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Abstract
Objective  To evaluate the accuracy and clinical effect of immediate implant placement(IIP) using real-time dynamic 
navigation in the posterior maxilla with alveolar bone defects.

Methods  A total of 55 patients with 72 implants placed in the posterior maxillary region with alveolar bone defects 
were retrospectively analyzed between January 1, 2021, and October 31, 2024. The study was divided into two groups, 
navigation group and freehand implant group.The preoperative planning implant data and postoperative CBCT data 
of the actual implant were imported into the dynamic navigation accuracy verification software, and the deviations 
of the actual implant neck, root, depth and angle were calculated and reported. Clinical indicators including implant 
deviation, initial stability, implant success were recorded.

Results  There were 38 implants in the navigation group and 34 in the freehand group. All implants were successfully 
placed without serious complications such as perforation of the maxillary sinus mucosa. The initial stability of the 
implant in the navigation group was (28.53 ± 5.81)N.cm and (18.47 ± 3.64)N.cm, respectively. The initial stability of the 
implant in the navigation group was higher than that in the free hand group (P < 0.05). The deviations in the cervical, 
root, depth, and angulation of the navigation group were all significantly smaller than those of the free-hand implant 
group, with statistically significant differences (P < 0.05). The median follow-up was 29.6 ± 11.2 months and the 
implant success rate was 100%.

Conclusions  Immediate implant placement in the maxillary posterior region with bone deficiency assisted by real-
time dynamic navigation can achieve good implant accuracy and satisfactory clinical results.

Clinical relevance  Dynamic navigation is an advantage for the IIP of an alveolar bone defect in the posterior region 
of the maxilla.
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Introduction
Immediate implant placement(IIP) has received increas-
ing attention due to its potential to shorten treatment 
cycles, reduce the number of surgical procedures, pre-
serve alveolar ridge volume, and achieve a more estheti-
cally coordinated postoperative outcome [1]. Currently, 
numerous studies have been conducted on immediate 
implantation in the anterior or premolar area, which 
has been demonstrated to have a high success rate for 
implant placement [2]. Nevertheless, there is a paucity of 
data regarding the utilisation of immediate implant place-
ment in the maxillary posterior region, and the impact 
remains inconclusive. This is primarily due to the fact 
that the extraction of maxillary posterior teeth results in 
the formation of a large and deep alveolar fossa, which is 
often accompanied by the challenge of insufficient bone 
height (RBH) between the maxillary sinus floor and the 
alveolar ridge [3–4].

IIP in the posterior maxilla is a highly sensitive surgical 
procedure. Especially in cases with complex bone defects 
and insufficient bone stock, sinus lift and bone grafting 
procedures are routinely performed prior to implanta-
tion. However, these procedures often involve long wait-
ing times and the efficacy of bone augmentation remains 
uncertain [5–6]. Therefore, accurate assessment and utili-
sation of the available bone volume is critical to establish-
ing initial implant stability while avoiding damage to the 
maxillary sinus mucosa during dental implant surgery.

As computer-aided technology matures, more and 
more digital technologies are being used in oral implant 
surgery. The development from traditional implant 
methods to digital static guides and real-time dynamic 
navigation has improved the precision, aesthetics and 
minimally invasive nature of these procedures. In tradi-
tional freehand implantation for patients with missing 
posterior maxillary teeth, the accuracy of the implant 
site is limited by the surgeon’s limited field of view and 
experience, resulting in significant variations in the 
angle and depth of the implant site [7]. Dynamic Real-
Time Navigation implantation technology uses infrared 
spatial positioning navigation using preoperative cone 
beam computed tomography (CBCT) image data and a 
planned surgical path. This technology allows surgeons to 
perform implantation procedures with visualisation, dis-
playing adjacent anatomical structures in real time and 
facilitating timely adjustments to the implantation site 
and its three-dimensional orientation [8–9]. It is particu-
larly beneficial for posterior teeth, where implant place-
ment is challenging, and for patients who cannot use 
digital guides due to limited mouth opening and narrow 

gaps between missing teeth [10]. It also helps to prevent 
damage to the mucosa of the maxillary sinus [11].

At present, there are few reports on immediate implan-
tation assisted by dynamic real-time navigation in the 
posterior maxillary region. The aim of this study is to 
investigate the clinical effect and accuracy of immediate 
implantation in the maxillary posterior region with bone 
defect by dynamic real-time navigation, so as to pro-
vide reference for the application of clinical navigation 
implantation technology.

