
Traumatic injuries to the primary dentition
and effects on the permanent successors –
a clinical follow-up study

Injuries to the teeth and primary dentition are
among the most common trauma found in the
maxillofacial region. Thirty to forty per cent of
children incur at least one injury to their primary
teeth and incidence is not related to gender (1–4).
The teeth most commonly affected in both primary
and permanent dentition are the upper central
incisors, because of their exposed position in the
dental arch. With a statistical gap in incidence, they
are followed by traumatic injuries of the upper and
lower lateral incisors and the upper canines (5–8).

Injuries to other teeth are rare and are reported
in conjunction with serious traumatic injuries of the
facial skull (9). Causes of primary anterior tooth
trauma are falls when infants are in a stage of
insufficient motor control, and sports and traffic
accidents when they grow older (10). Child abuse is
mentioned by Andreasen (11) as a further cause of

anterior tooth trauma in children. Apart from
aesthetic and functional impairment, the close
proximity of the developing permanent tooth germ
renders it vulnerable to trauma transmitted during
luxation injuries (12).

The type and extent of traumatic tooth injuries
depend on the direction and intensity of the acting
force. This traumatic force frequently gives rise to
damage to the hard substance of the tooth, while
indirect blunt forces more often result in damage to
the periodontium (13). A classification of traumatic
dental injuries was proposed by Andreasen and
Andreasen (14) as follows: (1) injuries to the hard
dental tissue and pulp; (2) injuries to the hard dental
tissue, pulp, and alveolar process; and (3) injuries to
the periodontal tissues (14). The effects on perma-
nent teeth vary. Enamel hypoplasia, dental deform-
ities, absent root development, and retention of the
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Abstract – This study investigated problems in the permanent
dentition that, according to history and records, were attributable
to dental alveolar injuries of the primary dentition. 106 children
have been involved in the study, who had experienced primary
anterior tooth trauma affecting a total of 200 teeth. Thirty-nine
patients (81 teeth) were available for follow-up examinations. In
25% of the cases followed up, damage was found on the successors
in the secondary dentition (16 children/20 teeth). In half of the
cases, a comparatively mild form of lesion like enamel discolor-
ation was observed. This was the result of an injury during the
tooth maturation process causing enamel hypoplasia. Clinically
more relevant were the dental deformities: cessation of root
formation or retention caused by ankylosis, which made up the
remaining 50% of cases. This was confirmed by clinical long-term
observation. The different effects on the permanent teeth can only
be detected by radiography after an interval of several months or
may even be clinically assessed only after the eruption of the
clinical crown.
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secondary teeth caused by ankylosis are described as
possible sequelae (15–17).

Method

Of the 106 children, who were treated for anterior
tooth trauma in primary dentition in the Depart-
ment of Oral Surgery in the Center for Oral and
Maxillofacial Diseases of the University of Goettin-
gen during a 5-year period, a follow-up examination
of 39 patients was performed under an anamnestic,
clinical, radiological perspective. One patient ap-
peared twice in the analysis, because he experienced
accidents on two different occasions. Data regarding
findings on the day of the accident were derived
from the records and transferred to a findings sheet
(Fig. 1). The follow-up examination was performed
according to the scheme shown in Fig. 2.

Results

Of the 106 patients, 45 were girls (42%) and 61 were
boys (58%), and were sampled on the basis of their
medical files. They experienced a total of 108
accidents, in which 200 primary anterior teeth were
seriously injured. The age distribution of the time of
the accidents showed that the traumata were
already experienced during the first year of life.
There is a peak between the second to fourth year,
followed by a decline in frequency (Fig. 3).

Table 1 shows the site of injury. While upper
central incisors constituted 70.5% of the traumatized
teeth, lower central incisors were only affected in
3.5%. Upper lateral incisors were involved in 21%,
and lower in merely 0.5%. Only canines of the upper
jaw were affected, and these constitute 4.5% of the
total injured primary teeth. The various types of
trauma experienced are shown in Fig. 4. Of the 106
affected children (200 teeth), 39 (81 teeth) were
available for follow-up examinations. In a quarter of
the traumatic injuries to the primary anterior teeth
which were followed up, damage was detected to the
successors of the secondary dentition (16 patients/20
teeth). The distribution is provided in Table 2.

Enamel hypoplasia was found as a mere discolo-
uration in four teeth. In three there were faults of
enamel without discolouration, and in a further three
a combination of the two was observed (Fig. 5a,b).

Examination form 
for follow-up examinations of dentoalveolar traumatic 
injuries to primary dentition

Name:

Date of Birth:

Family Dentist:

Date of primary tooth trauma:

Cause of the trauma:

Teeth injured:
53 52 51 61 62 63
63 62 61 71 72 73

Type of tooth injury:         

Soft tissue injury:

Radiological examinations at the time of initial examination:

Management at the time of initial examination:

Other injuries or diseases to the gnathofacial region at an earlier or later 
point in time:

Presence of a general disorder during the first years of life:

Regular medication:

Fig. 1. Results of examination of traumatized primary teeth.

Examination form 
for follow-up examinations of  permanent dentition

Date of follow-up examination:

Sensitivity: 

Grade of  mobility: 

Enamel hypoplasia:

Crown/ root malformation:

Retention/ Dislocation:

Time of eruption
normal:
delayed:
premature:

X-ray:

Photo:

Comments:

Fig. 2. Concept for follow-up examination of permanent teeth.
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Fig. 3. Age of the patients at time of accident.
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Five teeth of the secondary dentition showed malfor-
mations, one each limited to crownor root (Fig. 6a,b),
and in the remaining three cases both crown and root
were affected (Figs 7a,b and 8a,b). Eruption was
disturbed in five teeth, with two teeth being affected in
the form of ectopic partial retention, two teeth in the
form of complete retention with displacement, and
one tooth as retention without displacement. It
became obvious that secondary damages were most
frequently caused by intrusion injuries (Fig. 9).
Table 3 shows the association of secondary damages
affecting the permanent dentition with the age at the
time of the accident. The distribution of different
kinds of damage is shown in Fig. 10. The type of
primary tooth trauma is related to the secondary
damage in Table 4. Although anterior tooth trau-
matic injuries were more common among children of
the higher age groups, the proportion of secondary
damage at 66% was considerably higher in the
younger age groups. Relating trauma type to subse-
quent secondary damage reveals that malformations
of permanent teeth occurred only after intrusion
injuries.

