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Dental Implants Placed Using Bone Expansion

Technique In Anterior Maxilla: A Clinical Study

Abstract

Background: The current definition of success in addition to osseointegration, long-term
predictability and function of the implant focuses on esthetic considerations. Survival of implant
and its clinical success is demonstrated in numerous studies in relationship to the quantity &
quality of the bone available in the implant bed. Standard of implant treatment in aesthetic zone
concerned with both function and in achieving aesthetic long term results .The greater the
amount of bone and soft tissue loss, the more difficult it becomes to produce an ideal aesthetic
result.

AIM: To measure amount of bone expansion and to evaluate the success of the dental implants
placed using bone expansion technique in bucco- palatally compromised maxilla, from baseline
to twelve months.

Methods: 20 Alfa bio dental implants of diameter ranging between 3.3mm to 3.75 mm and length
ranging from 10mm -11.5mm were placed in 13 patients among the general population at the age
group between 20-60 years at department of prosthetic dentistry & Oral Implantology, D J
College of Dental Sciences, Modinagar. The implants were examined clinically, radiographically
and periodically from baseline to 12 months.

Results: In study of 13 subjects; (11 males & 2 females.) and 20 dental implants it was observed
that only 1 implant was lost during loading and all other implants were clinically and

radiographically stable.
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Introduction

An adequate amount of bone, in both
width and height is required for
successful implant placement”. Volume
& density of bone are crucial factors for
implant success”. One of the most
common anatomical limitations in oral
implantology is bone atrophy of the
upper maxilla”. In maxilla, bone width is
lost primarily in facial region because the
labial plate is thin as compared to the
palatal plate. Residual ridge shifts
palatally in maxilla, at the expense of
buccal cortical plate. 25% decrease in
facio-palatal width occurs within first
year of tooth loss and rapidly evolves into
a30% and 40% decrease within 3 years™.
Narrow alveolar crests make implant bed
preparation difficult, with the appearance
of fenestrations & dehiscence of the
cortical layers'”. Depending upon the
morphology of the defect various
procedures for Bone Augmentation can
be used like expansion osteotomes, ridge
splitting, bone spreading, onlay grafts,
interstitial grafts etc'’.

Expansion technique mainly consists of
expanding atrophic bone crests in order
to secure sufficient bone width for dental
implant placement. Expansion
osteotomes are used in atraumatic or

indirect maxillary edentulous situations
& they separate the cortical plates. This
technique restores bucco-palatal
dimensions without the use of grafts,
with simultaneous insertion of implant at
the same time. The expansion osteotomes
exerts lateral compression, thereby
increasing bone density and thus primary
implant stability. Moreover it affords
superior manual control in determining
the implant axis there by contributing to
avoid fenestrations & dehiscence. There
is also less peri implant bone warming &
less bone loss is produced during
expansion”’.

The purpose of the study is to evaluate the
success of the dental implants placed
using bone expansion technique in
bucco- palatally compromised maxilla,
with the objective of studying the clinical
performance of implants from baseline to
nine months information in specified
population of Modinagar, India.

Aim & Objectives:

To evaluate efficacy and success of
implants placed with bone augmentation
technique in maxilla.Implants will be
evaluated clinically, radiographically and
periodically.
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Methodology:

This study was carried out in the
department of Prosthodontics and Oral
Implantology, D.J. College of Dental
Sciences and Research, Modinagar. The
study population comprised of total
number 13 subjects comprising of 11
males and 2 females subjects aged
between 20yrs to 60yrs.Total number of
20 dental implants were placed at
different sites in maxilla. The participants
were first informed in detail about the
study, and a written informed consent
was obtained from all the participants.
Subjectsfree of any pathology or
deformities and with good periodontal
and dental health status within the above
mentioned age group were included in
the study. Exclusion criteria consisted of
poor oral hygiene, systemic diseases that
contraindicate implant placement,
chronic tobacco chewers and smokers,
parafunctional habits,insufficient
occlusal clearance & close proximity to
vital anatomic structure . A pre-operative
examination was carried out with careful
evaluation of the soft and hard
tissue.Assessment of interocclusal space,
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mesiodistal, faciopalatal, bone height
and inter dental papilla was done.
Pretreatment planning included
preparation of study and working cast
models to record occlusal relationship as
well as wax up for proposed
prosthesisaAll selected patients were
subjected to radiographic examination.
Imaging modalities used were -Intraoral
periapical radiography (IOPA),
Panoramic Digital radiography (OPG)
and CBCT. Radiographs revealed
mesiodistal and apico-coronal
dimensions of the available bone at the
implant site as well as the trabecular
pattern of the bone and diameter and
length of the implant.