Materials and methods
Study population and study design
This was a retrospective study. The study was approved 
by the Medical Ethics Committee of the First Affiliated 
Hospital of Sun Yat-sen University (No. [2022]104). 
Informed consent was obtained from and signed by all of 
the patients.

Inclusion criteria were as follows: (1) Removal of pos-
terior maxillary teeth that need to be extracted due to 
trauma or disease. (2) The distance between the alveolar 
ridge in the maxillary posterior region and the floor of 
the maxillary sinus should be at least 3 mm, and at least 
mm of alveolar bone can be used for oblique implanta-
tion. (3) There is no acute inflammation at the implant 
site, and locally controlled chronic inflammation does 
not absolutely contraindicate immediate implant place-
ment. Exclusion criteria were as follows: (1) teeth with 
acute infection or uncontrolled chronic inflammation; 
(2) pregnant or lactating women; (3) history of maxil-
lofacial radiotherapy; (4) uncontrolled systemic diseases 
such as hypertension, diabetes, etc.; (5) long-term use of 
glucocorticoids, bisphosphonates and other drugs that 
affect bone regeneration; (6) failure to maintain basic oral 
hygiene.

A total of 55 patients (30 males and 25 females, 
aged between 22 and 75 years, with an average age of 
52.31 ± 16.74 years) who received dental implantation 
due to insufficient alveolar bone in the maxillary poste-
rior region in the Department of Stomatology between 1 
January 2021 and 31 January 2024 were included in the 
study. A total of 72 implants (NobelActive System, Nobel 
Biocare, Sweden)were placed. The selected implant diam-
eters were 3.5  mm, 4.3  mm, and 5  mm. The selected 
implant lengths were 8.5  mm, 10  mm, 11.5  mm, and 
13 mm. The study was divided into two groups: a naviga-
tion group and a freehand implant group. The navigation 
group comprised 38 implants, while the freehand implant 
group included 34 implants.

Keywords  Dynamic  navigation  system, Immediate implant placement, Alveolar bone defect, Precision, Posterior 
maxillary region
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Clinical procedure

(1)	Preoperative planning of immediate implant 
placement.

	 Cone beam computed tomography (CBCT) was 
performed on the maxillofacial region of the 
patients using the iCAT imaging system (Imaging 
Sciences International, Inc., Hatfield, USA). The 
CBCT data were imported into the implant design 
software(Iris-100, EPED Group, Taiwan). The 3D 
model of the maxilla was reconstructed in the 
software and the appropriate implant was selected 
according to the requirements (Fig. 1). The implant 
placement path was designed to avoid the maxillary 
sinus and make full use of the residual bone in the 
alveolar fossa (Fig. 2). Feature points were selected 
for intraoperative registration. Finally, the type of 
implant handpiece and drill needle to be used during 
surgery were selected. The jaw and implant models 
were saved as STL files.

(2)	Surgical procedure.
	 First, the position of the navigator Iris-100, EPED 

Group, Taiwan) was adjusted and the device was 
connected. The implant instruments and landmarks 
were then registered. After registration, the surgeon 
performed the implant surgery under the guidance of 
the navigation system (Fig. 3) to accurately complete 
the implant hole preparation and implant placement 
(Fig. 4) and to place the healing abutment or cover 

screw. During surgery, autogenous bone or bone 
powder (Geistlich AG, Switzerland)was placed in the 
area of insufficient bone mass and the incision was 
sutured. By viewing the dynamic and static views on 
the navigator, the surgeon can adjust the position, 
angle and depth of the implantation in real time 
according to the software’s instructions to ensure 
that the implantation results are achieved as planned.

	 The procedure for freehand implant placement was 
as follows: First, minimally invasive extraction of 
the affected tooth was performed with thorough 
debridement of the extraction socket. Implant 
preparation for the extraction socket was then 
performed step by step. After the socket was formed, 
the implant was placed. Finally, a healing abutment 
or cover screw is placed and sutured. Bone grafting 
was performed as needed.

(3)	Postoperative Management.
	 CBCT was performed immediately after surgery. 

The restoration was completed 3 to 6 months after 
implant placement (Fig. 5). The success rate of the 
implant was evaluated by regular follow-up.

Indicators of observation

(1)	Initial Stability: Implant torque (N.cm) was used 
to evaluate the initial stability of the implant. 

