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Abstract
Objective

To evaluate the bone/screw interface of a titanium IF system and an absorbable IF system.

Materials and methods

Twelve male adult dogs were subjected to osteotomy performed between the third and fourth mandibular
premolars, been divided into two groups (control or experimental side). Two miniplates were applied to �x
mandible fragments. Histometric values for bone-to-screw contact (BSC), bone-to-screw distance (BSD)
and histological �ndings were evaluated at 2 and 18 weeks.

Results

Difference in BSC were detected from absorbable and metallic monocortical group on the experimental
side at 2 weeks (p = 0.0041). Larger BSDs were detected at buccal bicortical absorbable experimental
sides (p = 0.0041), with larger distances detected from the vestibular side to the lingual cortical side (p <
0.0001) and on the control side at 18 weeks (p = 0.0143), having metallic group signi�cant BSD results
on the experimental side at 2 weeks (p = 0.047). Connective tissue was noted on vestibular cortical side in
monocortical and bicortical absorbable screw groups.

Conclusions

Absorbable bicortical screws with splint had histometric and histological behaviors similar to metallic
bicortical group at lingual cortical side.

Clinical Relevance

Inion absorbable bicortical screws did not promote connective tissue formation at lingual cortical side.

Introduction
The use of metallic and absorbable internal �xation (IF) systems to treat fractures and osteotomies in the
facial skeleton is well described in the literature, with indications and limitations for each case 1,2.
Metallic systems made from titanium and its alloys are considered the “gold standard” for internal
�xation (IF), promoting biomechanical stability, bone repair and an immediate return to function.
Nevertheless, some problems have been associated with these systems, such as corrosion, imaging
artifacts, allergic reactions, thermal sensitivity and osteoporosis or bone weakening by the stress-
shielding effect, leading surgeons to search for other types of IF systems 3-8. Absorbable systems are
related to reducing or eliminating these problems; additionally, they have the potential to eliminate an
additional surgical procedure to remove the hardware, which is a routine procedure for metallic
IF systems in some countries. Nevertheless, some controversies about absorbable systems in the
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scienti�c literature deserve further study, such as the type of material to be used and its constitution, the
type of bone formation present in the fractured/osteotomized site, and the degradation process
generated by the absorbable systems as well as nonrandomized and noncontrolled clinical studies in
most cases 9-11. Additionally, absorbable IF systems have also been associated with some disadvantages
when compared to metallic systems, such as higher costs 12, lower mechanical resistance and more time
being required for the completion of the bone repair process 13,14.

It is worth emphasizing that there is an important relationship between bone repair processes that occur
simultaneously at fractured or osteotomized sites and at the bone/screw interface. The occurrence
of the bone repair process at fractured or osteotomized sites depends directly on the stability between
bone fragments provided by plates and screws. Furthermore, the retention of screws in bone tissue is
essential for IF system stability and depends on the bone repair process at the bone/screw interface.
While metallic IF systems do not alter their structural components during the bone repair process,
absorbable IF systems must gradually transfer the stress function to bone while the IF system
simultaneously degrades 15,16. Furthermore, various degradable polymers with distinct molecular weights,
crystallinities, mechanical properties, and rates of degradation have been proposed. Therefore, the
purpose of the present study was to evaluate the bone/screw interface of a titanium IF system and an
absorbable IF system made with a combination of L-polylactic acid (LPLA), D, L-polylactic acid (DLPLA)
and trimethylene carbonate (TMC) by histometric and histological analysis.

Results
Histometric analysis

The mean percentages and SDs of BSC for all groups are presented in Table 1. One-way ANOVA revealed
statistically signi�cant differences in BSC at 2 weeks from monocortical and bicortical metallic screws
positioned in the same miniplate, with no statistically signi�cant differences detected at 18 weeks and no
signi�cant differences detected in the absorbable groups at 2 and 18 weeks (Table 2). A
statistically signi�cant difference only was detected in the absorbable monocortical group compared
to the metallic monocortical group on the experimental side at 2 weeks (p = 0.0004 - Fig. 1), with no
statistically signi�cant differences detected in the bicortical groups (Fig. 2). Larger BSDs were detected at
the buccal bicortical absorbable experimental sides at both evaluated periods (p = 0.0041), with larger
distances detected on the buccal cortical side when compared to the distances of the lingual cortical side
from the same group (p < 0.0001) even on the control side at 18 weeks (p = 0.0143 - Fig.  3); in the
metallic groups larger distances were observed only on the experimental side at 2 weeks (p = 0.047 – Fig.
 4).

