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Abstract 

Objective This retrospective comparative study aimed to evaluate the effects of guided bone regeneration(GBR) 
on horizontal bone augmentation of the alveolar ridge in the mandibular posterior region and bone stability 
after loading for 1–2 years. We measured and analyzed the changes in alveolar ridge bone width to observe the clini-
cal effect of bone grafting. The RANK/RANKL/OPG concentration in gingival crevicular fluid around the implant 
was quantitatively analyzed and compared with that of healthy natural teeth to assess the bone condition.

Methods Fifty-two patients admitted to the Department of Implantology of Dalian Stomatological Hospital were 
selected. 22 implanted dentures of 22 patients that were repaired with soft tissue-level implants after horizontal 
bone grafting (experimental group). Thirty patients had 30 implanted dentures with the same system of implants 
without bone grafting (control group). The gingival crevicular fluid around the implant and healthy control natural 
teeth were collected via the same filter paper strip after loading for 1–2 years. The concentrations and ratios of RANKL 
and OPG were quantitatively detected via ELISA. The CBCT images taken before bone grafting, on the day after sur-
gery, 6 months after surgery, and after loading were superimposed to measure the horizontal width of the alveolar 
ridge. Measurements were taken 2 mm apical from the top of the crest at the center of the implant.

Results The average alveolar crest width in the experimental group was 3.72 ± 0.94 mm before surgery, 11.57 ± 1.44 mm 
on the day after surgery, 8.86 ± 1.37 mm at 6 months after surgery, and 7.62 ± 1.08 mm after 1–2 years of loading. The level 
of OPG in the experimental group was greater than that in the control group, and greater than that in the natural teeth; 
however, this difference was not significant (P > 0.05). The RANKL concentration in the gingival crevicular fluid of the two 
groups was similar, and the RANKL/OPG ratio of the implants in the experimental group was slightly lower than that in 
the control group; whereas the RANKL and ratio of the two groups were lower than that of the natural teeth (P > 0.05).

Conclusion GBR application in the horizontal bone augmentation of the mandibular posterior dental region has pos-
itive clinical outcomes. After 1–2 years of implant loading, the bone in the neck of the implant in the experimental 
group is slightly more active than in the control group, and may still be in the process of osteogenesis.
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Introduction
The clinical application of guided bone regeneration 
(GBR) has expanded the range of patients deemed suit-
able for dental implant treatment and has improved 
the long-term success rate and clinical results of dental 
implants. Several experimental studies have investigated 
the combination of particulate autogenous bone and 
DBBM, thereby clinically and histologically confirming 
the resultant bone quality [1, 2]. It has been reported 
that implants have been successfully implanted in the 
regenerated bone area to perform long-term function 
[3, 4]. Systematic analysis shows that the survival rate of 
implants is similar regardless of whether the implant area 
is bone grafting or not [5]. In addition, GBR technology 
increases the bone quality around the implant to ensure 
the stability of the implant system under long-term load-
ing [6]. One such method, devised by Urban, is the sau-
sage technique, which uses a 1:1 mixture of xenograft/
autogenous grafts and an absorbable collagen membrane 
fixed with titanium nails [7, 8]. Clinical studies have also 
shown that the use of the sausage technique for hori-
zontal ridge augmentation can yield satisfactory clinical 
results [7, 9, 10]. Even this technique got more bone gain 
than a conventional GBR technique [7].

Most of the current studies evaluating the bone graft-
ing technique are limited in terms of clinical and imag-
ing-based measurements of horizontal bone gain. 
Objective analyses of microfactor data are also lacking. 
The discovery of nuclear factor-κB receptor activators 
(receptor activators of NF-κB, RANK), nuclear factor-κB 
receptor activator ligands (receptor activators of NF-κB 
ligand, RANKL), and osteoprotegerin (osteoprotegerin, 

OPG) pathway activators has facilitated observation and 
elucidation of the process and mechanism of bone for-
mation and resorption (bone remodeling). Numerous 
studies have demonstrated that bone remodeling is con-
tingent upon the ratio of RANKL to OPG. Elevated levels 
of RANKL promote bone resorption, whereas increased 
levels of OPG induce bone formation [11–13].

The purpose of this study was to analyze the changes 
in bone width in the bone grafting area 1–2 years after 
implant loading via CBCT examination and to assess the 
condition of the augmented bone by measuring the con-
centration of RANK/RANKL/OPG in the gingival crevic-
ular fluid around the implants. These measurements were 
compared with those of a control group of conventional 
implant restorations.

