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Implant periapical lesion

A case series report

KERSTIN ROSENDAHL', GUNNAR DAHLBERG?, JENO KiscH?, KRISTER NILNER'

Abstract

One complication in implant dentistry is the implant periapical lesion-IPL- which
is a lesion around the apex of a stable implant diagnosed radiographically as a
radioluscency in the bone at the apical part of an implant.The IPL can perform
with or without clinical symptoms such as tenderness, swelling, suppuration and
fistulation.

This report describes 4 cases of IPL which were treated surgically with sectioning
and removal of the affected portion of a stable implant and thorough debridement
of the granulomatous tissue around it. This treatment was, up to 4 years after treat-
ment, successful in all 4 cases.

It can also from this report be concluded that IPLis a rather rare condition and that
it can occur at any stage of implant treatment, in these cases from 4 months up ton
years after implant installation.

Finally there is a discussion about the aetiology of IPLand a comparison to findings
in other reports on IPL and it is concluded that it is difficult to claim that thereis a
single cause to IPL. Rather it is evident that the condition might be a sequel of the
summation of many possible causes. This summation exceeds the local biological
threshold for the individual patient.

Key words
Implant dentistry, fistulze, implant periapical lesion, apical peri-implantitis
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Apikal peri-implantit
En rapport av fyra fall

KERSTIN ROSENDAHL, GUNNAR DAHLBERG, JENO KiscH, KRISTER NILNER

Sammanfattning

En komplikation vid kdkbensforankrad protetik ar apikal periimplantit - IPL - fran den
engelska benamningen Implant Periapical Lesion. Det innebar att ett implantat som
sitter stabilt och ar val osseointegrerat i sin coronala del, uppvisar en uppklarning pa
rontgen vid sin apikala del. Komplikationen kan upptrada med eller utan kliniska symtom
sasom 0mhet, svullnad, suppuration och fistelbildning.

Denna rapport redovisar fyra olika fall av IPL. Den redogor for nar komplikationen diag-
nostiserats, hur den behandlats, utfallet av behandlingen och diskussion kring etiologin.

Samtliga fyra fall har haft kliniska symtom och har upptackts vid mycket olika tidpunk-
ter av behandlingen eller vid efterkontroll. Tva av fallen diagnostiserades efter 11 ar, ett
fall 4 man efter fixturinstallationen och ett fall 15 manader efter distansanslutningen (18
man efter fixturinstallationen).

Alla fyra fallen har behandlats kirurgiskt med uppféallande av lamb3, avlagsnande
av granulationsvavnad och den affekterade delen av fixturen. | tva av fallen spolades
omradet med fysiologisk koksaltldsning innan atersutureringen av lamban och i tva av
fallen fylldes benkaviteten dessutom med benersattningsmedel som tacktes med ett
resorberbart membran innan dtersutureringen. Samtliga fyra fall Iakte efter behandling
och de kliniska och rontgenologiska symtomen forsvann och aterkom ej under fyra ars
uppfoljningstid.

Vid jamforelse med andra rapporter, kan konstateras att nagon enskild orsaksfaktor
till IPL svarligen kan havdas. Det tycks snarare vara foljden av flera olika samverkande
faktorer vilka sammantaget gor att det biologiska troskelvardet dverskrids och lesionen
uppstar.
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Introduction

Unexpected complications and failures in implant
dentistry can occur at any stage. A complication
is distinct from a failure. The former is amenable
to treatment and - if left untreated - leads to the
latter (1). One complication cited in the literature
is the implant periapical lesion — IPL, which has
also been termed periapical implant lesion, apical
peri-implant lesion, and retrograde or apical peri-
implantitis (4,5,12,18,23,24,28).

Esposito et al stated that these lesions often are
found around long implants placed in dense bone
(12). Radiographically, the coronal portion of the
implant is supported by “normal” bone in contact
with a stable implant. The lesions may be completely
asymptomatic or have been discovered in relation to
tenderness or persistent pain or swelling and fistula-
tion (25). The aetiology seems to be multifactorial.

In 1995, Reiser & Nevins on one hand reported the
prevalence of IPL to be 0.26% (25). They included
the inactive form of IPL, which they meant is a pe-
riapical radiolucency visible on radiographs similar
to an apical scar without clinical symptoms. Any ra-
diolucency should be followed up radiographically
to decide if it is increasing in size (25). The active
form must be treated aggressively otherwise it will
lead to failure (25).

In 2005, Quirynen et al on the other hand reported
the prevalence of IPL to be somewhat higher - 1.9%
on single implants, where the lesions were revealed
on radiographs before or at abutment connection
combined with or without clinical symptoms (24).

Finally Balshi et al in 2007 reported a prevalence
of 9.9%, where the lesions were identified either ra-
diographically, by clinical observation or by a com-
bination of these (3).

Alsaadi et al indicated in 2008 a prevalence of IPL
again to be in the lower range (0.7%) when stud-
ying the impact of local or systemic factors on the
incidence of failures. The lesions in their report were
detected radiographically before or at abutment-
connection (2).

Failures and complications in implant dentistry
can biologically be classified as early or late, where
early (before loading) means inability to establish
osseointegration and late (after loading) means
inability to maintain the achieved osseointegration
(10).

Four cases of IPL and their treatment are descri-
bed in this report and the outcome of the treatment
seems to fulfil the proposed criteria of success for
implants (1).

SWEDISH DENTAL JOURNAL VOL. 33 ISSUE 2 2009

The aims of this report are to increase the awa-
reness of IPL, to describe our treatments, and to
speculate about the possible aetiologies of these four
cases.

Case1
A 30-year-old healthy man with almost all teeth
intact was traumatized (in his upper jaw) by an iron
chain. The pulp of the central incisor on his right
side was exposed, the tooth was immediately treated
endodontically and a ceramic crown was bonded to
it. The lateral incisor on the same side was 3 months
after the injury still tender to percussion and at test of
its mobility. It was by then treated endodontically and
the tenderness disappeared (Fig 1a). Seven months
later the tooth fractured (Fig 1b) and was replaced
with an implant (Self-tapping fixture; 15x3,75mm;
Nobel-Biocare, Goteborg, Sweden) four weeks
after extraction to preserve as much crestal bone as
possible. V-penicillin was prescribed on the day of
installation. The patient had severe pain for 1—2 weeks
otherwise the healing process was uneventful.

Four months later a fistula appeared buccally of
the implant. The fixture was stable and the fact that
the cover screw was loosened seemed at first sight to

~ PPN
Figure 1a. Radiographical appearance of the centralincisor

with the ceramic crown and the lateralincisor still functioning
five months after the injury.
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be the explanation of the fistula. An abutment con-
nection was made. The fistula, however, persisted
without other symptoms. Different antibiotics were
prescribed but they kept the fistula away only for a
few weeks and finally a very discreet radiolucency
of about smm around the apical part of the fixture
was disclosed by fistulography (Figs 1c-d). Surgery
was performed and access to the apical part establis-
hed. Four mm of the apical part of the implant was
removed, the granulomatous tissue was thoroughly
debrided, the flap was sutured back without any
bone allograft or membrane in the lesion and anti-
biotics were again prescribed. The fistula finally

Figure 1b. Radiographical appearance eleven months after
theinjury. The coronal part of the lateralincisor removed.

R

Figure 1c. Clinical appearance of the fistula at the lateral
incisor about seven months after its first appearance.
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disappeared. The pathological anatomic diagnosis
(PAD) was “Connective tissue, granulation tissue,
and round cells. No pus, no epithelium. Diagnosis:
‘peri-implantitis’”

Six months later the conditions were clinically
healthy and intra-oral radiographs showed com-
plete healing (Fig 1e).

Four years later the conditions were still healthy
(Figs 1f-g).

N

Figure 1d. Fistulography, 13 months after implant
installation.

WY

Figure 1e. Radiographical appearance six months after the
resection of the apical part of the fixture. The radiograph reveals
complete healing of the surrounding bone.
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Figure 1f. Radiographical appearance four years after
resection, the surrounding bone still remains healthy.

Case 2

A young man, with aplasia of both upper lateral
incisors, was habilitated with two implants (Self-
tapping fixture; 13x3,75mm; Nobel-Biocare, Goteborg,
Sweden) when he was 20 years of age. Eleven years
later a purulent swelling was found in the hard palate
and an IPL was identified radiographically at the right
hand side implant (Figs 2a-b). Surgical treatment,
with removal of the apical fourth of the implant and
debridement of the granulomatous tissue, made the
lesion heal and four years later the conditions were
still healthy (Figs 2c-d).

Figure 2a.

Clinical appearance with a palatal swelling
11 years after implant installation for the
lateralincisors.

Figure 2c.
Clinical appearance four years after
treatment.
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Figure 1g. Clinical appearance four years after resection,
showing scars only.

Figure 2b. Radiographical appearance of the IPL on the right
lateralincisor.

Figure 2d. Radiographical
appearance four years after removal
of the apical fourth of the implant
indicating healing of the IPL.
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Case 3

A young healthy woman who had her right central
incisor in the upper jaw replaced with an implant
(Self-tapping fixture; 10x3,75mm; Nobel-Biocare,
Goteborg, Sweden) when she was 18 years old. The
tooth had been injured at an accident followed by
endodontic treatment that had failed. Eleven years
after implant installation she had a swelling with
tenderness on the buccal side of the ridge and an IPL
could be identified radiographically (Fig 3a). During
these 11 years regular check—ups had been made wit-
hout discovering any signs of pathology (neither
clinically nor radiographically). The surgical treat-
ment consisted of flap-elevation, thorough debride-
ment of the lesion, sectioning and removal of the
affected apical portion of the implant, grafting with
bone-substitute (Frios Algipor; Dentsply Friadent,
Mannheim, Germany), covering with a resorbable
membrane (Resolut Adapt; W.L. Gore&Associates
Inc, Flagstaff, Az, USA) and resuturation. Normal
clinical conditions were present one year later and
complete healing was revealed via radiographs (Fig
3b). Four years later the tissues were still healthy and
the implant-stability good (Fig 3¢).

Figure 3a.
Radiographical appearance of the IPL on the right centralincisor
11 years after implant installation.

54

Figure 3b.
Radiographical appearance of the completely healed IPL one year
after surgery of the right centralincisor.

N\

Figure 3c.
Radiographical appearance four years after surgery, showing
that healthy conditions are remaining.
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Case 4

A woman, 53 years of age, had her incisors in the up-
per jaw injured at an accident. The central and lateral
incisors of her left side were later extracted because
of extensive root resorbtions. The teeth were repla-
ced with two implants (Standard fixture; 13x3,75mm;
Nobel-Biocare, Goteborg, Sweden). The installation
of theimplants was preceded by bone transplantation
with a healing period of six months. Fifteen months
after abutment connection (18 months after implant
installation) there was a swelling with tenderness at
the buccal side of the ridge and an IPL was found
at the lateral implant (Fig 4a). The condition was
treated surgically with flap elevation, debridement
of the lesion, sectioning and removal of the affected
part of the implant and grafting with bone-substi-
tute (Frios Algipor; Dentsply Friadent, Mannheim,
Germany) and covered with a resorbable membrane
(Resolut Adapt; W.L. Gore&Associates Inc, Flagstaft,
Az, USA). Six months later radiographs revealed
complete healing (Fig 4b). Six years later the condi-
tions were still normal (Fig 4c).

Figure 4a.
Radiographical appearance of the IPL on the left lateral
incisor 15 months after abutment connection.

SWEDISH DENTAL JOURNAL VOL. 33 ISSUE 2 2009

Figure 4b.
Radiographical appearance of the completely healed IPL six
months after surgery.

Figure 4c.
Radiographical appearance six years later, showing that healthy
conditions are remaining.
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Discussion

In the evaluation of the aetiology of the IPL in the
first case it was found that many of the contributing
factors mentioned in the literature could be exclu-
ded. The patient was a young, healthy non-smoker
with all teeth intact except a few minor restorations
in his molars, good oral hygiene, no parafunctions,
no periodontitis and good quality of the jawbone
(2-4,8,9,11,13,16-18,21-26). The circumstances for
successful implant treatment were favourable. The
neighbouring teeth exhibited no signs of pathology
and there had never been any indication of periapi-
cal infection around the traumatically injured up-
per lateral incisor (6,8,16,18,20,22-25,27,28). Nothing
indicated the presence of residual root fragments or
foreign bodies (16,21,25,27).

