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ABSTRACT 

Objective: To evaluate the feasibility and effectiveness of a new approach for craniofacial augmentation by a 
minimally-invasive subpericranial injection. Three commercially available semi-liquid bioceramic bone-grafting ma- 
terials were examined for this application in a rat model. Material and Methods: Twenty-four adult male rats were 
randomly assigned to undergo onlay calvarial grafting by subpericranial injection of three semi-liquid bone void fillers: 
Norian SRS® (calcium phosphate), ChronOs InjectTM (porous beta-tricalcium phosphate), or BonePlast® (calcium 
sulfate). Two rats in each group were harvested after 24 hours to serve as controls. The rest were studied after 16 weeks. 
The volume fraction of the following parameters was morphometrically measured: new bone, blood vessels, residual 
bone filler and inflammation. Results: In all study groups (including controls), histological examination demonstrated 
that bone fillers were successfully delivered to the desired subpericranial space by the percutaneous injection method. 
New bone formation was evidenced adjacent to the cranial bone in all the study groups. The Norian filler material sur-
vived in a significantly higher volume fraction (38.4% ± 6.5%) than the ChronOs filler (18.8% ± 1.6%; P < 0.0001) and 
the BonePlast filler (17.8% ± 1.5%; P < 0.0001). New bone was formed in all groups, particularly adjacent to the inter-
face of graft material with native bone but only to minimal extent. Conclusion: This new approach for craniomaxillofa-
cial augmentation was successfully demonstrated in a rat model. The Norian filler (calcium phosphate) demonstrated 
superior space preservation abilities. This model may be further applied to test new injectable bone substitutes in the 
craniomaxillofacial area. 
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1. Introduction 

Facial bone defects caused by trauma or tumors pose a 
reconstruction challenge for oral and maxillofacial sur-
geon and plastic surgeon. The absence of bone segments 
in the facial skeleton is traditionally managed by replac-
ing the defect with autogenous bone. However, the pro-
cedure may be associated with soft-tissue complications, 
including unaesthetic surgical scars and donor-site mor-
bidity. Although synthetic bone fillers offer a potential 
alternative to autogenous bone grafts, extensive efforts to 
develop an ideal alloplastic bone substitute have so far 
been unsuccessful [1-4]. Given the complex structure of 
the craniofacial skeleton, the graft material must ideally 
be biocompatible and resilient, fast-setting, easily inser- 
ted, and able to be molded and integrate with surround-
ing bone in order to mimic the original bone structure 
[5-8].  

Osteoconductive materials are intended to serve as a 
scaffold for new bone formation by capillary in growth 
and invasion of osteoprogenitor cells from the recipient 
bed [9]. Even with the emerging use of osteoprogenitor 
cells or osteoinduction molecules there is still ample 
need of bone void filler materials. Several reviews de-
scribing the different subgroups of injectable bone sub-
stitute materials developed to date have been published 
[10-12].  

Since the periosteum contains subsets of progenitor 
cells that have the ability to differentiate into osteoblasts 
by diverse physical or chemical stimulation, such as bone 
fracture, inflammation, and tumor development, taking 
advantage of this property sounds an interesting attitude. 
It was already suggested that bone repair proceeds from 
the periosteum on the outer and inner surfaces adjacent to 
the bony defect [13].  

The aim of the present study was to examine the feasi-
bility and effectiveness of a novel minimally invasive 
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approach, in which injection of semi liquid bone graft 
material was directed transcutaneously to a subpericra-
nial plane, immediately adjacent to the cranial bone in a 
rat model. Three commercially available bone void fillers 
(BVF) were compared by microscopic examination, 16 
weeks post grafting, by evaluating the volume fraction of 
new bone, bone filler material, blood vessels and in-
flammation. 

