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Abstract 

Background/Objectives: The inferior alveolar nerve block (IANB) is widely used for dental anesthesia; 
however, issues such as anatomical variation and inflammation can hinder effective pain control. 
Alternatives have been studied primarily in irreversible pulpitis, with limited data available for other 
procedures. Methods: In a retrospective analysis, data from 85 patients who underwent implantation, 
root resection, or osteotomy using QuickSleeper® intraosseous anesthesia (IO), infiltration (INF), or 
IANB were assessed. Results: IO, IANB, and INF produced similar pain levels during administration, 
procedure, and recovery; blood pressure and heart rate were comparable. IO and INF led to less lip 
numbness after 15 minutes and required less anesthetic. IO had a significantly shorter latency than 
IANB, allowing earlier surgery. Conclusions: Computer-guided IO is a viable alternative to IANB for 
implantation, root resection, and osteotomy, offering equal pain control, shorter latency, 
earlier surgery, and reduced injection volume. 

Keywords: anesthesia; dental; anesthetics; local; nerve block; mandibular nerve; pain perception; 
dental implantation; endosseous; oral surgery; articaine; adverse effects; humans 

Introduction 

Local anaesthesia is essential in modern dentistry, providing pain-free diagnostic and 
therapeutic procedures. Effective anesthesia improves patient comfort, cooperation, and treatment 
outcomes. However, the conventional inferior alveolar nerve block (IANB) can be challenging due to 
anatomical variability, inflammation, patient anxiety, or the operatorʹs experience. Side effects 
include pain at the injection site, swelling, limited mouth opening, soft tissue injuries, and prolonged 
numbness. To address these challenges, alternative anesthesia techniques have been developed, such 
as buccal infiltration, Gow-Gates, closed-mouth nerve block, INF, intrapulpal injection, and 
intraosseous anesthesia (IO). Computer-guided systems, such as QuickSleeper®, facilitate IO 
delivery. Previously, we compared Anesto® IO with conventional methods in patients with 
irreversible pulpitis. Here, we compare IANB, INF, and Quicksleeper® IO in patients undergoing 
implantation, root resection, and osteotomy. 

Materials and Methods 

Study Design 

This study was designed as a retrospective study using a convenience sample of consecutive 
patients in our practice. This study was authorized by the Committee for Ethics, Dresden University 
of Technology, Carl Gustav Carus, Case Ref. no: BO-EK- 389082022. All patients were informed 
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thoroughly about the study and provided written informed consent. The study was conducted in 
accordance with the principles outlined in the Declaration of Helsinki. 

Patients were seen between February 2022 and February 2024 at our dental clinic in Germany 
for implantation, root resection, and osteotomy procedures. A total of 85 patients were included in 
the study. The average age of the patients was 52.6 ± 19.9 years. 27 (31.8%) were male, the remainder 
were female (n=58, 68.2%). 12 patients (14.1%) used nicotine products, and 16 (18.8%) had preexisting 
cardiovascular disease. Distal teeth were present in 67 patients (78.8%). 

The patients were undergoing implantation, root resection, or osteotomy, with some patients 
undergoing multiple procedures on different dates. Local anaesthesia methods were chosen for each 
procedure by the treating dentist, in accordance with clinical considerations and in consideration of 
the patientʹs wishes (IANB, INF, IO). Computer-guided IO was carried out using the QuickSleeper5 
(Orcos Medical, Küsnacht, Switzerland) according to the manufacturerʹs instructions. For all 
procedures, we used 1.7 mL of articaine hydrochloride with 1:100,000 epinephrine hydrochloride 
(Ultracain D-S, Sanofi-Aventis, Frankfurt, Germany). Table 1 shows the number of procedures and 
anaesthesia methods employed. The location of the procedure in the lower or upper jaw is shown in 
Table 2. 

Table 1. Surgical procedures and anesthesia methods used in 85 patients. 

Surgical 
procedure 

IO  
N=66 (%) 

IANB 
N=43 (%) 

INF 
N=37 (%) 

Total 
N=85  

Osteotomy 28 (42.4) 20 (46.5) 17 (45.9) 65 (76.5) 
Implantation 29 (43.9) 20 (46.5) 12 (32.4) 61 (71.8) 
Root resection 9 (13.6) 3 (7.0) 8 (21.6) 20 (23.5) 

Table 1. Distribution of surgical procedures (osteotomy, implantation, and root resection) according to 
anesthesia method used: intraosseous anesthesia (IO), inferior alveolar nerve block (IANB), or infiltration 
anesthesia (INF). 