The various parameters used were as
follows: Amount of Expansion achieved,
Bone loss & Implant Quality Scale.

Bone expansion:Changes in the bucco-
lingual width of the alveolar ridge before
osteotomy preparation, at the time of
implant insertion, and implant uncovery
surgery using a surgical caliper were
evaluated. Measurement of the width of
the edentulous was taken at
approximately 1 mm below the crestal
margin. to the nearest 0.5mm. Alveolar
ridge width measurements were repeated
at uncovery (e.g. second surgery) The
following parameters were evaluated: (a)
preoperative width of the edentulous
alveolar ridge (time to); (b) width of the
alveolar ridge at the end of expansion and
implant placement (time t,); (¢) width of
the alveolar ridge at the time of abutment
connection (time t2); (d) width of the
alveolar ridge 3 months after prosthetic
loading (time t3). The measurements
were performed with open flaps at times
t0, and tl. Measurements at t3 were
performed through the mucosa. to avoid
reopening of the sites. with minimal
patient discomfort. after the application
ofalocal anesthetic.

Bone loss Marginal bone loss around
implants after placement and loading at
specific defined time intervals was
assessed with peri-apical radiographs
with grid. The radio graphs were repeated
throughout the study and compared to
detect the presence or absence of
continuous peri-implant radiolucency
and to determine the location of alveolar
bone levels around the implants.

Implant Quality Scale (Table 1)

Results

The various parameters assessed were -
peri implant bone levels, implant quality
scale, amount of expansion achieved, an.

TABLE 1 : Implant Quality Scale This scale was first presented by James later modified by Misch. Implants were evaluated at

baseline, 3 months, 6 months ,9 months & 12 months.

Group (linical Conditions

Management

| (Optimum Health) No pain or fenderess on palpation, percussion,
<1.5mm crestal bone loss from Stage I1.
<1.0mm bone loss in preceding 3 years.

No exudates history
No radiolucency
00 1 bleeding index

Rigid fixation; no horizontal or vertical mobility under 500g load (IM 0).

After Tst year, stable probing (sulcus) depth < 4mm.

or function. Normal maintenance

Il (Sofifactory Healfh) No pain or fenderess on palpation, percussion,

To 3mm crestal bone loss.

<1.0mm bone loss in preceding 3 year periods.
May be > 4mm probing depth from the original
year bone loss, but stable in last 3-year periods.
Past transient exudates history (+) or (-)

No radiolucency

Rigid fixation; no horizontal or vertical mobility under 500g load (IM 0).

00 1 bleeding index (may have a transient BOP 2 condition).

Reduce stresses

Shorter infervals between hygiene appointments
Gingivoplasty.

. Yearly radiographs.

tissue thickness or Tst

or function.

11l (Compromised Health) No pain on palpation, percussion, o function.

-+/- Slight tenderness

Inifial rigid fixation; 0 to 0.5 mm horizontal (IM
prosthesis delivery; no verfical mobility.

> 3mm bone loss the Tst year

bone loss (implantitis).
>5mm probing depth and increasing in preced

1 t0 3 bleeding index

> Tmm aestal bone loss in preceding 3 years, but less than 2 total

-+/- History of exudates 1 to 2 weeks in last 3 years.
+/- Slight radiolucency around crestal portion of implant

Reduce sfresses.

Drug therapy, antibiofics, chlorhexidine.
Surgical reentry, revision surgery.
Change in prosthesis and/or implants.

0 t0 2) mobility after

ing 3 years.

Pain on palpation, percussion, o funcion.
>0.5mm mobility horizontally; any vertical mo
Uncontrolled progressive bone loss.

IV (Clinical Failure — Any
0f The Following Conditions)

Uncontrolled exudates.
Generalized radiolucency.
"Sleepers".

More than % loss of bone supporting the implant.

Removal of implant
bility (IM 3 o 4).

Implants surgically removed
o Implants exfoliated

V/ (Absolute Failure)

Bone graft

Table 2 mean & S.D. Of Different Dental Parameters At Different

Time Points

SNo Parameters Baseline 3 Mont

hs 6 Months 9 Months 12 Months

1 Radiographic Parameter Distal

.32+9490

7545657 .69+9489 691989

Radiographic Parameter Mesial

.34+9488

J745533 679600 .67+2366

3.3332611

47454344

51903419 5223406 5.2503298

2
3 Bone Expansion
4

Implant Quality Scale 5 1

15 17 19

All implants were considered for
statistical analysis.

