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Abstract: Aim: Study aimed to test whether implants inserted in posterior mandible sites augmented
with screw-guided bone regeneration (S-GBR) technique differ from implants placed in non-grafted
sites regarding the success and survival rate. Materials and Methods: 20 edentulous patients (mean
age 59.45 + 15.220) were divided in a test group (S-GBR) (immediate implants placed simultaneously
with grafting procedures) and control group (implants placed in naturally healed sites). Primary
outcomes (implants success; implants survival) and secondary outcomes (clinical parameters of soft
tissues: mPI; mGI; probing depth; keratinized mucosa; marginal-bone-level) were evaluated at 24-
months follow-up. Results: Plaque levels were higher (p = 0.046) in S-GBR group (0.97 + 0.882 mm)
when compared with control (0.66 + 0.695 mm). Keratinized mucosa width was higher in S-GBR
group (4.13 + 1.033 mm) than control (3.34 + 0.821 mm) (p = 0.000) Probing depth (PD) width was
higher in S-GBR group (3.50 + 1.372 mm) than control (2.56 + 1.332 mm) (p = 0.000). mGI was higher
among implants placed in S-GBR group (0.90 + 1.020 mm) than control (0.56 + 0.794 mm) (p = 0.061).
The difference between the average bone loss (MBL) for implants placed in grafted sites (Group S-
GBR: 2.20 + 1.867 mm) and for those placed in naturally healed sites (Group B: 1.09 + 1.678 mm) was
statistically significant (p = 0.000). The overall implant success rate after 24-month follow-up was
76.7% in S-GBR group and 90.6% in control group (p = 0.001). The survival rate after 24-month fol-
low-up was 86.7% in S-GBR group and 93.8% in control group (p = 0.182). The reconstruction of the
alveolar bone using S-GBR technique and immediate implant placement is a valid guided bone re-
generation strategy for mandibular alveolar bone with severe horizontal resorption. The choice of
S-GBR technique should be based on specific indications as implants placed in grafted sites recorded
worse marginal success rate, survival rate and bone resorption than those placed in non-grafted
sites.

Keywords: rate; survival rate

1. Introduction

The implant-prosthetic treatment of partially edentulous patients has become in last
20 years a routine treatment procedure with reliable functional and esthetic results. De-
spite the evolution of implant dentistry, severely resorbed posterior mandible, due to per-
iodontal disease or natural atrophy, remains a challenge even for experienced clinicians.
A functional and stable mandibular implant-prosthetic restoration in posterior area can
be compromised in the long term due to shape and orientation of the residual alveolar
bone, improper sagittal intermaxillary relationships as well as the presence of mandibular
inferior nerves. These clinical situations require the enhancement of the alveolar bone
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volume and quality for long-term success of the implant-prosthetic therapy. However, the
high density and low vascularization of the mandibular cortical bone can hinder an effec-
tive grafting on the mandible body or regeneration processes of some bone chambers [1].