Histological analysis

2 weeks
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Monocortical absorbable screws: Soft connective tissue was noted adjacent to the surface of the
monocortical absorbable screws, except for occasional areas showing newly formed woven bone
trabeculae and the presence of parent, cortical lamellar bone juxtaposed to the �rst one or two threads
underneath the head portion of the screw (Fig. 5A). The screws exhibited some cracks in their internal
structure but no gaps in their surface.

Monocortical metallic screws: In addition to the histological characteristics of the connective tissues
observed for the monocortical absorbable screws, the metallic screws had some areas between threads
that were �lled with amorphous bone debris (Fig. 5B) and pronounced osteoclastic activity in focal areas
of the cancellous lamellar bone close to the threads in the medullary canal (Fig. 5B, inset). Some cracks
in the parent cortical bone were seen adjacent to the metallic screw surface (Fig. 5B).

Bicortical absorbable screws: In both buccal and lingual cortical sides (Figs. 5C and E, respectively), the
edges of the parent lamellar bone followed the contour of the screw surface, except in some interfacial
areas that were �lled with loose connective tissue. However, the parent bone matrix was only in direct
contact with the screw surface in a few areas. Newly formed woven bone was detected adjacent to the
screws in both the inner and outer cortical bone surfaces as a result of endosteal and
periosteal reactions, respectively (Fig. 5C and E). Cracks in the screw structure were seen between its
body and its head (Fig. 5C).

Bicortical metallic screws: In both buccal and lingual cortical sides (Figs. 5D and F, respectively), the
edges of the pre-existing lamellar bone followed the contour of the screw surface, establishing direct
contact with it, except in some focal areas that exhibited interposed loose connective tissue. Newly
formed woven bone was detected adjacent to the screws, mostly associated with an endosteal reaction
(Fig. 5D, inset). Bone debris remained in the bone marrow adjacent to the screw surface and the inner
surface of the lingual cortical bone (Fig. 5F).

18 weeks

Monocortical absorbable screws: Although lamellar cortical and spongy bone surrounded the entire screw
body surface following its contour, dense connective tissue was seen interposed between the bone and
the screw. Only rarely have bone margins established direct contact with the screw surface. The cracks
observed in the screw structure did not exhibit any formation of tissue ingrowth (Fig. 6A).

Monocortical metallic screws: Lamellar cortical and spongy bone surrounded the entire screw
body, establishing direct contact with its surface, except in focal areas where loose connective tissue was
noted (Fig. 6B).

Bicortical absorbable screws: Although both buccal and lingual cortical sides exhibited lamellar bone
adjacent to the body of the screw (Figs. 6C and E, respectively), only the latter showed direct contact
between the bone margins and the screw surface and showed a pronounced periosteal reaction. In the
buccal cortex (Fig. 6C), a thin layer of dense connective tissue was formed between the bone matrix and
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the screw surface, extending to the bone marrow through the interfacial area up to the inner surface of
the lingual cortex (Fig. 6E). The interfacial, dense connective tissue showed collagen �ber bundles in a
multidirectional array that was highly vascularized. Multinucleated giant cells adhered to the irregular,
degrading absorbable screw surface. The bone margin showed areas with an osteoid layer that was lined
by osteoblasts (Fig. 6G). The cracks in the screw structure were mainly located in its core portion (Figs.
6C and E).

Bicortical metallic screws: For both buccal and lingual cortical sides, the bone margins were in direct
contact with the screw surface, except in a few areas where loose connective tissue was interposed
between the bone and the screw surface (Figs. 6D and F). In bone marrow, a layer of dense connective
tissue covered the screw surface, yet some threads were in direct contact with trabeculae of spongy bone
(Figs. 6D and F) and occasionally showed active contact osteogenesis (Fig. 6H). A pronounced periosteal
reaction was associated with the screw tip on the outer surface of the lingual cortex (Fig. 6F).