Table 2. Location of surgical procedures in the upper or lower jaw. 

Location IO N=66 (%) IANB N=43 (%) INF N=37 (%) Total N=85  
Maxilla 29 (43.9) 5 (11.6) 29 (78.4) 65 (76.5) 
Mandible 37 (56.1) 38 (88.4) 8 (21.6) 61 (71.8) 

Table 2. Location of surgical procedures in the maxilla or mandible stratified by anesthesia method: intraosseous 
anesthesia (IO), inferior alveolar nerve block (IANB), or infiltration anesthesia (INF). 

Statistics 

Statistical analysis was performed using the SPSS program (IBM, Armonk, NY, USA). 
Differences in categorical data were tested for significant difference using the Chi-square test, while 
continuous data were tested using the paired T-test. 

Results 

In all procedures, one or two perforations were required. Fewer patients in the IO and INF 
groups needed two perforations than in the IANB group; this difference reached statistical 
significance only in the comparison between IANB and INF (IO vs IANB, p = 0.0744; INF vs IANB, p 
= 0.0021, chi-square test). There was no significant difference in perforation between IO and INF (p = 
0.0841). 
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Table 3. Number of perforations for the main procedure according to anesthesia method. 

Number of Perforations IO N=66 (%) IANB N=43 (%) INF N=37 (%) 
1 45 (68.2) 22 (51.2) 31 (83.8) 
2 21 (31.8) 21 (48.8) 6 (16.2) 

Table 3. Number of perforations required for the main procedure, comparing intraosseous anesthesia (IO), 
inferior alveolar nerve block (IANB), and infiltration anesthesia (INF). 

Needle obstruction was infrequent and occurred at similar rates for all anesthesia methods 
(Table 4, p > 0.05). 

Table 4. Occurrence of needle obstruction. 

Needle obstruction IO N=66 (%) IANB N=43 (%) INF N=37 (%) 
No 57 (86.4) 40 (93.0) 33 (89.2) 
Yes 9 (13.6) 3 (3.5) 4 (10.8) 

Table 4. Occurrence of needle obstruction during intraosseous anesthesia (IO), inferior alveolar nerve block 
(IANB), and infiltration anesthesia (INF). 

Needle changes were rare across all procedures and showed no significant difference between 
anesthesia methods (Table 5). 

Table 5. Necessity of needle change. 

Needle change IO N=66 (%) IANB N=43 (%) INF N=37 (%) 
No 58 (87.9) 41 (95.3) 34 (91.9) 
Yes 8 (12.1) 2 (2.4) 3 (8.1) 

Table 5. Necessity of needle change during intraosseous anesthesia (IO), inferior alveolar nerve block (IANB), 
and infiltration anesthesia (INF). 

Lip numbness was common with IANB but rare with IO or INF at 15 minutes post-injection 
(Table 6). Differences between IANB and both IO and INF were statistically significant (p<0.0001). 

Table 6. Frequency of lip numbness 15 minutes after injection. 

Lip numbness IO  N=66 (%) IANB N=43 (%) INF N=37 (%) 
No 57 (86.4) 9 (20.9) 28 (75.7) 
Yes 9 (13.6) 34 (79.1) 9 (24.3) 

Table 6. Frequency of lip numbness 15 minutes after injection with intraosseous anesthesia (IO), inferior alveolar 
nerve block (IANB), and infiltration anesthesia (INF). 

Lip numbness rates were similar for IO and INF (p = 0.1706). Additional injections were needed 
in 14.0% to 21.6% of procedures, with no significant differences between anesthetic methods (Table 
7, p > 0.005). 

Table 7. Frequency of additional injections required. 

Additional injections IO N=66 (%) IANB N=43 (%) INF N=37 (%) 
No 55 (83.3) 37 (86.0) 29 (78.4) 
Yes 11 (16.7) 6 (14.0) 8 (21.6) 

Table 7. Frequency of additional injections required during intraosseous anesthesia (IO), inferior alveolar nerve 
block (IANB), and infiltration anesthesia (INF). 
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The IANB group received a significantly larger injection volume than the IO or INF groups 
(Figure 1, p < 0.001), with no volume difference between the IO and INF groups (p = 0.145). IO enabled 
a significantly earlier start compared to IANB (Figure 2, p<0.001), and showed no significant timing 
difference compared to INF (p = 0.140).  

