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Objective. To evaluate the prevalence of develop-

mental disturbances in permanent teeth in which

buds were exposed to intraligamental injection

(ILI) delivered by a computer controlled local

anaesthetic delivery (C-CLAD).

Methods. The study population consisted of 78

children (age 4.1–12.8 years) who received ILI–C-

CLAD to 166 primary molars. A structured form

was designed to include information regarding age

at treatment, gender, type of treated tooth, tooth

location, type of dental treatment, and type of

developmental disturbance(s) present in the asso-
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ciated permanent tooth. Teeth, which received

regular anaesthesia or were not anaesthetized by

local anaesthesia, served as controls.

Results. Five children had developmental defects.

In C-CLAD–ILI exposed teeth, one child had two

hypomaturation defects. The corresponding pri-

mary teeth were extracted. No defects were found

on the control side. In two children, hypoplastic

defects were found only in the control teeth (one in

each child). One suffered from a dentoalveolar

abscess in the corresponding primary tooth. Diffuse

hypomaturation defects were found in two children

on both the C-CLAD-ILI exposed and control sides.

Conclusion. In the primary dentition, C-CLAD–ILI

does not increase the danger of developmental dis-

turbances to the underlying permanent dental bud.
Introduction

Intraligamental anaesthesia delivered by a

high pressure syringe is often associated with

damage to the periodontal tissue. This results

from the physical trauma formed at the time

of injection and from the cytotoxic effects of

the anaesthesia1–7. Damage heals within a

few weeks1,6. Prolonged postoperative dental

pain, which can last up to 4 weeks, is one

implication of periodontal tissue damage2,6,8–10.

Developmental disturbances to the underly-

ing permanent tooth buds is another impli-

cation.

In one study a high pressure intraligamen-

tal anaesthesia was used to anaesthetize 16

monkey primary teeth5. Teeth in the contra-

lateral positions were not injected and served

as a control. Hypoplasia or hypomineraliza-

tion defects developed in 15 of the permanent
teeth, but none in the controls. The position

of the enamel lesions indicated that the dis-

turbance occurred at the same time on all

affected teeth5. Accordingly, textbooks in pae-

diatric dentistry and local anaesthesia warned

paediatric dentists about the danger of admin-

istering intraligamental anaesthesia to pri-

mary teeth in young children11,12.

Intraligamental injection (ILI) delivered by

a computer controlled local anaesthesia deliv-

ery (C-CLAD–ILI; Wand or STA, Milestone

Scientific, Inc., Deerfield, IL, USA) is a

relatively new technique to anaesthetize

primary teeth and its use is gathering

momentum13–18.

Although during intraligamental anaesthe-

sia by a high pressure syringe or by C-CLAD

the local anaesthetic solution is injected into

the same area (the entrance of the periodon-

tal ligament space), the two techniques are

completely different13–15. Most children show

comparable low pain-related behaviour dur-

ing C-CLAD–ILI and infiltration to the maxil-

lary molars13,15. Moreover, in contrast to high
� 2010 The Authors

urnal compilation � 2010 BSPD, IAPD and Blackwell Publishing Ltd



Hypolasia following C-CLAD-ILI 271
pressure intraligamental anaesthesia, C-

CLAD–ILI does not increase the prevalence or

intensity of postoperative dental pain as com-

pared to conventional injections administered

for routine operative treatments in chil-

dren18,19.

One of the reasons that dentists avoid using

this technique in primary dentition is their

concern to the effect of this technique on the

development of the corresponding permanent

tooth buds. To date, the possible long-term

effects of C-CLAD–ILI to the underlying

developing tooth buds have not been evalu-

ated. The aim of this study was to evaluate

the effect of C-CLAD–ILI anaesthesia on the

prevalence of developmental disturbances in

the underlying developing tooth buds.
Material and methods

The study population consisted of 78 children

from all socioeconomic levels who attended

routine treatment in two specialized paediat-

ric dental clinics. Children received C-CLAD–

ILI to anaesthetize their primary first or

second molars during the years 1999–2007.

Seventy-two of the participating children,

participated also in previous published studies

about the effectiveness of C-CLAD–ILI in pri-

mary molars16–18.

Children were retrospectively identified and

evaluated 0.5 to 8 years post-treatment. The

erupted permanent premolars, previously

exposed to C-CLAD–ILI, were examined for

developmental disturbances. Analogue pre-

molars not exposed to C-CLAD–ILI served as

controls. Teeth on the control side were

either exposed to routine infiltration or man-

dibular block during their developmental

stage or untreated.
Diagnosis of developmental disturbances in erupted
teeth

A structured form was designed to include

information regarding date of birth, gender,

age at receiving the C-CLAD–ILI, type of trea-

ted tooth (primary mandibular or maxillary

first or second molar), type of local anaesthe-

sia administered (routine infiltration, mandib-

ular block, or C-CLAD–ILI), and dental
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treatment (restorations, stainless steel crown,

pulpal therapy, or extraction).

