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Comparative study to evaluate bone loss during osteotomy
using standard drill, bone trephine, and alveolar expanders
for implant placement
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Abstract

Statement of Problem: Various osteotomy modalities seem to have an impact on the primary and secondary
stability of the dental implant. The available literature lacks the comparison of various available osteotomy
modalities used for the dental implant placement and its effects on the initial surgical bone removal.
Purpose: The purpose of this study is to compare and evaluate the osteotomy sites created using standard
drill, bone trephine, and alveolar expanders for dental implant surgery.

Materials and Methods: The study was done on ten goat hemimandibles. Three osteotomy sites were
prepared at the inferior border of the mandible using standard drill, trephine, and alveolar expander in
each hemimandibles and the sites were subjected to cone-beam computed tomography (CBCT). The CBCT
images obtained were compared for the amount of cortical bone and bone marrow loss at osteotomy sites
in different techniques.

Results: The mean and standard deviation of loss of cortical bone with standard drills, trephines, and alveolar
expanders was 3.62 * 4.216 X 1072, 3.6 = 4.681 X 10~'® and 3.15 = 7.071 X 1072 At the middle-third
region, the loss of marrow bone was 3.38 = 7.88 X 1072, 2.15 = 8.498 X 1072 and 0.03 = 9.487 X 1072,
and at lower third region, it was 2.3 *+ 4.714 X 1072, 0.02 + 6.325 X 1072, and 0.0, respectively.
Conclusion: CBCT images showed minimum bone loss with the use of alveolar expander which may be due
to the lateral bone condensation rather the removal of the marrow. Trephine showed less marrow removal
in comparison to the standard drill used for dental implant surgery.
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INTRODUCTION

implant morphology, surface texture of implant, and the
surgical technique followed for implant placement.” Vatious

Stability of dental implants plays a crucial role for the
successful osseointegration.!'! Primary stability of dental
implants is influenced by quality and quantity of the bone,
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stability of dental implants. The surgical techniques are
preparing an undersized osteotomy site, implant placement
without a surgical tap to prepare a threaded channel in
the bone and by preventing lateral bone condensation
with osteotomy instruments and countersinking.! Today,
immediate loading of dental implants is very much
popular and primary stability of implants at the time of
insertion is a fundamental requirement for the successtul
osseointegration.!

Secure mechanical fastening of a dental implant with the
surrounding bone provides clinically acceptable primary
stability. The good implant primary stability at the time of
implant surgery is positively associated with a successful
implant integration (secondary stability) and a better
long-term clinical outcome.P! Javed e¢# 4/l suggested that
both bone quality and quantity at the surgical site has its
influence on the primary stability and overall success rate
of dental implants. In general, judicious bone removal at
the time of implant placement will offer better primary
implant stability and thereby reliable osseointegration.

The present iz vitro experimental study on animal model
aims to evaluate the quantity of bone removed with the use
of a standard drill, dental implant trephine, and alveolar
bone expanders when used for creating the implant
osteotomy for the placement of dental implants using
cone-beam computed tomography (CBCT).

MATERIALS AND METHODS

The prospective study was undertaken on the fresh goat
mandible obtained from the goats slaughtered at the
local butcher’s shop for human consumption. The ethical
clearance for the study was obtained from the Institutional
Ethics Committee, People’s College of Dental Sciences and
Research Center, Bhopal. The study was performed on five
goat mandibles within 1 h of the slaughter. The mandibles
were hemisectioned and stabilized with the help of a handle
on the table to prevent any movement during osteotomy.
Three osteotomy sites at the lower border of mandible
were created in each hemimandible. To standardize the
procedure and to prevent any effects of osteotomy
using one modality on the neighboring, an adequate care
was taken to keep a safe distance 1.5 cm in between the
different osteotomies. For the standard implant drill and
bone trephines, an osteotomy site of 3.6 mm in diameter
and 10 mm length was prepared. Since the nearest bone
expander available was of 3.5 mm, osteotomy site of
3.5 mm in diameter and 10 mm in length was prepared
with alveolar bone expander.

The sequential standard dental implant drills
(Adin Dental Implant Systems Ltd.,) run at 800 rpm on a
reduction gear dental implant handpiece (20:1), powered
by a standard physiodespenser with copious cold normal
saline irrigation. The osteotomy site prepatation started
with a flame-shaped dental implant marking bur on the
lower border of hemimandible followed by sequential
drilling using progressive sized drills of diameters 2.0 mm,
2.8 mm, 3.2 mm, and finally with 3.6 mm to achieved
a osteotomy site of 3.6 mm diameter with a depth of
10 mm (LL10) [Figure 1a].

The sequential drilling with bone trephine (ARDS Implants)
run at 800 rpm on a reduction gear dental implant
handpiece (20:1), powered by a standard physiodespenser
with copious cold normal saline irrigation. The osteotomy
started with the pilot drill of 2 mm diameter to a depth
10 mm on the lower border of hemimandibles, followed by
2.8 mm and 3.6 mm diameter trephine to achieve osteotomy
site of 3.6 mm diameter and 10 mm length [Figure 1a].