Materials and methods
From December 2019 to June 2021, 22 patients with 22 
implant dentures were selected from the Implant Depart-
ment of Dalian Stomatological Hospital; these patients 
underwent GBR (absorbable collagen membrane com-
bined with 1:1 autogenous bone particles and xenografted 
bone replacement materials)in the mandibular poste-
rior dental area (Fig.  1). Thirty implants were included 
in the control group without bone grafting in the man-
dibular posterior region. Six months after surgery, all the 
patients in the study received Straumann soft tissue-level 
implants (Roxolid® SLActive® Straumann). The implant 
superstructure was repaired four months later. This clini-
cal study was approved by the Ethics Committee of the 
hospital (ethics review batch number: DLKQLL2021012), 
and all patients provided written informed consent.

Fig. 1 The process of guided bone regeneration. A Exposed surgical area. B Placement of absorbable collagen membrane combined with 1:1 
autogenous bone particles and xenografted bone replacement materials. C Collagen membrane fixation. D Close suture
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Inclusion criteria: 1.Age of at least 18 years old; 2. 
Absence of molar teeth in the mandibular posterior 
region; 3. Duration of 1–2 years after implant loading; 4. 
Good oral hygiene; 5. Good health and the provision of 
informed consent; 6. Complete diagnostic and treatment 
information and imaging data.

Exclusion criteria: 1. History of implants in the miss-
ing tooth area; 2. History of severe periodontitis; 3. Peri-
odontal treatment within the previous six months; 4. 
Systemic or local diseases that may damage healing or 
osseointegration (e.g., diabetes,angiocardiopathy,and 
osteoporosis); 5. Systemic condition that makes it dif-
ficult to tolerate implant surgery; 6. Use of antibiot-
ics within six months and a long history of drug use; 7. 
Heavy smoking or bruxism; 8. Pregnancy; and 9. History 
of head and neck radiotherapy or chemotherapy.

Methods
All implants included in the study were loaded for 1–2 
years. If a subject provided multiple implants, one was 
selected randomly by a toss to represent that individual. 
Gingival crevicular fluid around the implant included 
in the study and around one healthy and natural fellow 
tooth on the contralateral side were collected (if the fel-
low tooth was missing or abnormal, a nearby healthy 
natural tooth was selected). Eating and drinking were 
avoided for at least two hours before sampling. After 
plaque and tartar were removed and the wet tooth sur-
face was dried and separated, sterilized Whatman No. 3 
filter paper strips of the same size were inserted along the 
tooth surface into the buccolingual side and the proxi-
mal and distal gingival grooves; this process was stopped 
when obstructed, and the strips were removed 30 s later 
(Fig.  2). We discarded the strips if there was blood or 
saliva contamination. The collected filter paper strips 
were placed into EP tubes, which were sealed and stored 
in a refrigerator at − 70  °C until inspection. RANK, 
RANKL and OPG were quantitatively detected via 

enzyme-linked immunosorbent assay (ELISA). Defrost 
and dilute the sample at room temperature. Capture the 
target analyte on the microplate. Then warm, wash thor-
oughly, and use TMB chromogenic substrates. Absorb-
ance (OD value) was measured at 450 nm wavelength by 
a plate reader. Finally, calculate the sample concentration.

The same machine (NewTom VGi, Italy) was used to 
perform CBCT before bone grafting, on the day after 
bone grafting, at 6 months after surgery, and at 1–2 years 
after loading, using the same parameters. The data were 
imported into MIMICS software to superimpose and 
measure the width 2  mm from the crest of the alveo-
lar crest at the center of the implant (Fig.  3). The bone 
absorption rate is calculated by dividing the bone absorp-
tion width by the bone width measured on the day after 
surgery. All the above data were measured by the same 
person;each data point was measured three times, and 
the average was taken (Fig. 4).

Results
Comparison of alveolar crest bone width in the bone 
grafting area
The horizontal bone widths measured before bone graft-
ing, on the day after surgery, 6 months after surgery,and 
1–2 years after loading were 3.72 ± 0.94 mm, 11.57 ± 1.44 
mm, 8.86 ± 1.37 mm, and 7.62 ± 1.08 mm, respectively 
(Table 1). The bone widths at different time points were 
tested via paired T-tests. The results revealed significant 
differences in the horizontal bone widths of the bone 
graft areas during each measurement period (P = 0.000 
< 0.05) (Figs. 5). The bone width increased by 7.85 ± 1.63 
mm, 5.15 ± 1.30 mm, and 3.9 ± 1.02 mm, respectively. The 
absorption rate of bone graft material during the healing 
process from the day after surgery to 6 months after sur-
gery was 0.33 ± 0.16, and the total bone absorption rate 
after 12–24 months of loading was 0.49 ± 0.14 (Table 2).

