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Consolidation Structures Proliferated Around a Titanium
Implant Implanted in the Female Rabbit Femur in an
Orifice Smaller than the Screw Core

Las Estructuras de Consolidacion Proliferaron Alrededor de un Implante de Titanio Colocado
en el Fémur de un Conejo Hembra en un Orificio mas Pequefio que el Nucleo del Tornillo
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SUMMARY: Orthopedic implants require effective osseointegration to function optimally and withstand weight-bearing and
muscle forces. This study aimed to evaluate the process of osteogenesis induced by titanium screws implanted in ther@eur of fe
rabbits. Five domestic female rabbits were divided into two groups. Titanium screws were inserted into the femur diapigysis thro
drilled orifices smaller than the screw core. Specifically, a 1-mm hole was drilled, followed by the insertion of 2-mnpisglf-tap
titanium screws using a screwdriver. After duration of six weeks, the animals were humanely euthanized, and histologighbametmico
analyses were conducted. Histological examination revealed that the area adjacent to the bone wall was covered by#ribimljayer
formed bone tissue. In contrast, the periosteal and endosteal regions exhibited a thick layer of newly formed bone eatethding ov
interface surface. This significant bone growth progressed outward in the periosteal area and inward in the endostdzicatea, lea
remarkable expansion of the interface. Similar findings have been reported by other authors, who noted that the inte€faxea surfa
even double in some instances, resulting in a fan-like appearance. The insertion of the titanium screw into a hole sitsaflerehan
exerts excessive pressure on the bone, affecting the entire bone-implant interface. One consequence of this pressase in thdecre
mechanical strength of the bone. In response, the body attempts to restore the preoperative strength by proliferatingthenmgtre
formations. This newly formed bone extends laterally from the interface, significantly contributing to the engorgemenhefze! b
in both the periosteal and endosteal regions.
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INTRODUCTION

One of the factors in the success of osseointegratedntact with the implant surface and is a biological process.
implants is its stability (Albrektsson & Zarb, 1993). Thisn summary, overall stability involves a gradual decrease in
stability consists of two main components: primary stabilityprimary stability and a gradual increase in secondary stability,
which is essential upon implant insertion, and secondawith secondary stability replacing primary stability over time
stability, which gradually takes over from primary stability(Bosshardet al., 2017).