Type of developmental disturbance present

in the permanent premolars was recorded

according to Clarkson and O’Mullane20, and

included the following parameters:

(a) Type of defect: normal, demarcated opac-

ity (white ⁄cream or yellow ⁄ brown), dif-

fuse opacity, hypoplasia, and others

(b) Extent of defect: less than 1 ⁄3, at least

1 ⁄3 or <2 ⁄ 3, at least 2 ⁄ 3
(c) Location of defect: gingival half, incisal

half, occlusal, cuspal

(d) Size of the developmental disturbances:

<2 mm2, 2–4 mm2, and >4 mm

Children were examined by the two paedi-

atric dentists (MA and SB) who had initially

treated them. To calibrate, the examiners

were given 54 slides of teeth with clinical

developmental disturbances in the enamel

(courtesy of Prof. Haim Sarnat, former Head

of the Department of Pediatric Dentistry, Tel

Aviv University). Each examiner indepen-

dently evaluated and assessed each slide. In

cases of disagreement, the issue was discussed

to achieve an unanimous decision.

The Ethics Committee of Tel Aviv Univer-

sity approved the study.
Statistical analysis

The differences between groups was analysed

by using McNemar test. The power calcula-

tions were conducted using Compare2 version

1.21 (Sagebrush Press, Salt Lake City, UT,

USA, 2001).
Results

Population description

Mean age of the children was 8.8 ± 2.45.

Teeth exposed to C-CLAD–ILI injection before

eruption included 76 primary first molars, 90

primary second molars (total 166 permanent

teeth).
Description of study groups

Tooth distribution according to age at treat-

ment is shown in Fig. 1. There were 81



Fig. 1. Distribution of treated primary teeth according to

age at the time of treatment.
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permanent teeth (32 first and 49 second pre-

molars) exposed to C-CLAD–ILI before devel-

opmental completion of their crowns (first

premolar at 5–6 years; second premolar at

6–7 years)21.

Table 1 shows the tooth distribution in the

control and in the C-CLAD–ILI exposed

groups (according to location, type of local

anaesthesia, and treatment). Periapical or

inter-radicular lesions were the reason for 40

of the 42 extracted teeth.
Developmental disturbances

C-CLAD–ILI exposed permanent teeth. A demar-

cated white opacity defect (2 mm2 on the inci-

sal half of the buccal aspect of the buccal cusp)
Table 1. Distribution of C-CLAD–ILI exposed and control
teeth according to location, type of received local
anaesthesia, and type of treatment (n = 166).

Variables

Primary molars

First Second

C-CLAD–ILI Control C-CLAD–ILI Control

Distribution
Upper arch 16 49 24 59
Lower arch 60 27 66 31

Anaesthesia
None 0 56 0 53
Local infiltration 0 18 0 32
Mandibular block 0 2 0 5
C-CLAD–ILI 76 0 90 0

Treatment
Restoration 56 17 66 27
Pulp 6 0 4 1
Root canal — — 1 3
Extraction 14 3 19 6
No treatment 0 56 0 53

Jo
was found in two permanent mandibular pre-

molars (right and left) of a 10-year-old boy

(patient A). The primary teeth in these regions

were extracted due to severe crowding in the

lower anterior segment. Primary mandibular

canines and primary mandibular first molars

(right and left) were extracted when the child

was 6.8 years old, in a 1-week interval.

Control group. Small hypoplastic defects (pit-

ted, 1–2 mm) were found in the permanent

maxillary right and left first premolars (at the

incisal half of the buccal cusp) of a 10.3-year-

old boy (patient B). The corresponding

primary teeth were not treated. The patient

received C-CLAD–ILI to restore his primary

mandibular second molars.

A hypoplastic lesion (2–4 mm2, located at

the occlusal half of the buccal aspect of the

buccal cusp) was found on the permanent

mandibular second premolar (tooth 35) of a

13-year-old girl (patient C). The patient

received a mandibular block for root canal

and a pre-formed crown in the corresponding

primary molar (tooth 75) when the child was

6.2 years old. Since this primary molar had

an acute dentoalveolar abscess accompanied

by swelling, root canal treatment was carried

out. At 10 years, the child received a mandib-

ular block and the tooth was extracted. The

corresponding second permanent premolar

(tooth number 35) was starting to erupt

ectopically. It is noteworthy that another

primary tooth (tooth 85) was treated by pulp-

otomy with C-CLAD–ILI anaesthesia at the

same age. The corresponding permanent pre-

molar of this tooth was intact.

Control and C-CLAD–ILI exposed teeth. Two girls

(8.9 years, patient D and 12.4 years old,

patient E) showed light white diffuse opacities

on the tip of the cusps in all their permanent

teeth (incisors, premolars, and molars). Dis-

turbances resembled hypomaturation amelo-

genesis imperfecta, snow-capped type. Each

girl received C-CLAD–ILI anaesthesia and

restorations in only one of their primary

mandibular second molars.