Comparison between the two groups in terms 
of the RANKL and OPG levels in the natural gingival 
crevicular fluid and implant dentures
The results revealed that the level of RANKL in 
the gingival crevicular fluid in the two groups was 
similar(experimental group: 313.34 ± 107.48 pg/mL, con-
trol group: 314.13 ± 120.24 pg/mL); while the level in the 
two groups was lower than that in the natural teeth, but 
this difference was not statistically significant (P > 0.05) 
(Table 3). The level of OPG in the gingival crevicular fluid 
in the experimental group(1764.75 ± 327.89 pg/mL) was 
greater than that in the control group(1676.00 ± 379.21 
pg/mL), as well as that in the natural teeth, but this dif-
ference was not significant (P > 0.05). The RANKL/OPG 
ratio of the implants in both groups was lower than that Fig. 2 Gingival crevicular fluid sampling using sterile filter strips
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of natural teeth, and this ratio of the implanted in the 
experimental group(0.19 ± 0.09) was slightly lower than 
that in the control group(0.21 ± 0.10) (P > 0.05).

Comparison of RANKL/OPG ratios in gingival crevicular 
fluid around the implants at different loading times
The experimental group implants that were included in 
this study were in turn divided into two groups according 
to the loading time(loaded for 12–18 months or 18–24 
months)(Table  4). The independent-sample T-test was 

used to analyze the difference between the two groups 
of data. The level of OPG around the implants with 
short loading times(1776.47 ± 370.49 pg/mL) was slightly 
higher, while the RANKL levels (297.41 ± 93.91 pg/mL) 
and RANKL/OPG ratios (0.18 ± 0.08) were slightly lower 
(P > 0.05).

Discussion
With the development of guided bone regeneration 
technology, researchers have mixed two or more mate-
rials to play a complementary role. To date, most stud-
ies have focused on the mixed use of autologous bone 
and xenogeneic bone substitute materials. The reason 
why this method has a better clinical effect than simple 
guided bone regeneration is that the inclusion of autolo-
gous bone particles brings bone-stimulating growth fac-
tors and active osteoblasts to the implanted area, which 
makes them rapidly vascularized. The 1:1 ratio of sausage 
bone grafting technology advocated by Urban has been 
confirmed in numerous clinical studies to have a better 
and more reasonable effect on repairing the bone aug-
mentation width of the knife-edge alveolar ridge [8, 10, 

Fig. 3 CBCT matching measurements in different periods. A is the cross section after matching, (B) is the coronal section after matching

Fig. 4 Experimental technology roadmap

Table 1 The width of horizontal bone in different periods (n = 
22, unit:mm)

Minimum Maximum Mean Standard 
deviation

Before bone grafting 1.81 5.32 3.72 0.94

On the day after surgery 8.66 13.82 11.57 1.44

6 months after surgery 6.71 11.89 8.86 1.37

1–2 years after loading 5.64 9.88 7.62 1.08
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14]. A comparative test between sausage bone grafts and 
GBR [7] revealed that the horizontal bone increment of 
the former was 5.3 ± 2.3 mm after 6 months of healing, 
whereas the horizontal bone increment of the latter was 
only 2.7 ± 1.8 mm. In our study, we used the sausage bone 
grafting technique. A total of 22 implants were included 
in the experimental group, and the retention rate of the 
implants was 100% after 1–2 years of reexamination after 
loading. The average bone width before surgery was 3.72 
± 0.94 mm, 11.57 ± 1.44 on the day after bone grafting, 
and 8.86 ± 1.37 mm after 6 months of healing. Similarly, 
Silvio et al. [9], reported that the average horizontal bone 
width increased by 5.03 ± 2.15 mm from the level of the 
alveolar crest up to 7 months after bone graft healing.

