trauma. Nine of the cases remaining vital presented
initially at NDH, three cases initially presented in
GDP.

Seven teeth (10%) required extraction during the
study. Four cases were provided with a partial
denture as a means of replacement, two teeth were
replaced with auto-transplantation and one with an
osseo-integrated implant.

The Kaplan–Meier survival analysis was under-
taken for the 30 (18 open apex, 12 closed apex)
teeth that received vital pulp therapy as their
definitive treatment. Due to the small sample size,
open and closed apex teeth undergoing vital
therapy were grouped together for survival ana-
lysis. This was considered feasible, as it has been
demonstrated that healing rates following vital
pulp therapy in open and closed apex teeth are
comparable (19). Fifteen of these teeth received
pulp-caps and 15 received pulpotomies. The
MSTs for maintenance of tooth vitality are shown
in Table 2. A survival plot of tooth vitality for
teeth treated using vital pulp therapy is shown in
Fig. 5.

Discussion

This study determined treatment provision for 69
patients with a mean age of 10.9 years seen in a
Dental Hospital’s Child Dental Health Department
following complicated crown fracture.

Demographic factors

The higher incidence of boys (71%) compared to
girls (29%) presenting with complicated crown
fractures correspond with other investigations,
which have all indicated a higher prevalence of
dental injuries in boys (1, 20–24). These differences
can probably be related to boys’ more active
participation in games and sports and the generally
rougher nature of their play.

The peak age incidence for complicated crown
fracture in this study was 10-years for boys, with a
more consistent age spread in girls. This is similar to
other studies that show a peak incidence of trauma
to the permanent dentition at 8–10 years in boys
and a relatively stable incidence in girls throughout
the age range (20, 25).
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Fig. 4. Maintenance of vitality related to treatment provided.

Table 2. Median survival times [with standard error (SE) and 95%
confidence intervals] for pulp vitality in 30 teeth (18 open apex and 12
closed apex)

Median Survival
time (days) SE (days) 95% CI (days)

All 30 teeth undergoing
vital pulp therapy

1375 71 1235–1515

15 teeth with pulp caps
7 open, 8 closed)

1460 200 1067–1853

15 teeth with pulpotomies
(11 open, 4 closed)

1375 210 964–1786
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Fig. 5. Loss of vitality over time for 30 teeth undergoing vital

pulp therapy following complicated crown fracture (census

date ¼ date study carried out).
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Fig. 3. Definitive pulp treatment of 36 closed apex teeth.
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Initial management

The majority of complicated crown fractures, which
were treated in NDH during the study period had
presented initially to a GDP (45%). However, it was
disappointing that only 43% of cases presented to
their GDP on the same day as the injury occurred.
This failure to present immediately may be due to
patients being unaware of, or unable to access, out-
of-hours emergency dental care facilities.

The quality of referral letters to the Dental
Hospital from the health professional to which the
patient initially presented was very variable. Often
details of initial treatment provision were missing or
inadequate. This lack of information can be prob-
lematic for the receiving clinician when the referred
patient presents in a secondary care environment.
These difficulties could be reduced through the use
of a standardized trauma referral sheet (26). GDPs
have stated their enthusiasm for such an aid in a
questionnaire survey of GDPs in the northeast of
England (27). Developments such as these could aid
communication between primary and secondary
care providers, both with crucial roles in the
management of dental trauma.

Assessment of treatment provision at initial
presentation showed that 59% of teeth had a delay
of over 1 month before a composite bandage was
placed. The remaining teeth were left with pulpal
coverage that relied upon a dubious coronal seal.
This was mainly due to the use of glass-ionomer
cement as a pulp bandage even though the depart-
mental management protocol advised the use of a
bonded material to provide the initial pulp bandage.

The high incidence of cases of complicated crown
fracture referred to NDH without the provision of a
dressing over the exposed pulp is of concern. It is vital
that, despite possible barriers to the provision of more
extensive dental trauma treatment in primary dental
care, all GDPs provide basic emergency treatment for
dental trauma cases. Hospital accident and emer-
gency departments (A&E) were poor at providing an
initial bandage for these injuries, while an investiga-
tion of lay person knowledge of the provision of dental
trauma emergency care in northwest England,
showed that 11% of respondents would send a child
with dental trauma to A&E (28). Given these beliefs,
treatment provision in A&E departments for dental
trauma could be improved, and the public educated
in alternative resources for the emergency manage-
ment of dental trauma such as out-of-hours dental
services. The nature and priorities of A&E depart-
ments canmake themunsuitable for themanagement
of dental trauma. It follows therefore that, as an
alternative, the availability of out-of-hours dental
services and public knowledge of these resources
should be improved.

Definitive treatment

For the teeth with open apices, the majority were
provided with definitive pulp management in
locations other than the Dental Hospital. Within
this group 44% had their pulps extirpated, although
this form of treatment does not reflect the more
conservative approach advocated by current man-
agement guidelines (3, 4). However, it must be
remembered that this study was conducted in a
secondary care setting with many of the cases being
referred due to management complications such as
pulpal necrosis or pulp canal obliteration, which
may have necessitated the extirpation of the pulp. It
is therefore not appropriate to draw conclusions
about management suitability in primary practice
on the basis of this finding. A more detailed
assessment of treatment provision in primary prac-
tice would be useful to determine treatment provi-
sion in this environment.

Open apex teeth treated initially at NDH were all
provided with conservative definitive pulp therapy.
All six open apex teeth treated by pulp extirpation
at NDH had other associated signs and symptoms,
which indicated pulp removal as a treatment.
However, definitive pulp treatment for closed apex
teeth was less conservative. Half of the closed apex
teeth presenting initially to NDH were treated by
pulp extirpation. It has been demonstrated that
conservative management strategies in mature teeth
can successfully preserve the pulp (19), and there
may be a need to communicate the benefits of vital
pulp therapy for mature teeth with complicated
crown fractures to both primary and secondary care
providers.

Outcomes of treatment

Long-term maintenance of vitality for teeth treated
by pulp caps and pulpotomies in this study was poor
in comparison with results reported by other
authors (15, 29, 30–32). However, the majority of
the subjects in the present study were referred from
primary care, often due to treatment complications.

Figure 5 shows the pattern of loss of vitality of the
teeth treated using vital pulp therapy over time. It is
unclear what proportion of teeth losing vitality
within the first 250 days could be attributed to
elective extirpations following completion of root
development.

Current consensus suggests that, where no evi-
dence of pulpal pathology occurs, efforts should be
made to preserve vital pulp tissue wherever possible.
The 100% success rate of pulpotomies for closed
apex teeth observed in the present study indicates
the feasibility of adopting this management ap-
proach following complicated crown fracture.
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The large MSTs in this study demonstrated the
effectiveness of the vital therapy procedures.

When pulp capping and pulpotomies were com-
pared as definitive pulp therapies in teeth with open
and closed apices, no statistically significant differ-
ence was demonstrated between the use of pulp
capping and pulpotomy. This is understandable
considering the small sample size.

Conclusions

The number of patients with complicated crown
fractures referred to the dental hospital without
provision of a pulp bandage by primary care
providers represents a concern. Financial or time
constraints should not limit provision of this basic
emergency management in primary care.

Although there is some evidence that open apex
teeth are being treated more conservatively, follow-
ing trauma, there is increasing evidence to suggest
that more conservative management of closed apex
teeth would also be appropriate, where possible
utilizing vital pulp therapy techniques.
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