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Evaluation of New Bone Formation and Osseointegration 
Around Subperiosteal Titanium Implants with  

Histometry and Nanoindentation
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Purpose: To assess the quality and quantity of newly formed bone around rough-surfaced titanium 

subperiosteal implants stabilized with two different fixation techniques and to investigate nanoindentation as 

a method for measuring the elastic properties of the bone around these implants. Materials and Methods: 

Ten 6-month-old white rabbits were used in this study. One femur received a subperiosteal implant fixed to 

the bone with screws. The other femur received a subperiosteal implant stabilized with a trough (bed) in the 

bone area, plus fixation screws. After a 3-month healing period, the animals were sacrificed and each titanium 

plate was resected along with the surrounding bone. Histometric measurements of osseointegration were 

performed on 16 titanium plates, and 16 titanium plates were evaluated qualitatively (hardness and modulus 

of elasticity) with nanoindentation. A regression model was used to analyze the data. Results: Subperiosteal 

implants placed into a trough performed significantly better than those placed on top of the cortical bone in 

terms of percentage of bone in direct contact with the titanium plate, length of new bone, and percentage 

of area of new bone. The mechanical properties (modulus of elasticity, hardness) of the newly formed bone 

above the plate measured at the microstructural level were significantly inferior to those of the mature cortical 

bone below the plate. Conclusion: Subperiosteal implants placed into a trough performed better than those 

placed on top of the cortical bone, but it seems that 3 months of healing is not enough to achieve optimal 

integration and bone maturation around them. Nanoindentation can offer valuable insight into the elastic 

properties of the microstructural component of the bone. Int J Oral MaxIllOfac IMplants 2015;30:1004–1010. 
doi: 10.11607/jomi.3647
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The subperiosteal implant was first described in 
the late 1940s, and different versions of this de-

sign evolved up to the late 1980s. They were primarily 

fabricated from cobalt-chrome alloy, and profession-
als were initially satisfied with their performance. 
However, a clear drop in outcomes was seen after 5 
and 10 years, and since the introduction of the high-
ly successful endosseous implants in the 1960s the 
popularity of subperiosteal implants has declined 
dramatically.1–3 However, endosseous implants have 
some limitations; for example, a significant amount 
of augmentation is needed to use them in patients 
with highly resorbed jaws. Autogenous block grafts 
for this purpose are usually harvested from the hip 
or tibia of the patient and secured in different parts 
of the maxilla or mandible. This means that multiple 
procedures are required before endosseous implants 
can be placed.

Because of advances in biomaterials and imaging, 
subperiosteal implants could pose a good alternative 
and an attractive option for the treatment of atrophic 
jaws.4,5 The standard subperiosteal technique requires 
two surgical procedures: the first to replicate the bone 
anatomy with an impression, which has always been 
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considered very technique sensitive; and the second 
to place the implant. With the advancement of three-
dimensional computed tomographic technology 
and stereolithography, the first surgery is no longer 
necessary.6

In addition to the aforementioned advancements 
in imaging and three-dimensional reproduction of 
bone anatomy, increased degrees of osseointegration 
and structural strength have been achieved with new 
titanium alloys and enhanced implant surfaces. Be-
cause the amount of bone that covers subperiosteal 
implants is substantially smaller than the amount of 
bone covering a typical endosseous implant, the qual-
ity of this bone is of paramount importance.

Although histomorphometric analysis has been 
the gold standard means to measure the quantity of 
osseointegration, nanoindentation was recently in-
troduced as a reliable way of measuring the biome-
chanical properties of bone tissue around implants.7–9 
In nanoindentation, a machine is used to place nano-
sized indents on the surface of a material. This is simi-
lar in principle to a basic hardness testing machine. 
As such, an indenter is allowed to impinge upon the 
surface of a specimen under the action of a controlled 
load. The main advantage in using this machine is that 
it can obtain accurate hardness values as well as elastic 
modulus (stiffness) values for the material tested. Ad-
ditionally, because the method operates on the nano 
scale, it can measure differences in the hardness and 
elastic modulus of different phases contained within 
one specimen of the material, each of which may be 
only a few microns in size.10

It was the authors’ goal to investigate the possibil-
ity of superficial titanium osseointegration and assess 
the quality and quantity of newly formed bone around 
rough-surfaced titanium subperiosteal implants 3 
months after their placement onto the cortical bone 
of rabbit tibiae.

