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Histomorphometric and Fluorescence 
Microscopic Evaluation of Interfacial Bone Healing

Around 3 Different Dental Implants 
Before and After Radiation Therapy

Michael Weinlaender, MD, DDS1/John Beumer III, DDS2/E. Barrie Kenney, DDS3/Vojislav Lekovic, DDS4/
Ralph Holmes, MD5/Peter K. Moy, DDS6/Hanns Plenk Jr, MD7

Purpose: Radiation therapy influence on bone healing around 3 types of endosseous dental implants in
dogs was evaluated. Materials and Methods: Implants with 3 different surfaces (A = machined commer-
cially pure titanium screws, B = commercially pure titanium plasma spray-coated cylinders, C = hydroxyap-
atite [HA] -ceramic coated cylinders) were first implanted unilaterally into the right posterior edentulous
mandibles of 7 dogs as nonirradiated controls. After 12 weeks without functional loading and after
sequential fluorochrome labeling these implants were retrieved by block dissection. In this same surgery,
implants were placed on the contralateral side. Three weeks postimplantation the implant-containing
hemimandibles were Cobalt 60 irradiated with the biologic equivalent of 5,000 cGy. Twelve weeks postim-
plantation and after labeling these irradiated implants were retrieved at sacrifice. On scanning electron,
light, and fluorescence microscopic images of undecalcified longitudinal ground sections of the implants
with surrounding tissues, percent bone-to-implant contact (% BIC), bone formation, and remodeling were
histometrically and subjectively evaluated. Results: Woven bone formation started 1 week after implanta-
tion at the implant interfaces on both the nonirradiated and the irradiated sides. Average BICs (total/cor-
tical/spongious bone bed) of 26%/49%/36% for surface A, 46%/48%/64% for surface B, and
81%/83%/78% for surface C were observed. In the irradiated hemimandibles average BICs (total/corti-
cal/spongious bone bed) were reduced to 11%/9%/4% for surface A, 43%/46%/43% for surface B, and
63%/85%/76% for surface C, with increased resorption of peri-implant bone and retarded bone forma-
tion after irradiation. Discussion: Reductions of total % BIC in all irradiated implants, though not statisti-
cally significant, were significant (P ≤ .05) on implant surfaces A and B in the spongious bone bed. Con-
clusion: Retarded bone formation on surfaces A and B in the spongious bone bed represented a more
radiation-sensitive situation at the time of radiation onset compared to advanced bone formation and
maturation at surface C. INT J ORAL MAXILLOFAC IMPLANTS 2006;21:212–224
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Acombination of radiotherapy and ablative
surgery is often the treatment of choice for

malignant tumors in the oral and maxillofacial
regions. Reconstructive procedures involving dental
implant placement in tissues that have suffered radi-
ation injury carry the risk of producing soft-tissue
and osteoradionecrosis.1 Twenty-five years ago, the
complication rate of oral reconstructive procedures
involving necrotic tissues that had received more
than 5,000 cGy was 81%.2 Considering the low sur-
vival rate of these patients at that time, there was a
reluctance to perform reconstructive surgical proce-
dures on tissues that carried such a high risk of radia-
tion complications. New radiation regimens and sur-
gical techniques, in combination with hyperbaric
oxygen treatment, have improved this situation.3–5

Endosseous implant-retained dental/maxillofacial
prostheses can provide prosthodontists with a treat-
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ment modality for achieving acceptable functional
and esthetic rehabilitation of these patients.6–8 It was
the goal of this study to investigate the impact of
radiation therapy on bone formation during the first
3 months of healing using 3 different dental implant
surfaces—machined, plasma flame–sprayed titanium
oxide, and hydroxyapatite (HA) -coated. The implants
were placed in dogs 3 weeks before radiation ther-
apy. Implant placement at the time of tumor resec-
tion but prior to radiation therapy was simulated. The
rationale for placing implants at the time of surgical
tumor eradication was to avoid secondary trauma by
delayed implant surgery to tissues after radiation tis-
sue injury.9

MATERIALS AND METHODS

Implants
Three types of implants were used:

• Surface A: Commercially pure titanium machined
screw-type implants 10 mm in length and 3.75
mm in diameter (Biotes; Nobel Biocare, Göteborg,
Sweden) 