Fig. 1  Cone-beam CT (CBCT) was performed before implantation
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Complications such as perforation of the maxillary 
sinus mucosa were also recorded.

(2)	Implant Deviation: The CBCT data before and after 
surgery were imported into the dynamic navigation 
accuracy verification software(EPED Group, Taiwan). 
The deviation between the preoperative virtual 

implant design and the postoperative actual implant 
was measured. The actual implant neck, root, depth, 
and Angle deviations were calculated and reported. 
The scheme for measuring implant deviation has 
been referenced in previously published articles [10].

Fig. 3  Real -time monitoring of the position between the drill and the alveolar bone

 

Fig. 2  Preoperative implant planning was designed
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	 The success rate of IIP: during the follow-up, 
the implant prosthesis loosening and maxillary 
sinusitis were checked. The osseointegration of the 
implants and the radiation around the implants 
were examined by X-ray film or CBCT. The success 
rate of implantation was evaluated. The evaluation 
of implantation success was as follows: (1) Stable 
implant retention without loosening. Postoperative 
radiographic examination revealed no radiolucency 
around the implant. (2) Vertical bone loss at the 

implant site was less than 1 mm after the first year 
of implantation and less than 0.2 mm per year 
thereafter. (3) There was no persistent pain, infection, 
or irreversible nerve damage.

Statistical analysis
Statistical processing of data was performed using IBM 
SPSS 22.(SPSS Inc, Chicago, IL, USA). All data were 
measured data according to normal distribution and 

Fig. 5  Postoperative images. A: Panoramic after implantation; B: Panorama after restoration

 

Fig. 4  Clinical implantation process. A: Preoperative image; B: Extraction of the tooth; C: Placement of dental implants; D: Placement of healing abut-
ment; E: Implanted bone powder: F: The mucoperiosteal flap was reattached; Postoperative Imaging
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expressed as mean ± standard deviation (mean ± SD). 
Comparisons between the two groups were made using 
independent samples t-test. P < 0.05 was considered sta-
tistically significant. Statistical graphs were generated 
using GraphPad Prism 8.0.

Result
55 patients were divided into the navigation group and 
the free hand group, including 29 patients in the navi-
gation group and a total of 38 implants. A total of 34 
implants were placed in 26 patients in the free hand 
group (Table 1). The average diameter of the implants in 
the free hand implant group was (4.47 ± 1.39)mm, and the 
average length was (11.87 ± 1.65)mm. In the navigation 
group, the average diameter of implants was (4.62 ± 1.15)
mm, and the average length was (10.93 ± 1.88)mm. There 
was no significant difference in the diameter and length 
of implants between the two groups (P > 0.05). All 72 

implants were successfully placed without serious com-
plications such as perforation of the maxillary sinus 
mucous.

Initial stability
All implants were initially stable. The mean torque of the 
navigation group was (28.53 ± 5.81)N.cm, and the mean 
torque of the template group was (18.47 ± 3.64)N.cm. The 
initial stability of the implant in the navigation group was 
significantly higher than that in the free hand implant 
group (P < 0.05) (Table 1).

Postoperative CBCT showed that implants in the navi-
gation group were surrounded by more alveolar bone 
and effectively avoided the maxillary sinus than those in 
the free hand group, indicating the efficacy and safety of 
immediate implant placement using dynamic navigation.

Implant deviation
The neck deviation of the navigation group and the free-
hand group was (0.43 ± 0.15) mm and (1.35 ± 0.58) mm, 
respectively. The root deviations were (0.77 ± 0.28) mm 
and (1.55 ± 1.03) mm, respectively. The depth deviations 
were (0.57 ± 0.06) mm and (0.83 ± 0.51) mm, respec-
tively. The angular deviations were (1.45 ± 0.39) ° and 
(3.05 ± 1.17) °, respectively (Table  1). The comparison 
between the two groups showed that the neck, root, 
depth and Angle deviations of the navigation group were 
significantly smaller than those of the free hand implant 
group, and the differences were statistically significant 
(P < 0.05) (Table 1; Fig. 6).

