
Titanium is a biomaterial of choice in the dental and 
orthopaedic implantology industry (3). When in con-
tact with air, water, or any oxygen-containing element, 
this material instantly forms a titanium oxide coating 
with an amorphous structure (10, 4, 22, 21).

Titanium falls into the category of biomaterials be-
cause it meets the primary properties of interest, such 
as biocompatibility, mechanical strength, osseointe-
gration, and also possesses antibacterial properties 
(15, 23). The term osseointegration was first used by 
Albrektsson in 1981. This term referred to the func-
tional and structural relationship between the surface 
of the implant and the tissue in which it is inserted (6).

This process of osseointegration is directly influ-
enced by a series of factors involving:

 The implant (design, surface, biocompatibility of the 
constitutive material, storage conditions, sterility, etc.)
 The implantologist (technique applied, surgeon's 

skills), adherence to working procedures, treatment 
planning, optimal selection of the type of implant ac-
cording to the type of bone, accurate anticipation of 
occlusal forces, etc.
 The quality of the bone in which the implant is in-

serted (6).
Thus, the characteristics of the implant surfaces 

and the quality of the bone determine the interface 
between bone and implant (8). Elias C.N. in 2011, and 
later Velloso G. et al. in 2019, observed that if the im-
plant is positioned in spongy bone, the bone/implant 
contact is approximately 50%, while if the bone is 
compact, the contact between it and the implant can 
be up to 90%. 

One of the essential roles on which the long-term 
success of the implant's osseointegration depends is 
played by the implant surface (2). Optimising the sur-
faces of dental implants is recognised as a key element 
for improving implant osseointegration (16). 

 Titanium and its alloys are the materials of choice 
used in the field of maxillofacial, dental, and orthopae-
dic restorations. Titanium is a biomaterial that, upon 
contact with any oxygen-containing element (air, 
water), spontaneously forms a protective amorphous 
coating with a thickness of less than 10 nm. Currently, 
new methods are being sought to enhance the osseo-
integrative capacity of titanium implants through sur-
face improvements using processes such as sand-
blasting, acid etching, the addition of bioactive coa-
tings, and anodisation. The aim of this study was to 
histologically evaluate the bone tissue response in the 
medium term after the insertion of commercially pure 
grade 4 titanium implants with acid-etched surfaces, 
compared to a surface organised into titanium dioxide 
nanotubes.The titanium dioxide nanotube surface was 
obtained through the process of electrochemical oxi-
dation (anodisation).
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 Titanul și aliajele acestuia sunt materiale de elecție 
utilizate în domeniul restaurărilor maxilo-faciale, denta-
re și ortopedice. Titanul este un biomaterial care în con-
tact cu orice element care conține oxigen (aerul, apa) 
formează spontan un înveliș de protecție cu structură 
amorfă cu o grosime sub 10 nm. În momentul actual se 
caută noi metode pentru a crește capacitatea osteointe-
grativă a implanturilor din titan prin îmbunătățiri ale su-
prafeței acestora utilizându-se procedee de sablare, de-
capare cu acid, adaosuri de învelișuri bioactive și prin 
anodizare. Scopul acestui studiu a fost acela de a eva-
lua, din punct de vedere histologic,reacția țesutului osos 
pe termen mediu, după inserarea implanturilor din titan 
tip pur comercial grade 4 cu suprafață decapată cu acid, 
comparativ cu o suprafață organizată în nanotuburi din 
oxid de titan. Suprafața cu nanotuburi din oxid de titan a 
fost obținută în urma procesului de oxidare electrochi-
mică (anodizare). 
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The physicochemical properties of the surface and 
the response of the bone tissue in which the implant is 
inserted determine the biological anchorage of the im-
plant (13, 14). Regardless of the physicochemical me-
thod applied to the implant surfaces, they can be hy-
drophilic or hydrophobic (19, 7). Rough surfaces (such 
as those that are sandblasted, acid-etched, or ano-
dised) are hydrophilic, compared to smooth structures 
that are more hydrophobic (7, 12). Hydrophilicity fa-
vours the interactions of the implant surface with cells 
and biological fluids, allowing good wettability of the 
surface (7, 20) and implicitly superior cell adhesion.