MATERIALS AND METHODS

The protocol for this study was in accordance with the 
animal research policies of the Department of Health 
and Children in Ireland. Ten 6-month-old female white 
rabbits weighing about 2 kg each were used in this 
study and were housed in groups of two in the animal 
house of the Bio-resources Unit at Trinity College Dub-
lin. All rabbits were given free access to food (labora-
tory chow) and water at all times. The animal holding 
facility was on a 12-hour light/dark cycle and the room 
temperature was kept between 20°C and 23°C.

Each animal received treatment in both femora. 
One femur received a subperiosteal implant (fixation 
plate) that was anchored to the bone with fixation 

screws (2 × 4 mm) (Libinger/Stryker). The other femur 
received an identical subperiosteal implant that was 
anchored with a trough (bed) in the bone area, along 
with the same fixation screws. This trough was created 
“free hand” but always with the same size bur to en-
sure all troughs were of similar size. The width of each 
implant was 2.5 mm and the height was 1 mm (Fig 1).  
The implants were sandblasted to increase their 
roughness. Ethical approval and a license to perform 
the study were obtained.

Surgical Procedure
Anesthesia was achieved with an intramuscular injec-
tion of a 1:1 mixture of xylazine hydrochloride (2%) and 
ketamine at a dose of 0.15 mL/100 g (Sigma-Aldrich). 
The skin of the hind legs was shaved and sprayed lib-
erally with 70% alcohol. The medial part of each femur 
was exposed via a skin incision and careful subperi-
osteal dissection. Perforations in the underlying cor-
tex were made with a 1-mm bur, and the implant was 
fixed with two 4-mm fixation screws. The periosteum 
and muscular layers were repositioned and sutured. 
The skin flaps on both sides were then closed with 3-0 
black silk (Ethicon, Johnson & Johnson) interrupted 
sutures to achieve complete wound closure. A similar 
procedure was performed in the contralateral femur, 
but a trough was made and used as a rest for the ti-
tanium implant before the two fixation screws were 
inserted. The bed was 0.5 mm deep and prepared with 
a 1-mm round bur. Immediately after surgery, a single 
intramuscular injection of oxytetracycline (50 mg/kg, 
Aldrich Chemical Company) was administered to each 
rabbit.

Each rabbit was monitored postoperatively, and 
antibiotics (gentamicin, 0.05 mL/kg, Hospira) were 

Fig 1  Subperiosteal dissection of a rabbit femur, followed by 
placement of an implant.
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Fig 2 (left)  Linear measure-
ment of percentage of bone 
in direct contact with titanium 
plate.

Fig 3 (center)  Linear measure-
ment of percentage of bone 
covering the titanium plate.

Fig 4 (right)  Percentage of 
area of new bone formed in 
contact with the titanium plate.

administered intramuscularly once daily for 5 days. 
Analgesia was administered postoperatively and sub-
sequently as necessary. For the duration of the recov-
ery period, animals were housed in the Bio-resources 
Unit under veterinary supervision. Two animals died 
during the healing period.

Preparation of Specimens
After 3 months of healing, the eight remaining animals 
were sacrificed by intravenous injection of 200 mg/kg 
of phenobarbitone (Rhône Mérieux). Each titanium 
plate was resected along with the surrounding bone 
from each tibia using a disk (Superlex, Edenta) mount-
ed in a straight handpiece at 100 rounds per second 
using water as coolant.