2. Materials and Methods 

2.1. Study Groups and Procedure 

The study was approved by the Committee for Ethics in 
Animal Experiments of Rabin Medical Center. Twenty- 
four Fischer inbred isogenic adult male rats, each weigh-
ing 450 - 500 grams, were randomly divided to three 
groups. Each group assigned to undergo subpericranial 
onlay calvaria grafting with one of three BVFs: Group 1 
Norian Skeletal Repair System® (SRS; calcium phos- 
phate; Synthes, Solothurn, Switzerland) (n = 8), Group 
2—ChronOs Inject™ (porous beta-tricalcium phosphate; 
Synthes) (n = 8), and Group 3—BonePlast® (calcium 
sulfate; Biomet Osteobiologics, Parsippany, NJ) (n = 8). 
All three materials were ready for use in injectable form. 
All rats were anesthetized with an intraperitoneal inject- 
tion of 4 mg/kg chloral hydrate, and the cranial site was 
scrubbed with 10% povidone-iodine solution. Thereafter, 
1000 mm3 of the assigned BVF graft material were in- 
jected transcutaneously via a beveled cannula (2 mm 
diameter) into the subpericranial plane in a closed fash- 
ion to the cranial bone. The needle was introduced 
through the skin and subcutaneous tissue until it reached 
the solid outer cranial bone table. With the needle bevel 
parallel to the bone surface the injectable material was 
applied in a controlled pressure to achieve periosteal 
separation by the tumescent effect of the hydraulic pres-
sure of the semi liquid material. The material was left to 
set, without pressure. Neither local anesthesia nor vaso-
constrictors were used at the surgical site.  

Postoperatively, all rats were housed in stainless steel 
hutches maintained at a temperature of 19˚C - 25˚C, in 
ventilated air of approximately 55% humidity. They were 
fed standard rat chow with water ad libitum. An elixir of 
acetaminophen with codeine was added to the drinking 
water during the first three postoperative days, and anti-
biotics were added for the first five days.  

Two rats from each of the 3 groups (total 6 rats) were 
sacrificed 24 h after surgery in a carbon dioxide chamber 
to serve as the control group (fresh graft after full setting, 
with no osteoblastic activity expected). The other 18 rats 
were scarified 16 weeks later in the same manner. Onlay 
grafts were harvested along with supporting cranial bone 
and overlying scalp. The specimens were maintained in 
4% buffered formalin. 

The rat skulls were sawed, and the top part (skull cap) 
was incubated in decalcifying solution (10% formic acid) 
at room temperature for 7 - 8 days, followed by washing 
under running tap water for 15 min. The skull caps were 
then cut parallel to the coronal plane, placed in plastic 
cassettes, dehydrated by an automated machine, embed-
ded in paraffin block, and sectioned at approximately 5 
microns. Sections were placed on glass slides and incu-
bated at 82˚C for 30 min. The slides were stained with 
Hematoxylin and Eosin (H & E) using an automated 
machine and with Masson trichrome (Bio Optica, Milan, 
Italy) according to the manufacturer’s instructions. 

2.2. Histological Analysis 

Each slide was evaluated macroscopically and micros- 
copically.  

The macroscopic measurements included calculations 
of the relative residual volume of BVF at the end of the 
study period. Since the total injected volume was 1000 
mm3, and since the outcome was very similar to a semi 
hemisphere, measurements were conducted by the for-
mula: 3volume 4π 3 1 2 1000 100r      (Figure 1). 

The microscopic measurements consisted of a morp- 
hometric analysis of the volume fraction (Vv) of the fol-
lowing parameters: newly formed bone, newly formed 
blood vessels, residual BVF grafting material; chronic 
inflammation. The morphometric analysis was conducted 
as previously described1, briefly, the entire slide was 
screened at low magnification (×40), and the region of 
interest (ROI) identified as the implantation area. The 
entire area was assessed using the modified point count-
ing method 1. At ×100 magnification, each standard field 
defined by a 100-square grid (Olympus, Tokyo, Japan) 
with a surface of 0.64 mm2, comprising 121 intersections 
between each horizontal and vertical line, was mounted 
on a BH2 Olympus microscope. The number of intersec-
tions containing new bone, blood vessels, bone filler ma-
terial and inflammation were counted: when an intersec-
tion hit one of these elements, the specified element 
scored one point. The intersections were counted in each 
section, and consecutive fields covered the entire ROI. 
 