 

Figure 1. Mean injection volume (mL) for intraosseous anesthesia (IO), inferior alveolar nerve block (IANB), and 
infiltration anesthesia (INF). Error bars represent standard deviation (StD). Significant differences between IANB 
and both IO and INF are indicated (p < 0.001). 

 

Figure 2. Mean time (minutes) from anesthesia administration to the start of surgery for intraosseous anesthesia 
(IO), inferior alveolar nerve block (IANB), and infiltration anesthesia (INF). Error bars represent standard 
deviation (StD). IO enabled significantly earlier procedure start compared with IANB (p < 0.001). 
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The difference in the start of the procedure after injection, when c omparing IANB and 
INF, was also not statistically significant (p = 0.078). The injection time was the same for all three local 
anaesthesia methods (Figure 3, p > 0.005, respectively). The latency of anesthesia was longest for 
IANB, with p-values of p < 0.001 for the comparison between IO and IANB and p = 0.017 for IANB 
and INF (Figure 4). There was no significant difference in latency of anaesthesia between IO and INF 
(p=0.605). 

 

Figure 3. Mean injection time (minutes) for intraosseous anesthesia (IO), inferior alveolar nerve block (IANB), 
and infiltration anesthesia (INF). Error bars represent standard deviation (StD). No statistically significant 
differences were observed between the three techniques. 

 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 23 September 2025 doi:10.20944/preprints202509.1896.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202509.1896.v1
http://creativecommons.org/licenses/by/4.0/


 6 of 9 

 

Figure 4. Mean latency of anesthesia onset (minutes) for intraosseous anesthesia (IO), inferior alveolar nerve 
block (IANB), and infiltration anesthesia (INF). Error bars represent standard deviation. Latency was 
significantly longer for IANB compared with IO (p < 0.001) and INF (p = 0.017). 

Patient-reported 10. point visual analogue scale, was compared for pain during infiltration, 
perforation, instillation, treatment, post-surgery, and one day post-surgery. There was no significant 
difference in these pain levels between IO, IANB, and INF (Table 8). 

Table 8. Average patient-reported pain scores (10-point visual analogue scale). 

Pain  IO Mean (StD) N=66  IANB Mean (StD) 
N=43  

INF Mean (StD) 
N=37 

P-value P-value P-value 

Pain  IO Mean (StD) N=66  IANB Mean (StD) 
N=43  

INF Mean (StD) 
N=37 

IO vs. 
IANB 

IO vs.  
INF 

IANB vs. 
INF 

Infiltration 2.19 (0.69) 2.43 (0.77) 2.33 (1.02) 0.661 0.452 0.592 
Perforation 2.41 (0.76) 3.49 (7.01) 4.52 (9.32) 0.336 0.274 0.974 
Instillation 2.49 (0.65) 2.49 (0.65) 2.67 (0.84) 1.0 0.135 0.421 
Treatment 1.11 (0.31) 1.13 (0.06) 1.11 (0.22) 0.324 1.0 0.98 
Post surgery 1.41 (0.50) 1.46 (0.51) 1.19 (0.40) 0.160 0.162 0.96 
1-day post-
surgery 

1.57 (0.50) 1.62 (0.08) 1.57 (0.51) 0.161 1.0 0.331 

Table 8. Average patient-reported pain scores (10-point visual analogue scale) during infiltration, perforation, 
instillation, treatment, post-surgery, and one day post-surgery for intraosseous anesthesia (IO), inferior alveolar 
nerve block (IANB), and infiltration anesthesia (INF). 

Other patient stress level-associated parameters that were compared between IO, IANB, and 
INF included systolic and diastolic blood pressure, as well as heart rate. The values were similar for 
all three anaesthesia types with no significant differences (Table 9). 

Table 9. Average systolic/diastolic blood pressure and heart rate. 