All dehydration and embedding procedures of 
the specimens were performed in accordance with 
the protocol used at the Royal College of Surgeons 
in Ireland and were described in detail by O’Brien 
and O’Reilly.11,12 A block of bone containing the mini-
implant and about 5 mm of surrounding bone was 
obtained for each experimental site. The soft tissue 
surrounding the femur was completely removed us-
ing a scalpel with a no. 15 blade (Swann-Morton). The 
bone specimens were then dehydrated. Each speci-
men was first completely immersed in a vial contain-
ing 80% ethanol for 4 days. The 80% ethanol solution 
was then changed to 95% and 100% ethanol solu-
tions, respectively, for 1 day each. A fresh solution of 
100% ethanol was applied for 1 more day. Finally, the 
specimens were immersed in acetone for 2 days.

All femurs were separately embedded in a meth-
ylmethacrylate polymer (MMA) (Sigma-Aldrich). The 
MMA polymer consisted of a monomer (pure MMA, 
200 mL), a softener (dibutyl phthalate, 50 mL), and 
a catalyst (benzoyl peroxide, 7 g). The softener was 
added to the monomer to avoid brittleness of the fin-
ished polymer, while the catalyst caused the solution 
to polymerize when the temperature was increased. 
Each femur block was placed in a separate vial and in-
filtrated with the MMA solution at room temperature 
under vacuum desiccation (50 mm Hg) over a period 
of 3 days. The polymer was changed with fresh MMA 

solution daily. Specimens were then placed into an 
oven at 55°C for 4 days to complete polymerization.11

To obtain three sections of 150 to 200 µm thick-
ness from the middle of each experimental site, the 
embedded blocks were mounted on a diamond saw 
(Minitom, Struers). A cut was made vertically through 
the center of each implant and the block was sec-
tioned. One piece was used for nanoindentation; from 
the other, three sections (300 µm thickness) were ob-
tained for histomorphometric analyses.

Each section was placed over a sheet of no. 400 sili-
con carbide paper (wet and dry, waterproof abrasive 
paper, D. O’Sullivan & Company Ltd). Another piece 
of carbide paper was wrapped around the glass slide, 
and the section was manually ground down under 
running water. The thickness was checked regularly 
using a micrometer screw until a thickness of 150 to 
200 µm was obtained. Specimens were washed with 
tap water, placed in a test tube, and washed with dis-
tilled water. Specimens were then dried using paper 
and mounted on glass slides using mounting medium 
DPX (Eukitt’s mounting medium) under a glass cover 
slip.

Histometry
The slides were magnified under a light microscope 
by µ12.5, and the images were captured with an Op-
tronic charge-coupled distributor digital microscope 
camera. Analysis software (Scion Image Beta 4.02 Win, 
Scion PCI Frame Grabber boards) was calibrated to 
present all measurements in millimeters.

Histometric analysis was carried out for each site of 
the titanium plates as follows. Sixteen titanium plates 
were evaluated, and quantification of bone contact 
with the titanium plate was measured for both the 
original bone and the newly formed bone by means 
of three measurements on each section: (1) linear 
measurement of percentage for the periphery of tita-
nium plate in direct contact with bone (Fig 2); (2) linear 
measurement of bone in contact with the superficial 
aspect of the titanium plate (Fig 3); and (3) calculated 
area (in square millimeters) of new bone formed su-
perficial to the titanium plate (Fig 4).

1000 mm1000 mm 1000 mm
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Analysis of variance (ANOVA) was used to assess the differences 
between group means. Depending on the direction of each sec-
tion, minor differences were observed in the length and height of 
each implant. This was taken into consideration and included in 
the statistical analyses to correct for any possible effect that these 
differences might have on the results (regression analysis).

Nanoindentation
Before each block was placed into the nanoindenter, its surface 
was polished with silicon polishing paper (800 grit) and two dia-
mond polishing disks (Fig 5). The final smoothness was 1 µm. Each 
embedded block had to stay in the nanoindenter for 17 hours.