The implant was installed one month after a care-
ful extraction of the injured tooth, to save as much
buccal and crestal bone as possible. The surgery was
performed under strict antiseptic conditions, and
the patient was under antibiotic coverage during
implant insertion. The implant was installed with
good stability.

Contamination of the implant by the manufactu-
rer during production is possible but not probable
(25). Nor could a contamination of the implant due
to unintentional contact with the surrounding tis-
sues during insertion be totally excluded as the cause
of the complication, as has been discussed in similar
situations (8,11,25). The healing process was uncom-
plicated except for a severe pain lasting for the first
ten days after installation.

About four months after implant installation, a
fistula appeared. Antibiotic therapy was adminis-
trated, but the fistula persisted. During abutment
connection, it was found that the cover screw had
loosened, which is considered a conceivable cause
of fistulation (10,12,14,29). Different antibiotic tre-
atments were prescribed without lasting effect. This
finding is in agreement with observations in other
reports (4,11,16,18,23) stating that “biomaterial-cent-
red infections, as a rule, are extremely resistant to
antibiotics” (11).

Once the fistulography revealed the apical peri-
implant radiolucency, the treatment consisted of
surgical elimination of the apical part of the implant
and the surrounding granulomatous tissue. Antibio-
tics were again prescribed. This treatment was suc-
cessful.

A delicate problem and a possible indirect aethi-
ologic factor is the installation of a long fixture -
15mm. Effects like bone compression, bone fractures,
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or overheating at the apex of the implant might leave
a small amount of necrotic bone in the apical hole of
the fixture and in the adjacent tissues. Whether such
necrotic tissue is significant in the development of
an IPL is not fully understood (8,18,23,25).

It has also been claimed that epithelial tissue ac-
cidentally implanted might proliferate and cause the
lesions (7). In our case, the PAD analysis of the re-
moved tissue gave no support to such theories, the-
reby contradicting the commentary to the report of
Scarano et al (7,27).

Finally it could be speculated that the close vici-
nity between the apex of the implant and the nasal
cavity might have an influence on the development
of the lesion although no findings in our report re-
ally support such a speculation (2,29).

In the second case, also a young man of good ge-
neral health with favourable prerequisites for suc-
cessful implant treatment, previous pathology in
the area is excluded as explanation to the IPL as
no teeth had ever been present in the region. The
neighbouring teeth had no periapical pathology
(8,14,16,20,24,25,28) and were adequately restored.
There is unfortunately no radiographic documenta-
tion available after installation but a fistula appeared
in the palate after 11 years. This makes it impossible
to tell whether there has been an incomplete osseo-
integration around the apical part of the implant of
the right hand side. The implant that replaced the
lateral on the left hand side did not develop an IPL.

Overloading is sometimes mentioned to be a plau-
sible explanation of IPL, but in this case the implants
could be regarded as physiologically less loaded as
they replaced lateral incisors (8,18,25).

In the third case, a young healthy woman had a
central incisor in the upper jaw replaced with an im-
plant because of unsuccessful endodontic treatment
of the trauma-injured central. Her records testify
that radiographs showed no signs of IPL before the
clinical symptoms developed after 11 years. It seems
strange that it does not appear until after 11 years.
Rather it could be argued that for this case, as well as
case 2, the IPL most probably was caused by agents
to which the patient was exposed later on, or by or-
ganisms that may have remained dormant protected
by their glycocalyxes until a coincidence of lower
host defence (11).

The implant in case 3 shows an unfavourable
crown-implant ratio which could make it tempting
to claim that overloading might be a plausible expla-
nation to the IPL(8). It is, however, remarkable that
after shortening the implant more than one third of
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its length, it obviously works well despite the worse
crown-implant ratio. This could lend support to the
argument that loading conditions are of less im-
portance for IPL.

In the fourth case the IPL appeared 18 months af-
ter implant installation at one of the two inserted
implants. Notes from the patient’s records state that
radiographs, taken before the fistula appeared, sho-
wed no signs of radioluscency at any of the implant
apices. Surgical treatment in this case also led to a
successful outcome.

Nedir et al in 2007 reported on a case where the
aetiology of the IPL was a foreign-body related reac-
tion to starch particles (19). Whether such recent
theories are of any significance can not be concluded
from our report —especially not as the PAD (of case 1
only) does not report on any such findings.

From these four cases it appears that IPL might
develop between first- and second-stage surgeries,
slightly more than one year after supra-construc-
tions are connected (1,5 year after implant installa-
tion) as well as up to eleven years after installation,
which emphasizes that the aetiology is complex.

The treatment of all four cases included a reduc-
tion of the implant length which implies the remo-
val of any infected implant surface. There are on one
hand no proofs that a contaminated titanium sur-
face prevents osseointegration but on the other hand
there are no unambiguous treatment modalities
suggested for infections in the vicinity of titanium
surfaces, such as peri-implantitis which altogether
justifies this approach. All cases healed but although
this case series does not explicitly explain the cause
of the infection, it suggests a strategy for successful
treatment (15,17).

It is from our cases and results presented in the
literature difficult to claim that there is a single cause
to IPL. Rather it is evident that the condition mig-
ht be a sequel of the summation of many possible
causes. This summation exceeds the local biological
threshold for the individual patient. Such local con-
ditions make in no way the prediction and treatment
of these rare lesions easier. They obviously must be
tackled from different angels, whereas debridement
and removal of the apical part of a stable implant
appear appropriate.

This report will also stress the importance of good
radiographic quality, that fistulografy can be of help
and that radiographs have to cover the apical as well as
the marginal part of the implant, which easily can ap-
pear as the most important part because of the far more
frequent complication - marginal periimplantitis (17).
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Can orthodontic treatment
improve mastication?

A controlled, prospective and longitudinal study

THOR HENRIKSON, EWACARIN EKBERG, MARIA NILNER.

Abstract
Objectives: To prospectively and longitudinally evaluate the self-perceived masticatory ability
and the tested masticatory efficiency in orthodontically treated and untreated groups.

Design: Prospective observational cohort.

Subjects and methods: Three groups of age matched adolescent girls were included. Sixty-
five Class Il subjects received orthodontic treatment fixed appliance treatment (Orthodontic
group), 58 subjects were orthodontically untreated (Class Il group) and 60 subjects had a nor-
mal occlusion (Normal group). The self-perceived masticatory ability was assessed on a visual
analogue scale while the masticatory efficiency was evaluated with a masticatory efficiency
test using round silicon tablets. Registrations were performed at the start and after two years
when all subjects in the Orthodontic group had finished orthodontic treatment.

Results: Over the two-year period the self-perceived masticatory ability increased significantly
in the Orthodontic group. After treatment, the Orthodontic group perceived their masticatory
ability as high as the Normal group did.

The masticatory efficiency increased significantly, during the two years, in all three groups.
However, the normal occlusion group presented a significantly better masticatory efficiency
than both the Orthodontic group and the Class Il group on both registrations.

Conclusions: Orthodontic treatment was beneficial for the self-perceived masticatory ability.
The masticatory efficiency increases with age during adolescence. Normal occlusion subjects
had a better masticatory efficiency than subjects with orthodontically treated as well as unt-
reated Class Il malocclusion.

Key words
Mastication, orthodontic treatment, occlusion

Faculty of Odontology, Malmé University, Sweden
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Forbattrar ortodontisk behandling tuggformagan?
En kontrollerad, prospektiv och longitudinell studie

THOR HENRIKSON, EWACARIN EKBERG,MARIA NILNER

Sammanfattning

Syftet med studien var att prospektivt och longitudinellt utvardera tuggfunktionen i orto-
dontiskt behandlade och obehandlade grupper.

Materialet bestod av tre grupper med aldersmatchade flickor, 11-15 ar. Sextiofem flickor
med distalbett fick ortodontisk behandling med fast apparatur (ortodontigruppen), 58 flickor
med distalbett forblev ortodontiskt obehandlade (distalbettsgruppen) och 60 flickor hade
ett normalt bett (normalgruppen). Individernas egen utvardering av tuggférmaga bedémdes
med en visual analog skala medan tuggeffekten utvarderades med ett tuggtest som anvande
runda silikontabletter. Registreringar utfordes vid studiens start samt efter tva ar nar samtliga
individer i ortodontigruppen var ortodontiskt fardigbehandlade.

Resultat: Over de tva dren 6kade den sjalvbedomda tuggformégan signifikant i ortodonti-
gruppen som efter tva ar bedomde sin tuggformaga i nivd med normalgruppen.

Den testade tuggeffekten 6kade under studien i samtliga tre grupper men vid en jamfo-
relse mellan grupperna, visade det sig att normalgruppen tuggade battre &n bade ortodonti-
gruppen och distalbettsgruppen vid bagge registreringarna.

Konklusioner: Den ortodontiska behandlingen var fordelaktig for den sjalvbedomda tugg-
formagan. Tuggeffekten dkar med dldern under tonaren. Individer med ett normal bett hade
en hogre tuggeffekt 4n bade ortodontiskt behandlade eller obehandlade distalbett.
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Introduction

Mastication is one of the main functions of the sto-
matognathic system and an important factor and
a stimulus for normal craniofacial growth (s, 16).
Masticatory efficiency, a subject’s capacity to break
down food or test materials, is often tested by frac-
tional sieving (1, 2, 6, 7). Anehus-Pancherz ¢ Pan-
cherz (2) found that masticatory efficiency increased
with age when comparing 10-year-olds with 16-ye-
ar-olds and concluded that a harmonious interplay
between the occluding teeth and the muscles influ-
encing them were important factors. Gaviao et al.
(9) found a higher masticatory efficiency in subjects
with normal occlusion than in subjects with poste-
rior cross-bite and in open bite subjects in the pri-
mary dentition. While English et al. (7) concluded
that malocclusion negatively affects subjects’ ability
to process and break down foods when comparing
normal occlusion subjects with subjects with Class
I, II and IIT malocclusions. Tzakis et al. (14) found a
reduced masticatory efficiency in adult patients with
signs and symptoms of temporomandibular disor-
ders (TMD).

An individual’s own self-perceived assessment of
the masticatory function was defined as masticatory
ability by Carlsson (4). The knowledge about the
self-perceived masticatory ability in children and
adolescents is limited and in addition only a few
studies have investigated the masticatory efficiency
in children and adolescents.

Since some orthodontic patients can have expecta-
tions of an improved stomatognathic function there
is a need for prospective and longitudinal studies to
increase the knowledge about masticatory efficiency
and ability in children and adolescents to be able to
compare changes to untreated subjects.

This study is a prospective two-year follow up of
the masticatory efficiency and ability in two groups
of girls with either Normal occlusion or Class IT ma-
locclusion. The present study is also part of a series
of studies by Henrikson et al. (10-13) evaluating the
relationship between orthodontic fixed appliance
treatment and TMD. At baseline in this material
Henrikson et al. (10) found that girls with normal
occlusion had a higher masticatory efficiency and
ability than subjects with Class II malocclusion. It
was also found that few occlusal contacts and a large
overjet predicted a reduced masticatory efficiency
and that subjects who reported symptoms of TMD
had reduced masticatory efficiency.

The aim of the present study was to longitudinally
study the masticatory efficiency and the self-percei-
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ved masticatory ability in girls with Class IT maloc-
clusion, receiving orthodontic fixed appliance treat-
ment, in comparison with subjects with untreated
Class II malocclusion and normal occlusion subjects
of the same age.

The hypothesis was that an orthodontic treatment
of Class II malocclusions aiming at normal occlu-
sion leads to an improved masticatory ability and
efficiency.

Material and methods

Subjects

One hundred and eighty three girls, aged 11-15 years
at the start of the study, were included. Sixty-five sub-
jects with Class IT malocclusion received orthodon-
tic fixed appliance treatment (Orthodontic group); 58
subjects with Class I malocclusion were orthodon-
tically untreated (Class II group) and 60 subjects had
a normal occlusion (Normal group). The subjects in
the Normal and the Class II groups were included by
screening school classes attending clinics of the Pu-
blic Dental Service in the Malmé region (Sweden),
while the subjects in the Orthodontic group were
consecutively included among those on the waiting-
list for orthodontic specialist treatment in the Public
Dental Service of Malmé.

Orthodontic group: Sixty-five girls (mean age at
start: 12.8 years; SD 1.1) were included in this group.
Subjects with an earlier history of orthodontic tre-
atment were excluded. The inclusion criterion was a
bilateral or unilateral Class II relationship of at least
half a cusp (3).

Class II group: Fifty-eight girls with Class II ma-
locclusion (mean age at start: 12.9 years; SD 1.0) were
included in this group. The inclusion criterion was
the same as for the orthodontic group, but without
any planned orthodontic treatment.