Discussion
It is essential to understand the relationship between the bone repair processes that occur simultaneously
at the osteotomy or fracture site and at the interface between bone and screws. The bone repair process
only occurs at the osteotomy or fracture site if the IF system provides adequate stability between bone
fragments while the repair phenomenon occurs. Secure anchorage of osteosynthesis screws in bone is
crucial for the uneventful healing of mandibular fractures and osteotomies in orthognathic surgery,
particularly in the initial healing stages 18. Theoretically, closer BSC leads to greater friction between the
bone and screw, thus leading to better anchorage 19,20. The present study used the same sample that was
used in a previous in vivo study 14,21 in which the bone repair process at the osteotomy site was analyzed;
however, the present study focused on assessing the interface between the bone and the screws by
measuring the BSC and the BSD.

The results of BSC obtained in the previous study that was carried out with the same methodology were
compared with the present study using different IF systems, with some distinct results achieved 18 22.
Regarding the metallic IF system and the experimental side, the mean percentage of BSC at 2 weeks for
the monocortical screws was 24.9% ± 6.4%, whereas in the present study, the mean
percentage of BSC was 31.67% ± 18.48%. For the bicortical screws on the same side and period, the
mean percentages of BSC were 32.2% ± 15.1% and 6.56% ± 3.17% for the previous and present studies,
respectively. Analyzing the same side, a previous study found mean BSC percentages of 16.9% ± 9.9%
and 26% ± 13.9% for mono- and bicortical screws, respectively, at 12 weeks. The present study
found mean BSC percentages of 17.25% ± 11.80% and 6.77% ± 4.81% for mono- and bicortical screws,
respectively, at 18 weeks. 

Concerning the absorbable IF system and the experimental side, in a previous study 22, the mean
percentage of BSC at 2 weeks for monocortical screws was 4.93% ± 8.92%, whereas in the present
study, it was 4.17% ± 7.66%. For the bicortical screws on the same side and period, the mean
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percentages of BSC were 4.18% ± 3.02% and 4.00% ± 3.51% for the previous and present studies,
respectively. Analyzing the same side, a previous study found mean BSC percentages of 0.0% ± 0.0% and
0.84% ± 1.97% for mono- and bicortical screws, respectively, at 18 weeks. The present study found mean
BSC percentages of 0.22% ± 0.70% and 3.98% ± 5.43% for mono- and bicortical screws, respectively, at 18
weeks.

For the metallic IF system only, statistically signi�cant differences in BSC were observed between the
screws positioned on the same plate at the 2-week period. This �nding was noted on the experimental
side for both mono- and bicortical screws, whereas for the control group, it was only observed for
bicortical screws. Furthermore, greater BSDs were detected in monocortical screws and on the buccal
cortical side of bicortical screws from the absorbable group at both evaluation points, and was even
observed in the control group at 18 weeks; however, in the metallic group, larger BSDs were observed
only on the experimental side at 2 weeks. Nonetheless, in a previous study analyzing a metallic IF
system made in Brazil 18, no signi�cant difference was observed in BSC between monocortical and
bicortical screws positioned in the same plate at each time point. Furthermore, no signi�cant difference
was observed between the experimental and control sides for either monocortical or bicortical screws.
For the absorbable group, on the other hand, after the �rst period of evaluation, lower values were
detected as time progressed, except in the bicortical group at 18 weeks, which showed greater values.

Regardless of the group, the overall �ndings could be due to an intense bone remodeling process
occurring adjacent to the buccal screw surface, with resorption being predominant rather than apposition,
most likely as a result of damage to bone and bone marrow tissues from drilling and screw insertion
occurring at the �rst period of time 18,22, material applied during the manufacturing process and the
stability that the system had generated by the second period of evaluation. 

