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Success of Reinforced Fiber Material
Space Maintainers

Zuhal Kırzıoğlu, DDS, PhD     M. Semra Özay Ertürk, PhD

ABSTRACT

Purpose: Various space maintainers are used in pediatric dentistry. However, their construc-
tion requires time-consuming laboratory procedures. Recently, fiber-reinforced composites
(FRC) have been introduced and used in different branches of dentistry. The objective of this
study was to assess long-term results for a newly developed space maintainer as an alternative
procedure for practitioners.
Methods: This study used Splint-it (Jeneric/Pentron, Wallingford, Conn), a FRC, to prepare
a newly developed space maintainer chairside in 1 appointment. A total of 40 space maintainers
were applied to 29 children (14 girls, 15 boys) between 7 to 14 years old (mean±SD=10 years,
1 month±1 year, 11 months) to protect the space of their early extracted first and second
primary molar teeth. For 4 children, space maintainers were prepared with artificial teeth to
restore the anterior teeth loss, which occurred due to trauma. To protect the space until the
fixed partial dentures were constructed, 5 space maintainers were applied to 3 children who
had 2 permanent first molar teeth extracted. Appliances were observed for up to 2 years.
Results: Twenty-nine (73%) space maintainers were dislodged at the end of the sixth month.
The space maintainers placed on primary teeth (1 or both abutments) showed the highest
failure rate (94%).
Conclusions: This study suggested that Splint-it space maintainers can be accepted as success-
ful appliances only for short periods. Prolonged use of this material for space maintenance in
children must be further evaluated. (J Dent Child. 2004;71:158-162)
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JDC CLINICAL ARTICLE

Early loss of primary teeth is a common dental problem.
Early loss of primary molar teeth especially may lead
to different types of malocclusions.

The safest way to prevent future malocclusions from tooth
loss is to place a space maintainer that is effective and durable.
Factors that influence the selection of fixed or removable space
maintainer types are: (1) dentitional development stage; (2) the
number of lost teeth; (3) dental arch and occlusion; and (4) the
patient’s age, psychological condition, and cooperative ability.1

Many different space maintainer types are available today.
Among the most commonly used are:

1. several kinds of bands and crowns with welded tube and
loop;

2. fixed wire composite resin space maintainers;
3. distal shoe retainers;
4. mandibular lingual arch;

5. Nance appliance and transpalatal bar;
6. several kinds of removable appliances.
They have disadvantages such as:

1. disintegration of the cement;
2. failure to prevent rotation and tipping movement of

abutment teeth;
3. being embedded in gingival tissues;
4. caries formation;
5. needing preparation of the abutment teeth.1-4

These disadvantages reveal the need for designing new types
of space maintainers. Few articles, however, describe space
maintainer designs, clinical effects, and success.

Recently, fiber-reinforced composites (FRC) have been
introduced and used in5-11:

1. immobilization of periodontally involved teeth;
2. creation of a fixed partial denture with a composite resin

pontic or a natural tooth pontic;
3. stabilization of traumatized teeth;
4. orthodontic fixed space maintainers;
5. reinforcement of temporary crowns and bridgework;
6. denture repairs.
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The aim of this study was to assess long-term results for a
newly developed space maintainer as an alternative procedure
for practitioners.

METHODS

Parental consent was obtained for 29 children (14 girls, 15
boys between 7-14 years old; mean±SD=10 years, 1 month±1
year, 11 months). Space maintainers were planned on the
models. The same dentist examined the children clinically
and radiographically. Patient selection criteria were:

1. noncarious lingual surfaces of abutment teeth;
2. absence of pathology;
3. presence of succedaneous teeth;
4. presence of teeth on mesial and distal side of the edentu-

lous area;
5. absence of the root resorption of the abutment teeth;
6. presence of the bone crypt over the succedaneous tooth

germ;
7. presence of Class I occlusion and normal primary molar

relations12;
8. absence of abnormal dental conditions such as crossbite,

open bite, deep bite, etc.
The same dentist measured space spans for each patient,

and the patients with similar measurements were included in
the study (mean±SD; 10.02 mm±0.81 mm).