A various range of bone regenerative bone have been proposed to create conditions
for long term success of the implant-prosthetic restorations in mandible posterior areas
(guided bone regeneration (GBR), distraction osteogenesis, alveolar ridge splitting tech-
niques, bone expansion techniques, bone grafting techniques) [2,3]. Every surgical tech-
nique has advantages and disadvantages, but specialists should give priority to those pro-
cedures which are easy-to-use (according to the practical experience of the clinician), less
invasive, have lower risk of complications, and allow osteointegration of dental implants
within the shortest post-operatory time [4]. Data are controversial regarding the success
rate on medium and long term due to low quality of methodology (poor sample size, un-
defined success criteria, short-term follow-up) [4]. A scientifically validated opinion on
which is the best technique and grafting materials is hard to obtain, especially in posterior
mandible area. Due to vertical and horizontal bone resorption, augmentation procedures
require a minimal surgical technique aiming to avoid soft tissue dehiscence above the
bone regeneration compartment. The use of minimally invasive tunneling technique in
the reconstruction of horizontally bone defects is associated with difficulty in the posi-
tioning and maintenance of the grafted bone in coronal position to increase the area of the
peri-implant soft tissues [5]. The success of the lateral ridge augmentation depends on the
experience of operator and by ability to stabilize and maintain the graft at the alveolar
crest. In large alveolar defects the maintaining of the stability of the grafted areas becomes
even more difficult when using this technique [5]. The success of GBR techniques is more
predictable when used to patients with mild to moderate horizontal alveolar bone resorp-
tion and small edentulous span that allows simultaneous placement of implants. Variants
of GBR techniques that use tenting mechanisms can prevent collapse of the soft tissues
and bone resorption [5]. Considering these issues, we focused our research on a particular
technique used in our dental practice that allows us to obtain excellent results for man-
dibular edentulous patients with mild-to-moderate atrophy of alveolar bone [6,7]. Screw-
guided bone regeneration (S-GBR) is a technique derived from GBR that uses a membrane
that delimitates the regenerative bone compartment supported by osteosynthesis screws
or dental implants [7]. S-GBR is mostly recommended to the lateral augmentation of the
mandibular alveolar bone with moderate or severe horizontal resorption, by using a com-
bination of autograft, xenograft, resorbable or non-resorbable membranes. The significant
difference between S-GBR technique and other techniques used in the horizontal augmen-
tation of the alveolar crest is the system used for the maintenance of the regenerative bone
space (osteosynthesis screws as space holders, pericardium membrane to protect the graft
material from soft tissue invasion), with lower rate of complications. The other techniques
use non-resorbable titanium-, zirconium-, or titanium-reinforced membranes (with poten-
tial for wound infection following the exposure of e-PTFE membranes) or resorbable
membranes (poor space-making ability, fast degradation) [8].

Study aimed to test whether implants inserted in posterior mandible sites augmented
with screw-guided bone regeneration (S-GBR) technique differ from implants placed in
non-grafted sites regarding success rate, survival rate, interproximal marginal bone level
(MBL), and clinical parameters of peri-implant soft tissues.

2. Materials and Method
2.1. Patient Selection and Study Design

The prospective cohort study was conducted at Implant Institute Térok (Nuernberg,
Germany) between December 2017 and December 2020. The study adhered to the ethical
values of the Declaration of Helsinki and received approval of ethics committee of U.M.F.
“Grigore T.Popa” lasi (Romania) (Nr. 10833) Among the patients who visited the dental
clinic, 20 edentulous patients (mean age 59.45 + 15.220) were selected (Table 1). All
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patients involved in study received information about the objectives of the research and
gave informed consent. Inclusion criteria (test group) were age >18 years; partially eden-
tulous posterior mandible; severe horizontal resorption of ridges; treatment with fixed
implant-supported prosthesis. Additional inclusion criteria for control group: alveolar
bone of minimum 10 mm length and minimum 3.8 mm diameter. Exclusion criteria were:
insufficient alveolar bone for implant-prosthetic therapy; history of untreated periodontal
disease; history of smoking; decompensated metabolic diseases; pregnancy; history of
bisphosphonates therapy; severe bruxism; non-collaborative patients.
The selected patients were grouped as follows:
e  Test group (n = 10; 30 implants): simultaneous implant placement with ridge aug-
mentation by S-GBR technique.
e Control group (n =10; 32 implants): implant placement in naturally healed sites (non-
grafted).

The components of the study design (population, intervention, comparison, out-
comes) are presented in Table 2.

Table 1. Characteristics of test and control group.

Test Group Control Group Total
(S-GBR Sites) (Non-Grafted Sites)
N of subjects (Ns) 10 10 40
N of sites (Ni) 30 32 124
Mean age (range) (62.30 + 16.059) (56.60 +14.159) (59.45 + 15.220)
Gender
Men, Ns (Ni) 4 (12) 6 (18) 10 (30)
Women, Ns (Ni) 6 (18) 4(14) 10 (32)

N, number; Ns, number of subjects; Ni, number of sites (implants).

Table 2. PICO study design.

Component

Description

Population (P)

Mandibular edentulous patients requiring bone grafting and dental implants

Intervention (I)

Augmentation of alveolar bone by S-GBR technique.
Immediate implant placement in grafted sites

Comparison . .
(pC) Implant placement in non-grafted sites
Primary outcomes: implants success; implants survival
Outcomes .. . . .
©) Secondary outcomes: clinical parameters of soft tissues: mPI, mGI, probing depth (mm), keratinized mucosa (mm),

occurrence of peri-mucositis/peri-implantitis (%); marginal-bone-level (MBL) (mm);

2.2. Surgical Procedures

The same surgeon (T.R.), with over 20 years of experience, performed alveolar aug-
mentation and implant procedures. For all patients, systemic antibiotics were given
prophylactic preoperatively and at 4 days postoperatively. The procedures of dental im-
plants insertion for test group and control were as follows:

(a) Dental implants placement simultaneously with alveolar augmentation by SGBR
technique (xenograft, or a mixture with autogenous bone; porcine collagen mem-
brane) (test group);

(b) Standard dental implants placement (control group).