A load of 50 mN was applied three times consecutively at each 
indent location using a Berkowitz indenter (MTS Nanoindenter 
XP). Elastic modulus and hardness values were obtained from the 
last unloading curve on each sample. The load was applied three 
times to remove any viscoelasticity effect. It was observed that 
the hysteresis was lessening with each indent. This load of 50 mN 
produced a depth of approximately 1,800 nm or 1.8 µm.

Nanoindentation is a novel way of looking at the process of os-
seointegration and testing the mechanical characteristics of new-
ly formed bone. These properties were tested in three areas and 
12 sites: area 1 (four “internal” bone sites), area 2 (four “peripheral” 
bone sites), and area 3 (four “new bone” sites) (Fig 6).

ANOVA was used to assess the differences between group 
means, and a regression model was used to measure the effects 
of any factors, such as area and animal, on these differences.

RESULTS

Direct Contact of Bone with Periphery of Plate
The values for the percentage of bone in direct contact with the 
titanium plate surface are displayed in Table 1. For sites with no 
trough, the values ranged from 70.5% to 83.1%, and the mean was 
76.5% (standard deviation [SD], 3.79%). For sites with a trough, 
the values ranged from 78.5% to 89.9% and the mean (SD) was 
86.5% (3.46%). There were significant differences between the 
group means (ANOVA; F ratio = 14.1536, P < .0005).

 The results of the effect tests are displayed in Table 1. A signifi-
cant difference (P = .0002) was found for modality (trough vs no 
trough) after controlling for the histologic length of the titanium 
plate.

Direct Contact of Bone and Superficial Aspect of Plate
The values for bone in direct contact with the superficial aspect 
of the titanium plate surface are displayed in Table 1. For sites 
without a trough, the values ranged from 1.41 to 1.53 mm, and 
the mean (SD) was 1.50 mm (0.006 mm). For sites with a trough, 
the values ranged from 1.71 to 1.86 mm and the mean (SD) was 
1.78 mm (0.002 mm). There were significant differences between 
group means (ANOVA; F ratio = 40.8492, P < .0001).

The result of the effect tests are displayed in Table 1. A significant 
difference (P = .0001) was found for modality (trough vs no trough) 
after controlling for the histologic length of the titanium plate.

Projected Area of New Bone 
Superficial to the Plate
The values for bone in direct contact with 
the superficial aspect of the titanium plate 
surface are displayed in Table 1. For sites 
without a trough, the values ranged from 
1.27 to 1.4 mm2, and the mean (SD) was 
1.30 mm2 (0.006 mm2). For sites with a 
trough the values ranged from 1.88 to  
1.95 mm2, and the mean (SD) was 1.78 mm2  
(0.002 mm2). There were significant dif-
ferences between group means (ANOVA;  
F ratio = 1160.071, P < .0001).

 The results of the effects test are dis-
played in Table 1. A significant difference 
(P = .0001) was found for modality (trough 
vs no trough) after controlling for the his-
tologic length of the titanium plate.

Fig 5  Embedded block.

Fig 6  Measurement sites for osseointegration 
in newly formed bone. The measurements were 
made at eight points, each 0.8 mm apart, along 
the length of the plate (peripheral and internal) as 
well as at four points, 0.8 mm apart and 0.4 mm 
into the newly formed bone (new bone) on the ex-
ternal surface on the plate (distance A = 0.4 mm; 
distance B = 0.8 mm; thickness of the plate = 1 
mm; length of the plate = 2.5 mm). 

New bone

Peripheral bone

Internal bone

B = 0.8 mm

A = 0.4 mm
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The results show that there were signifi-
cant differences in the amount of osseoin-
tegration, as well as the amount of bone 
covering the titanium implants between the 
two treatment modalities. It seems that the 
subperiosteal implants placed into a trough 
performed better than those placed on top 
of the cortical bone. Differences in the his-
tologic plate length caused by differing ori-
entations of sections were factored into the 
statistical analyses and were found not to 
influence the results.