• Surface B: Commercially pure titanium plasma
flame–sprayed cylinders 11 mm in length and 4
mm in diameter (IMZ; Interpore International,
Irvine, CA)

• Sur face C: Commercially pure titanium HA
ceramic-coated cylinders 10 mm in length and 4
mm in diameter (Integral; Calcitek, Carlsbad, CA)

Surgical Procedures
The teeth of 7 healthy adult mongrel dogs (5 males, 2
females) with an average body weight of 16.2 kg
were extracted bilaterally in the premolar areas of the
mandible. The study protocol was approved by the
UCLA Animal Protection Committee. After a 6-month
postextraction healing period, the 3 different implant
types were placed in the same distal-to-mesial order
in the edentulous area of the right mandible. These
implants served as nonirradiated controls.

All implants were placed by 1 surgeon using the
specific techniques and instrumentation recom-
mended for each system. Flaps were closed with
resorbable sutures. The dogs received preoperatively
atropine sulfate (0.04 mg/kg body weight) subcuta-
neously. All dogs were anesthetized with intravenous
pentobarbital sodium (30 mg/kg body weight). They
were intubated and received intraoperatively
approximately 500 mL of lactated Ringer’s solution
intravenously. All dogs received 500 mg cefazolin
sodium (Kefzol; Eli Lilly, Indianapolis, IN) intramuscu-

larly immediately postsurgery and at 1 and 2 days
thereafter. The dogs’ postsurgical diet consisted of
soft canned dog food and water ad libitum for 14
days, followed by conventional dry dog chow and
water for the remainder of the observation period.
All 7 dogs were housed individually for the duration
of the study. Clinical evaluations of the dogs’
mandibles were made throughout the duration of
the study. Radiographs of the implants were made
under general anesthesia 3 weeks postimplantation.
Twelve weeks postimplantation all 7 dogs were anes-
thetized as previously described and, following the
elevation of mucoperiosteal flaps, 3 block sections
(approximately 1 � 1 cm), each containing one of
the implants with surrounding tissues, were har-
vested for histologic evaluation using an oscillating
saw under saline cooling. The resulting bone defects
were filled with a porous xenograft (Interpore R200)
to restore continuity of the mandibular bony archi-
tecture and to ensure soft tissue closure. The flaps
were closed with resorbable sutures. After a healing
period of 3 months, the same implant types and pro-
cedures were again used on the contralateral side of
the dogs’ mandibles. All 7 animals received the same
pre- and postoperative treatment used for their ear-
lier surgery. Three weeks postimplantation of this
second set of implants, radiation therapy with a bio-
logic equivalent of 5,000 cGy was performed. After a
subsequent healing time of 12 weeks postimplanta-
tion, the animals were sacrificed, and the implants
and surrounding tissues were harvested for histo-
logic evaluation.

Polyfluorochrome Labeling
After each set of implantations, the following fluo-
rochrome labels of new bone formation were admin-
istered subcutaneously to all dogs10:

• Oxytetracyclin (Reverin Aventis, Frankfurt, Ger-
many) 7 days postsurgery (25 mg/kg body
weight) 

• Alizarin Complexon (Merck, Darmstadt, Germany)
21 days postsurgery (30 mg/kg body weight)

• Calcein (Merck) 2 days before implant harvest (20
mg/kg body weight)

Radiation Therapy
Three weeks after implantation, the left hemi-
mandibles, which contained the implants, were irra-
diated with the biologic equivalent to a total dose of
5,000 cGy, which is usually applied for radiotherapy
in patients with head and neck cancer. The calcula-
tion of this equivalent dose/fractionation scheme
was based on a study by Powers and associates11

and resulted in a total dose of 2,600 cGy adminis-
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tered in 2 fractions per week over a 2-week period.
Under general anesthesia, induced as already
described, a field of 7 � 15 cm on the left mandible
was irradiated for 6.04 minutes in a caudo-cranial
direction at a source–skin distance of 80 cm using a
AECL Theratron 80 Cobalt 60 machine (Theratronics
International, Kanata, ON, Canada). This resulted in a
dose of 650 cGy/fraction in a depth of 4 cm.