 

Figure 1. Measurement method of the macroscopic pre-
served volume after 16 weeks (v = [4πr3/3 × 1/2/1000] × 100). 
(r, radii of the calculated hemisphere in the tissue section 
presenting the largest hemisphere). 
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Then, the sum of points overlying each specified element 
was calculated, divided by the total number of counted 
intersections in that section and multiplied by 100. This 
was defined as the volume fraction (Vv) of each element. 
A matched Masson trichrome staining helped to locate 
new ossification sites and was particularly useful for in-
terpreting equivocal cases. 

2.3. Statistical Analysis  

Differences in the mean Vv of the various elements amo- 
ng and between the study groups were statistically ana-
lyzed using one-way ANOVA. Statistical significance 
was set at P < 0.05. The statistical package Instat was 
used for computations.  

3. Results 

3.1. Macroscopic Observation 

All animals recovered well after surgery. No macro- 
scopic infection of the wounds was noted. There were no 
side effects, such as paralysis, convulsions, respiratory 
distress or signs of pain. 

3.2. Histological Analysis 

All the study groups including the controls, showed 
presence of bone void filler material in the subpericranial 
plane immediately adjacent to the cranial bone as expe- 
cted. In all the three study groups, new bone was evi- 
denced upon the external cranial table with no significant 
differences between the groups (Figures 2(a) and (c)). 
Bone formation was accompanied by angiogenic activity 
(Figures 3(a) and (b)), with minimal inflammation. Six- 
teen weeks after implantation, some areas of bone neo- 
formation were already replaced by mature bone. 

3.3. Macroscopic Calculation 

The Norian group was much more capable to maintainthe 
volume (41.9% ± 6.9%) (Figure 1) compared to the 
ChronOs group (20.9% ± 2%; P = 0.004) or to the Bone-
Plast group (19.8% ± 1.84%; P = 0.04). The preserved 
volume the controls of each group (sacrificed day 1) 
were expectedly much higher (83.7% + 21%, 82% + 
1.2% and 84.7% + 6.4% for the controls of Norian, 
ChronOs and BonePlast, respectively; P < 0.0001 for all).  

3.4. Morphometric Analysis 

The results of the morphometric analysis are presented in 
Table 1. 

In each of the controls filler was abundant but neither 
new bone nor blood vessels were noted. When compare- 
ing between the different groups, Norian showed 
highermean Vv of filler presence (38.4% + 6.5%) than 
Chron-Os (18.8% + 1.6%, P < 0.0001) and BonePlast  

 
(a) 

 
(b) 

 
(c) 

Figure 2. Formation of new bone in the study groups: (a) 
Woven bone (arrow) formed adjacent to existing lamellar 
bone and in close proximity to ChronOs remnants (star) (H 
& E × 200 magnification); (b) Woven bone in blue adjacent 
to Norian circular remnants (arrow) (Masson trichrome × 
100 magnification); (c) In the ChronOs group difference is 
noted between the regular native bone on the right side, 
where the compact bone is localized in the periphery (red), 
and the woven bone in the middle (blue); on the left side, 
where bone neoformation occurs, the process is character-
ized by woven (blue) bone area intermingled with mature 
(red) areas (Masson trichrome staining, ×200 magnifica-
tion). 
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Table 1. Mean volume fraction (Vv) ± SD of new bone, 
blood vessels, bone void filler material and inflammation. 
The Norian is found to function as a better space main-
tainer and presents higher new bone formation. New bone 
is built only to a limited extent. 

Inflammation 
Bone filler 
 material 

Blood  
vessels 

New  
bone 

Type of 
bioceramic 

filler 

6.4 ± 1.8 38.4 ± 6.51 14.7 ± 6.5 7.8 ± 1.7 

Norian 
Skeletal 
Repair 

System®

7.5 ± 1.1 18.8 ± 1.61,2 16.3 ± 5.7 6.9 ± 2.3 
ChronOs 
Inject™

6.9 ± 3 17.8 ± 1.51,2 12 ± 2.6 7.0 ± 2 BonePlast®

1P < 0.0001 relates to Norian vs ChronOs and Norian vs BonePlast; 2P > 
0.05 between ChronOs and BonePlast. 
 