Table 1  The demographic and measurement data for the study
Variables Navigation 

group
Free hand 
group

t P

Number of subjects 29 26 0.988 0.95
Sex (max/females) 18/11 12/14 1.266 0.64
Age 41.7 ± 16.78 47.26 ± 19.83 1.782 0.34
Initial Stability(N.cm) 28.53 ± 5.81 18.47 ± 3.64 5.427 0.0381*
Neck deviation(mm) 0.43 ± 0.15 1.35 ± 0.58 19.49 0.0025**
Root deviation(mm) 0.77 ± 0.28 1.55 ± 1.03 23.12 0.0017**
Angle deviation(°) 1.45 ± 0.39 3.05 ± 1.17 14.68 0.0044**
Depth deviation
(mm)

0.57 ± 0.06 0.83 ± 0.51 6.339 0.0277*

*: P < 0.05; **: P < 0.01

Fig. 6  Comparison of implant deviation between navigation group and free hand group
*: P < 0.05
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Implant survival
The post-operative evaluation indicated that all implants 
were stable, with no signs of loosening, notable redness, 
swelling, or pain. There was no evidence of shadowing 
around the implants, nor any significant bone resorp-
tion in their vicinity. The median follow-up period was 
29.6 ± 11.2 months, ranging from 8 to 45 months. Radio-
graphic examination revealed no radiolucency around 
the implants and confirmed good osseointegration. 
None of the patients experienced maxillary sinusitis. The 
implant success rate was 100% in both groups.

Discussion
The root of posterior maxillary teeth is close to the sinus 
floor, and the vertical height from the sinus floor to the 
alveolar crest is often insufficient after tooth extraction. 
As a result, immediate implant placement after maxil-
lary posterior tooth extraction is difficult and the implant 
often fails to achieve adequate bone embedment, result-
ing in poor initial stability. Furthermore, the local alveo-
lar bone is frequently characterised by varying degrees of 
defect and complex morphology following tooth extrac-
tion [12]. The freehand implant necessitates a high level 
of technical proficiency on the part of the surgeon, and 
instances of implant deviation are not uncommon dur-
ing the immediate implantation process. It is challeng-
ing to achieve the initial stability of the implant following 
implantation, which can result in implant failure and 
even the potential for perforation of the maxillary sinus 
mucosa [11, 13]. Consequently, IIP in the maxillary pos-
terior region with insufficient bone mass is challenging. 
This study demonstrates that the use of dynamic real-
time navigation to assist IIP in maxillary posterior teeth 
with insufficient bone mass can markedly enhance the 
success rate of implant placement. The navigation pos-
sesses the distinctive attributes of precision and visuali-
sation, which confer unique advantages in the context of 
maxillary posterior teeth implantation.

The primary challenge associated with IIP is achieving 
sufficient primary stability. The bone quality in the poste-
rior maxilla is often poor, and extraction sites frequently 
present with various degrees of bone defects and uneven 
alveolar bone beds following tooth extraction. This poses 
a significant challenge for implant preparation, as the 
implant drill may slip or deflect, leading to a loss of initial 
implant stability [14–15]. The study employed navigation 
and freehand IIP in the posterior maxilla. The outcomes 
demonstrated that all implants were successfully placed 
with a primary stability exceeding 15 N.cm. The primary 
stability of the implants in the navigation group was nota-
bly higher than that in the freehand group. Ultimately, all 
implants were successfully implanted. The results sug-
gest that IIP in the maxillary posterior region can achieve 
a certain degree of primary stability and is a feasible 

approach. In this study, the implants attained good pri-
mary stability due to several factors. Firstly, a conical and 
deep thread implant design was utilized, which is bet-
ter suited for implants in areas with poor alveolar bone 
conditions, such as the maxillary posterior teeth with low 
bone density. Additionally, this type of implant possesses 
self-tapping capabilities, which facilitates the attainment 
of initial stability [16–17]. Secondly, minimally invasive 
extraction of the affected teeth was chosen to preserve 
the remaining bone volume of the extraction socket as 
much as possible, thereby promoting stable implanta-
tion of the implants [18].Finally, this study opted for real-
time navigation to facilitate IIP. Compared to freehand 
planting, navigation offers the benefit of visualization. 
Throughout the planting process, the operator can moni-
tor the condition of the alveolar bone in the implanta-
tion area in real-time and make necessary adjustments 
[19]. However, due to its semi-blind nature, the freehand 
method does not permit the operator to confidently 
utilize the remaining bone in the extraction socket for 
implantation [20].The findings of this study align with 
those of international research. In a clinical study con-
ducted by Kaewsiri et al. [21] abroad, dynamic navigation 
and static templates were employed for oral implantation, 
and all implants achieved an insertion torque exceeding 
25 N.cm. Therefore, with the assistance of dynamic navi-
gation and static template, immediate implant placement 
in the posterior mandibular region can obtain good ini-
tial stability. The results suggest that navigation-assisted 
immediate implantation can obtain better initial stabil-
ity than free-hand implantation. Therefore, these results 
suggest that navigation-assisted immediate implantation 
in the maxillary posterior region can obtain better initial 
stability than free-hand implantation.