Electrochemical anodic oxidation (anodisation) is 
used to grow a uniform oxide layer on metals and in-
crease its thickness. This surface functionalisation of 
the implant has proven to play an excellent role in the 
biocompatibility of implant metals (10).

Currently, the most widespread surface of co-
mmercial dental implants is the rough surface ob-
tained by sandblasting with coarse-grained corundum 
and then acid-etched (SLA), which provides the sur-
face with hydrophilic qualities (19).

In a study on the biocompatibility of titanium dio-
xide (TiO ) surfaces, a surface organised into TiO  na-2 2

notubes was obtained through anodisation. The outer 
diameter of a nanotube is 50-60 nm, with a wall thick-
ness of 10-15 nm and a height of 100-200 nm. This 
way, the exposed titanium dioxide surface area is 
expanded approximately sixfold within the internal 
environment of the body.

The present study refers to the comparative obser-
vation of the peri-implant bone tissue response post-
insertion of two types of implants with hydrophilic sur-
faces, namely Ti CP grade 4 implants with an SLA sur-
face and implants with an anodized surface functiona-
lized with titanium dioxide (TiO ) nanotubes. All other 2

characteristics of implants used in the study were i-
dentical (material, architecture, dimensions, etc).

MATERIALS AND METHODS

The biological materials used for this experiment 
were represented by 10 adult New Zealand white al-
bino rabbits (9-10 months old), males, intact, with a 
body weight between 3.110 and 3.890 kg at the start 
of the test. For this experiment, 24 customised im-
plants with an SLA surface and 24 implants with a sur-
face functionalised with TiO  nanotubes were used. 2

The test implant, named T3 by the manufacturer, con-
sists of a cylindrical screw made of Ti CP Gr.4, with a 
length of 4.2 mm and a thickness of 2 mm, having 5 
threads and a functionalised surface.

The control implant, named T2 by the manufactu-
rer, consists of a cylindrical screw made of Ti CP Gr.4, 
with a length of 4.2 mm and a thickness of 2 mm, iden-
tical in size to the test samples.

The T2 and T3 implants were subjected to gamma 
radiation sterilisation according to specific protocols 
and kept sealed until their intended use.

The Commercial Purity Titanium (Ti CP) Gr4 im-
plants (98.4% purity – supplier Dynamet USA) were 

mechanically processed on a CNC lathe, Citizen Cin-
com L20 type. All implants underwent the sandblas-
ting process. Sandblasting was performed in an auto-
matic sandblasting system, Dentix Microblast type, u-
sing electrocorundum(Al2O3) as the blasting material.

After sandblasting, the T2 implants were subjected 
to acid etching. For the etching process, hydrochloric 
acid 36.5-38% (Sial Trading) and sulphuric acid 94-
96% (Sial Trading) were used. The anodised implants 
(T3) were produced on the automated surface treat-
ment and washing line, Dentix Nano Line type.

Finally, the implants were washed on the same line, 
following washing programs with special detergent 
and successive rinses with ultrapure water, with con-
ductivity levels of 0-2 µS/cm, followed by drying in 
HEPA (High Efficiency Particulate Air) filtered air.

The guide for conducting this experiment was ta-
ken from the standard SR EN ISO 10993 - ISO 10993-
6:2016 Annex C Tests for local effects after implanta-
tion in bone. Also considered were parts 2 (Biological 
evaluation of medical devices Part 2: Animal welfare 
requirements), 12 (Biological evaluation of medical 
devices, Part 12: Sample preparation and reference 
materials), and 15 (Biological evaluation of medical 
devices Part 15: Identification and quantification of 
degradation products from metals and alloys) from the 
10993 standard series. The animals were numbered 
according to Table 1 to maintain better data records.

Table 1
Numbering and identification of animals subjected 

to the study, according to testing duration

During the acclimatisation period (minimum 10 
days) and the experiment, the animals were housed in 
individual cages made of easily washable, durable ma-
terial, with a perforated floor to prevent contact with 
excrement. The space was properly ventilated at a 
temperature of 17-23°C. Water and food were provi-
ded ad libitum throughout the acclimatisation period 
(10 days) and the entire duration of the experiment 
(30-180 days), except for the 24-hour period before 
the surgical intervention.