Normal group: Sixty subjects with normal oc-
clusion (mean age at start: 12.7 years; SD 0.7) were
included in this group. The inclusion criteria for
the Normal group were a bilateral neutral sagittal
relationship for molars, premolars and canines and
a normal transverse relationship. The overjet and
overbite was to be between 1 and 4 mm. Less than 2
mm of crowding or spacing in each jaw and midline
discrepancies less than 2 mm were accepted. Subjects
with aplasia of teeth were excluded, as were subjects
with an earlier history of orthodontic treatment.

Methods

All subjects were examined and all registrations
were performed at the beginning of the study and
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2 years later. All subjects in the Orthodontic group
were out of active treatment at the examination
after two years.

Questionnaire

The subjects rated their self-perceived masticatory
ability on a visual analogue scale (VAS) 0-100 mm
with the end points bad (o mm) and good (100
mm). Data about preferred chewing side was obtai-
ned through a questionnaire.

Test of masticatory efficiency

To quantify the masticatory efficiency, a test deve-
loped by Edlund and Lamm (6) was used. The test
uses round tablets of silicon impression material
(Optosil ® Bayer). Briefly, the method involves che-
wing for twenty strokes of five separate tablets with a
standardized weight. Each of the samples of chewed
material was fractionated in a system of sieves with
coarse, medium and fine meshes. Essentially, the
more efficient the mastication, the greater quantity
of material will pass through into the finest sieve.
The quantity of material is estimated by weight.
The masticatory efficiency for a test person can be
characterized by the distribution of the test material
among the three fractions. A masticatory efficiency
value, by proportion of weight, was calculated (6)
for each test portion and the mean of the best four
values out of five was used as the masticatory effi-

ciency index (MEI). The index ranges from o-100,
the highest number corresponding to the highest ef-
ficiency value.

Statistical methods

Differences within the groups between the first and
second measurement were calculated as follows; for
ordinal data the Wilcoxon’s matched pairs signed
rank test, and for numerical variables the pared T-
test. Differences between the groups were calculated
as follows; for ordinal data the Mann-Whitney rank
sum test, and for numerical variables the analysis of
variance (ANOVA).

The tested masticatory efficiency index was con-
sidered a numerical variable while the self-perceived
masticatory ability on a VAS was considered ordinal
data. 95% confidence intervals (CI) were also calcula-
ted when comparing numerical variables. P-values
below 0.05 were required for the differences to be
accepted as statistically significant.

Ethical approval
The study was approved by the Ethical Committee
of University of Lund, Sweden (Ref no LU 489-03).

Results

Only 2 subjects out of 183 dropped out during this
two year longitudinal investigation. One subject
from the Class I group moved away from the region

Table 1. Percentage distribution of occlusal characteristics and the mean overjet and overbite (mm) in the three groups, at the

start of the study and after two years.

Morphological Class II Class II Normal

occlusion Orthodontic group group group
Start  2years Start  2years Start 2 years
(n=65) (n=64) (n=58) (n=57) (n=60) (n=60)

Dental relations

Sagittal relationship

Normal 0 94 0 0 100 100

Bilateral Class II 69 3 41 40 0 0

Unilateral Class IT 31 3 59 60 0 0

Overjet mean in mm (SD) 6.4 (+2.3) 2.3(+1.1) 4.4 (+2.0) 4.2 (+2.0) 2.5 (+1.0) 65 2.4 (+0.9)

Overjet2 6 mm 65 2 22 20 0 0

Vertical relationship

Overbite mean (mm) 3.1(x2.1) 1.7 (x0.8)
Overbite <0 mm 14 0
Overbite 0-4 mm 56 100
Overbite >4 mm 30 0
Transverse relationship

Normal 86 100
Cross bite 12 0
Scissors bite 2 0

3.8 (+1.7) 3.7 (1.3)

3.0(20.8) 2.8 (1.1)
0

7 7 0
52 54 100 98
41 39 0 2
79 81 100 100
16 14 0 0

5 5 0 0
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and was not able to take part in the two year regist-
ration and another subject discontinued the ortho-
dontic treatment and did not want to take part in
the second registration. At the first examination the
MEI from 2 subjects were missing due to lost data.
Occlusal characteristics at the start and after two
years in all three groups are presented in Table 1.

Preferred chewing side

There were no significant differences between the
groups concerning preferred chewing side. In the
total sample, both at the start and after two years,
around 50 % answered that they chewed on both
sides, 20% answered right side and 10% left side, while
20% could not answer the question.

Self-perceived masticatory ability

A large individual variation of the masticatory abi-
lity was found both within and between the three
groups (Figure 1). Over the two-year period the mas-
ticatory ability increased significantly in the Ortho-
dontic group (P=0.001) while no statistical changes
were found in the other two groups. At the start of

Table 2. Mean and median masticatory ability, self evaluated
on avisual analogue scale (VAS),at the start of the study and
after two years.

Masticatory ability. Self evaluated on a VAS

Start
Mean Median S.D

Two years
Mean Median S.D

Class IT Orthodontic group 74.4 72.0 19.0
Class IT group (untreated) 77.7 82.0 19.3
Normal group 88.0 97.0 15.7

86.4 93.0 18.7
83.6 90.0 16.2
88.4 94.0 12.1

the study the Normal group presented a significantly
higher masticatory ability than the Class II group
(P<0.001) and the Orthodontic group (P<o.001),
while no statistical difference was found between the
Class II group and the Orthodontic group. After two
years there were no statistical differences between
any of the groups (Table 2).

Test of the masticatory efficiency

There was also a large individual variation of the
MEI, both within and between the groups (Figure
2). The masticatory efficiency increased significantly
in all three groups over the two-year period; Normal
group (95% CI = 2.1 -6.4; P<0.001), Class II group
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Self percieved masticatory ability on a VAS
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Figure 1. Self-perceived Masticatory Ability in all three
groups at start and after two years. Fifty percent of the subjects
have values within the box. The bar across the box represents the
median. The whiskers show the largest and smallest observed
value that is not outlier.

o0 = outliers, values more than 1.5 box-lengths from the box

* = extremes, values more than 3 box-lengths from the box.

Masicatory efficiency index (MEI)

100
90
80
70
60
50
40—
30

o
° 8
o
(-]
20
10—
O_
[ [

Orthodontic

O Start
M Two years

Class Il Normal

Figure 2. Masticatory efficiency index in all three groups at
the start and after two years. Fifty percent of the subjects have
values within the box. The bar across the box represents the
median. The whiskers show the largest and smallest observed
value that is not outlier.

o= outliers, values more than 1.5 box-lengths from the box
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(95% CI = 1.7 -6.5; P=0.001) and the Orthodontic
group (95% CI 1.9-7.1; P=0.001). At the start of the
study the Normal group presented a significantly
higher MEI than the Class IT group (95% CI = 1.1-
8.2; P=0.011) and the Orthodontic group (95% CI =
3.5-10.2; P<0.001), while no statistical difference was
found between the Class II group and the Ortho-
dontic group. Also after two years the Normal group
presented a significantly higher MEI than the Class
I group (95% CI = 1.2-9.1; P=0.011) and the Ortho-
dontic group (95% CI = 2.0-9.7; P<0.001), while no
statistical difference was found between the Class II
group and the Orthodontic group (Table 3).

Table 3. Mean and median masticatory efficiency index (MEI) at
the start of the study and after two years.

Masticatory efficiency index (MEI)
Start Two years
Mean Median S.D  Mean Median S.D

Class IT Orthodonticgroup 10.3 9.1 8.1 15.2 14.0 8.3
Class IT group (untreated) 12.4 11.5 9.0  16.4 14.8 10.7
Normal group 17.1 14.6 10.7 21.5 20.9 10.7
Discussion

The major findings in this longitudinal controlled
study were that orthodontic treatment was benefici-
al for the self-perceived masticatory ability and that
subjects with normal occlusion had a better tested
masticatory efficiency than both orthodontically
treated and untreated Class II malocclusion subjec-
ts, both at start and after two years. The hypothesis
of the study was confirmed regarding the perceived
masticatory ability but had to be rejected regarding
tested masticatory efficiency.

An orthodontic treatment can be performed due
to a variety of reasons. Except psychosocial and aest-
hetic reasons some subjects can have expectations of
an improved stomatognathic function as a result of
the orthodontic treatment. Since mastication is one
of the main functions, it seems important to know
to what extent these expectations are fulfilled by in-
creasing the knowledge about how and if orthodon-
tic treatment may influence mastication. Both by
an objective evaluation by measuring the MEI and
subjectively by the self perceived masticatory abi-
lity. This was the reason to carry out this controlled,
longitudinal and prospective study.

For ethical and practical reasons, it was not possible
to randomise subjects with Class II malocclusion into
orthodontic treatment and non-treatment groups.
The registrations in all three groups were merely a
passive observation and the decision whether the
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subjects were offered orthodontic treatment or not
was beyond our control.

Masticatory ability was in general rated high
among the subjects in this study. The differences
between the groups concerning the tested mastica-
tory efficiency also existed in the self-perceived mas-
ticatory ability at the start of the study. However, af-
ter two years there were no differences between any
of the groups concerning the masticatory ability. In
comparison, English et al. (7) found a significantly
higher self-perceived masticatory ability in subjects
with normal occlusion than in subjects with Class
II and Class III malocclusions. Another interesting
finding was that the subjects in the Orthodontic
group perceived a significant improvement of the
masticatory ability after orthodontic treatment.

Our study showed divergent results when compa-
ring the subjective self-perceived masticatory ability
versus the objectively tested masticatory efficiency.
The reason for this could be that a normal food in-
take does not require as much muscle force during
mastication as when chewing Optosil @ tablets. It
possible that morphological craniofacial and oc-
clusal differences are more influential factors when
testing with a relatively hard test material compared
to the softer normal food intake.

The main requirement of an ideal test material
for studying masticatory efficiency with fractional
sieving is that the material is pulverized by chewing in
such a manner that the degree of pulverization can be
clearly established and that the material is unaffected
by water and saliva. If this requirement is met, both
the fractionating and the laboratory procedure can
be simplified. In the present study a silicon material
for dental impressions (Optosil ®, Bayer) was chosen,
which fulfilled the above mentioned criteria (6).

Masticatory efficiency increased with age in all
three groups in this longitudinal study. An increased
masticatory efficiency with age in growing subjects
has also been presented earlier in cross sectional
studies (2, 9). Since both the treated and untreated
groups showed a similar increase in masticatory effi-
ciency, it is likely that the increase in the orthodontic
group was more due to the general development and
growth of the masticatory system than the ortho-
dontic treatment per se.

Recent studies examining masticatory efficiency,
using similar methods that were used in the present
study, have shown that different kind of malocclu-
sions negatively affects an individuals” masticatory
efficiency (7, 9). Their findings are in accordance
with our findings.
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Both at the start and after two years the Normal
group had a higher MEI than the Class II group and
the Orthodontic group. In Class II:1 subjects, Ane-
hus-Pancherz and Pancherz (2) found an increased
masticatory efficiency after activator treatment. They
could, however, not conclude if it was the activator
treatment per se that resulted in an increased masti-
catory efficiency or if it was an effect of the general
growth and development in the masticatory system
over time. At start in the present study, Henrikson et
al. (10) found that subjects with an overjet > 6 mm
had a reduced masticatory efficiency. This finding
was also confirmed in a multivariate analysis where
the overjet was one out of two occlusal factors that
significantly explained the variation in masticatory
efficiency (10). An interesting finding in the present
longitudinal study was that even if the overjet was
normalized in the Orthodontic group the mastica-
tory efficiency was not equal to that in the Normal
group after two years. It is therefore possible that the
different skeletal morphology and muscle strength in
Normal occlusion subjects compared to Class II sub-
jects play a larger role than occlusal variables when
explaining differences in masticatory efficiency. This
explanation seems to be in agreement with van den
Braber et al. (15) who did not find an improvement
in masticatory efficiency when evaluating mastica-
tory efficiency in retrognathic patients before and
after mandibular advancement surgery. Garcia-Mo-
rales et al. (8) found that children with greater hyper
divergence (high angle) show a theoretically lower
maximum bite force. Their findings pointed out the
importance of vertical facial components regarding
the function of the masticatory muscles and indirec-
tly thereby on the masticatory efficiency.

From the results in this study it was concluded that:

+  Orthodontic treatment was beneficial for the
self-perceived masticatory ability.