Implant precision is another clinical data to be con-
cerned with in IIP in the maxillary posterior region, 
especially in cases with insufficient alveolar bone. In this 
study, we compared the precision of dynamic navigation-
guided versus freehand implantation in IIP in the max-
illary posterior region. The results showed that cervical, 
root, depth, and angle deviations were significantly less 
in the navigation group than in the freehand implanta-
tion group. Thus, dynamic navigation-guided IIP in the 
maxillary posterior region has a significant accuracy 
advantage. In addition, a previous study by our group 
compared the accuracy of three different techniques for 
IIP in the mandibular posterior region: dynamic naviga-
tion, static guides, and freehand. The results showed that 
the implant deviation in the navigated plate group and 
the static navigated plate group was significantly less than 
in the freehand group. In addition, the navigation group 
showed a significant reduction in root and angle devia-
tion compared to the guide plate group [10]. In conclu-
sion, dynamic navigation-guided IIP in the posterior 
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maxilla has a significant advantage in accuracy. In addi-
tion, navigation system-assisted oral implant surgery has 
the advantage of dynamics and visualization [22], allow-
ing the surgeon to use navigation to quickly identify the 
amount of remaining bone on the palatal and inferior 
sides of the extraction sockets, resulting in a greater 
amount of bone around the implant and improved initial 
stability. In this study, implants in the navigation group 
were able to utilize more of the remaining bone volume 
after extraction than implants in the freehand group.

The position of the maxillary sinus floor has a direct 
impact on the available height of the alveolar bone of the 
posterior maxillary teeth. During the course of human 
growth and development, a series of physiological 
changes occur in the maxillary sinus. The aeration of the 
maxillary sinus will result in an increase in the volume of 
the sinus cavity, which will in turn lead to a reduction in 
the position of the maxillary sinus floor and a subsequent 
reduction in the bone height that is available for implan-
tation [23]. Therefore, it is technically difficult to perform 
immediate implant placement in the maxillary poste-
rior region with insufficient bone mass. Many previous 
reports have selected maxillary sinus elevation to assist 
immediate implantation, but there is still a risk of maxil-
lary sinus mucosal injury and implant failure [24–25]. In 
this study, both the navigation group and the freehand 
group selected the tilted implant placement, thereby 
avoiding the maxillary sinus. In comparison to maxillary 
sinus elevation, the technique is less challenging and the 
clinical outcome is reliable, particularly when performed 
with the assistance of a dynamic navigation system.

It is also crucial to consider the long-term success of 
the implant. The success rate of immediate implant place-
ment in the maxillary posterior region was 100% during 
the follow-up period. It has been demonstrated that when 
indications are meticulously selected and intraoperative 
procedures are also conducted with precision, the imme-
diate and long-term success rate in the posterior region is 
comparable to that of conventional implants [26].

Conclusion
In conclusion, the dynamic real-time navigation offers 
the benefits of visualisation and high accuracy for imme-
diate implant placement in the maxillary posterior teeth 
with insufficient bone mass. It allows for the full utilisa-
tion of the remaining bone volume within the extrac-
tion socket, thereby reducing the potential damage to 
the maxillary sinus mucosa and facilitating successful 
implantation.

Abbreviations
IIP	� Immediate implant placement
CBCT	� Cone beam computed tomography
STL	� Standard Tessellation Language

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​9​0​3​-​0​2​5​-​0​5​9​7​6​-​6.

Supplementary Material 1

Acknowledgements
Not applicable.

Author contributions
N.G and H.D: study conception and design. S.Y., X.D., and H. W.: Material 
preparation, data collection, and analysis. L.H. and S. C. involved in revising it 
critically for important intellectual content. All authors read and approved the 
final manuscript.

Funding
No funding.