Pain  IO Mean 
(StD) N=66  

IANB Mean (StD) 
N=43  

INF Mean (StD) 
N=37 

P-value P-value P-value 

Pain  IO Mean 
(StD) N=66  

IANB Mean (StD) 
N=43  

INF Mean (StD) 
N=37 

IO vs. 
IANB 

IO vs.  
INF 

IANB vs. 
INF 

(RR sys mmHg) 141 (18) 143 (19) 142 (14) 0.298 0.558 0.400 
(RR dia mmHG) 76 (10) 74 (8) 74. (4) 0.647 0.307 1.0 
Heart rate (bpm) 80 (21) 84 (22) 81 (9) 0.878 0.934 0.799 

Table 9. Average systolic (RR sys) and diastolic blood pressure (RR dia) in mmHg and heart rate (bpm) 
measured during procedures using intraosseous anesthesia (IO), inferior alveolar nerve block (IANB), and 
infiltration anesthesia (INF). 

Discussion 

Local anaesthesia is an essential part of dentistry, with IANB being the most commonly used 
method [6]. However, due to various factors, reaching sufficient depths of anaesthesia using IANB 
can be challenging in some patients, and alternative anaesthesia methods have been investigated [4]. 
Typically, the success rate of IANB is around 70-90%. However, inflammation in the injection area 
and pulpitis severely reduce its efficacy [7–11]. 

Comparisons of the anesthetic efficacy of IANB with other local anaesthesia methods have been 
published [12–14]. However, published comparisons between IANB and IO, including a study 
conducted by our group, are limited to the treatment of irreversible symptomatic pulpitis [5,15,16]. 
Here, we compared IO, IANB, and INF as anaesthesia methods for implantation, root resection, and 
osteotomy procedures. All three anesthesia methods were comparable with respect to the number of 
perforations, needle obstructions, and the necessity of a needle change or additional injections, with 
only INF showing a slight, but statistically significant, lower average number of perforations. 
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Soft tissue numbness is a common side effect of local anesthesia in dental procedures and can 
lead to soft tissue injury due to bites or burns, especially in children [17,18]. In our comparison, lip 
numbness at 15 min was significantly more common in IANB. Local anaesthesia with a lower 
incidence or shorter duration of lip numbness might be a better choice for vulnerable populations 
such as children or people with developmental disabilities. The result might therefore indicate that 
both IO and INF might be better suited for these populations. A smaller injection volume used in 
both INF and IO compared to IANB might further contribute to its better suitability for vulnerable 
populations. However, the ultimate test for any anesthetic is the patientʹs perception of pain [19–23]. 

Our results for pain control during treatment and after the surgery showed comparable results 
for all three methods [8,12,14–17,24–26]. Other researchers have reported better efficacy for IO 
compared to IANB in the past . However, in the study by Farhad et al. (2018), the anesthetic was used 
on patients with irreversible pulpitis, a condition that is notorious for being associated with lower 
efficacy of IANB [8,16]. Pain during anesthesia administration was also comparable among the three 
methods, with a slightly lower average number for IO. However, there was a relatively high inter-
patient variability, which might have contributed to the fact that significance levels were not reached. 

Conclusion 

Other measures indicating increased patient stress, such as systolic and diastolic blood pressure 
and heart rates, were also comparable among IO, IANB, and INF, indicating that the efficacy of these 
anesthetic methods was similar when treating patients undergoing implantation, root extraction, or 
osteotomy. Shorter overall procedures might be perceived as more comfortable by the patients. 
Therefore, an anaesthesia method with shorter latency and shorter waiting time to start surgery might 
be a better option when other parameters are similar. IO had the shortest latency and earliest start of 
the surgery while displaying similar efficacy, injection time, and pain during anaesthesia 
administration. 

Our study using computer-assisted IO, IANB, and INF as local anaesthesia for implantation, 
root extraction, and osteotomy yielded similar pain control and patient stress levels for all three 
methods. The injection volume was lower for IO and INF compared to IANB, with shorter latency 
and earlier surgery start times, making IO a viable alternative to the standard IANB, with the 
potential benefit of shorter procedure times. 
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Abbreviations 
bpm   beats per minute 
IANB  inferior alveolar nerve block 
INF   infiltration anaesthesia 
IO   computer-guided intraosseous anaesthesia 
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RR dia  diastolic blood pressure (mmHg) 
RR sys  systolic blood pressure (mmHg) 
SPSS   Statistical Package for the Social Sciences 
StD   standard deviation 
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