Osteotomy with bone expander was started with copious
cold normal saline irrigation. Osteotomy sites were
marked on the lower border of the hemimandibular
bone using a flame-shaped dental implant marking bur
followed by first 10-mm deep osteotomy site was created
using a 2 mm standard implant pilot drill followed by
sequential bone expansion using tapered screw type alveolar
expanders in sequence of ¥3.2; >03.4; >)3.5 till the final
expansion of 3.5 mm diameter and length of 10 mm was
achieved [Figure 1b]. Between the use of each expander,
a pause for 10 s was given to achieve sufficient expansion
of bone.

All the ten hemimandibles were subjected to
CBCT (KODAK 9000 series, CARESTREAM,
exposure — 68 KV, current — 8.00 mA, time — 10.80 s, total
dose exposure — 167 mGy/cm?) for imaging to evaluate
and compare the bone removed/condensed using drill,
trephine, and alveolar expanders in the cortical and marrow
region of the mandibles [Figure 1c].

Figure 1: (a) Preparation of osteotomy site, (b) prepared osteotomy
site with various study modalities and linear fracture of cortical bone,
(c) cone-beam computed tomography image of prepared osteotomy sites
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The following parameters were recorded on the CBCT images:

1. Diameter of the bone removed/condensed at the
cortical level

2. Bone marrow removed/condensed at the middle third
and the lower third of the L.10 osteotomy.

All the measurements were recorded as a linear distance
on the midsagittal section of the osteotomy on the CBCT
images using CS-3D Imaging Software 3.2.9 (Carestream
Health Inc., Atlanta, GA). Data obtained were statistically
analyzed using one-way ANOVA with post hoc Tukey test
to evaluate intergroup variations.

RESULTS

The mean and standard deviation of bone removed or
condensed at different levels using a standard implant
drill, bone trephine, and screw type bone expanders is
summarized in Table 1. The osteotomy created using bone
expander ¥3.5/1.10 showed minimal bone destruction
at the cortical level and no marrow loss at the middle
and lower third of the osteotomy. On gross inspection
of the bone used for creating osteotomy, 90% samples
showed a linear hairline cortical fracture in association
with the expander screw osteotomy [Figures 1b and 2].
Post hoc Tukey’s test for intergroup comparison of bone
destruction by different drills at various bone levels was
summarized in Table 2. The intergroup comparisons
showed statically significant bone loss at cortical
level with the standard drill (P value 2.71 X 107°) and
trephine (P value 2.71 X 107°) when compared to
alveolar expander. Difference in bone loss with standard
drill (mean * standard deviation [SD] 3.62 £ 4.216 X 107%)
and trephine (mean = SD 3.60 * 4.681 X 107'%) at
cortical level was found to be almost similar [Graph 1].
All the three modalities showed statistically significant
difference in bone marrow loss at the middle-third
level of the osteotomy, with alveolar expander causing
minimal marrow loss (mean + SD 0.03 + 9.487 X 1079
and standard drill causing maximum marrow destruction
(mean * SD 3.38 + 7.888 X 107?) [Graph 2]. Bone
marrow loss at the lower third of the L10 osteotomy did
not show any significant difference in the osteotomies
created using the bone trephine and the alveolar expander
screw (P = 0.594304). The transverse width as measured
in the cortical bone and bone marrow to compare the
three study modalities are illustrated in Figure 3a-d.
Marrow destruction at lower third in the osteotomies
created using the standard drill was maximum (mean + SD
2.3 £ 4714 X 107 when compared with the bone
trephine (mean £ SD 0.02 £ 6.325 X 107%) and the alveolar
expander (mean £ SD 0.00 £ 0.00) [Graph 3].

Table 1: Mean and standard deviation of bone removed or
condensed at different levels with various drills

Mean+SD
Cortical bone Bone marrow
Middle third Lower third
Standard 3.62+4.216x1072 3.38+7.888x1072 2.3+4.714x107?
drill (mm)
Trephine (mm)  3.60+4.681x107¢ 2.15+8.498x107%2 0.02+6.325x107?
Alveolar 3.154£7.071x107% 0.03+9.487x107?2 0.00+0.00

expanders (mm)
SD: Standard deviation

Table 2: Post hoc Tukey'’s test for intergroup comparison of
bone destruction by different drills at various bone levels

Intergroup comparison P
Cortical Marrow middle Marrow lower
bone third third
Standard drill 2.71x107%*  2.71x107%* 2.71x1075*
(alveolar expanders)
Standard drill (trephine)  0.619692 2.71x1075* 2.71x1075*
Trephine 2.71x107%*  2.71x107%* 0.594304

(alveolar expanders)

Significant differences were denoted in asterisk

Figure 2: Axial section of cone-beam computed tomography showing
osteotomy sites and linear fracture neighboring the expander osteotomy