The surgical protocol of S-GBR technique and immediate implant placement is de-
scribed in Table 3.



Appl. Sci. 2021, 11, 6054 4 of 13

Table 3. Operative protocol in S-GBR technique and immediate implant placement.

No. Procedure Instruments and Materials Role
1. Local anesthesia Ultracain DS-Forte (Sanofi, Paris, France) ~Comfort of patient and operator
2. Full-thickness ﬂapsaiz‘;he resorption bone DeveMed GmbH, (Tuttlingen, Germany) Opening of the surgical field
3 Immediate implants insertion (3.5-4.5 mm  BioSTI implants (Tafers, Switzerland)
' diameter, 10-13 mm length) Dentium implants (Seoul, South Korea)
. o AesculapAG Promotion of tension-free closure of
4. Periosteal incisions on the flaps .
(Tuttlingen, Germany) the flaps
Insertion of the osteosynthesis screws (1.5 fmplantology kits
mm diameter, 8 mm length) on the buccal . . Maintenance of the space for the
> face of the alveolar bone (45° angle to the al- Synthes GmbH, (Zuchwil, Switzerland) grafted area
DeveMed GmbH, (Tuttlingen,Germany)
veolar crest)
Covering of the exposed implant bone sur- Isolation and protection of the graft
face area with a small layer of autologous Xenograft CompactBone, (Dentegris ~ from the gingival tissue. Stimulation
bone, followed by the placement of xenograft GmbH, Rheinberg, Germany) of the gingival healing. Protection of
6. adjacent to the head of osteosynthesis Porcine pericardial tissue membrane  the surgical site from gingival dehis-
screws. BoneProtect Membrane (Dentegris cence during the next 3-4 months
Covering of the grafted area with a resorba- GmbH) and Reconstruction of the lateral re-
ble collagen membrane sorbed bone area
. . Non-resorbable sutures (polypropylene Protection of grafted bone and peri-
7 Suture of the surgical site 5.0, Hu-Friedy, ChicaEgpo, IyLI:,’ Ugi) im}flant tissues F
Post-operati've care (7 days.): ant'ibiotherapy, Augment'in 625 mg, C?laxoSmithKlin? Control of post-operative pain and
8. analgesics, rinse of oral cavity with chlorhex- Pharma, Vienna, Austria) and analgesics inflammatory processes
idine 0,5% (Ibuflam 600, Zentiva, Lichtenstein)
9 Removal of sutures at 9-11 days after the
’ surgical intervention
Second stage surgery: removal of the osteo-
10.  synthesis screws at 4 months after the surgi-

cal intervention

Prosthetic loading was carried out after 14-16 weeks following implants placement
in the mandible. Each patient was included in a maintenance program consisting of oral
hygiene and recall visit every 6 months.

Clinical and CBCT aspects of patient from the test group, describing the stages of S-
GBR technique and implant-prosthetic stage, are presented in Figures 1-11. CBCT exam
allows the evaluation of the horizontal alveolar bone defect and the position of the man-
dibular alveolar nerf (Figure 1A,B). Figure 1C,D show cross-sectional CBCT aspects of the
implant sites. Figure 2 shows the narrowed mandibular alveolar bone with horizontal re-
sorption. Figure 3 shows the exposed buccal surface of the alveolar ridge with severe hor-
izontal resorption, after flap opening. The inserted implants (4.5 mm diameter, 11.5 mm
length) and osteosynthesis screws (45° from the occlusal plan) are shown in Figure 4A.
The placement of graft (autologous bone and xenograft) and collagen membrane is shown
in Figure 4B. Figure 5A shows tension-free sutures, due to periosteal incisions alveolar
ridge. Figure 5B shows clinical aspect at 7 months after surgery, with gingival tissue ad-
herent on the reconstructed alveolar ridge. Figure 6 shows OPG aspect at follow-up of 7
months, with osseointegration of the dental implants. Figure 7A shows clinical aspect be-
fore osteosynthesis screws removal. Figure 7B shows clinical aspect after osteosynthesis
screws removal. Figure 8A shows healthy peri-implant soft tissues. Figure 8B shows re-
positioning key for perfect position of abutments. Figure 10A,B show clinical aspects of
implant-supported prosthetic restoration. Figure 11A,B show CBCT aspects of Osseo in-
tegrated dental implants at 24 months follow-up.
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Figure 1. (A,B) Pre-operative CBCT aspects. (A) Narrow residual alveolar ridge. (B) Analysis of the mandibular nerve
position. C, D. Pre-operative CBCT aspects (cross-sectional).