+  The masticatory efficiency increases with age
during adolescence.

+  The increased masticatory efficiency during the
orthodontic treatment was probably more due
to the general development and growth of the
masticatory system than to the orthodontic treat
ment per se.

+ Normal occlusion subjects had a better masti
catory efficiency than subjects with orthodonti
cally treated as well as untreated Class II maloc
clusion.
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Comparisons of similar patients
treated by general dental clinicians
and orthodontic specialists

Outcome and economical considerations

BJORN LAAG ', CHRISTER STROM ?

Abstract

The objective of this study was to evaluate and compare orthodontic treatment in
two groups of patients in regard to treatment results and costs. One group was treated
at a General Dental Clinic (GDC) with removable appliances and the other at a Special

Orthodontic Clinic (SOC) using fixed appliances. Both groups had similar malocclusions.

All treatment plans were determined by the same orthodontic specialist. Study models
were taken before and after the treatment of the patients. Index of Orthodontic
Treatment Need (IOTN- index) was used to determine the extent of treatment needed.

Weigthed Peer Assessment Rating (WPAR) was calculated for every model. The
percentage of improvement in each group was calculated and results were compared.
Chair time and treatment costs extracted from patient records were registered.

The group treated at the GDC had initially WPAR 22.2 and the percentage reduction
in WPAR 69 was percent. The group from the SOC had initially WPAR 24.0 and was
reduced by 81 percent. Treatment costs, with the exception of x-ray analyses, were 56
percent higher for the SOC. The results of the study indicated that it was economically
advantageous to treat patients with removable appliances at a GDC, if the patients are
sufficiently cooperative.

Key words
Orthodontic treatment, removable appliances, occlusal indices, dental economics, cost benefit
analysis.

1 Department of Orthodontics, Bords Sweden.
2 Research and Development Center, Boras, Sweden.
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Behandlingsutfall och ekonomiska aspekter
pa ortodontipatienter behandlade
av allmantandlakare eller specialist

BJORN LAAG, CHRISTER STROM

Sammanfattning

Syftet med denna undersokning var att jamfora tva patientgrupper som behandlats
ortodontiskt for liknande bettfel dels pa en allmantandlakarklinik (ATK) med avtag-
bara tandstallningar, och dels pad en specialistklinik (SPK) dar det anvandes fastsittande
apparatur. Behandlingsgruppernas resultat, behandlingstid och kostnad jamfordes.
Behandlingsplanerna bestamdes av samma ortodontist, som aven kontrollerade patien-
terna med jamna mellanrum. Studiemodeller togs fore och efter behandlingen. Index
of Orthodontic Treatment Need (IOTN — index) anvandes for att beskriva bettavvikelsens
svarighetsgrad.

Weigthed Peer Assessment Rating (WPAR — index) beraknades for varje modell. Den
procentuella forbattringen berdknades och gruppernas resultat jamfordes. Behandlings-
tiden och kostnaderna beraknades med hjalp av patientjournalerna.

Patientgruppen som fick sin behandling pa ATK hade ett WPAR- varde pa 22.2 fran
borjan och detta reducerades med 69 procent. Gruppen pa SPK hade ursprungligen ett
varde pa 24.0 och detta reducerades med 81 procent. Behandlingskostnaderna, forutom
kostnaderna for rontgen, var 56 procent hogre pa SPK. Det synes som om det ar ekono-
miskt fordelaktigt att behandla ortodontipatienter pd hemmakliniken under dvervak-
ning om patienterna koopererar tillfredsstallande.
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Introduction

Orthodontic treatment for children and youths is
very common in the Swedish Public Dental Health
Service. It has been estimated that approximately
25 percent of all children need some orthodontic
treatment to achieve acceptable alignment of their
teeth both functionally and aesthetically. The extent
of treatment required varies considerably, but it has
been estimated that approximately 50 percent of
these patients should be treated by a dentist specia-
lised within orthodontics (2).

There are two major types of orthodontic devi-
ces for treating malocclusions. These are either fixed
or removable appliances. The choice of device de-
pends on the magnitude of the malocclusion and
how the teeth should be moved orthodontically.
Removable appliances are the first choice for minor
problems. They are quite simple to install, but re-
quire the patient’s interest and cooperation. From a
study in Gothenburg on Andresen activators it was
stated that activators provided completely satisfac-
tory results in only 33 percent of the cases. The fixed
appliance Quad-Helix, used to correct cross-bites,
produced satisfactory results in 97 percent of cases
(1). Other studies regarding cross-bites treated with
Quad-Helix or expanding plates produced nearly
the same results, but the Quad-Helix gave 40 per-
cent faster results (3) and was economically favou-
rable (10). Similar results were also stated in a study
in Malmoe regarding treatment time, and treatment
results were more successful compared with remova-
ble plates (8). Another study when treating enlarged
overjet showed that the overall costs were 17 percent
more expensive using fixed appliances. (6)

It is important to diagnose and plan treatment of
malocclusion carefully in order to choose the appro-
priate type of appliance. Any treatment with remo-
vable appliances should produce acceptable results
if the cooperation is sufficient. To start treatment
with a removable appliance and then continue with
a fixed one is usually not economically. A study of
patients who have had removable appliances showed
it necessary to finish the cases with fixed appliances
in 33 percent due poor patient cooperation (13).

Orthodontic treatment often requires conside-
rable time with many return visits. As the district
included within the responsibility of the Special
Orthodontic Clinic (SOC) in Bords is extensive,
there was an interest in receiving treatment at the
local General Dental Clinic (GDC) to minimise long
journeys, although treatment might be more time-
consuming and results less satisfactory (12, 15). Be-
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sides, the waiting-time for fixed appliances was very
long.

The results of orthodontic treatment have, during
the last years, often been expressed in terms of a per-
cental PAR- index reduction. This is not a perfect but
generally accepted method (4, 5, 15, 16). PAR (Peer
Assessment Rating) is a value that expresses the de-
gree of deviation from a normal occlusion. The study
models of the patients are measured with regard to
the occlusion and the gap between the teeth on each
jaw. The magnitudes of these measurements vary
from 1to 4 and are subsequently summed. Weighted
PAR (WPAR) means that some deviations measured
received a greater value. Earlier studies have shown
improvements of 50 — 61 percent when you are using
removable and minor fixed appliances (12, 13). The
results of the orthodontic treatment are considered
greatly improved when the WPAR scores are reduced
by 70 percent. 30 percent reduction of treatment is
considered to be improved (9, 12).

In order to determine the treatment need the
IOTN-index (Index of Orthodontic Treatment
Need) was used on the study models. This entailed
patients being placed in one of five groups, where
index 5 is great need for treatment and index 1 is little
or no need for treatment (11, 14).

Discussions concerning at which level the ortho-
dontic treatments are to be performed in order to
obtain maximal benefit to the lowest costs are fre-
quent (13, 16). Some orthodontists are convinced
that the experienced general dentist may — under
specialist supervision — obtain sufficiently qualita-
tive results to a reasonable cost. Other orthodontists
argue that it is more cost-effective to perform all
orthodontic treatment at the specialist clinic (2, 16).
The hypothesis in the present study is that trained
general dentists are obtaining sufficiently qualitative
results.

The purpose of this retrospective study was to see
how successful the results of the treatments (expres-
sed in PAR-Index reduction and IOTN changes)
were at a GDC under the supervision of a specialised
orthodontist only using removable appliances, and
to compare the results and the economical aspects
to patients treated at a SOC.

Materials and Methods

The test group in this investigation included all pa-
tients (n = 31, Table 1) who had orthodontic treat-
ment completed at one of two smaller GDCs south
of Bords. All treatments were planned and super-
vised by the same orthodontist. The patients were
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recruited during a period of two school-terms, and
four general dentists responsible for treatment con-
sidered that they were able to cooperate adequately.
In 52% of the cases crowding was the main diagno-
sis, 42% had increased overjet, and 6% had lateral
cross-bite. Seventy- four percent of the patients were
treated with removable plates in the upper jaw, and
the rest of the patients were treated with Andresen
activators. Prerequisites were study models of suffi-
cient quality before and after treatment and obtaina-
ble high quality records. Some patients were exclu-
ded due to too many deciduous teeth at treatment
start. Only these removable appliances were used,
and final study models were taken several months
after treatment completion to expose possible rel-
apses. The start and final study models were used for
calculations according to the PAR index and impro-
vements were calculated by percent. In addition the
IOTN groupings were performed on the models. All
calculations were made by two orthodontists, and
the mean values are shown in the Tables. From the
records the number of appointments could be ob-
tained as well as the length of the active treatment.
Consequently chair time could be approximated.
There was no need for additional treatment inclu-
ding fixed appliances for any patient.

A control group (n = 19) of patients who had fi-
nished their orthodontic treatment at the SOC in
Bords at the same time as the test group were also
calibrated similarly to the test group patients. The
required age for patients in the group was below 15
years at the start of treatment, and the diagnoses si-
milar to that of the test group. In 63% of the cases
crowding was the main diagnosis, 21% had increased
overjet, and 16% had dental displacement. The con-
trol patients were treated with fixed appliances in

the upper jaw. Only three patients had minor fixed
appliances in the lower jaw. Furthermore, orthodon-
tic tooth extraction was noted in both groups (Table
1).

Economic calculations based on an hourly fee de-
termined by the Dental Office of the Region in 2006
were used. In the GDC the fee was 1492 SEK/hour
and in the SOC 1922 SEK/hour. Costs of necessary
laboratory equipments were included. X-ray costs
were not included.

The non-parametric Kruskal-Wallis test was used
to compare the PAR-reduction between the test gro-
up and the control group.

Results
The number of patients including age and gender
is shown in Table 1 where it is also stated whether
extractions were included in the treatments. A signi-
ficant difference in mean age was found between the
groups (p=0.0001). The WPAR- results before and
after treatment, number of visits and total treatment
chair time is shown in Table 2. This table also inclu-
des the number of orthodontic specialist consulta-
tions for the test group.

The test group had an average WPAR value of 22.2
+ 7.1 (range 10-37) before treatment. After treatment
the WPAR value was 7.2 £ 3.7 (range 2-16). The im-
provement was thus 69.0 £ 10.6 percent (range 41-
89%). The control group had an originally WPAR-
value of 24.0 * 6.5 (range 9-37), and after treatment
4.6 + 2.2 (range 1-10). WPAR was reduced by 81.4
+ 7.1 percent (range 66-90%). Before treatment no
significant difference was found in WPAR-values
between groups (p=0.37). After treatment a signi-
ficant difference in WPAR was found between the
groups (p=0.002). The difference in percentage im-

©Table 1. Number of patients and gender in the groups. The test group was treated in a General Dental Clinic and the control group

was treated in Orthodontic Specialist Clinic.

Girls Boys Age Range Extraction
Years Years n=20
Test group 20 11 11.4+1.6 8.2-14.2 8
Control group 16 3 13.1+0.9 11.1-14.2 12
©Table 2. Peer Assessment Rating (PAR) before and after treatment.
Patients PAR Visits Time Consultations/pat

before treatment  after treatment n (min) n
Test group 31 22.2 7.2 11.3 97.3 2.8
Control group 19 24.0 4.6 18.5 172
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@Table 3. Classification according to I0TN, before and after treatment.

I0TN 1 I0TN 2 I0TN 3 I0TN 4 IOTN 5
Test group
Before treatment 2 19 10
After treatment 8 19 4
Control group
Before treatment 2 17
After treatment 9 10

provement between the test and the control group
was significant (p<o0.001).

The calculated IOTN values of the groups before
and after treatment are shown in Table 3. The pa-
tients were divided into IOTN classes. Before treat-
ment 32 percent of the test group was classified as
IOTN 5 (great need for treatment), 61 percent IOTN
4, and 6 percent belonged to IOTN 3 (moderate need
for treatment). After treatment, 61 percent of the
cases were classified as IOTN 2 (minor need) and 26
percent IOTN 1 (no need for treatment). 13 percent of
the patients still had a moderate need of treatment
(IOTN 3).

Patients in the control group were classified as
IOTN 4 in 89.5 percent of the cases and the remain-
der in IOTN 3 before treatment. After treatment 47
percent were classified as IOTN 2 and the remaining
patients to IOTN 1.

The patients in the control group had an average
chair time of 173 minutes and the test group 97 mi-
nutes, which is a significant difference (p<o0.0001).
Time for planning therapy, X-ray examinations and
other administrative time were not included. The
time for orthodontic consultation of the treating
orthodontist was also calculated for the test group.
The total cost of an average treatment in the test
group was 3525 SEK and for the control group 5510
SEK. Treatment in the SOC can thus be expressed as
56 percent more expensive than at the GDO.