In the present study, some cracks were noted in the screw body, similar to those observed in our previous
study when a similar absorbable system was analyzed 22. Nonetheless, the cracks noticed at 18 weeks in
the present study were empty, and some of those from our previous study were �lled with loose
connective tissue with aggregates of in�ammatory cells, with focal areas of multinucleated giant cells. In
the present study, we did not observe bulk resorption but instead noted multinucleated giant cells
at the hither screw surface, with the surface of the threads intact, even when the internal axis was full of
cracks. Furthermore, we did not observe connections between the cracks present at the surface
of the threads and those in the internal axis of the screws. This result is not in accordance with our
previous study in which the cracks and gaps were ful�lled with tissue similar to that observed
surrounding the screws 22. Furthermore, this difference resulted from the material applied to manufacture
each IF system once the management of screws and plates was the same. It is worth suggesting that at
18 weeks, the screws in our previous study 22 were in a more advanced stage of resorption
than those in the present study. Eglin and Alini 23 suggested that the cracks and gaps could be attributed
to both the penetration of molecules of water through the amorphous part of the material and the
occurrence of hydrolysis by scissions of the ester bond, reducing the pH level in tandem with an
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increasing rate of hydrolytic scission of the screw. Riemann, et al. 24 showed that an acidic environment
increased the expression of in�ammatory markers such as TNF-α, COX-2 and iNOS in �broblasts. These
markers are known to be effective inhibitors of osteoblasts 25-27, especially at higher
concentrations of iNOS, which can explain why large amounts of collagen �ber bundles were
found with osteoblasts at distances from absorbable screws, with �broblasts and
osteoblasts being responsible for collagen �ber synthesis 28,29. According to Hochuli-Vieira, et al. 30,
�brous connective tissue was found proportional to the study time, meaning that the longer the
evaluation period was, the smaller the amount of bone around the screws and the larger the connective
tissue was. Congruous with this, our study detected that the farther the long axis of the
screw is from the IF instability source, the larger the BSC is, even at the control side, at 18 weeks.
Histologically, this behavior occurred not only by bone absence resorption surrounding the screw
at the lingual cortical side but also for endosteal and periosteal bone formation at this cortical side.
Although Reitzik and Schoorl 31 and Rasubala, et al. 32 explained that a periosteal reaction could be due
to interfragmentary movements, the absence of fragments in the bicortical absorbable group from our
study could not be linked to such an occurrence. New bone formation without any sign of osteolysis on
the lingual cortical side could be an effect of periosteum detachment and screw stability,
promoting a greater amount of BSC at bicortical absorbable screws as well as at bicortical metallic
screws on the lingual cortical side. 

We detected that in�ammatory capsules were present only on the buccal cortical side of the absorbable
screw surface, meaning that not only was the biomaterial constitution essential to promote �brous
capsule growth but also to promote the instability of the system at that portion, with multinucleated
giant cells resorbing absorbable screws. Bat, et al. 33 showed that �lms of poly (trimethylene carbonate)
were only eroded when macrophages were cultured directly on the �lm, which was required to
resorb the absorbable screw surface. Our histological �ndings suggested that the absorbable system
screw resorption process was initiated by the inner surface by multinucleated giant cells. Dondossola, et
al. 34 observed that M1 macrophage phenotype cells became immobilized along the scaffold/tissue
interface, forming multinucleated giant cells; both M1 macrophage phenotype cells and multinucleated
giant cells produced vascular endothelial growth factor (VEGF), initiating and maintaining an immature
neovessel network, followed by the formation of a dense collagen capsule two to four weeks after
implantation. Furthermore, Yu, et al. 35 established that macrophage polarization into the M2 phenotype
was also responsible for �brous capsule thickness; in addition to the fact that the M2 phenotype is
important for angiogenesis 36, the M1 and M2 phenotypes have been found in foreign body reactions 37. 

The histometric and histological �ndings support that the metallic IF system
provoked fewer tissue reactions than the absorbable group and generated a stable environment. It is
worth noting that contact osteogenesis was detected at the metallic interface at 18 weeks, created by
appropriate surface topography and metallic alloys 38 with new bone formation from the screw surface to
the host bone 39. This can be considered an advantage in most cases; however, it can be a disadvantage
in those cases in which the metallic IF system needs to be removed for a speci�c reason. 
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Regardless of the group (metallic and absorbable), the histological analysis of the present study did not
reveal any differences between the control and experimental sides, showing similar �ndings on both
sides. Thus, it is worth noting that the IF systems (plus the dental splint in the absorbable group) were
capable of stabilizing bone fragments, thus neutralizing the forces generated by muscle actions. 

Although the histological and histometric �ndings at the BSC interface between the metallic and
absorbable IF systems were distinct, both were capable of providing conditions needed for the bone
repair process to occur at the osteotomy site, as observed in our previous studies with the same sample.
Additionally, the patterns of repair were clearly distinct, and the compression third was always in a more
advanced stage of bone repair than the tension third as a consequence of biomechanical behavior 14

[22]. 