Histologic Procedures
The block sections from the right mandibles and the
implant-containing specimen blocks from the left
hemimandibles were immediately placed in Schaf-
fer’s fixative solution10 (100 mL formalin [36%] neu-
tralized over calcium carbonate and 200 mL ethanol

[80%]; should have a pH of 7.2) and embedded in
methylmethacrylate resin. After specimen radiogra-
phy, a central longitudinal section of each implant
was cut in either a mesiodistal direction (nonirradi-
ated specimens) or a buccolingual direction (irradi-
ated specimens). This section was then ground to a
thickness of 50 to 70 �m and polished. The ground
sections were surface-stained with a modified
Paragon or a Giemsa stain. Corresponding microradi-
ographs were also prepared (Figs 1 and 2) and were
evaluated by transmitted light, polarized light, and
fluorescence microscopy. For technical details see
Plenk.10

The cut surfaces of the remaining specimen
blocks (ie, the surfaces of the remaining implant

Figs 1a to 1c Microradiographs of ground sections of nonirradiated block sections of (a) a machined titanium screw (surface A), (b) a titanium
plasma flame–sprayed coated titanium cylinder (surface B), and (c) an HA-coated titanium cylinder (surface C) 12 weeks postimplantation.

Figs 2a to 2c Microradiographs of irradiated ground sections of mandibles with (a) a machined titanium screw (surface A), (b) a titanium
plasma flame–sprayed coated titanium cylinder (surface B), and (c) an HA-coated titanium cylinder (surface C) 12 weeks postimplantation.
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halves) were sputtered with a gold-palladium film
(Ion Sputter Technics; Angstrom Sciences, Duquesne,
PA) and evaluated by scanning electron microscopy
(SEM, Cambridge S360; Leica/Cambridge, Cambridge,
United Kingdom) in the backscattered electron
mode (BSE).

Microscopic Evaluation and 
Bone Morphometry
For computerized histomorphometric evaluation,
backscattered electron images at 40� magnification
were taken of the remaining block specimens, and
then 2 � 2-mm fields of view (4 on each side, 8 per
implant) were digitized and further processed.12 In
addition to morphologic evaluation and photo-
graphic documentation, a subjective quantification
was performed on the surface-stained and fluo-
rochrome-labeled ground sections by an experi-
enced observer (HP). Using an eyepiece grid at 40�
magnification, encompassing approximately 1 mil-
limeter of the implant surface in either cortical or
intramedullary spongious bone bed, the following
parameters in the peri-implant tissues were subjec-
tively estimated in each field of view:

• Amount of pre-existing cortical or spongious
bone

• Amount of newly formed bone, labeled with (1)
oxytetracycline, (2) alizarin-complexon, and (3) cal-
cein

• Presence of resorption lacunae and apparently
resorbed old and/or new bone 

• Amount of soft tissue interface

Each field of view was evaluated 3 times and
given a rating from 0 to 4 on each of these criteria (0
= not detectable; 1 = up to 25%; 2 = up to 50%; 3 =
up to 75%; 4 = up to 100%). Differentiation between
pre-existing cortical and spongious (ie, intrame-
dullary or cancellous) bone areas from these subjec-
tive quantifications was superimposed and corre-
lated with the computerized histomorphometric
data. Thus, quantitative results were obtained not
only for total percentages of bone-to-implant sur-
face contact (% BIC) but also for cortical and spon-
gious % BIC for all irradiated and nonirradiated
implants. Data are presented as pooled values per
implant type with and without irradiation.

Statistics
Using paired t tests for implant-type–related samples
in the same animal, the irradiated values were com-
pared with the nonirradiated values. The required
normal distribution assumption was tested with the
Kolmogoroff-Smirnoff test, which did not show that

the samples deviated from the normal distribution
assumption. However, the test only showed low
power, because the sample size was relatively small.
Therefore, the corresponding nonparametric
Wilcoxon signed rank test results have been used as
the basis for the statistical significance calculations
of all the data. The differences in results were
regarded as statistically significant if the calculations
resulted to an error probability of P ≤ .05. For graphic
presentation the data were illustrated by box plots.
The box plot graphic contains the median, minimum,
and maximum data values. The box itself contains
the middle 50% of the data. The upper edge indi-
cates the 75th percentile and the lower hinge the
25th percentile.13 All the statistics were calculated
using SPSS 11.02 (Chicago, IL).

RESULTS

Clinical and Radiologic Observations
All 7 dogs appeared to be healthy and showed no
signs of impairment to their normal behavior during
the full observation period. The control radiographs
taken at 3 weeks postimplantation in both parts of
the study showed all implants in situ and revealed no
gross changes in the alveolar bone architecture.