Data availability
The data that support the findings of this study are available from the 
corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the Ethical Committee of the First Affiliated 
Hospital of Sun Yat-sen University(number: [2022]104) and adhered to the 
Declaration of Helsinki. All patients signed informed consent for publication.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Surgical Anesthesia Center, The First Affiliated Hospital of Sun Yat-sen 
University, 58 Zhongshan 2nd Road, Guangzhou 510080, Guang dong, 
China
2Department of Oral Surgery, The First Affiliated Hospital of Sun Yat-sen 
University, 58 Zhongshan 2nd Road, Guangzhou 510080, Guang dong, 
China

Received: 11 December 2024 / Accepted: 9 April 2025

References
1.	 Amid R, Kadkhodazadeh M, Moscowchi A. Immediate implant placement 

in compromised sockets: A systematic review and meta-analysis. J Prosthet 
Dentistry. 2023).;130(3):307–17. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​p​r​​o​s​d​​e​n​t​.​​2​0​​2​1​.​0​9​.​0​2​
5.

2.	 Hamilton A, Gonzaga L, Amorim K, Wittneben JG, Martig L, Morton D, Martin 
W, Gallucci GO, Wismeijer D. Selection criteria for immediate implant place-
ment and immediate loading for single tooth replacement in the maxillary 
esthetic zone: A systematic review and meta-analysis. Clin Oral Implants Res. 
2023).;34(Suppl 26):304–48. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​c​​l​r​.​1​4​1​0​9.

3.	 Yalcin ED, Akyol S. Relationship between the posterior superior alveolar artery 
and maxillary sinus pathology: A Cone-Beam computed tomography study. 
J Oral Maxillofacial Surgery: Official J Am Association Oral Maxillofacial Surg. 
2019).;77(12):2494–502. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​o​m​s​.​2​0​1​9​.​0​7​.​0​0​9.

4.	 Oishi S, Ishida Y, Matsumura T, Kita S, Sakaguchi-Kuma T, Imamura T, Ikeda 
Y, Kawabe A, Okuzawa M, Ono T. A cone-beam computed tomographic 
assessment of the proximity of the maxillary canine and posterior teeth to 
the maxillary sinus floor: lessons from 4778 roots. Am J Orthod Dentofac 
Orthopedics: Official Publication Am Association Orthodontists its Constitu-
ent Soc Am Board Orthod. 2020;157(6):792–802. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​a​j​​o​
d​o​​.​2​0​1​​9​.​​0​6​.​0​1​8.

https://doi.org/10.1186/s12903-025-05976-6
https://doi.org/10.1186/s12903-025-05976-6
https://doi.org/10.1016/j.prosdent.2021.09.025
https://doi.org/10.1016/j.prosdent.2021.09.025
https://doi.org/10.1111/clr.14109
https://doi.org/10.1016/j.joms.2019.07.009
https://doi.org/10.1016/j.ajodo.2019.06.018
https://doi.org/10.1016/j.ajodo.2019.06.018


Page 9 of 9Deng et al. BMC Oral Health          (2025) 25:617 

5.	 Mustakim KR, Eo MY, Lee JY, Myoung H, Seo MH, Kim SM. Guidance and ratio-
nale for the immediate implant placement in the maxillary molar. J Korean 
Association Oral Maxillofacial Surg. 2023).;49(1):30–42. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​5​1​2​5​​
/​j​​k​a​o​​m​s​.​​2​0​2​3​​.​4​​9​.​1​.​3​0.

6.	 Moraschini V, Uzeda MG, Sartoretto SC, Calasans-Maia MD. Maxillary sinus 
floor elevation with simultaneous implant placement without grafting 
materials: a systematic review and meta-analysis. Int J Oral Maxillofacial Surg. 
2017).;46(5):636–47. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​i​j​o​m​.​2​0​1​7​.​0​1​.​0​2​1.

7.	 Al-Jarsha MY, Ayoub AF, Almgran MM, Liu CH, Robertson DP, Naudi KB. 
The precision of drill calibration for dynamic navigation. J Dentistry. 
2024).;146:105032. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​d​​e​n​t​​.​2​0​2​​4​.​​1​0​5​0​3​2.

8.	 Chandran KR, Goyal S, Mittal M, George JS. Accuracy of freehand versus 
guided immediate implant placement: A randomized controlled trial. J 
Dentistry. 2023).;136:104620. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​d​​e​n​t​​.​2​0​2​​3​.​​1​0​4​6​2​0.

9.	 Kuo PJ, Lin CY, Hung TF, Chiu HC, Kuo HY. A novel application of dynamic 
guided navigation system in immediate implant placement. J Dent Sci. 
2022).;17(1):354–60. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​d​s​.​2​0​2​1​.​0​9​.​0​3​0.

