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Abstract
Background: Local anesthesia (LA) is often preferred for stabilization of vital signs, depth of anesthesia and pain control in dentalrestorations but the efficacy of LA administration during deep sedation is controversial.Aim: To retrospectively investigate the effects of LA on heart rate, blood pressure, oxygen saturation, depth of anesthesia and totaldose of anesthetic drugs given in pediatric patients sedated for dental procedures.Materials and Methods: Records of 50 healthy children were divided into two groups: Patients who received infiltration LA at thebeginning of sedation (Early LA) or who received LA at the end of sedation after completion of restorations (Late LA). Demographicdata, hemodynamic data, Bispectral Index (BIS) scores, Ramsey Sedation Scale scores, total propofol dose administered werecompared. Since the difference between two quantitative dependent variables did not meet the assumptions of normaldistribution, Wilcoxon Signed Rank test was used. Generalized Estimation Models were used to look at the effect of quantitativevariables with repeated measures (BIS and Ramsey) on groups.Results: There was no statistically significant difference between the groups in terms vital signs, depth of anesthesia (BIS(p=0.190) and Ramsey score (p=0.887)), and total propofol dose adjusted for BMI (p=0.59).Conclusions: The presence of LA during deep dental sedation has no significant impact on vital signs, depth of anesthesia andtotal amount of propofol used compared to the absence of LA. LA does not contribute to stabilization of dental sedation, but closemonitoring of deep sedation prevents drug overdose.
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Introduction
Anxiety and fear are challenging for dentists in the treatment ofpediatric patients. 1 When cooperation with the child cannot beachieved with behavioral management methods, pharmacologicalmethods such as oral sedatives, nitrous oxide inhalation, deep se-dation and general anesthesia are used. 2–4 Intravenous anesthesiacombined with local anesthesia is an preferable method during gen-eral anesthesia in terms of safety and effectiveness in controllinganxiety and pain in patients. 5 During dental restorations undergeneral anesthesia, local anesthesia is often preferred for bleedingand postoperative pain control. 6 In addition, local anesthesia iseffective for stabilization of vital signs and anesthesia depth duringgeneral anesthesia or sedation, control of pain and bleeding afterthe procedure, and enhancement of recovery. 5–10 Although somedentists believe that LA is ineffective for pain, delays wound healingand causes prolonged numbness, we acknowledge it is an integral

part of procedural sedation for postoperative pain and bleedingcontrol. 11,12
The optimal timing of local anesthesia administration duringpediatric dental sedation is still a controversial topic. Depending onpersonal preference, some dentists administer local anesthesia atthe very beginning of the procedure, while others leave it until afterthe completion of restorative procedures, just before the extractions.We hypothesized that infiltration local anesthetic administrationduring the induction period of procedural sedation stabilize vitalsigns, enhances the depth of anesthesia, and reduces the need forsedative medication.
In this retrospective study, we aimed to compare the effects ofthe presence or absence of LA on hemodynamic parameters, depthof anesthesia, and total anesthetic dose used during deep dentalsedation for restorative dental procedures.
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Material and Methods
Study Design and Setting
This retrospective cohort study evaluates the retrospective data of50 patients who underwent dental treatment using deep sedationat Ankara University, Faculty of Dentistry, Department of PediatricDentistry between December 2021 and December 2022. All the pa-tients in this study were anesthetized in the faculty of dentistry of atertiary university hospital. The findings of this study are based onpre-recorded data on monitor readings and administered medica-tions with patient characteristics during deep sedation procedures.

Ethical Approval and Clinical Trials Registration
After obtaining the institutional ethical committee approval (ap-proval number: 36290600/55) records of the 50 patients who haddental treatments under sedation in the department of pediatricdentistry between 2021-2022 were included in this retrospectivestudy. This study was performed in line with the principles ofthe Declaration of Helsinki and registered to ClinicalTrials.gov(NCT06218173). The parents of the patients whose records wereused had previously provided written informed consent for deepsedation anesthesia for restorative dental procedures.

Sample Size Determination and Patient Selection
A power analysis was performed to determine the appropriate sam-ple size. According to the results of a preliminary study with 12patients, the sample calculation was made based on the effect size.When the effect size of the relationship between the study variableswas 0.2 a sample size of 44 was determined at an alpha of 0.05 and apower of 0.95. In this case, the records of 2 groups of patients wereaccessed: 28 patients who received LA at the time of anesthesiainduction (EarlyLA) and 22 patients who received LA after the endof anesthesia (LateLA).