Regarding the resorption rate during repair of the 
knife-shaped alveolar ridge, the bone absorption rate 
during the healing of the bone graft area in this study was 

0.33 ± 0.16, which was slightly higher than that reported 
in the study of Helene M et  al. (0.29) [7]. One reason 
was the oppressive influence of muscle activities and the 
physiological structure and limitations of the materials 
used; another reason is that bone reconstruction is a con-
tinuous dynamic process, and therefore, slight variations 
may be related to small differences in the recovery time 
during healing.In addition, maxillary teeth were included 
in most of the above studies, and previous studies have 
shown that there is a difference in the healing speed of 
the upper and lower jaws [15]. Previous studies have 
shown good bone augmentation results; the researchers 
hypothesized that these bone gains are due to the com-
position of the granular grafts used in the study (a 1:1 
mixture of granular autografts and DBBM), as xenografts 
slow the uptake of autografts and promote an increase in 
volume [14, 16]. Moreover, a meta-analysis reported that 

Table 2 Width changes (mm) and absorptivity of horizontal bone in different periods in bone grafting area (n = 22)

Minimum Maximum Mean Standard 
deviation

Bone augmentation on surgery day 3.34 10.20 7.85 1.63

Bone augmentation 6 months after surgery 3.29 7.69 5.15 1.30

Bone augmentation after loading 2.72 6.22 3.90 1.02

Bone resorption rate at 6 months 0.01 0.62 0.33 0.16

Total bone resorption rate after loading 0.08 0.68 0.49 0.14

Fig. 5 Horizontal bone width of bone graft area at different periods (n = 22, unit:mm)
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bone resorption via xenografts was lower (11.6%) than 
that via autografts alone [17]. In addition, Amorfini’s and 
Gultekin’s studies reported similar results, with a positive 
correlation between graft volume and graft absorptivity 
when a 1:1 mixture of granular autografts and DBBM 
was used [18, 19]. However, unlike the other studies, the 
present study did not reveal a correlation between graft 
volume and graft material absorption during healing 
[20]. We believe that the bone formation volume of the 
jaw is not completely proportional to the amount of bone 
graft, and the calculation of the resorption rate is closely 
related to the amount of bone graft on the day of surgery; 
thus, the resorption rates calculated by various experts 
differ. On the basis of the results from the above men-
tioned Urban study, the absorption rate is likely to be sta-
ble regardless of the amount of transplanted material [7].

Both the dynamic stability of bone and bone remod-
eling are joint effects of osteogenic activity and osteo-
clastic activity, or they balance each other, or one side 
is more active. Numerous studies have confirmed that 
the RANK/RANKL/OPG system plays an important 
regulatory role in alveolar bone metabolism and remod-
eling and that the expression level and site affect bone 
resorption and bone formation [21–23]. RANKL plays 
an important role in the maturation and activation of 
osteoclasts.The only cell surface receptor activator of 
RANKL RANK. OPG, a soluble decomposing recep-
tor, is an inhibitor of RANKL, and the two proteins have 
opposite effects on bone turnover. OPG binds to the 
activator of the RANKL receptor and reduces the bind-
ing of RANKL to RANK, thereby inhibiting the osteo-
clast process and promoting osteogenesis. In the study 
of orthodontic tooth movement, Yamaguchi, M et  al. 
reported that RANK-RANKL plays a central role in bone 

resorption [24]. In addition, H.Tanaka et  al. confirmed 
that the expression of RANKL/OPG was the key fac-
tor in bone formation and bone resorption during bone 
remodeling [25]. Therefore, the total RANKL/OPG ratio 
may be a reasonable indicator that explains the results of 
studies on the biological activity of these biomarkers as 
indicators of tissue change. Multiple studies have shown 
that a high RANKL/OPG ratio promotes osteoclast activ-
ity and subsequent bone loss, suggesting a tendency for 
bone resorption in patients; a low RANKL/OPG ratio 
leads to osteogenesis and subsequent bone remodeling, 
suggesting a tendency toward osteogenesis in patients 
[26–28]. Reducing RANKL expression or regulating the 
RANKL/OPG ratio is an effective strategy to prevent 
alveolar bone resorption and promote bone formation. 
In tissue engineering therapy, the RANKL/RANK/OPG 
signaling pathway can be directly and locally promoted 
to induce osteogenic differentiation to enhance the for-
mation of new bone [29, 30]. In vitro experiments, Qu Z, 
et al.and Toledano-Osorio M, et al. all found that stimu-
lating osteoblast-like cells on the surface of the implant 
led to alkaline phosphatase activity and osteocalcin pro-
duction of cells were increased, while OPG/RANK ratio 
increased significantly [31, 32]. In the mouse experiment, 
Akiyama et al. inhibited the expression level of RANKL 
and increased the expression level of OPG in mouse pri-
mary osteoblasts to prevent cell differentiation into oste-
oclasts and bone resorption [33]. In the clinical study, the 
RANKL/OPG ratios for healthy implants were 0.10 ± 0.09 
and 0.08 ± 0.08 for smoking and non-smoking [34]. The 
dates are lower than the results of our study. On the one 
hand, we did not compare smoking and non-smoking 
groups, and there is a dependent relationship between 
ratios and the amount and length of the smoking habit. 
On the other hand, the small sample size could be a 
limitation of our study. At present, most studies report 
results at the diseased sites of periodontal, and there is 
little information about the biomarkers in healthy peri-
implant fluids. In addition, studies have shown that a 
certain amount of bone remodeling occurs at the begin-
ning of the load on the alveolar crest in the neck of the 
implant restoration, as do changes in cytokine levels 
[35]. Therefore, in our study, the experimental group 