The goal of this study and of previous studies 14 18[22] was to understand the relationship and
correlation between the bone repair processes that occur simultaneously at the osteotomy/fracture site
and at the interface between screws and bone in both metallic and absorbable systems. We used the
metallic system as a control group because this system has been successfully used for a longer time
than absorbable systems. This comparison was conducted to understand the bone repair process in each
speci�c IF system and not to determine if one is superior to another. Furthermore, each IF system has
speci�c indications, and in most cases, there are no con�icting issues about this matter. In conclusion,
each IF system has a distinct pattern of bone repair processes at the BSC interface resulting from the
material used when the screw was manufactured, the protocol used for screw insertion and the
biomechanical behavior generated by the IF system itself.  

Materials And Methods
This study protocol was reviewed and approved by the Institutional Animal Care and Use Committee of
the University of São Paulo (process 07.1.188.53.9), and the same veterinarian conducted all animal
management at Experimental Animal Care Facility II. Twelve healthy male adult mongrel dogs aged
between 3 and 8 years old weighing from 15 to 20 kg were used as subjects. General anesthesia was
achieved by intravenous administration of zolazepam/tiletamine (0.12 ml/kg), which was maintained via
iso�urane and oxygen inhalation through an orotracheal tube. The randomization was realized by sorting
the dogs into two groups after a simple random selection to determine which IF system would be applied
(absorbable and metallic groups) and which side would be the control or experimental side. Afterward, on
the experimental side, an iatrogenic osteotomy was performed between the third and fourth mandibular
premolars through an intraoral approach using a surgical microreciprocating saw with a surgical blade
that was 0.2 mm thick. The surgical blade was positioned perpendicular to the mandibular body, and a
continuous defect was created. Two perforations were made at the mandibular base near the osteotomy
in both fragments so that 155 mm self-lock reduction forceps (Synthes, Oberdorf, Switzerland) could be
used to reduce and stabilize the fragments. The contralateral side was determined as the control
side, and the same surgical approach was applied. Nonetheless, the vestibular cortical bone between the
third and fourth premolars was only slightly osteotomized; thus, no bone discontinuity was produced. 
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Metallic Group

The IF system was applied according to the Association for the Study of Osteosynthesis – AO
recommendation for a transversal fracture line without dislocation 17. A 2.0 mm nonlocking system
(Synthes, Oberdorf, Switzerland) was applied, and two 4-hole titanium plates were �xed with 4 titanium
alloy self-tapping screws each. Two drills with a diameter of 1.5 mm were used to drill the holes, one
with a stop length of 6.0 mm near the alveolar process and another with a stop length of 20.0 mm
near the mandibular base. The plate positioned near the alveolar process was �xed monocortically with
6.0 mm self-tapping screws, and the plate near the mandibular base was �xed bicortically. To ensure
bicortical engagement, the length of the screws was selected according to the vestibular-lingual
dimension of the mandible, which varied from 8.0 to 12.0 mm.

Absorbable Group

The 2.0 mm IF system used was manufactured with the combination of L-polylactic acid (LPLA), D, L-
polylactic acid (DLPLA) and trimethylene carbonate (TMC), following the manufacturer’s
recommendations (Inion, Tampere, Finland). Accordingly, with the same design as the Metallic Group, two
4-hole plates were �xed by applying 4 nonlocking screws in each plate. To achieve adequate adaptation
to buccal cortical tissue, the plates were immersed in sterile saline solution warmed to 55°C in a water
bath (Thermo, Inion, Tampere, Finland) for 5 minutes and were allowed to adapt to the bone surface via
digital manipulation. Two drill bits with diameters of 1.75 mm and stop lengths of 6.0 mm and 22.0 mm
were applied; the �rst was used to generate holes near the alveolar process and the latter was used for
holes near the mandibular base. Afterward, a tap was manually inserted to the full drill depth to provide
threading for the screws. The plate positioned along the alveolar process was �rst �xed monocortically
with screws 7.0 mm long, and then the second plate was �xed bicortically along the mandibular base. To
ensure bicortical engagement, the length of the screws was selected according to the buccal-lingual
dimension of the mandibular base, which varied from 9.0 to 13.0 mm. Afterward, only for this group, a
dental splint was created by applying a 0.8 mm orthodontic wire and light-cured composite resin
involving the lingual surface of the �rst molar and buccal surfaces of the second, third and fourth
premolars, as well as the canine teeth. The �nal con�guration of the dental splint did not generate any
form of occlusion interference during mandibular movements.