Discussion

This investigation relates secondary damage of the
permanent dentition with prior traumatic injuries to
primary anterior teeth. It is of special interest to
describe the associations between the age of the child at the time of the accident, the type of trauma,

and the consequences of the trauma. The frequen-
cies of injury found in this study with respect to the
various types of teeth are to a large extent in line
with the observations stated in the references (1, 18,
19). As described by Euler as early as 1939 (20) and
later by Hellwig (21), the alveolar bone of children is
characterized by a high degree of flexibility because
of incomplete mineralization. This explains the
difference (88%:12%) in the ratio of luxations to
damage of the hard tissue. There are many

Table 1. Reasons for injuries of the primary dentition

Cause of injury Number of affected teeth (%)

Fall 87 (80.6)
Road accident 13 (12.0)
Blow 3 (2.8)
No details 5 (4.6)

Total 108 (100)

Fracture 
Avulsion
Intrusion
Subluxation

12%
11%

12%
65%

Fig. 4. Proportions of different kinds of injuries (%, n ¼ 200).

Table 2. Distribution of different kinds of developmental disturbances
(n ¼ 20)

Sequel Number of teeth (%)

Hypoplasia 10 (50)
Deformation of crown and/or root 5 (25)
Irregular eruption (ankylosis, delayed

or ecotopic eruption)
5 (25)

Total 20 (100)

Fig. 5. (a) Enamel hypoplasia following intrusion trauma at the

age of 2.8 years. (b) Circular enamel hypoplasia following

subluxation of the teeth 51, 61 and 62 at the age of 3.4 years.

Fig. 6. Crown malformation following intrusion of tooth 61 at

the age of 2 years irregular root formation of the neighbouring

teeth, (a) radiological and (b) postoperative findings.
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references regarding the effects of dental alveolar
injuries to the primary dentition, many times in the
form of case reports (22–24). The results of studies

regarding the frequency of secondary damage
caused by traumatic injuries vary between 12 and
69% (25–30). In this study, secondary damage on
the permanent teeth was observed in 25% of the
children, who underwent follow-up examination.
Prior studies (16–19, 31–34) support the finding of
this study that intrusion injuries (here 47%) is the
most frequent cause of developmental disturbance.
In this investigation, a definite link between intru-
sion in early childhood and severe malformations of
permanent teeth, affecting both the crown and the
root, can be established. In this context, Holan et al.
point out that extra-oral X-rays are of no diagnostic
advantage (35). Complete avulsion, as already
described by Ravn (31), represents the second most
frequent cause of secondary damage in this inves-
tigation. Because of the low intensity of the injury
force, incomplete dislocation injuries of primary
teeth result in only 16% of cases of impairment of
odontogenesis. The results of this study indicate that
damage to the secondary dentition following frac-
tures of primary teeth is unlikely to occur. Taking
into consideration the age of the children at the time
of accident, it becomes apparent that 66% of
patients up to an age of 3 years suffered from
sequelae in contrast to only 24% of patients older
than 3 years (36). According to Selliseth (27) a
possible cause could be the incomplete level of
mineralization of bone and dental germ at that time.
The average age at the time of the accident was

Fig. 7. Sequel of intrusion of deciduous tooth 51 at the age of

2 years, (a) radiological and (b) postoperative findings.
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Fig. 8. Severe crown and root deformation of tooth 11

following traumatic experience (intrusion of 51 and 61) at the

age of 16 month, (a) radiological and (b) postoperative findings.

Table 3. Number of patients with sequelae on successors – differentiated
by age at time of trauma

Age of children
at time of injury

Number of
patients followed-up

Patients with
sequelae (%)

0–3 Jahre 15 66
3–7 Jahre 25 24

0 2 4 6

Age (years)

Enamel
hypoplasia

Eruption
disturbances

Tooth
deformation

Fig. 10. Relationship between patients’ age at time of injury

and kind of development disturbance.

Table 4. Kind of injury affecting primary dentition and sequelae affecting
successors

Kind of
injury

Number of
teeth Sequel

Number of
teeth

Intrusion 8 Deformation of crown and/or root 5
Irregular eruption 1
Enamel hypoplasia 2

Subluxation 9 Irregular eruption 3
Enamel hypoplasia 6

Avulsion 2 Enamel hypoplasia 2
Root fracture 1 Irregular eruption 1
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1.6 years in cases of severe morphologic dental
deformations, which is in line with the findings of
studies by Ravn as well as Watzek and Skoda (26,
37).

Conclusions

Immediately after a dental alveolar trauma in the
primary dentition, no definite statement can be
made regarding the possible secondary damage
despite clinical and radiological examinations. The
type of traumatic primary tooth injury combined to
the age of the child at the time of the accident can
indicate the probability of subsequent secondary
damages. Thus, the importance of accurate explo-
ration and documentation of the accident becomes
apparent. Especially in cases of intrusion injuries
diagnosed in children of <3 years of age, we
recommend regular follow-ups. In particular pre-
eruptive radiology is recommended, to achieve early
detection and treatment of possible severe develop-
mental disturbances.
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