Splint-it (Jeneric/Pentron, Wallingford, Conn), a FRC com-
posed of unidirectional and woven preimpregnated S-glass
fibers, was used. The required length of fiber was cut with a
special scissors supplied by the manufacturer to prevent
unraveling. Splint-it space maintainers were prepared for the
maxillary teeth palatal surfaces and the mandibular teeth
lingual surfaces by strictly following the manufacturer’s instruc-
tions (Figure 1). Palatal or lingual abutment teeth surfaces were:

1. cleaned with a nonfluoridated pumice paste;
2. acid etched with 37% orthophosphoric acid for

30 seconds (15 seconds for the permanent teeth);
3. washed thoroughly for 20 seconds;
4. dried without desiccating.
Bonding agent Bond-1 and flowable composite Flow-it

(both Jeneric/Pentron, Wallingford, Conn) were applied to

the enamel surfaces, and space maintainers were placed. Slight
pressure was applied with a rounded instrument to create
close contact during the curing process. The embrasures were
shaped to facilitate good oral hygiene, and composite was
polished. A rubber dam could not be used because of its
difficulties in pediatric patients. Space maintainers were pre-
pared with artificial teeth for the 4 patients with trauma
histories (Figure 2).

The occlusion of all patients was controlled and prema-
ture contacts were removed with composite finishing burs.
Oral hygiene instruction and motivation were given to the
children. The children were instructed to indicate if an appli-
ance was loosened or dislodged. The subjects were recalled
and examined over 3 month intervals for 2 years. Failure pro-
tocol used in this study was:

1. debonding of fiber-composite interface;
2. debonding of enamel composite interface;
3. fracture of the fiber frame;
4. decay of the abutment tooth.
Time of application and failure was recorded.
The data were subsequently processed and analyzed using

SPSS statistical software version 10.0 (Statistical Package
for the Social Sciences, SPSS, Chicago, Ill). Kaplan-Meier sur-
vival analysis was employed to compare qualitative data and
determine statistical significance.

RESULTS

A total of 40 space maintainers were applied to all 29 children
to protect the space of their early extracted first and second
primary molar teeth. For 4 children, space maintainers were
prepared with artificial teeth to restore the anterior teeth loss,
which occurred due to trauma. To protect the space until the
fixed partial dentures were constructed, 5 space maintainers
were applied to 3 children who had 2 permanent first molar
teeth extracted.

The distribution of space maintainers according to age and
gender is shown in Table 1. Table 2 summarizes the number of
inserted and failed space maintainers and average period of dis-
lodged space maintainers in the mouth. At the end of the first
year, 6 of 9 space maintainers placed between the permanent

Figure 2. Splint-it space maintainers constructed with
artifcial teeth for the patients with anterior tooth trauma
histories.

Figure 1.  Appearance of a Splint-it space maintainer
prepared for posterior teeth on the model.



Success of Reinforced Fiber Material160  Kırzıoğlu, Ertürk Journal of Dentistry for Children-71:2, 2004

teeth, 14 of 15 space maintainers placed between the perma-
nent and primary teeth, and 15 of 16 space maintainers placed
between the primary teeth were dislodged and recorded as fail-
ures. Failure rates were higher for the space maintainers placed
between primary teeth (94%) and between primary and per-
manent teeth (94%) than for those placed between permanent
teeth (67%).

There was no statistical difference between abutment teeth
type and the number of failed space maintainers (P=.148).
The failed space maintainer percentage was higher on the right
side (94%) than the left side of the arches (84%). There was
no statistical significance, however, between sides for failed
arch rates (P=.741) and failed jaw rates (P=.995; Figures 3, 4).

After 24 months, 5 space maintainers placed on at least 1
permanent abutment tooth were determined to be sound and
accepted as successful. Two space maintainers were removed
to allow succedaneous tooth eruption. The mean survival time

the space maintainers remained intact was 5.7 months (±7.4
months; maximum=24 months; minimum=1 month).

The reason the majority of space maintainers failed was
debonding of the enamel composite interface (83%). Fracture
of the fiber frame was not observed in any cases.

No patients complained about their space maintainers, and
the space maintainers with artificial teeth were reported as
“aesthetically perfect” by the patients. No caries lesions were
observed in teeth contacting the space maintainer. There was
a tendency, however, for plaque accumulation at the gingival
areas on the abutment teeth more easily than when space
maintainers were not placed.