All clinical & radiographic parameter
values, so obtained, were entered in the
Standard performa draw for the study &
subjected to statistical analysis. The
arithmetic mean & standard deviations
were calculated for the requisite
assessment intervals & for intra & inter
group comparisons. All the values of
different dental parameters at different
time points are expressed in terms of
mean+S.D. respectively (Table 2)
(Graph 1, 2A, 2B & 3). The difference
from baseline to 3 months, 3 months to 6
months, 6 months to 9 months and 9 to 12
months was measured and its
significance was assessed by paired‘t’
test. It showed that significant
improvement /difference was observed

for bone expansion and at 5%level of
significance. However all the other
parameters were not significant at
5%level of significance (P>.05).The
application of one way ANOVA shows a
significant difference among all different
time points ,Further it was observed that
bucco-lingual expansion of the ridge was
continuously improved for different
implant sites in all patients at successive
time intervals.

Graph 2A & 2B depicts the average
amounts of alveolar marginal bone loss
(distal/ mesial) of the implants at defined
intervals as measured on peri-apical
radiographs. The average marginal bone
loss around the implants on distal side
was 0£0,. 32+9490,. 75+5657,.
69+9489,. 69+1989 at baseline, 3
months, 6 months 9 months and 12
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Graph 1
Table 3(A) - Comparison Of Difference B/W Successive Time Points (By Paired “t” Test) In Radiographic Parameters
(Mesial)
S.No. Time-Difference Mean=S.D. of Difference % Reducction B/W Probability Of Paired P-value / Significancce
B/W Succecive Time Points Succecive Time-points “t" Test
1 Base Line - 3 Months -333+1 -21.59% 13652 P>.05(NS)
2 3 Months - 6 Months 0.43+1.148 -17.69% 2541 P>.05(NS)
3 6 Months - 9 Months 0.075+.0808 -10.58% 2987 P>05(NS)
4 9 Months - 12 Months 0.025+.0789 9.25% 1234 P>.05(NS)

RADIOGRAPHIC PARAMETERS MESIAL

B AT BASE LINE

B AFTER 3 RACBTHS
H AFTERE R
AT BASE AFTER 3 AFTER & AFTERS  AFTER 12 B AFTER 9 M G
LIME MOMTHE BORKNTHS MONTHS  BORNTHS AETER 12 MOMTHS
Graph 2A
Table 3(B) - Comparison Of Difference B/W Successive Time Points (By Paired “t” Test) In Radiographic Parameters
(Distal)

S.No. Time- Difference Mean=S.D. Of Difference % Reducction B/W Probability Of Paired P-value / Significancce

B/W Succecive Time Points

Succecive Time-points

“t" Test

1 Base Line — 3 Months -333+1 -25.51% 3652 P> 05(NS)
2 3 Months -6 Months -0.35+1.148 -15.68% 2541 P>.05(NS)
3 6 Months- 9 Months -0.02-£.0808 -9.46% 2987 P>05(NS)
4 9 Months- 12months -0.01=.6759 -8.90% .3425 P>.05(N.S)

months respectively The mean
differences of bone levels from the
baseline to 3rd, 3rd to 6th, 6th to 9th & 9th
to 12th months were-.333+1, -
0.35+1.148, -0.02+.0808, -0.01+.6759
respectively. The respective ‘p’-values

were .3652, 2541, .2987, .3425which
were statistically not significant
(p>0.05).The average marginal bone loss
around the implants on mesial side 0+0,
.34+9488, .77+£5533, .67+£9600,
.67+£2366 at baseline , 3 months, 6

months, 9 months & 12 months
respectively The mean differences of
bone levels from baseline to 3rd , 3rd to
6th,6th to 9th & 9th to 12th months were -
.333+1, -0.43+1.148, 0.075+.0808,
0.025+.0789respectively. The respective
p’-values were .3652,.2541, .2987,
.1234which were statistically not
significant (p>0.05). This shows that
mean bone loss was almost same on both
mesial and distal sides at each time
interval except for 6th month in which
more amount of bone loss was observed.
At all time intervals on mesial side and
distal side no statistically significant
differences (p>0.05) were apparent
between base line and 3 months,3
months-6 months, 6 months-9 months &
9 -12 months. Upto 3 months bone loss
was minimal but after loading of implants
progression of marginal bone loss was
observed but this was not significant.