Figure 3. Intra-operative clinical aspect after flap opening.
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Figure 4. (A,B) Intra-operative clinical aspects. (A) Clinical aspect of the inserted implants and osteosynthesis screws. (B)
Clinical aspect of the graft material and collagen membrane placed to delimit the future bone regeneration compartment.

Figure 5. (A,B) Follow-up of the S-GBR surgery. (A) Tension-free sutures. (B) Clinical aspect at 7
months post-surgery.

Figure 6. OPG aspect at follow-up of 7-months.
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Figure 7. (A,B) 7-months follow-up of S-GBR surgery. (A) CBCT shows 2 mm bone around implants. (B) CBCT shows
reduced bone resorption in the coronal area of implants.

Figure 8. (A,B) Clinical aspects at the second stage surgical session. (A) Aspect before screw removal. (B) Aspect after
screw removal.

Figure 9. (A,B) Post-operative clinical aspects 3 weeks after second stage surgery. (A) Healthy
peri-implant soft tissues (B) The repositioning key of abutments.
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Figure 10. (A,B) Final prosthetic stage. (A) Titanium Abutment (B) Cemented metal-ceramic
crowns.
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Figure 11. (A,B) CBCT aspects (cross-sectional) of osseointegrated implants at 24-months follow-

up.

2.3. Results Analysis

The clinical and radiographic analysis of the parameters related to the primary out-

comes and secondary outcomes was performed by one investigator (T.B) at 24-months
post-loading. Criteria for the success of S-GBR grafting procedure were: absence of fistula,
flow out from mucosal dehiscence of the particles of the graft material, or the chronic in-
flammation. Buser criteria, used to define the implant success, are as follows: the absence
of pain, the absence of implant mobility, the absence of recurrent peri-implant infection,
the absence of peri-implant radiolucency at 6 months and 24 months post-loading [9].

1)

(2)
®)

1)

)
©)

Diagnostic of peri-implant mucositis [10,11]:

Clinical inflammation signs (erythema, swelling, bleeding on probing at force not
overpassing 0.25 N, and/or suppuration) [12]

Mild increase of probing depth.

Absence of peri-implant bone loss (after post-loading stage of bone remodeling).

Diagnostic of peri-implantitis [10,11]:

Clinical inflammation signs (erythema, swelling, bleeding on probing and/or suppu-
ration);

Probing depth >3 mm, and/or recession of the mucosal margin.

Loss of peri-implant bone >3 mm (from implant shoulder).

Indices mPI and mGI were used to evaluate the status of the peri-implant soft tissues

(Tables 4 and 5) [13-15]. Probing Depth (PD) (mm) was evaluated with periodontal probe
(Click-Probe®, Kerr, Bioggio, Switzerland).
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Keratinized Mucosa (KM) (mm) was measured with periodontal probe (Click-
Probe®, Kerr) as the distance between the mucogingival junction and the most coronal
point of the keratinized mucosa in the center of the implant-prosthetic restoration

The marginal bone loss at buccal area (MBL) at 24-months follow-up was measured
on CBCT as the distance between the connection implant-abutment and the peri-implant
MBL.

Table 4. mPI Indice (peri-implant bacterial plaque accumulation).

Score Description

0 Undetected bacterial plaque

1 Bacterial plaque detected by peri-implant probing
2 Bacterial plaque detected by visual inspection

3 Peri-implant abundant white materia

Table 5. mGI Indice (peri-implant soft tissues status).