DISCUSSION

Removable space maintainer disadvantages, such as requiring
cooperation and the possibility of being lost or fractured by
the patient, has led to a preference for fixed space maintainers.

Table 1. Space Maintainer Distribution According to Age and Sex.

Lost teeth

Primary first molar Primary second molar Permanent central incisor Permanent first molar

Age Girl Boy Girl Boy Girl Boy Girl Boy

7 1

8 2 2 3

9 4 2 2 3

10 3 2 1 1

11 2 1 1

12 2 2

13 1 1

14 1 1 2

Total 12 4 6 9 1 3 2 3

Figure 3. Survival curves for Splint-it space maintainers
due to jaws.

Figure 4. Survival curves for Splint-it space maintainers
based on arch side.
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Hill13 observed a 43% failure rate of 226 space
maintainers in 196 children between 6 and 10 years old,
during follow-ups over 4 years. Foster14 reported that a well-
designed fixed space maintainer could be more preferable
than a removable appliance.

The advantage of the directly bonded splint is that it is a
biocompatible, aesthetic, easily manipulated, single-visit pro-
cedure without requiring laboratory services. Splint-it space
maintainers have many advantages, as reported by Artun,15

including:
1. simplicity of design;
2. fast insertion;
3. laboratory costs and cooperation aren’t required;
4. total reversibility;
5. no risk of causing damage to abutment teeth;
6. effective performance;
7. prevent tipping of the abutment teeth;
8. don’t prevent tooth eruption;
9. high durability rate;

10. easy-to-clean design.
Twenty-nine (73%) of the 40 space maintainers were dis-

lodged at the end of the sixth month. Mostly, failure be-
tween the enamel and the composite was observed at the
posterior abutment tooth. Zachrisson16 reported the main
reasons for this type of failure as improper surface prepara-
tion, moisture contamination, and/or disturbance during
the setting process of the adhesive. The space maintainers
were placed on the abutments’ lingual surfaces to minimize
the occlusal forces acting upon them. This may tend to
change the available occlusogingival dimension. Other pos-
sible reasons for this type of failure are the difficulty in using
a rubber dam in pediatric patients and the insufficiency of
suctions for some children.

Few studies report the effectiveness of FRC materials in
construction of space maintainers.8-10 Meiers and Freilich8 re-
ported that 1 of 20 FRC/particulate resin composite, chairside-
fixed, partial dentures with artificial teeth had been in place
for over 42 months in adult patients with 1 missing tooth.

Freilich et al9 also stated that FRC materials could be used to
make metal-free prostheses with excellent aesthetic qualities.

Karaman et al10 used ultrahigh molecular weight poly-
ethylene fiber in the construction of a fixed space main-
tainer in 1 patient and a space maintainer with an artificial
tooth in another. They reported that the applications for
composite reinforcement fibers seemed very promising.

Since the introduction of the acid-etch technique, its area
of application has increased rapidly, and some types of direct
bonded space maintainers have been tested clinically.4,15,17-19

Kırzıoğlu and Yılmaz17 found a 4% failure rate for the wire
and composite space maintainers at the end of the sixth month,
which had been observed for up to 30 months. However,
Swaine and Wright18 reported a 30% failure rate for the same
space maintainer type at the end of the same period.

In the present study, the space maintainers placed on pri-
mary teeth (1 or both abutment teeth) showed the highest fail-
ure rate (94%). It is possible to explain this low success rate by
the presence of prismless enamel areas, which may negativelyA

bu
tm

en
t

G
en

de
r

In
se

rt
ed

Fa
ilu

re
s

te
et

h

0-
3 

m
on

th
s

3-
6 

m
on

th
s

6-
9 

m
on

th
s

9-
12

 m
on

th
s

M
ax

ill
a

M
an

di
bl

e
To

ta
l

M
ax

ill
a

M
an

di
bl

e
To

ta
l

M
ax

ill
a

M
an

di
bl

e
To

ta
l

M
ax

ill
a

M
an

di
bl

e
To

ta
l

M
ax

ill
a

M
an

di
bl

e
To

ta
l

( N
,%

)
( N

,%
)

( N
,%

)
( N

,%
)

( N
,%

)