DISCUSSION

The degree of osseointegration achieved in healthy
bone is very important for the longterm success of
dental implants.” The protocol for the rehabilitation
with implant-supported prosthesis requires minimal
surgical intervention.”! Intraoperative surgical techniques
such as bone condensing and undersizing the osteotomy
improve bone density and increase the primary or
mechanical stability of the dental implants. Conservative
bone removal during the implant osteotomy offers
adequate mechanical stability for the dental implants which
in turn may offers higher rates of osseointegration.”! The
avoidance of excessive temperature generation during
surgical drilling, so that there should be minimal damage to
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Figure 3: (a) Evaluation of bone loss by standard drill, (b) evaluation of
bone loss by trephine drill, (c) evaluation of cortical bone loss by alveolar
expander, (d) evaluation of bone marrow loss by alveolar expander
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Graph 2: Amount of marrow bone loss at middle third of bone marrow
during osteotomy

surrounding tissues is an important requisite for successful
preparation of an implant osteotomy.”)

This study evaluates the quantitative bone loss during
implant osteotomy in the cortical region and bone
marrow using a standard drill, bone trephine, and alveolar
expanders. Many methods have been proposed to image
implant osteotomy such as intraoral periapical films with
grid, orthopantomogram, and DentaScan software applied
to computed tomographic images and CBCT. CBCT was
used for imaging in this study owing to its reliability for
being applied at different clinical situations where the linear
measurements between anatomical sites are required, such
as preoperative assessment for dental implant.!'*!"!

The standard drill and trephine drill of 3.6 mm diameter
was used which demonstrated 3.6-mm bone loss in the
cortical region of the specimens, and alveolar expanders of
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Graph 1: Amount of cortical bone loss during osteotomy
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Graph 3: Amount of marrow bone loss at lower third of bone marrow
during osteotomy

size 3.5 mm (closest available size) was used which showed
expansion of 3.1 mm in the cortical region. The expected
expansion with the use of the alveolar expander ((¥3.5/1.10)
was 3.3 mm; the 0.2 mm difference observed was most
probably compensated by the shear fracture observed
adjacent to alveolar expander osteotomy site in 90% of the
specimens. The extent of bone removal in cortical bone and
bone marrow was more ruinous with standard drills and
least damage was done with alveolar expanders.

Procedural observation with regard to the use of trephine
for creating implant osteotomy which needs a highlight is
the plugging of the trephine cutting edge and port with the
dense cortical bone after the cortical osteotomy is completed.
The osteotomy at the marrow after the cortical bone plug
in the trephine cylinder and cutting-edge mimics a blunt
cylinder performing the bone marrow condensation rather
actual marrow removal. This phenomenon is evident from
the bone loss pattern as seen on the CBCT images obtained
using dental implant trephines used for the osteotomy.

The osteotomy created using screw type bone expander
(¥3.5/1.10 showed minimal bone destruction at the cortical
level and no marrow loss at the middle and lower third
of the osteotomy. The mean cortical expansion obtains
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with bone expander was 3.15 £ 7.071 X 107> mm, which
was 0.35 mm less than the size of the final bone expander
used (3.5 mm). This difference in the diameter of the
osteotomy was compensated by a linear hairline cortical
fracture associated with the expander screw osteotomy in
90% of the study specimens. The bone marrow destruction
in the osteotomy procedure was found minimal using
bone expanders. There was clear evidence of lateral
condensation of the marrow than the actual removal
on CBCT images in the middle and lower third of the
osteotomy length. The average expansion observed in the
middle third of the osteotomy length in the bone marrow
was 0.03 = 9.487 X 1072 The lower third of the osteotomy
in the marrow did not show any evidence of bone removal
on CBCT images. From the cortical to the depth of the
osteotomy in the marrow using screw type bone expanders,
the general pattern of transition from conservative bone
removal at the cortex to pure condensation at the greatest
depth of the osteotomy was seen in all the study specimens.

The advantages of using a bone expander as a modality
for dental implant osteotomy, when indicated, is that the
alveolar expanders are less invasive and requires shorter
time for rehabilitation,!'*"! whereas the drill relatively
generates more heat which may cause bone necrosis and
excessive bone loss during the healing phase of the implant.
With the use of bone expanders, there is minimal trauma
to the bone, which may have beneficial effects on the initial
healing at the bone-implant interface.'" Dental implant
trephine has also shown to produce less bone loss when
compared to the standard drill."” The limitations of the
present study were that the study was done in 7z vifro animal
model which does not simulate the exact oral conditions
of the human and also the sample size is less, so same can
be verified with more sample size in the human studies.

CONCLUSION

The use of alveolar bone expanders has minimal bone loss
at the osteotomy site. Expanders produce the undersized
implant osteotomies as demonstrated in the present study.
The bone removed was minimum with the use of alveolar
expander which followed the principle of lateral bone
condensation rather removal of the marrow. Alveolar bone
expander seems to be more conservative for osteotomy
and thus provide good primary stability and successful
osseointegration of dental implants.
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