Control Side

In each speci�c group, the contralateral side was used as a control, and the same surgical approach
and screw engagement procedures were performed. Nonetheless, a surgical blade was applied only to
make a slight demarcation line on the buccal cortex to allow positioning of the IF system at the same
place as that on the experimental side. Therefore, no bone discontinuity was created on the control side.
Furthermore, only half of the IF system was used (one 2-hole plate �xed with 2 monocortical screws near
the alveolar process and another 2-hole plate �xed with 2 bicortical screws along the mandible).
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Regardless of the group, after �nishing the placement of IF systems, the surgical wound was copiously
irrigated with sterile saline solution and closed with a 4-0 absorbable thread (Polyglactin 910,
Ethicon/Johnson & Johnson Medical N.V., Belgium) in a continuous fashion. Furthermore, no functional
restriction was established, and all animals were placed on a diet of regular chow (dry granulated fodder)
immediately after the surgical procedure. During the postoperative period, animals were randomly
selected for evaluation at 2 and 18 weeks, and 3 dogs were killed per time period. The mandibular body
was resected near the plate extremities and immersed immediately in 10% neutral buffered formalin
solution. After �xation, the specimens from both sides (control and experimental) were dehydrated in an
ascending series of ethyl alcohol and then in�ltrated with methyl methacrylate. The hardened blocks were
positioned in a microtome (Exakt Apparatebau GmbH & Co, Norderstedt, Germany) and sectioned along
the long axis of each screw, creating slices that were approximately 30 µm thick. A combination of
Stevenel’s blue and Alizarin red was used to stain each slice for light microscopy observation.

Histometric and Histological Analysis

Histometric analysis was performed by applying a conventional and polarized light microscope (Leica
Microsystems, Hesse, Germany) connected to a computer using a Leica DC300F digital camera (Leica
Microsystems) for histometric readings, employing an objective lens of 2.5× magni�cation. Nonetheless,
when more accuracy was needed, a lens of greater magni�cation was used. Excluding the head, each
screw’s perimeter was quanti�ed, and the bone-to-screw contact (BSC) was expressed as a percentage.
The bone-to-screw distance (BSD) was measured from the tops of 3 threads nearest to the bone
surface on each side of the screw in one segment (buccal) for monocortical screws and in two segments
(buccal and lingual) for bicortical screws. Histological analysis was performed in the same apparatus as
was used for the histometric evaluation. The interface between the monocortical screws and
bone was evaluated in two segments (buccal and medullary), whereas the bicortical screw was
evaluated in three segments (vestibular, medullary and lingual).

Statistical Analysis

Mean values (%) and standard deviation (SD) results were calculated for bone-to-screw contact (BSC -
sum of buccal, medullar and lingual) and for bone-to-screw distance (BSD). After applying the Shapiro-
Wilk normality test for histometric data and one-way analysis of variance (ANOVA) with Dunn’s post hoc
correction test, a signi�cance level of 0.05 was used. When data was shown to be nonparametric, the
Kruskal-Wallis test was applied for multiple comparisons. Statistical data were analyzed with GraphPad
Prism software, version 8.1.1 (330) RRID:SCR_002798 (GraphPad Software Inc., San Diego, United States
of America).
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Tables
Table 1: BSC values for each screw material applied, cortical system, side and study period.  

Groups and weeks Mean (%) SD (%)

Abs mono exp 2 2,39 4,22

Abs mono exp 18 0,30 0,86

Abs mono ctrl 2 7,43 11,51

Abs mono ctrl 18 0,08 0,20

Abs bicort exp 2 10,30 5,95

Abs bicort exp 18 6,66 4,94

Abs bicort ctrl 2 7,65 3,27

Abs bicort ctrl 18 10,32 6,91

Met mono exp 2 33,63 18,21

Met mono exp 18 16,23 13,36

Met mono ctrl 2 31,39 21,81

Met mono ctrl 18 24,63 13,89

Met bicort exp 2 13,91 4,94

Met bicort exp 18 13,95 9,53

Met bicort ctrl 2 14,59 1,68

Met bicort ctrl 18 13,35 4,94

Table 2: Mean values for BSC of screws placed at the same plate and differences detected between them
according to side of experiment/period and statistical differences.
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      Experimental         Control  