Animals subjected to the implantation surgery had 
three T2 implants and three T3 implants inserted into 
their tibiae. The following implantation protocol and 
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postoperative treatment were used:
 The surgical kit is prepared, the physiodispenser, 

physiological solution source, and specific surgical in-
struments are set up.

 Animals are clinically evaluated, weighed, and 
their temperature is taken, with data being recorded.

 Animals are restrained.
 Sedation is performed by intramuscular (IM) ad-

ministration of a mixture of medetomidine (Domitor) 
0.25 mg/kg and ketamine (Ketadorm) 15 mg/kg.

 The selected area – the tibia – is prepared (hair is 
shaved, the area is disinfected, and a sterile surgical 
field is applied).

 Anaesthesia is supplemented as needed by inha-
lation of isoflurane (Isoflurane USP) 0.5-2.5%.

 A 5-7 cm incision is made on the ventral side of 
the tibia.

 Muscle fasciae are debrided.
 The tibia is exposed by periosteal stripping.
 The bone is drilled using a 2 mm drill fixed to a 

physiodispenser (SurgicXT Plus by NSK Dental) set at 
1200-1500 rpm, under physiological solution irrigation.

 Implants are inserted by screwing.
 Muscle fascia is sutured with absorbable Bicril 0.2 

thread.
 The skin is sutured with 0.2 silk.
 Atipamezole (Antisedan) 0.5 mg/kg is administe-

red IM.
Postoperative care includes:
 Oxygen therapy;
 Antibiotic therapy - Enrofloxacin 5%, 1 ml, sub-

cutaneously for 3 days;
 Analgesic therapy with Ketoprofen 5%, 0.2 ml, 

ubcutaneously, post-implantation;
 Local application of Neocaf spray.
Samples were collected after euthanising the ani-

mals. For euthanasia, animals were sedated with a 
mixture of medetomidine (Domitor) 0.5 mg/kg and 
ketamine (Ketadorm) 15 mg/kg, followed by the ad-
ministration of 2 ml of T61 intrapulmonary.

The collected samples consisted of bone sections 
(tibia) with the corresponding implant. Thus, 3 bone 
tissue samples with type T2 implants and 3 bone tissue 
samples with type T3 implants were collected from 
each animal at each testing time (one animal per tes-
ting time). The chosen testing times were: 30, 60, 90, 
120, 150, and 180 days post-implantation.

After collection, the samples underwent deminera-
lisation. This required immersing the bone tissue con-
taining the implant in an Osteodec decalcifying solu-
tion for 48 hours. After demineralisation, the implants 
were removed, and the bone tissue was embedded in 
paraffin blocks, then sectioned with a microtome into 
5-micron thick sections, stained with haematoxylin-
eosin, and examined under an optical microscope at 
200X and 400X magnification.

For each collection time, the samples were compa-
ratively evaluated: samples containing type T2 SLA 
implants and samples containing type T3 implants 
with a surface functionalised with titanium nanotubes. 
The collected samples were histologically evaluated 

for bone tissue reaction post-insertion of the titanium 
implant, with 3 bone tissue samples collected per tibia 
along with the inserted implant.

RESULTS AND DISCUSSIONS

Following the sandblasting and acid etching proce-
sses of the T2 implants, an SLA-type rough surface 
with hydrophilic capacity was obtained (Fig. 1).

  
Fig. 1. T2 implant surface (SLA) observed 
at SEM magnification 5,000X on the left 

and 20,000X on the right

Following the anodisation process, with a complex 
course of voltage and electric current, a surface struc-
tured in TiO  nanotubes (Fig. 2) with hydrophilic capa-2

city is obtained.

Fig. 2. T3 implant surface (surface 
functionalised with titanium nanotubes) 
observed at SEM magnification 5,000X 
on the left and 20,000X on the right

The implants were intraoperatively inserted as fo-
llows: T2 type on the right limb (control) and T3 type 
implants on the left limb (test material), in a number of 
3 pieces on each limb, totalling 6 implants per animal. 
During the surgical procedure, animal I2M was exclu-
ded from the study because it experienced cardio-res-
piratory shock at the time of anaesthesia, preventing 
the surgical intervention. Subject I8M was excluded 
from the study on day 5 post-implantation due to self-
mutilation. Animal I9M was excluded from the study 
because on post-operative day 3, it removed the skin 
sutures, contaminating the area and causing seconda-
ry healing. Rabbit I7M was not subjected to surgical 
intervention and was kept as a reserve animal in case 
the remaining animals in the study were insufficient to 
cover the testing times. After collecting the samples 