Another result of this study was that patients
with extractions as a part of treatment (n=20) had a
WPAR improvement of 72 percent. The non-extrac-
tion patients reached an improvement of 64 percent.
The difference was significant (p<o0.001).

Discussion

In this study patients having had orthodontic treat-
ment at a GDC were compared to similar patients
treated at a SOC. The study was not optimally de-
signed, since it was not prospective. Furthermore,
the number of not-sufficient cooperative patients
was not registered. More patients in both groups
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had been preferable but all treatment details were
planned and decided by the same orthodontist (BL).
Thus, the design reflected the specific circumstances
locally where one orthodontist had full responsi-
bility for many children in a large geographic area
and delegation of treatments to non-specialists was
mandatory.

The two groups differed in age and gender. The
age differences could be explained by the fact that all
control patients were taken from a waiting list to the
SOC. It was unfortunate that no patient of the con-
trol group was referred to IOTN 5, but limitations in
age and diagnosis was the cause of this. Both groups
consisted mainly of girls, common for orthodontic
patients in the Boras district and in Sweden (4).

The calculated WPAR values of the patients be-
fore treatment were 22.2 in the test group and 24.0
in the control group. Overjet produced high values
in WPAR, which is one explanation for the minimal
difference between the groups. The IOTN — “value”
was higher in the test group but the WPAR was lo-
wer so there did not seem to be a strong connection
between a high IOTN —“value” and high WPAR.

Using different removable appliances can be often
successful to treat an enlarged overjet. According to
the literature the average WPAR reduction after ort-
hodontic treatment varies between 30 — 60 percent
when using removable appliances (9). The test group
in this study had a WPAR-reduction calculated to 69
percent, the non-cooperative patients excluded. We
have no figures of the ratio non-cooperative/coope-
rative patients.

The exact time required for treatment was dif-
ficult to estimate. The time estimated in this study
does not include the length of examination, the ne-
cessary X-rays and analysis. The treatment costs for
the control group may be higher, especially since an
X-ray analysis tends to be more extensive at the SOC.
The patients often had to travel longer distances to
the SOC than to the GDC.

It seems that treatment becomes more expensive
at the SOC. The PAR reduction was significantly
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better, but the difference was minor. Improvement
for the control patients was 81 percent, compared to
69 percent for the test group patients. The impro-
vements of patients treated at the SOC were on the
same level as in other studies in Sweden and Norway
(4, 7). The patients from these Clinics usually had a
longer retention period, while the patients treated
at a GDC might have had less supervision as they
changed dentists when transferred to other schools.
Perhaps this could lead to the difference becoming
more pronounced for the patients over time. As the
limit for “greatly improved” was set at 70 percent this
implies that treatment has been favourable for both
groups.

The results of this study are somewhat uncertain
due to the difficulties of estimating exact chair time.
Different dentists were involved and approximation
of the duration for each visit according to the re-
cords of the patient could be difficult. All dentists
participating in the study worked differently even
with many years of experience. The level of coope-
ration also differed between patients.

However the results of this study indicate an eco-
nomical advantage in treating patients with remo-
vable appliances in GDC, but there are some doubts.
When patients are non-cooperative a non-favorable
increase of treatment time may occur. Furthermore,
certain orthodontic movements can only be perfor-
med using fixed appliances. Economically it is unfa-
vorable to start with removable appliances and then
change to fixed due to unsatisfactory cooperation. If
early treatment is needed, the number of permanent
teeth can, however, make this approach necessary.

An additional study of how many of a group
of patients treated with removable appliances that
shows sufficient cooperation would be interesting.
The dentists of the GDC:s involved estimated the
poorly cooperative patients to 15-20 percent.

Conclusion

The hypothesis that trained general dentists may
obtain sufficiently qualitative results to a reasona-
ble cost was confirmed. Patients with high levels of
WPAR and IOTN can be successfully treated with re-
movable appliances at a General Dental Clinic if the
patient is sufficiently cooperative. The results tend
to be better at the Special Orthodontic Clinic, but
more expensive than at the General Dental Clinic.
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Elemental composition of normal
primary tooth enamel analyzed
with XRMA and SIMS
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MARIANNE RYTHEN', SARA RIZELL®>, AGNETA ROBERTSON"2, JORGEN G. NOREN', GUNILLA KLINGBERG"®

Abstract

There is an interest to analyze the chemical composition of enamel in teeth from patients
with different developmental disorders or syndromes and evaluate possible differences
compared to normal composition. For this purpose, it is essential to have reference material.
The aim of this study was to, by means of X-ray micro analyses (XRMA) and secondary ion mass
spectrometry (SIMS), present concentration gradients for C, O, P and Ca and F, Na, Mg, CI,K and
Srin normal enamel of primary teeth from healthy individuals.

36 exfoliated primary teeth from 36 healthy children were collected, sectioned, and analyzed
in the enamel and dentin with X-ray micro analyses for the content of C,O,P and Ca and F, Na
Mg Cl, K and Sr.

This study has supplied reference data for C, O, P and Ca in enamel in primary teeth from
healthy subjects. No statistically significant differences in the elemental composition were
found between incisors and molars. The ratio Ca/P is in concordance with other studies.

Some elements have shown statistically significant differences between different levels of
measurement. These results may be used as reference values for research on the chemical
composition of enamel and dentin in primary teeth from patients with different conditions
and/or syndromes.

Key words
Elemental analysis, primary teeth, mineral composition, XRMA.
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Amnessammansattning av normal primartandsemalj
analyserade med XRMA och SIMS

NINA SABEL, WOLFRAMDIETZ, TED LUNDGREN, SANDOR NIETZSCHE, HANS ODELIUS, MARIANNE RYTHEN,
SARA RIZELL, AGNETA ROBERTSON, JORGEN G. NOREN, GUNILLA KLINGBERG

Sammanfattning

Det finns ett intresse av att analysera den kemiska sammansattningen i tander fran
patienter med olika utvecklingsstorningar och syndrom for att utvardera mojliga skillnader
mot den normala sammansattningen. Darfor ar det viktigt att ha ett referensmaterial att
jamfor mot.

Syftet med denna studie ar att med hjalp av rontgenmikroanalys (XRMA) och analy-
serande jonsond (SIMS) presentera koncentrationsgradienter for C, O, P och Ca respektive F,
Na, Mg, Cl, K och Srinormal emalj i primara tander fran friska individer.

36 exfolierade primara tander fran 36 friska barn insamlades och snittades, emaljen
analyserades med XRMA och SIMS pa 5 olika nivaer fran emaljytan till emalj-dentin gransen.

Denna studie uppvisar referensdata for C, O, P, Ca och F, Na, Mg, Cl, K och Sri primara
tanders emalj fran friska barn. Inga statistiskt signifikanta skillnader foreldg i amnes-
sammansattningen nar varden for incisiver och molarer jamfordes. Forhallandet Ca/P
overensstamde med vad man funnit i andra studier. Vissa amnen uppvisade statistiskt
signifikanta skillnader mellan olika matnivaer i emaljen. De presenterade vardena kan
anvandas som referensvarden i forskning som ror den kemiska sammansattningen av
emalj i primara tander fran patienter med olika tillstdnd och/eller syndrom.
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Introduction

Primary teeth have long been regarded as markers for
events occurring during their mineralization, espe-
cially for enamel (18,19, 10). Relationships have been
established between developmental disturbances in
enamel, as well as in the dentin, and a number of
different conditions occurring during the neonatal
period and the first year of life (12, 20). Some studies
have also shown differences in the chemical compo-
sition between primary control teeth and primary
teeth from children with different disorders (9).
However, the number of teeth analyzed in these
studies has often been limited.

The special properties of the dental hard tissues
being hard and brittle, combined with their non-
electric transmitting properties, have made it dif-
ficult to study the chemical composition related to
the morphology. This is of relevance when studying
possible differences between dental hard tissue from
normal healthy individuals and from individuals
suffering from, for example, perinatal disorders.
Different analysis methods have been used such as
microradiography, secondary ion mass spectrome-
try (SIMS), X-ray micro analysis and X-ray microto-
mography (16, 14, 5, 24, 7). These methods have, de-
spite being time-consuming and expensive, proven
to be suitable for elemental analyses of dental hard
tissues. However, there is a need for basic data re-
lated to known morphological structures and levels
from normal primary teeth of healthy individuals.
It is known that the chemical composition and the
density of enamel vary from the enamel-dentin-jun-
ction towards the surface and also from the incisal-
cuspal area to the cervical area (21, 22, 12).

Of special interest is the content of some of the
major elements (i.e., C, O, P and Ca) as well as other
elements of importance for the mineralization of
dental hard tissue. Further, there is an interest to
analyze the chemical composition of enamel in teeth
from patients with different developmental disorders
or syndromes and evaluate possible differences from
normal composition (20, 7). For this purpose, it is
essential to have reference material. However, there
are few studies dealing with the content of some ele-
ments in enamel and dentin in human primary teeth
(24, 7, 8). Therefore, there is a need for presenting
the chemical composition from a material of pri-
mary teeth from healthy individuals.

The aim of this study was to, by means of X-ray
micro analyses (XRMA), present the values in weight
% for C, O, P, Ca in normal enamel of primary te-
eth from healthy individuals, and by secondary ion
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mass spectrometry present values in weight % for F,
Na, Mg, Cl, K and Sr in normal enamel from healthy
individuals.

Material and methods

Tooth material

49 exfoliated primary teeth (40 incisors, 9 molars)
from 49 healthy children were collected. 36 teeth (27
incisors, 9 molars) were used for the XRMA analyses
and 13 incisors for the SIMS analyses. The study was
approved by the Regional Ethical Review Board of
the University of Gothenburg. After 24 hours in 70%
ethanol, the teeth were embedded in an epoxy-resin
(Epofix®, Electron Microscopy Sciences, Fort Wash-
ington, PA USA) and sagittal longitudinal sections,
with a thickness of approximately 100 pum were pre-
pared in an Leitz Low Speed Saw Microtome (Le-
itz®, Wetzlar, Germany). Central sections were used
for the histological examination in a polarized light
microscope (POLMI). All sections were examined
in polarized light dry in an Olympus polarizing mi-
croscope employing strain free objectives.

XRMA

After POLMI-analysis the 36 samples were moun-
ted on sample holders for XRMA with carbon tape.
The sections were etched for 30 seconds with 30%
phosphoric acid, carefully rinsed with de-ionized
water, and coated with a 15-20 nm thick carbon coa-
ting by vacuum-evaporation.

The sections were analyzed in the enamel for the
composition of C, Ca, P, and O in a Philips SEM 515
(Philips, Eindhoven, The Netherlands), equipped
with an EDAX DX-4 ECON detector (EDAX Inc.,

Figure 1. Photo of an
un-decalcified section of
a primary incisor showing
the two principle lines for
measurementin enamel for
the five levels of the XRMA
and SIMS analyses. (Black
lines crossing the two
white lines represent the
5 levels for measurements
in the enamel, numbered
1-5).
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Mahwah, USA). The measurements were perfor-
med along a line at five levels in the enamel followed
by a repeat of the elemental analyses adjacent and
parallel to the first line (Fig. 1). In the enamel the
first of the two repeats of measurements were made
10 um under the enamel surface and followed by
measurements located V4, V5, % of the enamel thick-
ness and 10 um above the enamel-dentine junction
(EDJ). All measurements were carried out on the
buccal side of the tooth, always aiming to analyzing
the morphologically same area, starting approxima-
tely at half of the crown height on a line towards the
tip of the pulp. For all measurements, the emitted
X-rays were detected during continuously fast scan-
ning small window of 6.1 pm x 4.3 pm at a magni-
fication of 650 x. The relative amounts of C, Ca, P,
and O were obtained by semi-quantitative analysis
of the EDAX DX-4 software. All values were consi-
dered semi-quantitative.

The proportion of the elements in enamel was
calculated as the mean of each element throughout
enamel, related to the means of the other elements,
by finding the lowest common denominator.

SIMS analyses

In order to avoid build-up of surface charge during
the analysis, the 13 specimens were coated with a
thin layer of gold by vapour deposition, after being
mounted in a sample holder for the ion probe.