Pediatric dental patients who were previously sedated and ful-filled the following inclusion criteria were included in this investi-gation. Inclusion criteria were patients with American Society ofAnesthesiologists (ASA) physical status classification I-II and agedbetween 2 and 8 years. Exclusion criteria were ASA status III-V, ageolder than 8 years, any history of allergy to anesthetic drugs, renaldisease interfering with drug metabolism.

Anesthesia and Dental Interventions
Patient records were divided into two groups: patients under-going infiltration anesthesia (4% articaine HCl with 1:100.000epinephrine) at the beginning of sedation (Early LA Group, n:28)and administered infiltration anesthesia after the completion ofrestorative treatments and just before the extractions (Late LAGroup, n:22). The utilization of local anesthesia in pediatric dentalsedation was a discretionary decision made by individual practition-ers. Within our clinic, some pediatric dentists choose to administerLA at the beginning of the sedation, while others choose to admin-ister at the end, just before the extractions. Since bleeding blocksthe exposure of the surgical site, teeth extractions are routinely per-formed as the last step of sedation protocol in our clinical practice.After induction of anesthesia in the early la group and stabiliza-tion of the sedation level to the target BIS level with maintenanceanesthesia, the patient was prepared for dental restorations. Atthis stage, local anesthesia was administered by the dentist justbefore starting dental treatments. On the other side, in the LateLA group, local anesthesia was administered at the end of sedation,corresponding to the discontinuation of anesthetic drugs and justbefore extractions. Since the local anesthetic in the Late LA group

was administered after the propofol infusion was discontinued, itwas considered that it did not affect the total dose of sedative drugused. Infiltration anesthesia was performed with 4% articaine HClwith 1:100,000 epinephrine solution. Articaine is an amid type localanesthetic, which has a rapid onset and potency and widely used indentistry. 13 Articaine was the local anesthetic utilized in this studyand dosing never exceeded 7mg/kg in all patients.
Patients were monitored for oxygen saturation, respiratory rate,electrocardiography, heart rate, blood pressure (Dräger, InfinityVista XL monitor, Germany), capnography (Microstream EtCO2;Medtronic Capnostream35, USA), and Bispectral Index (BIS) (As-pect XP Bispectral Index Monitor (Medtronic, Minneapolis, Min-nesota, USA). Anesthesia induction was achieved by inhalation of50% oxygen + 50% nitrous oxide + 1-8% sevoflurane gas mixturevia mask ventilation. After intravenous access was established,sevoflurane and nitrous oxide were discontinued. A bolus dose of0.1 mg/kg lidocaine and 1mg/kg propofol were administered. Depthof anesthesia was monitored by BIS, which is a technique that usesthe electroencephalogram (EEG) to assess patients’ levels of con-sciousness while under anesthesia. This system allows accurateadjustment of sedation levels by assigning a numerical value rang-ing from 0 to 100, with higher scores indicating higher levels ofconsciousness. 14,15 After induction of anesthesia, propofol infu-sion was started in all patients using a TCI system based on theSchneider model. (BBraun Perfusor SpaceTM TCI; BBraun, Melsun-gen, Germany). The primary plasma target concentration was 2

µg/ml, the expected brain propofol concentration was calculatedand displayed on the TCI pump monitor. Propofol was titrated to thedesired BIS value by the anesthesiologist. To reach the deep sedationlevel, the goal was to reach a BIS value of 50-60, characterized byunresponsiveness to painful stimuli and absence of reflex activity.The sedation score was also assessed and recorded according to theRamsey sedation scale from 1 to 6, with a score of 1 meaning fullyawake and a score of 6 meaning unresponsive to any stimulus. 16
After a stable depth of sedation was reached, patients were placedin the head and chin lift position and a nasal cannula was insertedfor supplemental oxygen (2-4 L/min). The airway was not instru-mented. According to BIS levels, deep sedation and spontaneousventilation was also confirmed. Chin lift or chin thrust maneuverswere performed if any saturation drop occurred. The standard anal-gesia protocol applied in our clinic was paracetamol administrationat a dose of 10 mg/kg. Once consciousness was restored after thedental procedure, patients were transferred to the post-anesthesiacare unit (PACU), where they were closely monitored until they metthe AAPD’s established discharge criteria.