Score Description
0 No bleeding when the periodontal probe is passed along the peri-implant mucosal
margin
1 Isolated bleeding spots
Bleeding line on mucosal margin
3 Heavy bleeding; profuse bleeding

2.4. Statistical Analysis

Using the statistical software G*Power (Version 3.1.9, Heinrich-Heine-University,
Diisseldorf, Germany), a sample of 9 subjects in each group was calculated as minimum
number required to determine a significant statistical difference in marginal bone level
loss, success rate and survival rate of implants (80% power, 5% confidence level). Consid-
ering a dropout rate of 10% during the study period, 10 subjects were included in each
group.

The frequencies distributions were calculated for qualitative variables, while the av-
erages and standard deviations for the quantitative ones. The normality of data distribu-
tion was checked by Shapiro-Wilks test. The comparison of the quantitative variables be-
tween test group and control was performed by using t-test and Mann-Whitney test. The
comparison of the qualitative variables between test group and control was performed by
using Chi-squared test. The significance level was set at p < 0.05. Statistical analysis was
performed using SPSS version 27.0 for Windows (IBM, Armonk, NY. USA).

3. Results

Plaque levels (mPI) were significantly higher (p = 0.046) in S-GBR group (0.97 + 0.882
mm) when compared with control (0.66 + 0.695 mm) (Table 6).

Keratinized mucosa width (KM) was higher in S-GBR group (4.13 + 1.033 mm) than
control (3.34 + 0.821 mm), with statistically significant differences (p = 0.000) (Table 6).

Probing depth (PD) width was higher in S-GBR group (3.50 + 1.372 mm) than control
(2.56 = 1.332 mm), with statistically significant differences (p = 0.000) (Table 6).

Modified gingival index (mGI) was higher among implants placed in S-GBR group
(0.90 + 1.020 mm) than control (0.56 + 0.794 mm), although differences were not statisti-
cally significant between groups (p-0.061) (Table 6).

The difference between the average bone loss (MBL) for implants in Group S-GBR (2.20
*1.867 mm) and for implants placed in non-grafted sites (Group B: 1.09 + 1.678 mm) was
statistically significant (p = 0.000) (Table 6).

The success rate and the survival rate were higher for control when compared with
S-GBR group after 24-months follow-up (Table 7).



Appl. Sci. 2021, 11, 6054

10 of 13

The overall implant success rate at 24-month follow-up was 76.7% in S-GBR group
and 90.6% in control group, with significant differences between groups (p = 0.001).

The survival rate after 24-month follow-up was 86.7% in S-GBR group and 93.8% in
control group, without statistically significant differences although differences between
groups (p = 0.182).

Table 6. Clinical parameters and radiographic results at 24-months follow-up.

S-GBR Group Control p-Value
Mean Plaque Index (mPI) (mm) 0.97 + 0.882 (SD) 0.66 + 0.695 (SD) 0.046 *
Keratinized mucosa (KM) 4.13+1.033 (SD) 3.34 +£0.821 (SD) 0.000 **
Probing Depth (PD) (mm) 3.50 +£1.372 (SD) 2.56 +1.332 (SD) 0.000 **
Mean mGI 0.90 +1.020 (SD) 0.56 + 0.794 (SD) 0.061
mGl (scores)
Score 0 43.3% 56.3%
Score 1 36.7% 37.5% 0.075
Score 2 6.7% 0.0%
Score 3 13.3% 6.3%
MBL (mm) 2.20 +1.867 (SD) 1.09 +1.678 (SD) 0.000 **

* Statistically significant, p < 0.05; ** Statistically highly significant, p <0.01.

Table 7. Success rate and survival rate at 24-months follow-up.

S-GBR Group Control p-Value
Success rate 76.7% 90.6% 0.001 **
Survival rate 86.7% 93.8% 0.182

* Statistically significant, p < 0.05. **Statistically highly significant, p <0.01.

4. Discussion

This study compared clinical and radiographic parameters of the implant-supported
fixed restorations, following immediate implants placement in sites grafted by the S-GBR
technique.