Week   Proximal Distal df P   Proximal df P

Absorbable
monocortical screws

                 

2   1.54 3.11 9 .55   7.43 6 .27

18   0.57 0.07 4 .43   0.08 4 .44

Absorbable bicortical
screws

                 

2   9.09 11.11 8 .60   7.65 5 .62

18   6.18 7.06 9 .78   10.32 9 .27

Metallic monocortical
screws

                 

2   21.11 44.07 8 .03   31.39 9 .37

18   14.81 17.45 11 .73   24.63 10 .23

Metallic bicortical
screws

                 

2   10.71 17.11 10 .01   14.59 7 .04

18   12.11 15.48 7 .60   13.35 5 .83

Figures
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Figure 1

Bone to screw contact (BSC) percentage for monocortical screws. The data are presented as mean and
standard deviation. The asterisks indicate statistically signi�cant differences (p = 0.0004). Legends:
absorbable (ABS); metallic (MET); monocortical (MONO); experimental (EXP); control (CTRL)
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Figure 2

Bone to screw contact (BSC) percentage for bicortical screws. The data are presented as mean and
standard deviation. No statistically signi�cant differences are noted. Legends: absorbable (ABS); metallic
(MET); bicortical (BICORT); experimental (EXP); control (CTRL)
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Figure 3

Bone to screw distances (mm) for bicortical absorbable groups. The data are presented as mean and
standard deviation. The asterisks indicate statistically signi�cant differences: ** (p = 0.0041); ****
(p<0.0001); * (p = 0.0143). Legends: absorbable (ABS); bicortical (BICORT); experimental (EXP); control
(CTRL)
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Figure 4

Bone to screw distances (mm) for bicortical metallic groups. The data are presented as mean and
standard deviation. The asterisk indicates statistically signi�cant difference (p = 0.047). Legends:
metallic (MET); bicortical (BICORT); experimental (EXP); control (CTRL)
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Figure 5

Monocortical absorbable and metallic screws of corresponding miniplates placed in osteotomized dog
mandibles at 2 weeks post-placement. (a) While the parent, cortical lamellar bone was in direct contact
with the �rst upper threads of the monocortical absorbable screw, in the bone marrow a newly formed
woven bone occasionally interacted with the screw surface. (b) In addition to the presence of parent,
lamellar bone juxtaposed to the monocortical metallic screw, some areas between threads were �lled with
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amorphous bone debris. Also, intense osteoclast activity could be observed in sites of cancellous lamellar
bone near the threads at the bone marrow level (inset). (c, e) The bone contact with absorbable bicortical
screw occurred mostly in the buccal and lingual corticals, with the latter showing newly formed woven as
periosteal reaction. (d, f) For the bicortical metallic screw, direct bone contact to its surface took place
mostly in the buccal and lingual corticals, with areas of newly formed woven bone as endosteal reaction
(d inset) and remaining bone debris close to the screw at the inner surface of lingual cortical (asterisk).
Alizarin Red and Stevenel blue staining
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Figure 6

Monocortical absorbable (a, c, e, g) and metallic (b, d, f, h) screws of corresponding miniplates placed in
osteotomized dog mandibles at 18 weeks post-placement. (a) Dense connective tissue was observed
between both cortical and spongy bone and the monocortical absorbable screw surface. (b) Lamellar
cortical and spongy bone established a direct contact with the monocortical metallic screw surface. (c, e)
Although both buccal and lingual corticals were observed in close proximity to the body of bicortical
absorbable screws, only the lingual cortical exhibited bone margins in direct contact to the screw surface
and a pronounced periosteal reaction. (d, f) The bone margins of both buccal and lingual corticals were in
direct contact with the bicortical metallic screw surface, except in a few areas that showed loose
connective tissue between them. (g) Higher magni�cation of the tissue-absorbable screw interface
showing highly vascularized (asterisks), dense connective tissue with multidirectional collagen �ber
bundles interposed between the screw surface and the bone margins. The irregular, degrading screw
surface was lined by multinucleated giant cells (arrows), while bone margins showed osteoblasts
(arrowheads) that lined osteoid and occasional osteoclasts on the mineralized matrix. (h) Areas of active
contact osteogenesis (arrowheads) were observed in the bone marrow-metallic screw interface. Alizarin
Red and Stevenel blue staining