All anesthesia interventions, follow-up and recovery were per-formed in accordance with the guidelines of AAP/AAPD. 3 All inter-ventions during the procedure were performed by an experiencedanesthesiologist. Patients were observed by an independent observ-ing anesthesiologist for hemodynamic parameters, complications,and medical record. Restorative procedures (fissure sealants, glassionomer restorations, compomer and composite resin restorations,pulpotomy and pulpectomy, stainless steel crowns, strip crownsand extractions) were performed by the pediatric dentists in allpatients.
Hemodynamic data including systolic and diastolic blood pres-sure, heart rate and blood oxygen saturation were retrieved form thefiles. The total amount of anesthetic drug administered, recoverytime, complications were also recorded.
Patient demographics, blood pressure, heart rate, oxygen satu-ration, BIS values and sedation depth scores according to RamseySedation Scale were compared between the two groups. The totalamount of general anesthetic drug (propofol) given was comparedaccording to body mass index (BMI).
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Table 1. Identifiers by Groups
Variables GroupEarlyLA:28 LateLA:22 p value

Age (years) Mean.±SD 5.11±0.85 4.55±1.10 0.095bMedian (Min.-Max.) 5.00 (4.00-7.00) 5 (2-6)
Sex, n(%) Male 16 (59.3) 10 (45.5) 0.336cFemale 12 (40.7) 12 (54.5)

BMI Mean±SD 16.04±1.64 17.87±3.38 0.016aMedian (Min.-Max.) 15.70 (13.61-22.16) 17.57 (12.46-24.41)
Total Propofol (mg) Mean SD 217.44±72.50 215±75.95 0.597bMedian (Min.-Max.) 201 (140-380) 202.5 (131-392)

SD: Standard Deviation, Min.: Minimum, Max.: Maximum, a: Student-t test, b: Mann-Whitney U test, c: Chi-square test

Statistical Analysis
SPSS 11.5 program was used in the analysis of the data. Mean ±standard deviation and median (minimum-maximum) were usedas descriptors for quantitative variables, and the number of patients(percentage) for qualitative variables. The difference between thecategories of the qualitative variable, which has two categories interms of quantitative variables, was examined using the Mann-Whitney U test, since the assumptions of normal distribution werenot met. Chi-square test was used to examine the relationship be-tween two qualitative variables. When the difference between twoquantitative dependent variables was wanted to be examined, theWilcoxon Signed Rank test was used because the assumptions ofnormal distribution were not met. Generalized Estimation Equation(GEE) Models were used to look at the effect of the LA applicationtiming of groups on the quantitative variable with repeated mea-surements. The statistical significance level was taken as 0.05.

Results
The 28 patients included in the study received local anesthesia justafter the induction of anesthesia for restorative procedures (EarlyLA group), while 22 patients received local anesthesia only imme-diately prior to tooth extraction following restorations (Late LAgroup). Patients were aged between 2 and 7 years and 52% weremale. There was no significant difference between the two groupsin terms of age and gender. Table 1. shows the relationship betweenage, gender, body mass index (BMI) and the total amount of propo-fol used between the groups. There were no significant differencesbetween the two groups in terms of the total amount of propofolused (p=0.59). The total amount of general anesthetic drug givenwas compared adjusting to body mass index.

Table 2. shows the differences between the BIS values accordingto the groups and the times (minutes) when the measurementswere made. Generalized Estimating Equation (GEE) models wereused to examine the effect LA application timing on the BIS vari-able with repeated measurements, and no statistically significantdifferences were found between the two groups in terms of BISmeasurements (p=0.190). The difference between the mean BISvalues of the Early LA group and Late LA group was 1.25.
GEE models were used to examine the effect of LA applicationtiming of groups on the Ramsey scores variable with repeated mea-surements, and no statistically significant differences were foundbetween the two groups in terms of Ramsey score measurements(p=0.887). The difference between the mean Ramsey Scores ofEarly LA and Late LA groups was 0.02. The descriptors of the EarlyLA and Late LA groups and the differences between these groupsbefore the procedure, at other times, and between the groups aregiven in Table 3. There was no significant difference between thegroups in these measurements. No complications were observedin the recordings. The lowest oxygen saturation was 99% in theEarlyLA group and 98.2% in the LateLA group. All non-severe oxy-gen saturation drops were corrected by chin elevation or airway

repositioning.

Discussion
This study aimed to examine the effects of timing of local anesthesiaadministration for restorative procedures during dental treatmentsunder sedation on hemodynamic data, depth of anesthesia and totalanesthetic drug dose. Findings of this retrospective study revealedthat there was no difference between the groups that received LA atthe beginning of the sedation and received LA following the sedationin terms of hemodynamic parameters, depth of sedation and totalpropofol requirements.