The analysis was performed using an ion probe
(Cameca IMS 3 F). The principles for the ion probe
have been described in detail elsewhere, therefore
only a brief outline will be given here (11). The surfa-
ces of the specimens were bombarded with negative
oxygen ions. Secondary positive ions were collected
from the center of the bombarded area. The secon-
dary ions then passed a magnetic analyser and se-
parated according to mass/charge ratio. The counts
of the different ion species were then analysed by
means of an on-line computer. The diameter of the
primary ion beam was 50 um and the diameter of
the analyzing area 10 um. A continuous line scan
was made from the enamel surface till the dentin
was reached.

The following ion species were analyzed: F, Na,
Mg, Cl, K and Sr. All raw data were normalized to
the reference isotope of calcium (Ca44). The SIMS
analysis was performed as a line scan starting at the
enamel surface with 5 um steps over the enamel-
dentin junction. In order to have comparable data
with the XRMA analyses, values from the same levels
were extracted.
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The proportion of the elements in enamel was
calculated as the mean of each element throughout
enamel, related to the means of the other elements,
by finding the lowest common denominator.

Statistical analysis

The statistical analysis was performed using SPSS
version 15.0 for calculating the statistical summaries
and applying the Mann Whitney U-test, with results
considered significant at p<o.0s. The charts shown
are based on the median values.

Results

POLMI examination

A short description will be given here of the POLMI
examination. When examined in polarized light, the
presence of a neonatal line made it possible to distin-
guish between prenatal and postnatal enamel (Fig.
2). The neonatal line appeared as a distinct, positi-
vely birefringent band extending from the enamel-
dentine junction in the most cervical part, towards
the enamel surface at the incisal part of the teeth.
All sections showed a negatively birefringent, (less
porous) zone at the surface suggesting a more mine-
ralized surface. Prenatal primary enamel appeared
with a positively birefringent inner zone indicating
a higher degree of porosity in the tissue. In 30 of the
49 sections, the micro-porous zone of the prenatal
enamel extended over the neonatal line, thus giving
part of the postnatal enamel a positive birefringence.
In the remaining teeth, the postnatal enamel appea-
red negatively birefringent.

XRMA analyses
A total of 180 measurements were made in the ena-

Figure 2.
Un-decalcified section
of a primary incisor seen
dryin airin polarized
light (EDJ=enamel dentin
junction; NNL=neonatal
line; original
magnification 40x).
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mel. Two measurements were made on each level
(Fig 1.) and the mean value was calculated and used
for the statistical analyses. When “values” are refer-
red to in the following text, it is the mean of the two
repeated measurements on line 1 and 2. The ratios
for Ca/P and Ca/C were calculated and mean values,
standard deviations and median values were calcula-
ted for all elements and ratios for each level in the
enamel.

A statistical analysis using the Mann-Whitney
U-test for medians was made in order to investigate
possible differences between the values for molars
and incisors. However, no statistical differences were
found wherefore all 36 teeth were used for the ana-
lyses.

G O,P Ca
Carbon had its highest value at the surface with a
slight decrease towards the bulk of the enamel and
then with an increase towards the EDJ. Carbon was
also found to have the largest standard deviation
(Fig. 3; Table 1). Oxygen showed an increasing con-
centration gradient from the enamel surface to the
EDJ. Both P and Ca had flat curves in the bulk of the
enamel (Fig. 3; Table 1).
When comparing the median values for oxygen bet-
ween the different levels, the value at the surface was
significantly lower compared with level 4 and 5. The-
re was also a difference between levels 2 and 5 (Table
2.). For phosphorous, the values in the first 4 levels
were significantly higher than in level 5 (Table 2).
The proportion of the elements C:O:P:Ca in the
enamel, calculated from the mean of the values th-
roughout the entire enamel was 1.00:4.44:2.04:4.15.
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Chart for the median values in weight % for C, 0, P and Ca
in the enamel for the five levels of the XRMA measurements
(ES=enamel surface; EDJ=enamel dentin junction).

79



SABEL ET AL

This could be a simple way to describe the re- 45
lations between these four elements and might be P O--a QuE L =
useful when comparing enamel from healthy indivi- ' e g -
o

duals with enamel from individuals suffering from 35+ +
different diseases or syndromes. i

i E-Carp
Ca/P, Ca/C 254 - °:|' £8C

The ratio Ca/P had a flat concentration gradient th-
rough the enamel with small values for SD (Fig. 4;
Table 1). The ratio Ca/C had its lowest values at the 1.5+ L
enamel surface and close to the EDJ (Fig. 4; Table 1).

201—m a - M -

1.0 T

After a peak at level 2 the values decreased. The stan- 1 2 3 4 5
dard deviations where high in all levels (Table 1). ks Level EDJ
Figure 4.
Chart for the median values for Ca/P and Ca/C ratios in
SIMS analyses the enamel for the five levels of the XRMA measurements

All mean values, standard deviations and ranges for (ES=enamel surface; EDJ=enamel dentin junction).
the SIMS analyses are given in Table 3.

Fluorine, chlorine 10’
Fluorine had its highest value at the level closest to e S |
the surface followed by a rapid decrease which re- -
mained flat through the bulk of the enamel (Fig. 8). 10l n 2 - e F
The fluorine level was significantly higher at the sur- ® Na
face compared with all other levels (Table 4). Chlori- £ 107 4—% : g&lg
ne had its highest value at the enamel surface and & < » < K
then decreased towards the EDJ (Fig. 8). The chlori- 10 s == S e
ne level was significantly higher at the surface level 7% ==y Yy —— |
compared with all other levels, and at level 2 and 3
compared with level 5, closest to the ED]J (Table 4). 10" : ; . - 5

2 3 4 5

ES Level EDJ
Figure 5.

Chart for the median values in weight % for F, Na, Mg, CL, Kand
Srin the enamel for the five levels of the SIMS measurements
(ES=enamel surface; EDJ=enamel dentin junction).

©Table 2. Analyses of the median values between different levels in the enamel and dentin, respectively. Statistically significant
differences, calculated with Mann-Whitney are given in the table; *=p<0.05; **=p<0.01; ***=p<0.001. (DL=two levels compared; e.g.
DL 1-3in enamel: outer enamel compared with middle part of enamel). (Level 1 in enamel closest to the enamel surface, level 5 closest
to the enamel-dentin junction; level 1 en dentin closest to the enamel-dentin junction, level 5 closest to the pulp.)

DL @ (0) P Ca Ca/P Ca/C

1-2 9.88-8.67 37.46-37.81 17.65-17.59 34.97-34.83 1.99-1.99 3.63-4.19
1-3 9.88-8.60 37.46-38.45 17.65-17.60 34.97-34.96 1.99-1.97 3.63-4.08
1-4 9.88-8.46 37.45-38.45* 17.65-17.40 34.97-34.52 1.99-1.99 3.63-4.02
1-5 9.88-9.38 37.45-39.40** 17.65-17.21* 34.97-33.91 1.99-1.97 3.63-3.68
2-3 8.67-8.60 37.81-38.45 17.59-17.60 34.83-34.96 1.99-1.97 4.19-4.08
2-4 8.67-8.46 37.81-38.45 17.59-17.40 34.83-34.52 1.99-1.99 4.19-4.02
2-5 8.67-9.38 37.81-39.40* 17.59-17.21** 34.83-33.91 1.99-1.97 4.19-3.68
3-4 8.60-8.46 38.45-38.45 17.6-17.40 34.96-34.52 1.97-1.99 4.08-4.02
3-5 8.60-9.38 38.45-39.40 17.62-17.21** 34.96-33.91 1.97-1.97 4.08-3.68
4-5 8.46-9.38 38.50-39.40 17.40-17.21* 34.52-33.91 1.99-1.97 4.02-3.68
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Sodium, magnesium, potassium

Na, Mg and K were parallel to each other and all had
their lowest values at the surface region followed by
an increase to level 2 (1/4 of the enamel thickness)
and then remained flat through the enamel to the
ED]J (Fig. 8). There was a statistically significant dif-
ference for Na between the value at the surface and
the two levels closest to the EDJ (Table 4).

Strontium
Strontium had in principle the same values in all lo-
cations in the enamel.

Discussion

This study has revealed values in weight % for C, O,
P, Ca and ratios Ca/P and Ca/ and weight % for F,
Na, Mg, CI, K and Sr in weight % in the enamel of
primary teeth from healthy individuals. Some statis-
tically significant differences were exposed when a
statistical analysis was performed for each measured
element between the different levels in enamel and
dentin, respectively. The most marked differences
were found for F at the enamel surface compared
with the levels in the bulk of the enamel. Marked
differences were also found for P, Ca and the ratio
Ca/P when the values in dentin close to the enamel-
dentin junction were compared with values close to
the pulp.

The POLMI examination is in concordance with
what has earlier been shown for primary enamel
(12), and thus verifies that the included tooth samp-
les are representative of normal enamel in primary
teeth.

The measured elements for XRMA were chosen
since they all constitute the main elements of ena-
mel and are easily measured by XRMA. Of special
interest is the ratio Ca/P as it represents the minera-
lization of the hard tissues and the quality of the hy-
droxy apatite. The ratio Ca/C on the other hand then
represents the relative content of organic matter.

XRMA has proven to be a useful tool for measur-
ing some important elements in dental hard tissues
and bone, owing to a high sensitivity for the main
elements in dental hard tissues (17). One of the ad-
vantages with the method used in this study is the
possibility of controlling where measurements are
carried out, that is the exact location and being able
to relate the chemical findings to the morphology of
the enamel and dentin.

The elements measured with SIMS were chosen
since they have proven to be particularly suitable for
this technique due to its sensitivity for analysis of
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these elements in dental hard tissues (18, 13, 4). As
for XRMA analyses, the location for measurements
are well controlled in relation to the morphology.

It is known that the mineral concentration dist-
ribution may vary considerably between different
levels in the same tooth, especially in the enamel,
rather than tooth type (16, 6, 24). In the present
study no statistically significant differences in ele-
mental abundance could be found between incisors
and molars.

The relative values in weight % for C, O, P and Ca
are in good agreement with analysis of primary teeth
from normal children (21, 11).

The increase of mineral concentration from the
enamel-dentin junction (EDJ), towards the enamel
surface, coincides with data from studies employing
other methods (23, 24). The ratio Ca/P was compa-
ratively constant at 2.00%o0.1 in the enamel in all le-
vels which is in concordance with previous studies,
even though measurements have been performed in
different ways (17,1-3).

Despite variations in calcium and phosphorous,
the ratio Ca/P appeared to be fairly constant throug-
hout the enamel. However, the ratio Ca/C appeared
more or less constant in the bulk of the enamel with
a lower value at the enamel surface, at the same level
Ca and C reaching their highest values. This might
reflect on an influence of organic matter on the ena-
mel surface.

The SIMS measurements are in agreement with
the concentration gradients that have been shown
in previous studies of primary teeth (13, 14, 9). Ho-
wever, the fluorine value heavily depends on the
post eruptive exposure, which also explains the ra-
pid increase close to the surface (15). Therefore, the
fluorine values should not be regarded as reference
values, at least not for the surface.

Conclusions

This study has supplied reference data for C, O, P, Ca
and for F, Na, Mg, Cl, K and Sr in enamel in primary
teeth from healthy subjects, utilizing XRMA and
SIMS, respectively. No statistically significant dif-
ferences in the elemental composition were found
between incisors and molars. The ratio Ca/P is in
concordance with other studies. Some elements have
shown statistically significant differences between
different levels of measurement.

These results may be used as reference values for
research on the chemical composition of enamel in
primary teeth from patients with different condi-
tions and/or syndromes.
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Analysis of some elements in primary
enamel during postnatal mineralization

NINA SABEL', GUNILLA KLINBERGZ, SANDOR NIETZSCHE?, AGNETA ROBERTSON',
HANS ODELIUS*, JORGEN G. NOREN'

Abstract
The primary teeth start to mineralize in utero and continue development and maturation
during the first year of life. The aim of this study was to investigate the concentrations
of some elements, C, F,Na, Mg, Cl, K and Sr, by secondary ion mass spectrometry (SIMS) in
human primary incisors at different stages of mineralization. The teeth derived from an
autopsy material from children who had died in sudden infant death. The buccal enamel of
specimens from the ages1, 2, 3, 4, 6 and 19 months, respectively, was analyzed. It was evident
that posteruptive effects play an important role in composition of the outermost parts
of the enamel. Before the tooth erupts, the concentrations of the elements vary with the
maturation grade of the mineralization in the enamel. Sodium was the element with the
highest concentration of the measured elements and chlorine was the element of lowest
concentration. The 19 month old specimen, considered as the only mature and erupted tooth,
showed to differ from the other specimens. The concentration of fluorine, in the 19 month old
specimen’s outermost surface, is readily seen higher compared with the other specimens at
this depth zone. In the 19 month old specimen the concentration of carbon is lower. Potassium,
sodium and chlorine have higher concentrations, in general, in the 19 month old specimen
compared with the immature specimens.