R
ig

ht
Le

ft
R

ig
ht

Le
ft

R
ig

ht
Le

ft
R

ig
ht

Le
ft

R
ig

ht
Le

ft
R

ig
ht

Le
ft

R
ig

ht
Le

ft
R

ig
ht

Le
ft

R
ig

ht
Le

ft
R

ig
ht

Le
ft

Pe
rm

an
en

t
Fe

m
al

e
1*

1 
(3

)
1*

1 
(1

4)

te
et

h
M

al
e

1*
1+

2*
1

3
8 

(2
0)

1*
1*

2
4 

(1
8)

1*
1 

(5
0)

To
ta

l
2

3
1

3
9 

(2
3)

1
1

2
4 

(1
8)

1
1 

(1
4)

1
1 

(5
0)

Pe
rm

an
en

t
Fe

m
al

e
1

3
3

1
8 

(2
0)

3
3

1
7 

(3
2)

1
1 

(1
4)

an
d 

Pr
im

ar
y

M
al

e
2

5
7 

(1
8)

2
2

4 
(1

8)
1

1 
(2

5)
1

1 
(5

0)

te
et

h
To

ta
l

1
3

5
6

15
 (3

8)
3

5
3

11
 (5

0)
1

1 
(1

4)
1

1 
(2

5)
1

1 
(5

0)

Pr
im

ar
y

Fe
m

al
e

3
3

3
3

12
 (3

0)
1

2
1

4 
(1

8)
1

2
2

5 
(7

2)
1

1
2 

(5
0)

te
et

h
M

al
e

1
1

2
4 

(1
0)

1
2

3 
(1

4)
1

1 
(2

5)

To
ta

l
3

4
4

5
16

 (4
0)

1
3

1
2

7 
(3

2)
1

2
2

5 
(7

2)
1

1
1

3 
(7

5)

*S
p

a
ce

 m
a

in
ta

in
e

rs
 w

it
h

 a
rt

if
ic

ia
l t

o
o

th
.

Ta
b

le
 2

. N
u

m
b

e
r 

o
f 

Sp
a

ce
 M

a
in

ta
in

e
rs

 I
n

se
rt

e
d

 a
n

d
 D

is
lo

d
g

e
d

, a
n

d
 A

v
e

ra
g

e
 P

e
ri

o
d

 o
f 

D
is

lo
d

g
e

d
 S

p
a

ce
 M

a
in

ta
in

e
rs

 t
o

 L
a

st
 in

 t
h

e
 M

o
u

th
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influence resin retention. Another possible reason is salivary
isolation cannot be completely obtained in children.

Although the patients were strictly instructed not to bite
with their anterior teeth, 4 space maintainers prepared with
artificial anterior teeth were dislodged at the end of the 12th
month, since the patients did not follow the instructions.
Despite manufacturers’ instructions, these space maintainers
were applied without preparing grooves on the abutment teeth
to prevent unnecessary loss of tooth structure. Furthermore,
no study has investigated the effectiveness of Splint-it space
maintainers in grooved teeth. It can be one of the reasons for
the failure of this type of space maintainer. Another possible
reason is the use of artificial teeth, which are known to have
poor bonding to composite or FRC.

Although today’s tendency is toward preparing the tooth
directly from composite in the patient’s mouth, the authors
used denture teeth because of their advantages over composite
pontics in child patients. Among their advantages, denture
teeth:

1. are ready-to-use, and there is no need to form anatomic
tooth contours in the mouth;

2. do not require long finishing and polishing procedures;
3. shorten working time in the mouth.
These properties are important to child patients and

facilitate the procedure for the clinician.
The majority of space maintainers that dislodged were at

the right side of the mandible (90%). Artun15 stated that oc-
clusal trauma might be more of a problem in the mandible,
especially for the first permanent molars just after their erup-
tion, where the area available for bonding often was limited.
Baroni et al20 reported a 31% failure rate within 88 space
maintainers and that cement disintegration was the main rea-
son recorded for the failure. Santos et al4 however, reported
higher failure rates on the left side of the maxilla.

CONCLUSIONS

The present study indicated that Splint-it space maintainers,
which were observed for up to 2 years, can be accepted as
successful appliances only for short periods. However, differ-
ent application types and the prolonged use of this material
for space maintenance in children with early loss of primary
teeth must be evaluated further.
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