Mean Values for Hardness and 
Elasticity Modulus
The mean values for hardness and modulus 
of elasticity for the three areas tested are 
displayed in Tables 2 and 3, respectively. 
ANOVA showed that there were significant 
differences between the mean values of the 
three areas and for both hardness (F ratio = 
14.86, P < .0001) and modulus of elasticity  
(F ratio = 10.83, P < .0001).

In the effects test for both measurements, 
the bone internal to the plate showed an 
appreciably higher value. Both effects stud-
ies (area and animals) were significantly dif-
ferent for both area and animals (Tables 4 
and 5).

It was demonstrated that, although inte-
gration of the miniplates to the rabbit femur 
bone was achieved and a significant amount 
of bone was formed over the plates over a 
3-month period, the mechanical properties 
of the newly formed bone measured at the 
microstructural level were inferior to those 
of the mature cortical bone below the plate.

DISCUSSION

It was the authors’ intent to investigate the 
possibility of superficial titanium osseointe-
gration and assess the quantity and quality of 
newly formed bone around rough-surfaced 
titanium subperiosteal implants that could 
be used in the future as part of a subperi-
osteal mesh. A multimodality experimental 
approach was used in the study herein that 
combined nanoindentation measurements 
with histologic examination. The measure-
ments were made continuous to the tita-
nium plate as well as into the newly formed 
bone on the external surface of the plate 12 
weeks after insertion of the plate.

Table 2 Mean Values for Hardness and Modulus of  
Elasticity for the Three Areas for  
All 16 Embedded Blocks

New bone 
(area 1)

Peripheral 
bone (area 2)

Internal bone 
(area 3)

Modulus of elasticity 33.2 GPa 32.5 GPa 38.9 GPa

Hardness 0.44 GPa 0.63 GPa 0.80 GPa

Table 3 Mean Values (GPa) of Hardness and Modulus of 
Elasticity for All Eight Animals

1 2 3 4 5 6 7 8

Modulus of elasticity 27.2 36.1 36.2 38.5 34.7 27.0 32.5 42.5

Hardness 0.6 0.8 0.7 0.7 0.6 0.5 0.6 0.6

Table 4 Effects Test for Modulus of Elasticity

DF F ratio Probability

Area 2 25.9 < .0001

Animal 8 18.9 < .0001

Area/animal 16 4.7 < .0001

Table 5 Effects Test for Hardness

DF F ratio Probability

Area 2 107.9 < .0001

Animal 8 9.2 < .0001

Area/animal 16 5.9 < .0001

Table 1 Histometric Values for 16 Examined Specimens

Modality/
specimen no.

Plate length  
(mm)

BIC  
(%)*

Length of  
new bone (mm)†

Area  
(mm2)‡

1 (no trough)

1 6.9 80.5 1.53 1.28
2 6.1 70.5 1.48 1.32
3 6.02 83.1 1.68 1.29
4 6.88 75 1.41 1.34
5 6.96 75.5 1.48 1.27
6 6.01 76.6 1.56 1.31
7 6 76 1.52 1.32
8 6.98 75.2 1.49 1.28

2 (trough)

1 6.02 88.5 1.8 1.91
2 6 78.5 1.78 1.89
3 6.96 89.4 1.71 1.93
4 6.08 86.4 1.86 1.88
5 6.99 86.8 1.72 1.94
6 6.98 85.7 1.8 1.92
7 6.1 88.5 1.85 1.9
8 6.09 88.2 1.78 1.95