The thickness of the enamel during mineralization was calculated from data from SIMS. The
thickness of the buccal enamel of primary incisors seemed to be fully developed between 3-4
months after birth, reaching a thickness of 350-400 pm.

Key words
Elements, enamel, mineralization, SIDS, SIMS, XRMA
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Analys av vissa grundamnen i emaljernas primara tander
vid postnatal mineralisering

NINA SABEL, GUNILLA KLINBERG, SANDOR NIETZSCHE, AGNETA ROBERTSON,
HANS ODELIUS, JORGEN G. NOREN

Sammanfattning

De primara tanderna paborjar sin mineralisering under omkring 4:e fostermanaden och
ar fardiga under slutet av det forsta levnadsaret. Syftet med studien var att undersoka kon-
centrationsgradienterna for vissa element, C, F, Na, Mg, Cl, K och Sr, med hjalp av analyserande
jonsond (SIMS) i priméra incisiver, som befann sig i olika stadier av mineraliseringen. Tanderna
kom fran ett obduktionsmaterial av barn som dott i plotslig spadbarnsddd. Analyserna dgde
rum i den buckala emaljen, fran tander representerande dldrarna 1, 2,3, 4, 6 och 19 manader.
Det var uppenbart att posteruptiva effekter spelar en viktig roll i emaljens sammansattning
i den yttersta emaljen. Innan tanden erupterar varierar koncentrationsgradienterna med
emaljens maturationsgrad. Natrium var det amne som hade hogst koncentration medan
klor hade lagst dver lag. Preparatet fran den 19-mdnader gamla individen var det enda som
var fullt mineraliserat och hade erupterat, dess emalj avvek fran ur kemisk synpunkt fran de
andra preparatens. Fluorkoncentrationen i det 19-manader gamla preparatets yttersta ytskikt
var betydligt hogre, i samma preparat var kolkoncentrationen lag. Kalium, natrium och klor
hade hogre koncentrationen i 19-manaders preparatet jamfort med de mindre mineraliserade
preparaten.

Emaljens tjocklek under mineraliseringen berdknades med hjalp av data fran SIMS-analy-
sen. Den buckala emaljens tjocklek hos de priméra incisiverna var nadd omkring 3-4 manader
efter fodelsen och var da 350-400 pm tjock.
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Introduction

At birth, all primary teeth are in the process of mi-
neralization. This period of time is of great interest
for human development and growth. Because of the
growth pattern and stability of the structure, prima-
ry enamel supplies a unique opportunity of recor-
ding metabolic changes during development; from
the latter half of the gestation period to the end of
the first year of life (9). The primary central lower
incisors start to mineralize between the 13th and 16th
week of gestation and continue development and
maturation during the first year of life (13). The in-
organic ions are primarily transported through the
enamel organ and are also controlled by the ame-
loblasts. Evidence that calcium and phosphate ions
are nucleated in the newly deposited enamel matrix,
shortly after secretion by the ameloblasts, is well es-
tablished (1, 2, 5, 20, 8).

The concentrations of some elements in enamel
and dentin have been presented in several studies
utilizing secondary ion mass spectrometry (SIMS).
Elements such as C, F,Na, Mg, K, Cl and Sr show cha-
racteristic concentrations through the tissue. Howe-
ver, it is not known when and how these concentra-
tions are established. It is evident that posteruptive
effects play an important role in the outermost parts
of the enamel (6), but in the bulk of the enamel, and
probably also in the enamel’s adjacent parts of the
dentin, the concentrations are established at a parti-
cular stage of the mineralization process.

Most studies of the mineralization of dental hard
tissues have, for different reasons, been performed
on specimens from other species than humans. The
rat incisor, for example, provides an excellent mo-
del for studies of the dynamic phases of dentin and
enamel formation (6). Nevertheless, studies on hu-
man material are of special interest but, for ethical
reasons, it is not possible today to collect material.
In a multicenter study of possible etiological factors
behind Sudden Infant Death Syndrome (SIDS), au-
topsy material was collected and examined for mi-
neralization disturbances of the dental hard tissues
(25). As this tooth material represented a time cycle
of 1 to 19 months, it was of interest to study the in-
corporation of some elements in enamel in different
time periods.

The aim of this study was, by means of SIMS, to
describe the concentrations of some elements during
phases of enamel mineralization.

SWEDISH DENTAL JOURNAL VOL. 33 ISSUE 2 2009

Subjects and Methods
Subjects
Tooth buds from 19 subjects were previously collec-
ted for the purpose of another study (25). A sample
of 6 subjects was selected for this study (Table 1).
Immediately after extraction, all of the teeth were
put in buffered 4% formaldehyde, before they were
being embedded in epoxy resin (Epofix®, Electron
Microscopy Sciences, Fort Washington, PA, USA),
then the teeth were stored for 24 hours in ethanol.
The teeth were then cut in two halves sagittaly, in a
bucco-lingual direction with a Leitz low speed saw
microtome (Leitz®, Wetzlar, Germany) and ground
sections were prepared from each tooth (15). All te-
eth were previously examined histologically regar-
ding the occurrence of developmental defects (25).
Six central incisors were chosen from individuals
with intervals of age; 1, 2, 3, 4, 6 and 19 months old,

Table 1. Age (in months) and sex of subjects in this study
(F=female; M=male).

No Age Sex
moths
12 1 F
10 2 F
7 3 M
9 4 F
2 5 M
4 6 F
3 19 F

1month 2 months 3 months

6 months

4 months

18 months

Figure 1. Microradiographs of specimen at different ages.
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to represent the mineralizing period in this study
(Fig.1).

The eruption time of the first lower incisor is 7.5
+1.7 months (18). Therefore, the only tooth consi-
dered erupted, belonged to the 19 month old indi-
vidual.

SIMS analysis

After mounting in a sample holder for the ion probe,
the specimens were polished and coated with a thin
layer of gold by vapor deposition, in order to avoid
buildup of surface charge during the analysis.

The secondary ion mass spectrometric analysis
was performed in an ion probe (Cameca IMS 3 F).
The principles for the ion probe have been described
in detail elsewhere, wherefore only a brief outline
will be given here (11, 10). The surface of the speci-
men was bombarded with negative oxygen ions. Se-
condary positive ions were then collected from the
center of the bombarded area. The secondary ions
were then passed through a magnetic analyzer and
separated according to mass/charge ratio, the counts
of the different ion species were then analyzed by
means of an on-line computer. The diameter of the
primary ion beam was 50 pm and the diameter of

Figure 2. Image of tooth section in polarized light, black line
across the enamel demonstrating position of SIMS step scan.
Tooth from a 2 months old individual.
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the analyzing area 16 pm. A step scan was perfor-
med from the enamel surface to the enamel-dentin-
junction (EDJ) with 5 um steps in the coronal part
of the tooth (Fig. 2).

The mass numbers and their corresponding ion
species are listed in Table 2. All raw data was nor-
malized to the reference isotope of calcium (Ca44).
All values are to be regarded as semi-quantitative.
Graphs of the logarithmic values of the semi-quanti-
tative concentrations of each element were made, in
order to see the fluctuations across the enamel, com-
paring ages and elements, respectively.

Table 2. Recorded mass numbers and corresponding ion
species analyzed. All values were normalized to those of 44(Ca.
The mass numbers 56 and 57 were used as auxiliaries for
calculating a value for fluorine from the 59 peak.

Mass numbers of studied ions

12/C 44/Cabs
19/F 56/57Ca0H
23/Na 59/CaF
24/Mg 77/CaCl
31/P 88/Sr
39/K

Figure 3. Image over the depth zones. S: surface, EDJ: enamel-
dentin-junction, E: enamel, D: dentin, P: pulp.

SWEDISH DENTAL JOURNAL VOL. 33 ISSUE 2 2009
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Figure 4. Graphs showing the concentration gradients across enamel of a. carbon, b. fluorine, c. sodium, d. magnesium. mth:
month, mths: months. Measuring points at a distance correlating to 5um.

From these values, tables of fluctuations were
constructed to compare changes in the elemental
composition at different depth zones of the enamel
(Fig. 3). The depth zones of the enamel were made
by dividing the total thickness of the enamel into
equal quartiles in every specimen. The values at
every depth zone/quarter of each element and spe-
cimen were used for comparison and analyzed for
co-variations during the mineralization.

In each specimen, the concentration of each ele-
ment at each depth zone was compared with the
concentration in the surface in order to visualize the
variation of the elements through the bulk of the en-
amel. Further, the relations in the concentration of
each element of the immature specimens were com-
pared with the values in the corresponding depth
zones of the 19 month specimen, considered as fully
mineralized enamel.

The variations in the different concentrations were
made visible as an increase (+) or a decrease (-). The
differences were classified into six intervals, Table 3c.

The length of the line across the enamel of every

SWEDISH DENTAL JOURNAL VOL. 33 ISSUE 2 2009

specimen was calculated by using the number of me-
asuring points (5 pm apart) from the SIMS analysis.

Ethical Considerations

This study was approved by the ethical committee at
the Sahlgrenska Academy at Gothenburg University,
Goteborg, Sweden, registered 343-07.

Results

Graphs of the logarithmic values of the semi-
quantitative concentrations of each element shows
the fluctuations through the enamel.

Distribution of Carbon

Carbon had its lowest concentration values at the
surface in all specimens, with the exception of the
19 month old specimen. The mature specimen had a
lower carbon content in the bulk of the enamel, but
ED]J, compared with its own surface (Fig. 4a).

Distribution of Fluorine
The concentration of fluorine fluctuated through

89



SABEL ET AL

—=s—1mth
—e—2 mths
3 mths
I |—+—4 mths
—+—6mths
—a—19 mths

Weight %

0 10 20 30 40 50 60

Vs ‘w‘-‘g'_‘-{':_-y,.vtm LAAN] [ =Tmin
W‘T —e—2mths

1 +—3mths

t [ |—+—4mihs

\ ot TR |—*—6mihs
a|—+=—19 mths

Weight %

the enamel in all specimens. Fluorine had a slightly
lower concentration at the outer surface of the im-
mature specimens, and a slightly higher concentra-
tion in the bulk of the enamel compared with the
mature specimen.

At the surface, a decrease was seen in the concen-
tration of the younger specimens, in contrast to the
19 month old specimen, where a steep increase of the
gradient was noted (Fig. 4b).

Distribution of Sodium

Sodium was found to be the element with the highest
content in the enamel of all the elements measured
in this study. The highest concentration of sodium
was found at the outer surface in all specimens. The
sodium content in the outer part of the enamel in
immature specimens was lower compared to the 19
month old specimen. At the EDJ, sodium was found
to be higher in the immature specimens compared
with the mature specimen (Fig. 4¢).

Distribution of Magnesium
The concentration of magnesium was lower at the
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Figure 5. Graphs showing the concentration gradients across
enamel of a. chloride, b. potassium, c. strontium. mth: month,
mths: months. Measuring points at a distance correlating to
5pm.

outer surface in all specimens compared to the ena-
mel in the outer half. However, in the 19 month old
specimen, the opposite pattern was observed. The
concentration of magnesium was lower in the im-
mature specimens at the EDJ in relation to the ma-
ture specimen (Fig. 4d).

Distribution of Chloride

The concentration of chloride at the different depth
zones in the enamel showed minor variations. In
all specimens, the concentration fluctuated or de-
creased in the bulk of the enamel in relation to the
surface, except for the 19 month old specimen where
the concentration increased in the inner parts, com-
pared with the surface (Fig. 5a).

Close to the EDJ, the concentration rose in all
specimens. Chloride was the only element of the
immature specimens having the same relation to
the mature specimen at all depth zones through the
enamel.

Distribution of Potassium

Potassium had, in general, its highest concentration
at the outer surface in all specimens. The concen-
tration of potassium was fairly steady through the
enamel. Potassium was found to a lower content
in the immature specimens compared with the 19
month old specimen, at each depth zone, but at the
EDJ (Fig. 5b).

Distribution of Strontium

Strontium fluctuated slightly between the specimens
at the different depth zones compared to their re-
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Figure 6. Graphs showing the concentration gradients across enamel of a. 1 month specimen, b. 2 months specimen, c. 6 months
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spective surfaces, with the exception of the 19 month
old specimen, where the concentration was highest
at the outer surface (Fig. 5¢).