Statistical analysis. No differences were found

in the prevalence of hypoplasia between
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control and experimental group (P = 1). In

addition, our study had a 90% power to

examine the equivalence hypothesis that the

risk of hypoplasia in treated teeth is not sig-

nificantly (P < 0.05) higher than 9% com-

pared with untreated teeth.
Discussion

High pressure ILI may damage the underlying

developmental dental buds of the permanent

teeth in primary teeth5. In daily paediatric

dental practices, this has had a considerable

impact. Two important textbooks, which refer

to local anaesthesia and paediatric dentistry,

warns of the potential danger to the underly-

ing permanent tooth bud when using ILI in

primary teeth in young children11,12. While

never replicated, the study of Brännström

et al.5 persuaded the paediatric dental com-

munity to abandon intraligamental anaesthe-

sia and to use conventional modes of local

anaesthesia in children. In this study, the

long-term effect of the intraligamental

injection delivered by C-CLAD was clinically

evaluated.

The control group included corresponding

teeth in the same child that were untreated

or exposed to routine infiltration (maxillary

premolars) or mandibular block (premolars).

High pressure ILI was not used as a control

since it is unethical to expose young children

to a possible damaging procedure.

Several results were found when the pres-

ence of possible developmental disturbances

in permanent teeth exposed to C-CLAD–ILI

during their developmental stage, were evalu-

ated. However, none were directly associated

with the C-CLAD–ILI anaesthesia.

The small demarcated white opacity in

patient A could be attributed to the type of

anaesthesia and type of treatment. Since

treatment included extraction of extremely

crowded primary canines and molars, the

opacity defects could have been attributed to

the damage of the dental bud during extrac-

tion and not necessarily to the type of

anaesthesia used. Interestingly, the boy’s age

(6.10 years) at the time of treatment was

according to the dental age after completion

of crown development of the permanent
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mandibular premolars. This is in accordance

with Williamson22 who showed radiological

and histological enamel hypoplasia in une-

rupted premolars following extraction of

their predecessor primary molars at age 4–6

years old. These premolars showed evidence

of mechanical deformation. In the histologi-

cal specimens there was seen alteration in

the alignment of the dentinal tissue or a

demarcated line which separated pretraumat-

ic from post-traumatic dentine. These

changes were interpreted as a bodily shift of

the calcified part of the forming crown in

relation to the as yet unclassified part. These

results are also in accordance with Wright

and Butler23 who claim that hypomaturation

defects in enamel of normal thickness occur

during early maturation after secretion of

the enamel protein and initial mineralization.

Two children (patients B, C, controls)

showed hypoplastic defects in their perma-

nent premolars. In patient B, the hypoplastic

defect in the premolars could not be attrib-

uted to the type of local anaesthesia since the

location was in the upper arch while

C-CLAD–ILI was delivered to the lower arch.

The primary teeth associated with the

affected permanent premolars were not

exposed to any operative treatment. This

emphasizes the difficulty in determining a

specific insult to each developmental defect.

The second hypoplastic defect (patient C) was

in a permanent tooth in which the corre-

sponding primary tooth had an acute dental

abscess. The child had root canal treatment at

6 years of age (during development of its

corresponding primary molars). This defect

could be related to the damage caused by the

acute dentoalveolar abscess and ⁄or to the

root canal treatment.

The diffuse white opacities in all new

erupting permanent teeth in patients D and

E did not reflect an incremental pattern and

could not be attributed to the type of anaes-

thesia but rather to mineralization distur-

bances.

From this data, it may be concluded that

the ILI delivered by a C-CLAD does not dam-

age the corresponding permanent tooth bud.

Differences in the prevalence of developmen-

tal disturbances between high pressure ILI
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(as reported by Brännström et al.5) and the

C-CLAD–ILI anaesthesia used in this study

may be in the higher biological compatibility

of C-CLAD–ILI, which does not induce peri-

odontal or bone damage.

Another study17 showed that children

exhibited low pain-related behaviour and low

levels of stress during and immediately after

C-CLAD–ILI anaesthesia. These children also

reported a comparable incidence of post-treat-

ment dental pain (38%) after infiltration

anaesthesia18. It could be speculated that the

slow administered local anaesthetic solution

by the C-CLAD does not cause damage to the

periodontal apparatus (in contrast to high

pressure ILI).

It can be concluded that although ILI

administered by C-CLAD and high pressure

syringe are injected into the same place,

C-CLAD–ILI does not damage the underlying

permanent dental bud in children 4.1 years

or older. Notwithstanding, younger children

who receive C-CLAD–ILI to anaesthetize their

primary molars should be routinely followed-

up to rule out developmental defects in their

permanent premolars.
What this paper adds
• Intraligamental injection delivered to primary molars

by a C-CLAD does not damage the underlying perma-

nent dental bud in children 4.1 years or older.

Why this paper important to paediatric dentists

• Paediatric dentist will be free to use C-CLAD–ILI in

primary molars in children aged 4.1 and older, with-

out worrying about the consequence of this technique

on the underlying developing dental bud.

• Increasing usage of C-CLAD–ILI in children will

increase the cooperation of the children during

administration of local anaesthesia

s decrease the prevalence of traumatic injuries to soft

tissue following insertion of local anaesthesia

s decrease the discomfort associated with the feeling

of anaesthesia of soft tissue.
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