Primary stability is achieved by anchoring the implant in

the bone through direct contact between the implant surface  The amount of new bone deposited around the
and the bone walls of the insertion hole. It is important ienplant and within the interface determines the increase in
note that this connection is mechanical rather than biologicakcondary stability. Sometimes, bone deposition and implant
Secondary stability starts with new bone making initiadtability processes are not completely synchronized. For
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example, around 2-3 weeks after the initial procedure, thgreocesses, as a reaction to the weakening of bone strength
is a noticeable decrease in primary stability, and the ratea#used by the insertion hole and the consequences resulting
bone growth depends on various factors. Overall stabiliffom the additional pressure due to insertion into a hole
is at its weakest during this phase of the osseointegratiwith a diameter smaller than the screw core.
process (Bosshast al, 2017).
MATERIAL AND METHOD
The process is slow because the bone remaining in
the implant area needs to be resorbed before new bone can The test animals were five one-year-old female
grow. In animal experiments, it's important to consider thabmestic rabbits weighing on average 4 kg. This experiment
in animals, the old bone near the implant starts to brealas performed with the consent of the institutional bioethics
down 1-2 weeks after the implantation. This information isommittee (Decision No. 289/390 of 03.06.2023). It was
relevant for accurately applying results from animal studiggerformed in accordance with the national legislation No.
to humans (Berglundlet al, 2003). In humans, bone 215 of 2004. The rabbits had 2 mm diameter titanium screws
proliferation starts only after 2 weeks (Bosshatlal, insertedinto a1 mm hole. All screws inserted by self-tapping
2017). The bone proliferation processes are followed lwyere titanium screws of 2 mm diameter and 5 mm length.
remodeling, which gradually replaces the rapidlyRabbits were anesthetized with a mixture of xylazine
proliferated primary bone with the stronger secondarfXylazin Bio 2%, 5 mg/kg, Czech Republic) and ketamine
(lamellar) bone at the interface. The presence of remodelifi§etamidor, 50 mg/kg, Austria). For analgesia,
processes is indicated by the appearance of primary dandprenorphine (Buprecare, 0.05 mg/kg IM, United
secondary osteons at about 6 weeks in animals (Bosshadtattgdom) was used.
et al, 2017).
The surgical area was aseptically prepared and
Bone remodeling is a process that occurs in all boneraped for surgery. A lateral femoral approach to the femur
including those surrounding implants (Puleo & Nanciwas performed and the femoral diaphysis was exposed. For
1999). This process continues throughout life, with fasténe experimental model, a 1-mm hole was drilled in the
remodeling during intrauterine life and slower remodelinfemur diaphysis, and then 2-mm self-tapping titanium
in adulthood. During intrauterine life, the goal of bonescrews were inserted using a screwdriver into the drilled
remodeling is to transform primary bone into secondatyoles. The fascia lata was sutured with Monocryl 3-0 sutures
(haversian or trabecular) bone. In adulthood, borie a continuous pattern, and the skin was sutured with Vicryl
remodeling aims to replace old bone components with ne&+0 sutures in an intradermal pattern. Meloxicam (1 mg/kg,
haversian and trabecular bone systems, adapting thailbcutaneous) for 3 days and enrofloxacin (5-10 mg/kg,
architecture to the mechanical forces applied to the bosabcutaneous) for 5 days were administered postoperatively.
(Diculescu & Onicescu, 1987; Martet al, 2008).
After 6 weeks postoperative, the animals were
When an implant is inserted into the bone, the surgelhwmanely euthanized and femoral diaphysis of each animal
can cause changes in the bone opening wall, which canvi&s prepared by cutting the femur at ~3 cm away from the
felt up to 1 mm deep under normal conditions (Liddell &mplants. The samples were fixed in formalin 10% for 7
Davies, 2018). It is important to calculate the diameter ofays, decalcified with trichloroacetic acid 7% and embedded
the insertion hole so that the screw doesn't exert too muohparaffin. Sections of 5 mm were obtained and stained
pressure on the bone wall. Additionally, leaving adequatesing Goldner’s trichrome method. Histological analysis
space between the implant and the host bone may promates performed using an Olympus BX41 microscope and a
early peri-implant bone formation (Futami al, 2000; digital camera Olympus E 330 (Fig. 1).
Berglundhet al, 2003; Franchét al.,, 2004).
Morphometric assessments using ToupView
If the orifice is too small, it creates additional pressursoftware were performed to quantify the new proliferated
on the bone, which can amplify the lesions (Etal, 2015; bone at the interface level.
Sasakiet al, 2015). Furthermore, close contact between
the implant surface and the bone may result in poor boBgatistical analysis.The results were expressed as means
proliferation (Futamet al, 2000) or even bone resorptiont standard deviations (STD-P) and were analyzed by using
(Zuberyet al,, 1999; Franchet al, 2005). Microsoft Office Professional Plus Excel 2016.
Comparisons between groups were assessed by using
This study aims to verify the bone's response arour8tudent's paired t-Test, with a two-tailed distribution.
the intervention area through proliferation and remodelingignificance was established at0p005.
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Fig. 1. The interface aspects in the female rabbit experimental models. Orange arrow - new proliferated bone in peonasteal regi
arrow - compact bone; yellow arrow - new proliferated bone in endosteal region; blue intermittent line - total interfataegiim.

RESULTS

All the animals survived the surgery and recovergfk implant. In some areas, the bone thickens due to growth
from anesthesia within 35-40 minutes. They returnedi®m the outer and inner surfaces, while in other regions it
normal behavior and ate within 36 hours after the surgekyckens due to intense remodeling processes, forming
No complications were recorded during or after tlense structures that occupy a significant portion of the
surgery. The wound healed without issues, and the gikime. The preponderance of these structures is situated on
sutures were removed nine days after the surgery. the opposing side of the surgical site. It is noteworthy that

they can occupy a significant portion of the bone thickness,

Six weeks after the insertion of the screwotentially extending to up to two-thirds of its total depth
researchers observed the presence of newly prolifergiag. 2).
bone structures at the bone-implant interface. These
structures were found at both short and long distances |n this study, we evaluated the bone proliferation in
from the interface. The new bone was in direct contaefriosteal, osteal and endosteal regions relative to the total
with the implant surface, but there were variations [ne interface. Our analysis revealed statistically
thickness and organization at different areas of tignificant differences in both the osteal and endosteal bone
interface. The thickest layer of newly proliferated bopgoliferation metrics, indicating a noteworthy impact on
was found in the endosteal and periosteal regions of e overall bone architecture (Table 1). However, it is
interface. On the other hand, in the area to the right of the
bone wall, the layers of newly proliferated bone were Tapje |I. Statistical relevance: Differences were considered

continuous but thin. statistically significant if p< 0.005.
P values P values P values
The bone around the implant has grown outward (1500 ym) (1500 pm) (2000 pm)
on the surface and extends a significant distance. Insideperiosteal 0.26 0.38 0.002
the bone, there are large structures that give the impressiorDsteal 0.001 0.0001 0.0004
of further growth. The thickness of the bone varies around Endosteal 0.0002 0.0001 0.001
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important to note that no statistically significant differences were observethia insertion site. The thick layer of
the periosteal area. This suggests that while osteal and endosteal regions exéiblione proliferated in the periosteal
distinct proliferative responses, the periosteal area does not contributentbendosteal areas continues laterally
variations in bone proliferation in the same manner. from the interface to a great distance,
In contact with the bone interface screw with the caveat that its thickness
decreases stepwise as it moves away
from the interface. These thick layers
of newly proliferated bone provide a
significant thickening of the bone wall
100% from the interface to the far distance
from the interface. They contribute
significantly to increasing the
mechanical strength of the bone wall,
31,55% which has been weakened by the
maneuvers that preceded the implant
insertion process.