 
(a) 

 
(b) 

Figure 3. Osteogenic activity is accompanied by angiogene-
sis (arrows). (a) Norian (H & E × 100 magnification); and in 
(b) BonePlast (H & E × 200 magnification). 
 
(17.8% + 1.5%, P < 0.0001). Newly formed blood ves- 
sels were noted with no significant difference between 
the study groups. Inflammation was found to be minimal. 

4. Discussion 

This study presents a new approach to bone grafting, in 
which a subperiosteal injection of semi liquid bone os-
teoconductive materials is applied. Subperiosteal injec-
tion of bone filler for the reconstruction and augmenta-
tion craniofacial deformities has several advantages over 
open-flap procedures. It eliminates the need for exposure, 
thereby reducing the risk of graft contamination by skin 
or mucosal flora. The intact periosteal coverage of the 
graft maximizes its perfusion and osteogenic potential, as 
opposed to either covering the bone graft or bone substi-
tute with a surgically-cut and therefore injured periosteal 
or mucoperiosteal flap or placing a barrier, such as 
guided bone regeneration (GBR) membrane, between the 
graft and the periosteum. From a biomechanical point of 
view, the uncut periosteum is able to withstand much 
higher tension forces over the augmented area, thus pre-
venting dehiscence and other complications (including 
partial or total loss of the graft). Scar formation, which is 
a consideration in cosmetic facial augmentation proce-
dures, is avoided completely as well. Additionally, in-
jectable bone graft fillers eliminate the risk of infection 
and other complications at the bone-donor site and re-
quire less postoperative care. This is also applicable in 
children, in whom large amounts of autogenous bone 
may be difficult to harvest. In reconstruction and aug-
mentation of the craniofacial skeleton, liquid bone grafts 
may be particularly applicable in mandibular reconstruc-
tion, augmentation of the ramus and symphysis, midfa-
cial augmentation of the malar, paranasal, and maxillary 
regions, as well as supraorbital rim and frontal bone. The 
presented minimally-invasive surgical approach in a rat 
model, demonstrated new bone formation and filler 
presence in the subperiosteal plane, rendering this transc- 
utaneous subperiosteal injection as a feasible model for 
studying the effectiveness of bone substitute materials in 
the craniofacial area: Firstly, the subperiosteal injection 
delivered the filler material to the right surgical plane. In 
all our samples the injected material was found to be 
located directly upon the cranial bone and underneath the 
periosteum/pericranium. This means that the subperiostal 
injection delivered the material to the right place, without 
opening the tissue with a flap. Secondly, the delivered 
injected material survived in place for four months. Be-
ing semi liquid, the question of whether new bone forma-
tion really occurs intrigued us. This study showed that 
although new bone is formed, it is rather limited and oc-
curs particularly at the interface. The Norian presented 
superior space maintaining abilities compared to Chron- 
Os and BonePlast. The Vvs of new bone were similar 
between the materials studied and comparable to the un-
filled controls, described, for example, by Park et al. 
(2009), and lower of the Vv of Bio-oss, hydroxy apetite 
and calcium sulfate hydroxyl apetite filled defects in the 
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same study, although the last were studied earlier, in 
week 12 [14]. This points that the described mod is fea-
sible and promising, other new bone substitutes that can 
be injected need to be sought. 

In conclusion, this new presented transcutaneous sub-
pericranial model was found feasible and able to test the 
osteoconductive properties in rat calvaria. This transcu-
taneous subpericranial model can be submitted to test 
further osteogenic and angiogenic properties of injectable 
and other bone substitutes.  

Future directions may include testing other osteocon-
ductive materials that can be injected subperiosteally and 
that may present better results in terms of bone formation; 
using materials that are able to change their semi liquid 
nature once injected and become porous, thus allowing 
bone osteoprogenitor cells and molecules to creep in and 
adding osteoinductive elements to the semi liquid osteo-
conductive materials. 
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