140                                                                                                                                                                           Rev Rom Med Vet (2024) 34 | 3

from the remaining animals in the study, following his-
tological evaluation of peri-implant bone tissue sam-
ples, the following aspects were observed (Table 2):

For the 30-day post-implantation collection:
 In the bone tissue containing T2 implants, a slight 

periosteal reaction was observed, with infiltrates of 
mononuclear cells, fibroplasia, and neoformation capi-
llaries. Granulation tissue was observed around the 
implant cap.

 In the bone tissue containing T3 implants, neofor-
mation capillaries and granulation tissue were identi-
fied around the implant collar.

For the 60-day post-implantation collection:
 Adequate osteointegration of T2 implants was ob-

served without inflammatory reaction, and haemato-
genous marrow was replaced with adipose tissue.

 The bone tissue bordering the spirals of T3 im-
plants showed evident calcium salt deposits, a normal 
aspect in the ossification process. Active osteoclasts 
were observed in the Howship's lacunae.

For the 90-day post-implantation collection:
 Fine granular calcium salt deposits were observed 

around the spirals of T2 implants, along with How-
ship's lacunae typical of bone remodelling. Uniformly 
distributed Volkmann's canals with unchanged appea-
rance were noted.

 Near the T3 implants, the bone tissue exhibited 
normal morphology without periosteal reaction.

For the 120-day post-implantation collection:
 Proper bone modelling was observed around T2 

implants with normal histological characterisation and 
no inflammatory reactions. Volkmann's canals were 
uniformly distributed and unchanged.

 There were no peri-implant reactions observed 
around T3 implants. The bone marrow showed typical 
conjunctive-adipose tissue without specific elements 
of myeloid or lymphoid cell lines.

For the 150-day post-implantation collection:
 The bone tissue bordering the spirals of T2 im-

plants showed evident calcium salt deposits, indica-
ting ongoing ossification. No myeloid or lymphoid cells 
were observed in the bone marrow.

 Near the T3 implants, the bone tissue morpholo-
gy remained unchanged.

 For the 180-day post-implantation collection:
 Perfect osteointegration was observed in the 

bone tissue containing T2 implants, with normal bone 
appearance and complete bone remodelling.

 T3 implants also showed perfect osteointegration 
with normal bone appearance and total bone remodelling.

The field of biomaterials engineering is continuou-
sly advancing, with ongoing research aimed at disco-
vering new biomaterials or improving the structure, 
architecture, surface or function of existing ones (17). 

The surface functionalised with TiO  nanotubes 2

offers promising perspectives in implantology, demon-
strating biocompatibility, osteointegration, and rege-
nerative capabilities (1, 9). 

This innovative nanostructured surface can signifi-
cantly enhance the performance and durability of me-
dical implants. Bone formation is the reaction that 
confirms osteointegration. In the current study, simi-
lar to other experiments, the biocompatibility and 
osteointegration of implants with a surface functiona-
lised with titanium nanotubes were demonstrated. 
Both types of implants (Ti CP grade 4 with SLA surface 
and anodised implants functionalised with titanium 
dioxide nanotubes) achieved complete osteointegra-
tion at 180 days.

CONCLUSIONS

Histological exam revealed the similarity in osteo-
integration stages of T2 and T3 implants across all tes-
ted individuals. In the initial stages of osteointegration 
(30-day collection), a superior tissue response was 
observed for T3 implants compared to T2 implants: a 
slight periosteal reaction with mononuclear cell infil-
tration was seen with T2 implants, while this evolution 
was not observed with T3 implants. In the medium 
term, after the insertion of CP grade 4 titanium im-
plants with a titanium oxide nanotube surface, the 
bone tissue showed normal specific organisation. For 
both types of implants, the osteointegration process 
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was complete on day 180 post-insertion. The titanium 
oxide nanotube-organised surface is at least as bio-
compatible and osteointegrative as the SLA surface of 
CP grade 4 titanium implants, with no measurable di-
fferences between the two types of implants.
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