32,13%

Total Interface
Periosteal 36,14%
Osteal

Endosteal

Moreover, the newly
proliferated bone with an endosteal
32.32% 18,30% starting point extends into the

‘ ‘ medullary cavity in the form of
38,30% oo 51,32% .  trabeculae polymorphic in size and
Total Interface ‘
Periostea

Within 500um of the bone interface surface Within 1000um of the bone interface surface

degree of organization. There are also

Total Interface . .
bony prominences of different shapes

Periosteal 2% o
Osteal o P o and sizes that project into the
Endostes medullary cavity. From their
appearance and structure, they give the
Within 1500um of the bone surface Within 2000um of the bone surface impreSSion that they have a clear
g tendency to further enlargement, so
230k that new trabeculae can grow and,
‘ ‘ together with the existing ones, form
oo IR ‘ = 54,50% wes  akind of trabecular scaffold anchored
o ‘ Total Interface ‘ to the internal wall of the bone.
28,75% lj‘s’te‘al‘

Endosteat 23,25%

The structures around the

Fig. 2. Percentage expression of proliferated bone on the interface pmgoosurgical site increase the mechanical

1000pm, 1500pm and 200Qum, respectively. strength of the bone, even at a distance
from the implant. There is a noticeable

thickening in the bone wall opposite
DISCUSSION the implant insertion site, with
structural changes affecting about two-
Six weeks after the implant was placed, it has become mostly encasetiids of the inner part of the bone wall.
newly formed bone tissue — directly in contact with the implant surface. The afbés area is characterized by the
in front of the bone wall is covered by a thin layer of new bone-grown tisspeesence of many polymorphic
while the periosteal and endosteal regions boast a thick layer of newly formed lusteons, indicating intense bone
that extends over the interface surface. This significant growth extends outwarimodeling and thickening of the bone
the periosteal area and inward in the endosteal area, resulting in a remarkable In summary, the bone wall
expansion of the interface. Interestingly, other authors have also observed simp@osite the intervention area has
phenomena, where the interface surface may even double in some cases, creaxppaienced a decrease in overall
fan-like appearance (Pantftral, 2022a,b; Marcet al, 2022). strength, leading to thickening and
remodeling to restore its mechanical
The authors concluded that this is an adaptive consolidation reactiostiength, resulting in significantly
response to a significant decrease in the mechanical strength of the bone wstitatger bone in that area.

603



SABOU, |.; GHERMAN (DRAGOMIR) M. F.; OBER, C.; MICLAUS, V.; RATIU, C.; OROS, N.; ALEXANDRU, B. & OANA, L.  Consolidation structures proliferated around a titanium
implant implanted in the female rabbit femur in an orifice smaller than the screvintode Morphol., 43(2500-605, 2025.

According to some authors, there have been reporsntrario, las regiones periosticaegdostica presentaban una
on the structures that form around titanium implants, clogiuesa capa de hueso de nueva formacion que se extendia sobre
to the implant surface as well as extending some distarlgesuperficie de la interfaz. Este importante crecimiento 6seo
into the surrounding bone areas (Maetwal, 2022; Ra?iu progresé hagla fuera en !a zona peridstica y hacia den.t'ro en la
et al, 2022). However, we could not find any literature thatona enddstica, lo que dio lugar a una notable expansion de la

i th f v f db truct Interfaz. Otros autores han publicado hallazgos similares, que
mentions the presence of newly formed bone structures, s ervaron que la superficie de la interfaz puede incluso duplicarse

as trabeculae and protrusions, within the medullary caviyy a1gunos casos, lo que da lugar a una apariencia de abanico.La
We believe these structures formed due to the implant beifgercion del tornillo de titanio en un orificio mas pequefio que su
inserted into a hole smaller than the screw core, which causegfleo ejerce una presion excesiva sobre el hueso, lo que afecta a
excess pressure and resulted in changes to the bone stretugihla interfaz hueso-implante. Una consecuencia de esta presion
beyond the immediate implant site. The appearance of th&Seuna disminucion de la resistencia mecanica del hueso. En

new bone structures at a distance from the implant site ¢&§Puesta, el cuerpo intenta restaurar la fuerza preoperatoria
ﬂﬁiiante la proliferacién de formaciones que fortalezcan los

be seen as adaptive structures that help restore bone strerlilﬁzJ X ) :

both near the implant and further away. | esos. Este hueso recieén forn?adlo. se gxtlende lateralmente Qgsde
a interfaz, lo que contribuye significativamente a la congestion
de la pared 6sea tanto en la region periostica como en la enddstica.

CONCLUSIONS

PALABRAS CLAVE: Proliferacion 6ésea;
Insertion of the titanium screw into a hole smalleConsolidacién; Implante de titanio.
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