*ANOVA: F ratio = 14.15, P = .0005; effect test: F ratio = 25.75, P = .0002.
†ANOVA: F ratio = 40.84, P < .0001; effect tests: F ratio = 55.54, P < .0001.
‡ANOVA: F ratio = 1,160.071, P < .0001; effects test: F ratio = 1,999.68, P < .0001.
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When subperiosteal implants are placed, it is ex-
pected that only a small amount of bone will be cover-
ing them compared to standard endosseous implants. 
This was confirmed histologically in this study, where 
only a thin layer of cortical bone covered the implants. 
More bone was observed over the implants that had 
been placed in a trough. To compensate for this lack 
of bone volume, a human study in 1972 and a num-
ber of studies performed a few years later showed en-
couraging results when bone grafting was performed 
simultaneously with the placement of subperiosteal 
implants.13–15 However, the long-term results did not 
show significant differences between grafted and un-
grafted sites. A recent case report demonstrated that 
severe mandibular atrophy was treated with a specially 
designed hydroxyapatite (HA)-coated subperiosteal 
implant that allowed for simultaneous grafting with 
recombinant human bone morphogenetic protein-2 
and mineralized allograft. After 32 months of healing, 
cone beam computed tomographic images showed 
bone regeneration underneath the implant. However, 
the available literature is limited and, in some cases, 
controversial.16 The linear measurement of the per-
centage of bone in direct contact (BIC) with the tita-
nium plate calculated on the histologic slides ranged 
between 70.5% and 89.5% and is similar to what has 
been presented in the international literature for root-
form rough-surfaced implants.17,18

The lack of the necessary quantity of bone neces-
sary to provide the subperiosteal implants with stabil-
ity renders the mechanical properties (quality) of bone 
surrounding these implants more important. It seems 
that 3 months of healing is not sufficient to achieve op-
timal integration and bone maturation around these 
implants. Because there is not enough evidence to sup-
port that nanoindentation techniques accurately mea-
sure time-dependent properties of bone, a potential 
direction for future research would be to measure the 
maturation of cortical bone around a similar subperi-
osteal implant over time and in the long term.19 In this 
way it may be possible to identify the most appropriate 
time for loading as well as the long-term effects of this 
loading.

Both modulus of elasticity and hardness were great-
er within established bone than within newly formed 
bone. It is not known whether this result would differ 
over a longer time period.

A recent study investigated the evolution of the 
hardness and indentation modulus of newly formed 
bone tissue as a function of healing time.7 The au-
thors used a sample of three titanium disks, which 
were placed in three rabbits, and they performed both 
histologic and nanoindentation tests at 4, 7, and 13 
weeks. The results of this study demonstrated that the 
biomechanical properties of newly formed bone were 

different from those of mature bone tissue, which is in 
agreement with the current study.

In another recent animal study, 10 threaded im-
plants were placed in 10 rabbits to examine the effect 
of a nanoscale HA–coated implant surface on osseo-
integration after 3 weeks of healing. These implants 
were compared to 10 other implants (grit-blasted, acid-
etched, and heat-treated). While both implants showed 
similar BIC, the nanoindentation was sufficiently sensi-
tive to demonstrate that the tissue quality was signifi-
cantly enhanced around the HA-coated implants.8

Baldassarri et al evaluated the long-term changes in 
elastic modulus and hardness of cortical bone around 
retrieved root-formed implants. Thirty implants were 
retrieved after 0.3 to 24 years of functional loading. Both 
hardness and elastic modulus presented increased val-
ues with time after implant placement, but beyond 5 
years after placement, these values stabilized.9

The study adds to the existing body of evidence and 
demonstrates that the nanoindentation method can 
offer valuable insight into the elastic properties of the 
microstructural component of bone and improve the 
understanding of the complex biologic mechanisms 
that take place around subperiosteal implants.

CONCLUSIONS

In this study there was a significant difference between 
the amount of osseointegration as well as the amount 
of bone covering the titanium implants between the 
two treatment modalities. On average, the subperios-
teal implants placed into a trough performed better 
than those placed on top of the cortical bone. It was 
also demonstrated that at 3 months, the mechanical 
properties of the newly formed bone measured at the 
microstructural level were inferior to those of the ma-
ture cortical bone below the plate.
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