10.	 Geng N, Ren J, Zhang C, Zhou T, Feng C, Chen S. Immediate implant place-
ment in the posterior mandibular region was assisted by dynamic real-time 
navigation: a retrospective study. BMC Oral Health. 2024).;24(1):208. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​9​0​3​-​0​2​4​-​0​3​9​4​7​-​x.

11.	 Yang M, Ma Y, Han W, Qu Z. The safety of maxillary sinus floor elevation and 
the accuracy of implant placement using dynamic navigation. PloS One. 
2024).;19(5):e0304091. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​3​7​1​​/​j​​o​u​r​​n​a​l​​.​p​o​n​​e​.​​0​3​0​4​0​9​1.

12.	 Al-Almaie S, Kavarodi AM, Al Faidhi A. Maxillary sinus functions and complica-
tions with lateral window and osteotome sinus floor elevation procedures 
followed by dental implants placement: a retrospective study in 60 patients. J 
Contemp Dent Pract. 2013).;14(3):405–13. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​5​0​0​5​​/​j​​p​-​j​​o​u​r​​n​a​l​
s​​-​1​​0​0​2​4​-​1​3​3​6.

13.	 Fugazzotton PA, Hains FO. (2013). Immediate implant placement in posterior 
areas, Part 2: the maxillary arch. Compendium of continuing education in 
dentistry (Jamesburg, N.J.: 1995), 34(7), 518–528.

14.	 Gündoğmuş PD, Ölçü EB, Öz A, Tanboğa İH, Orhan AL. The effects of percu-
taneous coronary intervention on mortality in elderly patients with non-ST-
segment elevation myocardial infarction undergoing coronary angiography. 
Scott Med J. 2020).;65(3):81–8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​7​7​​/​0​​0​3​6​9​3​3​0​2​0​9​1​9​9​3​1.

15.	 Díaz-Olivares LA, Cortés-Bretón Brinkmann J, Martínez-Rodríguez N, 
Martínez-González JM, López-Quiles J, Leco-Berrocal I, Meniz-García C. 
Management of Schneiderian membrane perforations during maxillary sinus 
floor augmentation with lateral approach in relation to subsequent implant 
survival rates: a systematic review and meta-analysis. Int J Implant Dentistry. 
2021).;7(1):91. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​4​0​7​2​9​-​0​2​1​-​0​0​3​4​6​-​7.

16.	 Gluckman H, Salama M, Du Toit J. A retrospective evaluation of 128 socket-
shield cases in the esthetic zone and posterior sites: partial extraction 
therapy with up to 4 years follow-up. Clin Implant Dentistry Relat Res. 
2018).;20(2):122–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​c​​i​d​.​1​2​5​5​4.

17.	 Matys J, Świder K, Flieger R, Dominiak M. Assessment of the primary stability 
of root analog zirconia implants designed using cone beam computed 
tomography software by means of the Periotest® device: An ex vivo study. A 
preliminary report. Advances in clinical and experimental medicine. Official 

Organ Wroclaw Med Univ. 2017).;26(5):803–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​7​2​1​​9​/​​a​c​e​m​
/​6​5​0​6​9.

18.	 Th Elaskary A, Gaweesh Y, Maebed Y, Cho MA, Tantawi E. A novel method for 
immediate implant placement in defective fresh extraction sites. Int J Oral 
Maxillofacial Implants. 2020).;35(4):799–807. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​6​0​​7​/​​j​o​m​i​.​8​0​
5​2.

19.	 Cullum D, Lucas M. Minimally invasive extraction site management with 
dehydrated Amnion/Chorion membrane: immediate implant placement 
with dynamic navigation. Compendium Continuing Educ Dentistry (James-
burg N J: 1995). 2019;40(10):646–51.

20.	 Ruales-Carrera E, Engler MLPD, Vaz P, Özcan M, Volpato CAM. Esthetic and 
functional rehabilitation of bilateral congenital absence of maxillary lateral 
incisors: minimally invasive surgical and prosthetic approach. J Esthetic 
Restor Dentistry: Official Publication Am Acad Esthetic Dentistry… Et Al. 
2019;31(1):5–12. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​j​​e​r​d​.​1​2​4​4​8.