A condition of the implants success rate when placed in grafted sites is the absence
of post-operatory early complications due to exposure or improper stabilization of bone
graft as well as to post-operatory infection. In our study, post-grafting complications, that
could interfere with implants osseointegration processes, were absent. The absence of the
risk factors (due to the selection criteria of patients) could contribute significantly in max-
imizing the rate of the grafting procedures success [16]. However, Dastaran et al. found
that the implant survival rate is not influenced by alveolar bone augmentation, despite
higher complications rate for implants inserted in sites with vertical and horizontal re-
sorption [17]. The S-GBR technique was performed using mixed grafts (autologous bone
and bovine bone). Based on reviewed studies, with a follow-up of minimum 3-5 years,
Ellakia et al. recommend the replacement of allografts and xenografts with autologous
bone in the implant sites with medium and severe bone resorption [18]. Xenografts can
delay bone formation in comparison to the naturally healed sites, but also preserve the
alveolar ridge and stimulate bone formation as to enable placement of implants with high
success rate in mandibular implant-prosthetic restorations [19]. Our study investigated
the success rate and survival rate of immediate implants placed in alveolar bone recon-
structed by S-GBR technique. Immediate implant placement simultaneously with alveolar
bone grafting had been well investigated in some systematic review. One study reported,
at 20-months follow-up, the absence of statistically significant differences regarding vari-
ous clinical parameters of the peri-implant soft tissue and peri-implant marginal bone
loss, between the immediate implants and delayed implants [20]. In our study we found
higher probing depth (p = 0.000), mGI index (p = 0.061), and average bone loss (p = 0.000)
for immediate implants placed in grafted sites, when compared with naturally healed sites
at 24-month follow-up. However, implant placement simultaneous with horizontal ridge
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augmentation is recommended when possible as implant survival rates are similar to sub-
sequent implant placement [21]. We found after 24-months follow-up an implant success
rate of 76.7% in S-GBR group, while the survival rate was 86.7%. The statistical analysis
revealed the lack of significant statistical differences regarding the survival rate, but sta-
tistically significant differences for success rate when comparing S-GBR sites and non-
grafted sites. According to a comprehensive review of studies, implants placed with GBR
techniques had a mean 95.5% rate of survival for follow-ups of 5-74 months [22]. The
survival rate of the implants inserted in augmented sites, irrespective of the surgical tech-
nique, ranged from 91.7% to 100%, while survival rates for non-grafted sites ranged be-
tween 93.2% and 100% at follow-up periods of 1-5 years [23]. A review of studies with 1-
3 years follow-up, found non-significant changes of peri-implant soft tissues clinical pa-
rameters and marginal bone levels, when lateral bone augmentation techniques are used
[24]. The implant survival rate for the alveolar bone submitted to lateral ridge augmenta-
tion was 97% to 100% at 6—~12 months of follow-up [25].

At 24 months follow-up the probing depth and the peri-implant marginal bone loss
are higher than control group. This result is correlated with higher resorption rate of the
augmented alveolar area when compared with the implants placed in naturally healed
alveolar bone. However, S-GBR is an augmentation technique with very low rate of com-
plications [7]. The only complication could be the exposure of the osteosynthesis screw,
managed by taking out the screw without any need of anesthesia.

An interesting research issue would be the comparison of the results obtained with
S-GBR technique and immediate implantation when used in combination with different
graft materials. Further studies will be published by our research group to report the in-
fluence of the graft material on the success and survival rate of dental implants placed in
mandibular alveolar bone.

S-GBR technique is an easy method to regenerate the bone around implants and can
be used in the daily work by every practitioner. The big advantage of this method is the
low complication rate and the protection offered by the osteosynthesis screws to the aug-
mented side against the compression forces in the oral cavity.

The comparison and interpretation of the results with those reported by literature
must be done with caution as various factors impact the long-term success of the implant-
prosthetic restorations [26-29].

Literature data is scarce in studies investigating the results of the implant-prosthetic
treatments in simultaneous approach (augmentation technique combined with immediate
implantation). Also, the success of the dental implants following immediate implantation
in mandibular sites reconstructed with S-GBR technique, was not yet investigated.

Further studies can highlight the benefits and limits of this augmentation technique
and can establish specific clinical situations when this technique can be recommended.

The limitations of this study are related to insufficient follow-up which is not enough
to establish long-term survival rate of the implants, low sample size, and possible subjec-
tive bias of the investigators.

5. Conclusions

The reconstruction of the alveolar bone using S-GBR technique and immediate im-
plant placement is a valid guided bone regeneration strategy for mandibular alveolar
bone with severe horizontal resorption. The selection of S-GBR technique should be based
on specific indications as implants placed in grafted sites recorded worse marginal success
rate, survival rate and bone resorption than those placed in non-grafted sites.
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