Six weeks following the first implant placement
surgery, however, 1 surface-A implant perforated the
crestal alveolar mucosa; it was lost at week 8. At week
9 following placement of the irradiated implants, 2
implants, 1 with surface A and 1 with surface B, per-
forated through the oral mucosa and were subse-
quently lost. All other implants remained covered by
normal nonulcerated keratinized mucosa until the
end of the respective observation periods.

Histologic Observations
All implants were seated with their coronal part in the
mandibular cortical layer. The middle and apical por-
tions of the implants protruded into the medullary
cavity of the mandible with more spongious bone and
sometimes reached the mandibular canal. The apical
parts of some implants contacted the neurovascular
bundle at the lower part of the medullary cavity and
therefore had no bone formation at these surfaces. If
the implants contacted the buccal or lingual aspect of
the mandibular cortical bone, additional cortical sup-
port was also seen at the apical parts of these
implants. All other implants achieved most of their pri-
mary stability at the crestal cortical layer only. Addi-
tional to the aforementioned cortical bone fixation,
varying amounts of peri-implant cancellous bony tra-
beculae in the area of the medullary cavity provided
additional primary stability (Figs 1 and 2).
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Nonirradiated Implants. Periosteal Healing. After
12 weeks’ healing time the coronal portions of the
nonirradiated implants were surrounded by various
amounts of newly formed periosteal bone, which
was mostly diffusely yellow (oxytetracycline) labeled.
Consecutive lamellar compaction was demonstrated
by bands of red (alizarin) and green (calcein) label-
ing. However, for most surface-A and surface-B
implants, new periosteal bone was separated from
the implant surface by connective tissue interposi-
tion reaching down about 1 mm to the neck of sur-
face-A implants and to the beginning of the titanium
plasma-sprayed surface of surface-B implants. This
interposition of periosteal connective tissue was not
seen with surface-C implants. Osteoconductive
growth of bone along the HA-coated implant surface
was visible even if the implant head was placed
slightly supracrestal.

Endosteal Transcortical Healing. In the area of the
crestal cortical layer 2 different bone reactions at the
original bone bed could be seen, depending on the
initial fit of the implant in the cortical bone bed. In
the case of poorly fitting screw-type implants (sur-
face A) or tilted cylinder-type implants (surfaces B
and C), there was diffuse yellow-labeled woven bone
formation starting from the prepared pre-existent
bone as early as 1 week postimplantation, indicating
the beginning of bridging of the tissue gap between
bone and implant surfaces. If the implant had been
tightly seated in the cortical bone bed, only alizarin
red–labeled reversal lines were visible, indicating
preceding postimplantation resorption of the bone
bed, with peri-implant bone formation after 3 weeks.
These 2 phenomena could be observed with all 3
implant types.

Bone formation at the A and B surfaces mostly
originated from the prepared surfaces of the preexis-
tent bone bed (ie, “implantopetal”; Figs 3a and 3b),
but on surface C (Fig 3c) and occasionally on surface
B simultaneous direct bone apposition was indicated
by tetracycline labeling on both the implant surface
(ie,“implantofugal”) and the surrounding bone struc-
tures. Consecutive lamellar bone formation on this
peri-implant woven bone was indicated by red and
green bands of labeling around primary osteons.
Polarized light microscopy revealed that these lamel-
lar layers on the HA surfaces resembled so-called
“gap healing” (Fig 3c) during stable osteosynthesis.14

Signs of resorption and remodeling of these new
and pre-existing bone structures could also be seen
at 12 weeks postimplantation.

Intramedullary Healing. The implants also elicited
bone healing with new woven bone formation start-
ing as early as 1 week postsurgery, as indicated by
diffusely yellow tetracycline labeling of the cut bone