Change of Elemental Concentrations at Various Ages

In order to describe the changes in the concentra-
tions for the different ages, the elements were grou-
ped according to their concentration depth zones.

Sodium, magnesium and potassium had the highest
concentrations of all measured elements indepen-
dent of age and stage of maturation, and appeared
to remain relatively constant in all specimens in the
logarithmic charts (Fig. 6). However, our analysis
using non-logarithmic scales showed that these ele-
ments varied both in relation to the values on their
surfaces and in relation to the respective concentra-
tion depth zone in the enamel of the 19 month old
specimen. A co-variation was found between the
concentration of sodium and potassium in the im-
mature specimen. Sodium and potassium showed

SWEDISH DENTAL JOURNAL VOL. 33 ISSUE 2 2009

higher concentrations in the 19 month old specimen
compared to the younger specimens (Figs. 5b and 6).
Strontium and carbon had a constant and almost
equivalent concentration in the specimens from in-
fants 2-6 months of age. In the 19 month specimen,
carbon had a constant but lower concentration at
all depth zones in the enamel compared with speci-
mens from younger individuals, but at the surface,
where the concentration was similar (Figs. 4a and 6).
The concentration of strontium was equivalent in all
specimens related to the 19 month old specimen and
to their surface values.
In the oldest specimen, fluorine varied the most and
had the lowest concentration in the bulk of the ena-
mel. The highest concentration of fluorine was found
in the surface of the oldest specimen, where chloride
and fluorine had similar concentrations. Chloride had
higher concentration in the oldest specimen compa-
red to the younger ages, where chloride had the lowest
concentration of all elements (Figs. 5a and 6).
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Table 3 a. Table over carbon; the concentration of carbon
changes through the enamel compared to the surface, of
respective specimen

C 1 2 3 4 6 19

month  months months months months months
surface ///// 711/ 11 10 I 1T
1/4 ++ ++ ++ ++ ++ -
1/2 + ++ ++ + ++ -
3/4 + ++ ++ + + -
EDJ ++ +++ +++ ++ ++ ++

Table 3 b. Table over carbon, the concentration of carbon
changes in all levels of all specimen compared to the 19 month
specimen

C surface 1/4 1/2 3/4 EDJ
1 month - ++ ++ ++ -
2 months - ++ ++ ++ ++
3 months - ++ ++ ++ 4
4 months + ++ ++ ++ ++
6 months - ++ ++ ++ ++
wmonths ///// Il I W I

Table 3 c. The changes are classified in intervals

" 0- 0,001
a 0,001- 0,005
20,005

0- (-0,001)
(-0,001)- (-0,005)
<-0,005

Concentrations of Elements at Different Depth zones
in the Enamel Compared with the Corresponding
Depth zones in the 19 Month Old Specimen

Surface

At the surface, all immature specimens showed a lo-
wer content of all elements measured in this study
compared to the surface of the 19 month old speci-
men, with the exception for the 6 month old speci-
men where magnesium had higher values and the 4
month old specimen, which had higher values for
carbon at their respective surfaces (Table 3).

Depth zone 1/4

At the depth zone next to the surface, carbon and
magnesium had higher concentrations in the im-

92

mature specimens compared to the 19 month old
specimen. Sodium, chloride, potassium and stron-
tium had lower concentrations in the immature
specimens. The values for fluorine fluctuated, at this
depth zone, in the different specimens.

At this depth zone, magnesium and carbon had hig-
her concentrations compared to their outer surfaces.
Carbon was found to have a higher content in the
immature specimens compared with the oldest spe-
cimen and also higher compared with the concen-
tration at the surface for each specimen (Table 3).

Depth zone 1/2

In the middle of the enamel, higher depth zones of
carbon and magnesium were seen in the immature
specimens. Lower concentrations of sodium, chlori-
de, potassium and strontium were found compared
to the mature specimen. At this depth zone, the flu-
orine value varied between the specimens (Table 3).

Depth zone 3/4

At % of the enamel thickness, higher concentrations
of carbon and lower concentrations of chloride and
potassium were seen in the immature specimens.
Fluorine, sodium, magnesium and strontium were
individually fluctuating at this depth zone. A shift
in change of the concentration for these elements
started to appear compared to the middle part of the
enamel (Table 3).

ED]J

At the EDJ, higher concentrations of carbon, flu-
orine, sodium, potassium and strontium, and lower
concentrations of magnesium and chloride were ge-
nerally seen in the immature specimens. At the ED],
a shift was seen in the concentrations for sodium,
potassium and strontium. Higher concentrations
for sodium, potassium and strontium were seen in
the immature specimens close to the EDJ compared
with the 19 month old specimen and in relation to
the other depth zones.

A shift was also seen in the relation of immature
specimens to the 19 month old specimen concerning
magnesium. Magnesium had lower concentration
values in the younger specimens at the EDJ and at
the surface compared with the 19 month old spe-
cimen. However, at all other depth zones, the im-
mature specimens showed higher concentrations of
magnesium (Table 3).

Enamel Thickness
The enamel thickness increased from 205 pm at 1
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month of age to 385 pm at 19 months of age (Fig. 7).
Full thickness of the enamel was achieved between 3
and 4 months of age.
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Figure 7. Graph showing thickness of enamel in relation to
age of specimen.

Discussion

This study has shown the concentration of some ele-
ments in the enamel of the primary central incisors
during the mineralization process after birth.

The number of teeth that became available for the
SIMS analysis was limited, however, differences are
seen according to the ages, though individual varia-
tions exist (29).

The SIMS technique has proven to be useful for
measuring different elements, even in low concen-
trations, in dental hard tissues with excellent morp-
hological resolution (1). Since the analysis may be
performed with full control of the location in the
specimens, the data may be correlated to the morp-
hology. In order to avoid any surface contamination,
measurements are not started before the sputtering
process has penetrated through the gold layer and
into the enamel. The achieved data is regarded as
being semi-quantitative and the normalization to
Ca44 makes it possible to compare data from dif-
ferent teeth, independent if the teeth are immature
or mature. The logarithmic scale is more suitable for
observing changes and reducing variations of the
semi-quantitative concentrations.
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The changes of concentration in Table 3 are not
measured as percentage, therefore, the highest gra-
des of changes were found in the elements having
the largest concentrations, i.e. sodium, magnesium
and potassium.

The lower concentration of carbon in the bulk of
the fully developed enamel, compared with the ena-
mel from younger teeth, indicates a full maturation
without the presence of carbon-containing amelo-
genins. During the mineralization, amelogenins are
participating in the process of creating crystallites.
When the crystallites are formed, proteins are resor-
bed and the enamel thus will contain a lower con-
centration of carbon (21, 3, 26). The concentration
of carbon in the mature enamel found in this study
are in agreement of what has been found in mature,
normal enamel in permanent first molars (7). Less
content of carbon was found in fully mineralized
enamel than enamel under mineralization, in ac-
cordance to the process of mineralization in enamel
of teeth from rats (12). The high values of carbon
close to the EDJ might reflect the presence of enamel
tufts, containing more proteins than the rest of the
enamel, while high concentrations of carbon at the
surface of fully developed enamel possibly reflect a
higher protein content of the lamellae structure at
the surface of enamel (27).

Carbon is a constituent of carbonate (CO;‘)
which is found in higher concentrations closer to the
EDJ than in the outer surface, which has been sug-
gested to be a result of bicarbonate diffusion down
a concentration into the enamel fluid from the den-
tinal matrix (23). Bicarbonate is also thought to be
the buffering system during the maturation phase,
which establishes an environment with pH depth
zones above demineralization (23).

The individual depth zone of fluorine was relati-
vely steady, even though it varied between the diffe-
rent individuals, however, no age-dependent pattern
was seen. This might reflect the individual exposure
to fluorine in uterine life, since fluoridated water in-
fluences the fluorine concentration in prenatal and
postnatal enamel (28).

The fluorine concentration in dental hard tissues
varies with several aspects such as the level of flu-
orine intake, duration of exposure, stage of minera-
lization development, rate of growth, tissue porosity,
vascularity, surface area of the tissue, crystallites,
degree of mineralization, and in which region the
specimen is sampled from (6). The prominent rise
of the concentration of fluorine at the outer surface,
which is seen in the mature specimen, agrees with
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other studies (16, 7). This indicates the uptake of
fluorine in the oral cavity. Norén et al. 1984 found a
higher concentration of fluorine, particularly at the
outer surface, compared to this study (16).

Chloride is transported through the ameloblast.
This was seen by Prostak et al. 1996 when inhibi-
tion of the anion transport was demonstrated, and
chloride and bromide were found in higher con-
centrations in the enamel (19). Chloride was, in the
present study, considerably lower in concentration
under mineralization, compared to what was found
in a previous study on exfoliated primary teeth (16).
Lundgren et al. 1998 found that chloride increased
in enamel during mineralization, which is also in-
terpreted from the results in this study (12). There-
fore, it might be suggested that chloride accumula-
tes during the maturation phase and after exposure
to the oral cavity, which would explain why the 19
month old specimen had a higher concentration of
chloride at all depth zones in the enamel.

Magnesium had about the same concentration in
the individual specimens throughout the thickness
of the enamel, which is in accordance with previous
findings (16). However, this is in contrast to what
Dolphin et al. found, that there was a significant de-
crease of magnesium from the prenatal to the post-
natal enamel (4). The concentration of magnesium
in this study being approximately the same as obser-
ved earlier in permanent first molars (7).

Robinson et al. 1981 found that the concentration
of magnesium increased from the ED]J and outwards
in the enamel of permanent teeth (22). They found
a correlation between enamel of low density in re-
gions (often associated with high protein concen-
trations) with higher concentrations of magnesium
and vice versa. This was explained to be due to either
magnesium in the central core of the enamel crys-
tallites during mineralization, or that magnesium is
correlated to enamel proteins (22).

Potassium had approximately the same concen-
tration as previously demonstrated in primary te-
eth (16). The pattern of the slope of potassium in
the bulk of the enamel was not similar to what was
found for magnesium, which is contradictory to fin-
dings stating that these two elements co-variate in
fully mineralized primary enamel (14). The pattern
of the slope in the bulk of potassium is similar for
sodium, and this is confirmed to co-variate (14).

The values for strontium found in this study with
individual variations are congruent to what have
been found in other studies (30). The individual dif-
ferences are proposed to depend on the diet of the
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mother, during pregnancy and breastfeeding (4).

In this study, the analysis was carried out in the
same area of the tooth in all specimens. According to
Robinson et al. 1981, the mineralization is divided into
four different stages; stage 1 is reflecting the increase
in enamel thickness, in stage 2 there is a selective re-
placement of matrix proteins, in stage 3 fluid in the
matrix has replaced proteins and minerals starting
to replace the fluid, in stage 4 the enamel becomes
fully mineralized (21). The stages “grow” gradually
from the incisal edge of EDJ toward the surface and,
along the ED]J, toward the cervical region (21). This
means that the stage of mineralization is different in
the various samples analyzed in this study, depen-
ding on the age of the individual. Based on a study
by Deutsch et al. 1982, the mineralization of the ena-
mel in the different specimens analyzed is likely to
be in either stage three, second mineralization, or in
stage four, fully developed non-porous enamel (3).
When full thickness of enamel is reached the enamel
is considered to be in the maturation stage of mine-
ralization (24).

Full thickness of the enamel appeared to be
reached after approximately 4 months after birth, as
measured in this study. This is principally in con-
cordance with what has been found in other studies
even if the figures vary to some extent. In a previous
study, it was shown that the crown formation of the
lower primary central incisors is completed around
3 months of age (17). The formation of enamel of
primary central incisors is completed at 2.5 months,
according to a study made by Levine et al. 1979 (9). Of
the specimen which had reached the full thickness of
enamel, only the 19 month old specimen shows a low
concentration of carbon, though should the enamel
not be seen as completed at 4 months of age, consi-
dering the finding of the diminished concentration
of carbon. This is in agreement with Dolphin et al.
2005, stating that the enamel in primary teeth form
until 9 months postnatally, thereafter becoming
principally inert (4).

The curves of all elements from the 19 month
specimen differ from the other specimen’s. Whether
this is just a coincidence or is a real difference, due
to the stage of mineralization, is not possible to ex-
plain, because of the small number of teeth studied.
The cause of death of the healthy individual of 19
month was a traffic accident, which can not explain
the varied values all through the enamel.
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