The pre-operative and immediate post-
surgery buccal/lingual width
measurements were made using a
surgical calliper(Graph Idepicts mean
and S.D of bone expansion at different
time points). Table 2 depicts %
improvement in bucco-lingual width of
ridge b/w successive time points. The
average pre-operative buccal/lingual
width was 3.333 £ 0.55 mm. The average
post-operative buccal/lingual ridge width
immediately after the ridge split
procedure was 5.250 £+ 0.63 mm. There
was a mean total gain in buccal/lingual
ridge width of 1.917mm. Maximum
expansion of ridge was observed to be
83.33%increase in buccolingual width of
ridge between t0-tl,t0-t2,t0-t3,t0-
t4..Least amount of ridge expansion was
observed to be. 42.6% just after implant
placement and 57.14% at t2,t3,t4 time
interval

Graph 3 and Table 1 depicts implant
quality scale. At baseline 5 implants were
in optimal health and by the end of 12
months 19 implants were in optimal. At 6
month 9 implants were in optimal health
due to motivation of patient towards oral
health but 1 implant was in compromised
health i.e slight radiolucency around the
crestal portion of implant was seen and
implant was lost during abutment
tightening and ultimately there was
clinical and absolute failure of the
implant.

Discussion

Recent longitudinal studies by Behneke
et al. 2000, Feloutzis et al 2003" have
raised evidence-supported doubts over
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established criteria putting forth the
RADIOGRAPHIC PARAMETERS DISTAL observation that crestal bone loss around
osseointegrated implants in well-
maintained patients may be minimal.
Interpretation of intraoral radiographs is
one of the most frequently employed
diagnostic procedures for monitoring
peri-implant conditions. (Fourmousis et
al 1994)". Furthermore, the exploits of
digital image analysis has been extended
to implant dentistry to monitor peri-
implant bone healing (Bragger et al.
1988)" In this study computer-assisted
image analysis Covani U et al"” was used
for interpreting the intraoral periapical
radiographs.

The radiographic bone levels were
calculated on mesial and distal sites,
according to the method of linear
measurements, described by Bragger et
al 1988".This method is reliable for
measurements of crestal bone level
changes. The implant features with
design characteristics of known size
facilitate radiographic measurements of
crestal bone level at the proximal sites.

In this study, at baseline the mean bone
levels on mesial side were 0+0as the
recordings were taken one month after
prosthesis placement. The mean bone
levels at 3rd, 6th & 9th months were
.32+.9487, .74 £.1853&.67
+.1989respectively. The mean
differences of bone levels from baseline
to 3rd, 3rd to 6th & 6th to 9th months
were -.333+1, -0.42 £1.149 & 0.07
+.0707respectively. The respective ‘p’-
values were .3434, .8003& .1934 which
were statistically not significant
(p>0.05).Overall findings of this present

AT BASE  AFTERZ AFl FTERY  AFIER
LENE MUINTHS  MONTHS  MUONTES

M

&

&
i

Graph 3

Table 4-Comparison Of Difference B/W Successive Time Points (By Paired “t” Test) In Bone Expansion

S.No. Time- Difference Mean=S.D. Of Difference % Reducction B/W Probability Of P-value / Significancce .. .
S S _ study were very similar to the studies
B/W Succecive Time Points Succecive Time-points Paired “t" Test done on SLA surface by Behneke et al
1 Base Line — 3 Months 1.626+.0867 32.23% .0000" P<.05 (Sig.) 2000[5J These results also find agreement
2 3 Months -6 Months 5007 +.0463 2840715 000" P<.05 (Sig) with the studies done by Canullo et al
3 6 Months- 9 Months 0091+ 0065 9.175% 0024° P<.05 (Sig) 2007."
4 9 Months-1 2months 0085-+.0071 3.165% 0000° P<.05 (Sig) The ICOI Pisa Consensus Conference
*P<.05 Shows A Significant Difference At A = .05 Level Of Significance. has Slmpllﬁed and updated a Health Scale

Table 6(4) - Comparison Of Significant Difference Among Different Time Points For — Radiographic Parameters- Distal (one  SPECific  for endosteal - implants  and

Way Anova) included categories of success, survival,
Source OfVuriution SS DF MS F P-vulue F arit and fallure' In addltlon’ these Categorle.s
Befvieen Groups 1316 4 0438666667 1385263158 0262934254 2.866265557 of health may be related to the prognosis
— of the existing conditions. At baseline
Within Groups 14 95 0.316666667 P>.05(NS) o R . .
| 60%of implants quality scale were in
Tofa 12.716 99

optimal health. 40% of implants were in
satisfactory. At 3rd month readings were
Table 6(B) - Comparison Of Significant Difference Among Different Time Points For — Radiographic Parameters- Meisal (One  similar to baseline. At sixth month 90%o0f