trabeculae and on endosteal surfaces. The amount of
peri-implant new bone formation in the medullary
areas was dependent upon the quality of the avail-
able adjacent bony structures. Most of the bone con-
sisted of mainly diffusely red-labeled irregular woven
bone formations starting from pre-existing bone sur-
faces, which provided secondary stabilization to the
implants. These contacts developed earlier and were
more extensive on the HA-coated than on the tita-
nium oxide surfaces. Whereas the titanium plasma-
sprayed implants (surface B) occasionally demon-
strated direct woven bone apposition, the surface of
the osteoconductive HA coating had from the begin-
ning a lamellar layer of bone covering parts of the
implant surface, even in the absence of close peri-
implant bony structures. This layer of lamellar bone
had a thickness of about 30 to 40 �m (as spot mea-
sured in the backscattered electron mode) and
showed consecutive layers of tetracycline-, alizarin-,
and calcein-labeled bone tissue. Areas of the HA
coating which were in close proximity to the
endosteal surface of the cortical layer exhibited
tetracycline-labeled osteoconductive woven bone
formation originating from these surfaces. Red and
green labels indicated consecutive lamellar bone.
Resorption and remodeling of these new and pre-
existent bone structures could also be seen. Most of
the bone in the apical openings was diffusely red-
labeled, indicating woven bone formation, at 3 weeks
postimplantation, with bands of green at 12 weeks. If
the entrance to the apical openings was in close
proximity to neighboring bone structures, osteocon-
ductive ingrowth of diffusely yellow-labeled woven
bone, especially around the HA-coated implants,
could be observed.

There were areas where either the coating was
not applied (apical openings) or detachment of the
HA coating was visible. Connective tissue with for-
eign body giant cells and macrophages incorporat-
ing particles of the HA coating was seen in these
areas of detachment. Detached particles of the tita-
nium plasma-sprayed coating of the surface B could
also be seen occasionally, provoking a similar foreign
body reaction.

Irradiated Implants. At the periosteal level
implants of all groups exhibited similar bone forma-
tions labeled 1 week and 3 weeks postimplantation.
Where cover screws were exposed before the end of
the study, acute inflammatory cells with resorption of
newly formed periosteal bone tissue could be
observed (this occurred with 2 implants with surface
A). Whereas the initial tetracycline- and alizarin-
labeled bone formations in the cortical and
medullary spongious bone areas around the irradi-
ated set of implants were comparable to those
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observed with the nonirradiated implants, there was
a reduction of the amount of newly formed calcein
green-labeled bone surfaces. Although these reduc-
tions did not reach statistical significance in any of
the 3 different implant types, they were more distinct
with surfaces A and B (Figs 4a to 5b). The lamellar
bone formation at the HA-coated surface of nonirra-
diated implants was also present with the irradiated
implants (Figs 6a and 6b). These bone formations
were mostly labeled yellow and then red. The pres-
ence of connective tissue at the bone-implant inter-
face with all 3 implant types was more extensive in
the irradiated specimens than in the nonirradiated
specimens, but these estimations again did not reach
statistical significance. No general fibrous marrow
response to radiation could be observed. In the areas
of the apical openings, lamellar compaction was
reduced compared with the nonirradiated speci-
mens. Major vascular changes, both in vessel diame-
ter and architecture, could not be observed in the
bony bed of the irradiated implants.

Bone Morphometry
The reduction of total % BIC values in the irradiated
group compared to the nonirradiated groups was
not statistically significant (P > .05) (Table 1, Fig 7a).
However, when irradiated cortical and spongious %
BIC values were compared separately with nonirradi-
ated values, they were significantly lower (P ≤ .05) for
surface A, as were the spongious % BIC values for

surface B (Table 1; Figs 7b and 7c). The total % BIC
values as well as the % BIC values for cortical and
spongious bone alone generally demonstrated
greater BIC with surface B than with surface A and
with surface C than with surface B. This general pat-
tern was followed in all of the investigated nonirradi-
ated and irradiated groups. These differences in total
BIC were statistically significant from surfaces B to C
and from surfaces A to C with respect to the nonirra-
diated implants. In the irradiated implant group the
difference from surface A to surface B also reached
statistical significance. The comparison of cortical-
and spongious-area % BIC values between the 3
implant types in the nonirradiated group versus the
irradiated group again followed the general finding
of increasing % BIC values from surface A to surface
B and from surface B to surface C. These differences
were also statistically significant (P ≤ .05).

Subjective Estimations of Different Tissue
Parameters
The data from the estimations in the fluorescence
optical mode indicated that

1. There was a gradual increase in pre-existent old
bone from surface A to surfaces B and C in both
the irradiated and nonirradiated groups. However,
only surface C had significantly (P ≤ .05) more pre-
existent bone than surface A in both the irradi-
ated and nonirradiated groups (Table 2, Fig 8a).