Table 4 Comparison of RANKL/OPG in gingival crevicular fluid 
around implants in the experimental group at different loading 
times(unit:pg/mL)

Project 12–18 months(n = 10) 18–24 months(n = 12) p

RANKL 297.41 ± 93.91 326.61 ± 120.07 0.539

OPG 1776.47 ± 370.49 1754.99 ± 304.49 0.883

RANKL/OPG 0.18 ± 0.08 0.20 ± 0.10 0.570

Table 3 Comparison of RANKL, OPG and ratio in gingival crevicular fluid around implant and natural teeth between the two 
groups(pg/mL)

Project Experimental group Control group

Implant tooth(n = 22) Natural tooth(n = 22) P Implant tooth(n = 30) Natural tooth(n = 30) P

RANKL 313.34 ± 107.48 360.83 ± 90.12 0.120 314.13 ± 120.24 356.90 ± 98.61 0.137

OPG 1764.75 ± 327.89 1684.60 ± 242.47 0.362 1676.00 ± 379.21 1683.81 ± 367.77 0.936

RANKL/OPG 0.19 ± 0.09 0.22 ± 0.07 0.216 0.21 ± 0.10 0.22 ± 0.09 0.479
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was compared with the control group and natural teeth. 
The results indicated that the RANKL level in the gin-
gival crevicular fluid of the two groups appeared similar 
to that of the natural teeth, while the OPG level in the 
experimental group tended to be higher than that in 
the control group and natural teeth, although this dif-
ference was not statistically significant. The RANKL/
OPG ratios of the implants in both groups all tended to 
be lower than that in the natural teeth,while the ratio of 
the implants in the experimental group was lower than 
that in the control group, although the differences were 
not statistically significant. Therefore, we believe that 
the osteogenesis process may still be ongoing after 1 to 
2 years of loading of the implant in the bone graft area. 
We also compared implants loaded for 12–18 months 
with those loaded for 18–24 months and found that the 
OPG levels were slightly higher around implants that 
were loaded for a shorter period and were greater than 
those of healthy natural teeth. The RANKL concentration 
and the RANKL/OPG ratio were slightly lower. In addi-
tion, we also quantitatively measured the levels of several 
inflammatory factors around the implants and performed 
routine clinical periodontal examinations [36]. There was 
no significant difference between the experimental group 
and the control group. The stability of the surrounding 
soft and hard tissue was very similar to that of healthy 
natural teeth when the control group implant was loaded 
for 12–24 months. However, the levels of IL- 1β, IL- 6, 
TNF-ɑ and MMP- 8 in the experimental group were 
slightly greater than those in the control group, which 
indicated that the peri-implant bone remodeling in the 
experimental group was to some extent more active than 
that at the control group. Therefore, we hypothesized 
that osteogenic activity was more active in 18 months 
after loading, and decreased after 18 months, but it was 
still weakly exist. Further investigation should include 
expanding the sample size, increasing the measurement 
time point for the gingival crevicular fluid, and increasing 
genetic testing to confirm the diagnosis and prognosis.

Conclusion
The application of GBR with 1:1 autogenous bone and 
xenogeneic bone replacement material in the horizontal 
bone augmentation of the mandibular posterior dental 
region has achieved positive clinical outcomes. At least 
in part, after 1–2 years of implant loading, the bone 
in the neck of the implant in the experimental group 
appears to be slightly more active than in the control 
group and may still be in the process of osteogenesis. We 
recommend the following clinical guidelines: 1). mini-
mize the bite force and lateral force at the beginning of 
the implant loading process, especially in the bone graft 

area, and 2). regularly monitor the health of the soft and 
hard tissues.
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