*ss-sum of squares,*df-degree of freedom,ms-mean sum of squares,*f-fisher ratio,f crit-tabulated value of f for 4 and 95 degree of freedom

Way Anova) the implants were in optimal health due to

Source Of Variation ) df MS F P-value Fait motivation ofpatient towards oral health
Befween Groups 110475 4 0.36825 1512492869 0.227814175 2866265557 but 10% of the implant was in
Within Groups 8.765 95 0.243472 P> 05 (NS) compromised health i.e. slight
Total 9.86975 99 radiolucency around crestal portion of
*ss-sum of squares, *df-degree of freedom,ms-mean sum of squares, *f-fisher ratio,f crit-tabulated value of f for 4 and 95 degree of freedom implant was seen and implant was lost
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Table 5 - % Improvement In Bucco-Lingual Width Of Ridge B/W Successive Time Points
Implant Side 011 (% Improvement) 70-t2 (% Improvement) T0-3 (% Improvement) T0-t4 (% Improvement)
1 66.67% 66.67% 66.67% 66.67%
N 66.67% 66.67% 66.67% 66.67%
14 66.67% 66.67% 66.67% 66.67%
il 42.6% 57.14% 57.14% 57.14%
2 42.6% 57.14% 57.14% 57.14%
12 83.33% 83.33% 83.33% 83.33%
66.67% 83.33% 83.33% 83.33%
50% 66.67% 66.67% 66.67%
66.67% 66.67% 66.67% 66.67%
83.33% 83.33% 83.33% 83.33%
83.33% 83.33% 83.33% 83.33%
66.67% 66.67% 66.67% 66.67%
66.67% 66.67% 66.67% 66.67%
66.67% 66.67% 50% 50%
42.6% 57.14% 57.14% 57.14%
42.6% 57.14% 57.14% 57.14%
83.33% 83.33% 83.33% 83.33%
66.67% 83.33% 83.33% 83.33%
50% 66.67% 66.67% 66.67%
66.67% 66.67% 66.67% 66.67%

Fig. 1.5: Implant Placed In 21 Region & Expansion Of Bone
With Osteotome In 12 Region

Fig. 1.3: Elevation Of Flap _
during abutment tightening and

Fig. 1.6: Bio-0ss Graft Placed On Labial Cortical Plate

ultimately there was clinical and absolute ~ operative buccal/lingual width was 3.333

failure of implant. + 0.55 mm which was very less for

In the present study the pre-operativeand implant placement using conventional

immediate post-surgery buccal/lingual technique. The average post-operative

width measurements were made using a buccal/lingual ridge width after the - i

surgical caliper. The average pre- oOsteotome technique was 5.250 + 0.63 Fig. 1.12: Final Prosthesis In Mounted Cast
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Fig. 1.13: Abutment Placed

Fig. 1.14: Final Prosthesis Cemented

Fig. 1.15: Pre Treatment View

mm. There was a mean total gain in
buccal/lingual ridge width of 1.90 mm.
Maximum expansion of ridge was
observed in 6 subjects with overall
83.33%increase in buccolingual width of
ridge between t0-tl,t0-t2,t0-t3,t0-
t4..Least amount of ridge expansion was
observed in 5 subjects 57.14% at t2,t3,t4
time interval. In subject 14 just after
implant placement 66.67%increase in
buccolingual width was observed which
remained constant up to 3 months but
after failure of implant the amount of
expansion was reduced to 50%.

The mean total gain in ridge width
immediately following the osteotome
technique procedure was 1.91mm in this
investigation. This increase in width
correlates well with other published
studies. Vercellotti et al''did a similar

Fig. 1.16: Post Treatment View

study and reported averaged a gain of
bone width of ~2.0 mm. Blus et al'”
performed ridge expansion in two
hundred thirty implants and reported an
increase in bone width ranging from 2.5 —
4.0mm.

Conclusion:

Within the limitations of this study we
concluded that the indications for the use
of osteotome technique should be limited
to those for which it was introduced, that
is, narrow ridge and for bone with less
density. More clinical studies with larger
samples and longer follow-up are
necessary to confirm these findings. A
randomized study design would be
preferable to compare different
augmentation techniques (i.e., guided
bone regeneration and the osteotome
technique). However, for comparison
with conventional implant preparation, a
randomized study would be impossible
because deficient bone sites are not
suitable for conventional implant
preparation.
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