Figs 3a to 3c Details from stained ground sections of nonirradiated implants 12 weeks postimplantation. (a) Transcortical threads of a
machined screw-type implant, filled with early woven bone (WB). Lamellar compaction with primary osteons can be observed (arrow). (b)
Transcortical portion of a plasma flame–sprayed implant. Newly formed WB filled the gap between the smooth collar/plasma-sprayed sur-
face transition (arrowhead) and the cortical bone bed, marked by a cementing line (CL). Note the remodeling units (RU) with active bone
formation. (c) Transcortical portion of an HA-coated implant. Perfect “gap healing” with primary osteons (arrows) and direct lamellar bone
formation on CLs on cortical bone and the HA-coated implant surface. Note a more mature RU (Giemsa stain; original magnification
�140).

WB

WB

CL

RU

CL

RU
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Figs 4a and 4b Details from (a) a Giemsa
surface-stained ground section and (b) a
corresponding fluorescence micrograph of
a transcortical thread of a radiated implant
with surface A 12 weeks postimplantation.
The yellow oxytetracycline-labeled woven
bone (WB) and red alizarin-labeled primary
osteons (white arrow) were partly resorbed
by active osteoclasts (black arrows) in
remodeling units (RU). Some calcein green-
labeled bone formation can be observed
(magnification �140).

RU

WB

RU

WB

RU

RU

Figs 5a and 5b Details from (a) a Giemsa
surface-stained ground section and (b) a
corresponding fluorescence micrograph of
the transition from smooth collar to tita-
nium plasma-coated surface (arrowhead) of
a radiated implant with surface B 12 weeks
postimplantation. Woven bone (WB), partly
oxytetracycline yellow-labeled, filled the
spaces between the implant and the old
spongy bone (SpB) marked by a cementing
line (CL). Note the resorption in remodeling
units (RU).

Figs 6a and 6b Details from (a) a Giemsa
surface-stained ground section and (b) a
corresponding fluorescence micrograph of
a radiated implant with surface C implant
12 weeks postimplantation. Direct BIC on
yellow oxytetracycline-labeled cementing
lines (CL) and red alizarin labeling can be
observed. Note the remodeling units (RU)
with active osteoclastic resorption (black
arrows) along the implant surface and the
absence of calcein green-labeled bone 
formation.
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2. When the different implant types in the irradiated
and nonirradiated groups were compared, it was
found that the amount of labeled bone increased
from surface A to surfaces B and C for all 3 labels.
These differences reached statistical significance in
some comparisons (Table 3). There were basically
no differences between the nonirradiated and the
irradiated surfaces with respect to tetracycline and
alizarin labeling.The amount of calcein green label-
ing uptake was reduced in the irradiated implant
group; however, this finding did not reach statisti-
cal significance (P > .05) (Table 3; Figs 9a to 9c).

3. Bone resorption values were reduced in the irradi-
ated group versus the nonirradiated group for
implant surfaces B and C. With surface C, there
was significantly less bone resorption in the irradi-
ated group compared to the nonirradiated group
(P ≤ .05). Resorption in the irradiated group with
surface A was increased in comparison to the
nonirradiated group (Table 2, Fig 8b).

Table 1 Median % BIC

Total Cortical area Spongious area

Implant type Median P ≤ .05 Median P ≤ .05 Median P ≤ .05

Surface A
Nonirradiated 26.37 ± 37.17 A-C 49.12 ± 61.68 36.31 ± 75.94
Irradiated 11.45 ± 34.15 A-B, A-C 9.09 ± 74.10 A-A 3.68 ± 70.89 A-A

Surface B
Nonirradiated 45.64 ± 61.45 B-C 48.49 ± 97.25 64.40 ± 100.00
Irradiated 43.15 ± 53.15 B-C 45.82 ± 99.13 43.20 ± 100.00 B-B

Surface C
Nonirradiated 80.72 ± 54.71 A-C, B-C 83.15 ± 45.80 78.22 ± 100.00
Irradiated 63.28 ± 39.95 A-C, B-C 84.62 ± 100.00 75.77 ± 75.62
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4. The amount of soft tissue interface was higher with
surface A in comparison to surfaces B and C in both
the nonirradiated and irradiated groups. In both the
irradiated and nonirradiated groups, there was a sig-
nificant reduction in soft tissue interface between
surfaces A and C and between surfaces B and C. In
the irradiated group, the difference between sur-
faces A and B was also statistically significant (P ≤
.05) (Table 2, Fig 8c).

