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Traumatic injuries to young permanent
teeth are not uncommon, affecting 30 per
cent of children.1 The majority of acci-
dents occur when root formation is still
immature2 and the effects may be very
destructive.

Many studies have looked at root
growth subsequent to trauma and have
highlighted the importance of the root
sheath of Hertwig in continued root for-
mation. It is thought to provide a source
of undifferentiated cells that could give
rise to further hard tissue formation. In
addition, it may protect against the
ingrowth of periodontal ligament cells
into the root canal which would result in
intracanal bone formation and arrest of
root development.3

The root sheath of Hertwig is usually
sensitive to trauma, however in some cir-
cumstances it may resist damage from
trauma and infection.4,5 The following
case reports aim to highlight this fact by
presenting unusual sequelae of trauma to
both erupted and unerupted developing
permanent incisors.

Case 1
A healthy 7fi year old boy was referred to

the department of Child Dental Health by
his dental practitioner after a cycling acci-
dent. He attended 11 days following the
incident complaining of a loose upper
tooth.

On examination his upper right perma-
nent central incisor (tooth 11) was mini-
mally mobile, but was in good occlusion
and not tender to percussion. The tooth
responded positively to sensitivity testing,
and radiographs (Fig. 1) revealed it to
have a very immature apex with no evi-
dence of root fracture. No treatment was
necessary, and the parents requested fol-
low up with their dental practitioner.

Seven years later another practitioner
re-referred the patient because of persis-
tent buccal and palatal swelling associated
with teeth 11 and 12. Examination
revealed 12 to be periostitic and 11 to be
darkened. There was a marked fluctuant
swelling of the palatal mucosa in the 13,
12 and 11 region. Vitality tests with elec-
tric pulp tester were positive for 12, 21, 22
but negative for 11. Radiographs revealed
a large poorly defined periapical radiolu-
cency extending from the midline of the
maxilla to tooth 13, and this appeared to
have caused displacement of the root of
tooth 12 (Fig. 2). Tooth 11 had an imma-
ture root formation and separate and api-
cal to this was a 5 mm↔5 mm radiopacity
that appeared to be an apical fragment.

Treatment consisted of extraction of 11
and curettage of the apical region under a

short general anaesthetic.The fragment
removed from the 11 apical area proved
both macroscopically(Fig. 3) and micro-
scopically(Fig. 4) to be a completed apex.

Case 2
A healthy 13 year old boy attended for an
orthodontic assessment with imbricated
lower incisors and a retained lower pri-
mary incisor. He had apparently sus-
tained a fracture of his mandible in the
region of the retained primary tooth as a
result of a cycle accident at age 4 years.

Clinical examination showed retained
71 to be minimally mobile and 31 to 
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Two cases of trauma to immature teeth are described which
differed significantly in their initial severity. However, both
subsequently presented with continued apical root formation. In
the two cases a histological examination after tooth removal
confirmed continued apical development of the traumatised
immature teeth distant to their respective coronal portions.
These cases highlight the resilience of the root sheath of Hertwig
to trauma.

Continued apexogenesis of
immature permanent incisors
following trauma
R. Welbury,1 and A. G. Walton,2

Fig. 1 Periapical radiograph of tooth in
Case 1 at initial presentation.

In brief
● The epithelial root sheath of Hertwig

is necessary for root growth
● Although usually sensitive to trauma

the epithlial root sheath of Hertwig
may survive significant insult

● Tooth apex development may occur
separate from the coronal tooth
portion if the root sheath remains
viable

● Regular, long-term clinical and
radiographic review is advocated for
all trauma cases. 
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be absent. Radiographic investigation
revealed the following: 

• 71 with a calcified root canal 
• 32 with an apical third root dilaceration
• 31 to be unerupted and in 2 fragments

(the coronal part of 31 with a calcified
pulp chamber and the apical portion of
31 distinct from the coronal portion)
(Fig. 5).

The orthodontic treatment plan
included extraction of 71 and 31 and sub-
sequent histopathological examination
revealed the following: 71 with an obliter-
ated pulp canal by calcified repair tissue
and apical resorption with associated cel-
lular fibrosis(Fig. 6); 31 with pulp canal
obliteration by calcified repair tissue (Fig.
7) and a separate apical fragment.

Discussion
Rule and Winter6 stated that root growth
is only possible where the epithelial root
sheath of Hertwig has retained its spe-
cialised function. In the cases reported, in
spite of the different types of trauma, the
root sheath of Hertwig remained viable
and continued to map out the apical frag-
ments of the teeth at positions displaced
from their coronal portions.  Indeed
Andreasen et al.,3 Smith and Thaler,5 Gib-
son,7 Burley et al.,8 Cooke and Row-
botham,9 and  Feiglin,10 have described
similar cases of continued root formation,

tooth movement.
All trauma cases should receive careful

initial assessment. Only treatment appro-
priate to the correct diagnosis will achieve
an acceptable clinical outcome. Regular
clinical and radiographic review of all trau-
matised teeth is critical, as non-vitality may
occur as late as 2–6 years after an injury.
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even in unfavourable conditions follow-
ing dental trauma. These cases emphasise
the considerable powers of recovery of the
dental papilla, probably due to its large
number of undifferentiated mesenchymal
cells.

From a practical point of view this
emphasises the need for regular systematic
review of all trauma cases which may have
resulted in tooth displacement and disrup-
tion of the root sheath of Hertwig. Any
review must include good quality periapi-
cal radiographs, clinical observation of the
colour of the tooth, the presence or not of
sinus formation, sensitivity testing, and
whether the tooth is tender to percussion. 

The management of teeth with separate
apical root fragments may be technically
difficult. Should the tooth retain clinical
and radiographic vitality it is acceptable to
continue to monitor the tooth. However, if
loss of vitality is suspected then root canal
treatment is indicated. Induced apical clo-
sure of the coronal fragment using non-
setting calcium hydroxide paste is the
treatment of choice. This should be fol-
lowed by root canal obturation to create a
hermetical apical seal. The latter is often
technically demanding due to the width of
the immature canal, and the thin fragile
walls make the tooth susceptible to root
fracture during treatment. The retained
apical fragment may be left in-situ unless it
becomes infected or hinders orthodontic

Fig. 4 Microscopic appearance of
apical fragment in case 1

Fig. 7
Histological
section of 31
(coronal
fragment)
showing pulp
canal
obliteration
(case 2)
(polarised
light).

Fig. 2 Periapical radiograph of tooth in
Case 1, 7 years post-trauma showing
apical root fragment. Fig. 3 Tooth and apical fragment removed in

case 1.

Fig. 5 Periapical radiograph of 71 at
presentation showing unerupted 31 with
seperate apical fragment in case 2.

Fig. 6
Histological
section of 71
showing pulp
canal
obliteration
(case 2)
(polarised
light).
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