21.	 Ruales-Carrera, E., Engler, M. L. P. D., Vaz, P., Özcan, M., & Volpato, C. A. M.(2019). 
Esthetic and functional rehabilitation of bilateral congenital absence of 
maxillary lateral incisors: Minimally invasive surgical and prosthetic approach. 
Journal of esthetic and restorative dentistry: official publication of the Ameri-
can Academy of Esthetic Dentistry… et al.], 31(1), 5–12. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​
1​1​​/​j​​e​r​d​.​1​2​4​4​8

22.	 Struwe M, Leontiev W, Connert T, Kühl S, Filippi A, Herber V, Dagassan-Berndt 
D. Accuracy of a dynamic navigation system for dental implantation with two 
different workflows and intraoral markers compared to static-guided implant 
surgery: an in-vitro study. Clin Oral Implants Res. 2023).;34(3):196–208. ​h​t​t​p​​s​:​/​​
/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​c​​l​r​.​1​4​0​3​0.

23.	 Brignardello-Petersen R. (2017). Sinus floor elevation and immediate implant 
placement without grafting materials probably results in high implant sur-
vival rates and large bone gain. Journal of the American Dental Association 
(1939), 148(11), e179. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​a​d​a​j​.​2​0​1​7​.​0​8​.​0​3​3

24.	 Liu H, Liu R, Wang M, Yang J. Immediate implant placement combined 
with maxillary sinus floor elevation utilizing the transalveolar approach and 
nonsubmerged healing for failing teeth in the maxillary molar area: A ran-
domized controlled trial clinical study with one-year follow-up. Clin Implant 
Dentistry Relat Res. 2019).;21(3):462–72. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​c​​i​d​.​1​2​7​8​3.

25.	 Guillou E, Lerhe B, Gemmi T, Khenissa N, Latrèche S, Loridon G. Simultaneous 
sinus elevation and immediate implant placement without biomaterial: A 
technical note. J Stomatology Oral Maxillofacial Surg. 2024).;125(2):101677. ​h​t​
t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​o​​r​m​a​​s​.​2​0​​2​3​​.​1​0​1​6​7​7.

26.	 Noelken R, Pausch T, Wagner W, Al-Nawas B. Peri-implant defect grafting with 
autogenous bone or bone graft material in immediate implant placement in 
molar extraction sites-1- to 3-year results of a prospective randomized study. 
Clin Oral Implants Res. 2020).;31(11):1138–48. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​g​​/​​1​0​​.​1​1​​​1​1​​/​​c​l​r​.​1​3​6​6​
0.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.5125/jkaoms.2023.49.1.30
https://doi.org/10.5125/jkaoms.2023.49.1.30
https://doi.org/10.1016/j.ijom.2017.01.021
https://doi.org/10.1016/j.jdent.2024.105032
https://doi.org/10.1016/j.jdent.2023.104620
https://doi.org/10.1016/j.jds.2021.09.030
https://doi.org/10.1186/s12903-024-03947-x
https://doi.org/10.1186/s12903-024-03947-x
https://doi.org/10.1371/journal.pone.0304091
https://doi.org/10.5005/jp-journals-10024-1336
https://doi.org/10.5005/jp-journals-10024-1336
https://doi.org/10.1177/0036933020919931
https://doi.org/10.1186/s40729-021-00346-7
https://doi.org/10.1111/cid.12554
https://doi.org/10.17219/acem/65069
https://doi.org/10.17219/acem/65069
https://doi.org/10.11607/jomi.8052
https://doi.org/10.11607/jomi.8052
https://doi.org/10.1111/jerd.12448
https://doi.org/10.1111/jerd.12448
https://doi.org/10.1111/jerd.12448
https://doi.org/10.1111/clr.14030
https://doi.org/10.1111/clr.14030
https://doi.org/10.1016/j.adaj.2017.08.033
https://doi.org/10.1111/cid.12783
https://doi.org/10.1016/j.jormas.2023.101677
https://doi.org/10.1016/j.jormas.2023.101677
https://doi.org/10.1111/clr.13660
https://doi.org/10.1111/clr.13660

	﻿Clinical study of dynamic navigation-assisted immediate implant placement in posterior maxillary alveolar bone defects
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study population and study design
	﻿Clinical procedure
	﻿Indicators of observation
	﻿Statistical analysis

	﻿Result
	﻿Initial stability
	﻿Implant deviation
	﻿Implant survival

	﻿Discussion
	﻿Conclusion
	﻿References