DISCUSSION

It is now well accepted that endosseous dental
implant success or lack thereof is governed by sev-
eral factors, such as implant design and surface,
together with the amount and quality of the pre-
existing bone.15–24 The data for the present histomor-
phometric measurements in the nonirradiated group
are in agreement with other reports regarding the
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Figs 8a to 8c Box-and-whisker plots showing percentages of
(a) pre-existing bone, (b) resorption, and (c) soft tissue interface.

Table 2 Median % Pre-existing Bone Resorption and Soft Tissue

Pre-existing bone Resorption Soft tissue

Implant type Median P ≤ .05 Median P ≤ .05 Median P ≤ .05

Surface A
Nonirradiated 26.39 ± 19.41 A-C 58.33 ± 22.04 77.78 ± 23.18
Irradiated 32.94 ± 23.44 A-C 64.84 ± 29.69 92.93 ± 20.21

Surface B
Nonirradiated 38.39 ± 32.72 62.57 ± 24.13 68.13 ± 17.12
Irradiated 52.38 ± 37.50 51.79 ± 8.98 76.56 ± 17.57 A-B

Surface C
Nonirradiated 44.44 ± 38.89 A-C 56.25 ± 16.46 30.00 ± 38.61 A-C, B-C
Irradiated 50.00 ± 24.02 A-C 48.08 ± 37.18 C-C 35.71 ± 20.38 A-C, B-C

a b

c
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percentage of total BIC after a 3-month healing
period.25–29 The somewhat lower levels of total BICs
with machined titanium oxide–surfaced implants are
known to level out after longer observation periods,
with the initially higher BIC with HA-coated implant
surfaces.28

With respect to radiation influences on bone heal-
ing around implants, some researchers advocate a
delay of at least 1 year between radiation therapy
and surgical implant placement,30 but there are also
reports of endosseous implants and osteosynthesis
materials which have been irradiated during the pri-
mary healing time.31–33 Hum and Larsen34 demon-
strated a 19% reduction of BIC of a cylindric titanium
plasma-sprayed implant in rabbit tibiae after 4050
cGy irradiation during the initial healing time. Brogniez
and colleagues35 compared titanium plasma-sprayed
and HA-coated implants in dog mandibles. The experi-
mental group, which received radiation therapy after
implant placement, had significantly better results
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Figs 9a to 9c Box-and-whisker plots showing the percentages
of bone labeled with (a) oxytetracycline, (b) alizarin complexon,
and (c) calcein green. 

Table 3 Median % Labeled Bone

Oxytetracycline Alizarin red Calcein green

Implant type Median P ≤ .05 Median P ≤ .05 Median P ≤ .05

Surface A
Nonirradiated 27.78 ± 41.67 A-B 55.56 ± 26.11 55.56 ± 16.04
Irradiated 41.00 ± 30.13 58.63 ± 25.00 41.41 ± 47.71

Surface B
Nonirradiated 49.89 ± 16.10 A-B, B-C 56.45 ± 13.29 B-C 61.88 ± 36.11
Irradiated 45.59 ± 37.50 54.41 ± 29.28 36.90 ± 31.25

Surface C
Nonirradiated 55.00 ± 27.78 A-C, B-C 61.11 ± 14.06 B-C 50.00 ± 14.41
Irradiated 50.00 ± 24.02 63.33 ± 21.43 38.46 ± 33.33

a b

c
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than the one receiving the radiation treatment before
implantation. However, numerous clinical studies eval-
uating the success rates of intraoral endosseous
implants placed in previously irradiated bone beds
with and without adjunct hyperbaric oxygen treat-
ment have demonstrated success rates slightly to sub-
stantially less than in nonirradiated patients.36–40

The present histomorphometric results demon-
strated differences, but not significant differences, in
total implant BIC for the 3 implant surfaces when a
biologic equivalent of 5,000 cGy was administered at
3 weeks postimplantation. In this animal model bone
tissue around the experimental implants was allowed
to heal undisturbed for 3 weeks before radiation ther-
apy started. After this time period lamellar com-
paction of newly formed bone had occurred in nonir-
radiated implants and was most advanced with
surface C. Histomorphometry showed highest reduc-
tions in BIC areas after irradiation with surface-A
implants and to a lesser extent (mainly in the spon-
gious bone bed) with surface-B implants. Surface-C
implants showed practically no reduction in total or
cortical % BIC, while in the spongious bone bed even
more BIC was found in the irradiated group. These
results for BIC in the cortical and spongious bone
areas are similar to other studies showing that more
mature lamellar bone seems more resistant to ioniz-
ing radiation than newly formed woven bone.30,33,41,42

The subjective estimations of different histologic
parameters in the present study, though not yielding
exact measurements like computer-assisted histo-
morphometric data, rendered additional information
about new bone formation and remodeling dynam-
ics at different time intervals before and after onset
of radiation therapy and complemented the histo-
morphometric results. The statistically significant
reduction of % BIC in cortical bone areas in surface-A
implants in spongious bone beds with surfaces A
and B has to be seen in context; there was a smaller
amount of pre-existing bone because of implant
position in the mandible, and bone formation activ-
ity was reduced at the machined titanium oxide sur-
face of implant A compared to implants B and C.
Whereas the new bone formation and lamellar com-
paction seen at surface-C implants was almost com-
plete at radiation onset, the bone gap between the
machined titanium oxide surface (A) and the pre-
existent cortical or spongious bone bed was still
partly occupied by immature woven bone.

The greater amount of cells susceptible to irradia-
tion may be responsible for the greater impairment of
new bone formation at the cortical bone bed of sur-
face-A implants as well as at the spongious bone bed
with surfaces A and B. These findings are further sup-
ported by a statistically significant reduction in

resorption in the irradiated implants with surface C
and the reduction of calcein-labeled new bone forma-
tion. The estimates for the amount of soft-tissue inter-
faces around the different implant surfaces parallel
the results from the histomorphometric evaluation.
The statistically significant differences in total BIC for
both irradiated and control implants confirmed previ-
ous findings that HA-coated implants were able to
induce early bone formation and maturation than the
2 titanium oxide–surfaced implants. However, more
BIC was seen in irradiated B implants than in irradi-
ated A implants, pointing also to the superiority of
rough surfaces versus machined surfaces. The
absence of statistical significance for some of the data
where clearly trends are visible (for example, calcein
labeling; Fig 9c) may be explained by the low statisti-
cal power associated with the low sample size.

From data relating to the removal of teeth before
radiation treatment, most of the clinical incidence of
osteoradionecrosis developed when the time
allowed for the tissue to recover before the begin-
ning of radiation treatment was less than 2 weeks
postextraction.1 No cases of osteoradionecrosis
developed if these tissues were allowed to recover
for 21 days or more. Asikinen and coworkers43

showed in an animal experimental model that
implant survival is dose related.

Certainly no animal model truly reflects the
human situation. Therefore, a tissue damage dose in
such a model equal to a given human dose is not
really equivalent because host tissue response,
recovery, and late cellular loss is species specific.44

CONCLUSIONS

Endosseous implants placed in bone which had been
irradiated with a biologic equivalent of 5,000 cGy 3
weeks after implant placement had, depending on
implant surface, reduced total % BIC when compared
to nonirradiated implants in the same animal. Mature
lamellar bone around implants with surface C showed
less radiation impact than newly formed woven bone,
as expressed by significantly (P ≤ .05) reduced BIC in
the pre-existent cortical bone areas surrounding sur-
face-A implants and in the spongious BIC of implants
with surfaces A and B. Histologically, these conclu-
sions are supported by evidence of impaired new
bone formation after radiation onset for all 3 implant
types, as indicated by reduced calcein labeling of
bone surfaces and by a statistically significant reduc-
tion of resorption at irradiated C-surface implants at
the end of the observation time of 12 weeks postim-
plantation. The effects of radiation also led to an
increase of total implant–soft tissue contacts when
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compared to nonirradiated implants with surfaces A
and B. Importantly, the more mature the peri-implant
bone was at irradiation onset, the less impact radia-
tion had on peri-implant bone formation. The combi-
nation of slower bone formation at the machined tita-
nium oxide surface of surface-A implants with a
poorer pre-existent bone bed compared to implants
with surfaces B and C created the most irradiation-
sensitive combination and resulted in the greatest
irradiation impact of all 3 implant surfaces.
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