The effect of local anesthesia on hemodynamic data in childrenundergoing dental treatment under general anesthesia has beeninvestigated in many studies. 5–9,17 Most of these studies show thatlocal anesthesia application under general anesthesia reduces thefluctuations in vital signs by blocking pain pathways. However, ourstudy may contribute to the literature in terms of both focusing onpediatric patients under deep sedation and showing that the effectof local anesthesia does not strengthen sedation contrary to theinformation in the literature. For instance, a study by El Batawi etal. 8 and reported that the use of local anesthesia in painful den-tal treatments under general anesthesia helped stabilize heart andrespiratory rates. In the same study, it was stated that tooth extrac-tion and pulp treatments had the most impact on hemodynamicdata. 8 According to a study by Watts et al. 9 during traumatic in-terventions under general anesthesia such as closure treatment,pulpotomy, and pulpectomy, the depth of anesthesia decreases dueto pain, and the need for additional sedative drugs or LA emerges.They concluded that patients who were not given intraoperativelocal anesthesia were more likely to have vital sign fluctuations re-quiring anesthetist intervention. However, in this study, unlike ourstudy, the depth of anesthesia was provided by anesthesia interven-tions including intermittent bolus propofol administration whenneeded. 9 The difference in vital signs between patients with andwithout LA may also be due to a fluctuating anesthetic course main-tained by bolus drug administration which are likely to alter heartrate and blood pressure as well. According to the Wilson at al. 10
exclusive administration of anesthetic agents does not sufficientlyrestrain physiological responses such as changes in blood pressure,heart rate, or irregular heartbeats triggered by painful surgicalstimuli. Research has demonstrated that employing bupivacainealongside general anesthesia during the perioperative period candiminish these reactions to surgical stimuli. 10 In our study, hemo-dynamic parameters such as heart rate, SpO2, systolic and diastolicblood pressure measurements remained constant and there was nostatistically significant difference between the two groups whencompared Figures:1-4. The reason why there were no differencein hemodynamic parameters in our study may be the continuousmonitoring of the depth of anesthesia with BIS monitoring and pre-vention of fluctuations in vital signs with deep and stable sedationthroughout the procedures. This is because anesthetic maintenancein this study was adjusted to consistently achieve the targeted BIS



Local Anesthesia Influence on Sedation | 99

Table 2. Identifiers for the EarlyLA and LateLA groups for the BIS
Variables EarlyLA:28 LateLA:22

minute Mean.±SD Median(Min.-Max.) P valuea Mean.±SD Median(Min.-Max.) P valuea P valueb
3. 58.15±6.76 61(36-65) – 56,41±8,08 58(44-68) – 0.449e
5. 57.93±8.20 60(31-69) 0.664c 55.73±10.11 56(35-72) 0.832c 0.586e

10. 55.96±8.14 58(38-66) 0.034c 55.41±8.97 55(30-68) 0.757c 0.793e
15. 53.03±8.15 52(35-65) 0.007c 53.64±9.67 55(25-64) 0.156c 0.672e
20. 52.11±10.59 52(30-66) 0.008c 54.18±7.93 54(40-71) 0.389c 0.451 d
30. 50.59±9.80 46(38-65) 0.006c 47.05±8.90 48(30-62) 0.001c 0.432e
40. 51.78±10.44 56(32-65) 0.013c 44.60±7.35 44(32-59) <0.001c 0.021e
50. 50.88±11.98 45.50(36-75) 0.041c 49.71±8.19 52(40-65) 0.035c 0.747d
60. 51.92±9.16 50(41-65) 0.130c 54.00±12.09 52(37-69) 0.255c 0.658d
70. 50±11.21 51(36-62) 0.026c - - - -
80. 45±4.62 45(41-49) 0.063c - - - -

a: Comparison between 3 and other times, b: Comparison between EarlyLA and LateLA groups, c: Wilcoxon Signed Rank test, d: Student-t test, e: Mann-Whitney U test

Table 3. EarlyLA and LateLA group descriptors for Ramsey Sedation Score
Variables EarlyLA:28 LateLA:22

(time-minute) Mean.±SD Median(Min.-Max.) P valuea Mean.±SD Median(Min.-Max.) P valuea P valueb/
Preoperative 1±.0 1(1.0-1.0) 1.0±0.0 1(1.0-1.0) 1.000d

3. 5.59±0.50 6(5-6) <0.001c 5.86±0.35 6(5-6) <0.001c 0.039d
5. 5.81±0.40 6(5-6) <0.001c 5.64±0.49 6(5-6) <0.001c 0.164d

10. 5.78±0.42 6(5-6) <0.001c 5.82±0.39 6(5-6) <0.001c 0.730d
15. 5.93±0.27 6(5-6) <0.001c 5.82±0.39 6(5-6) <0.001c 0.257d
20. 5.93±0.27 6(5-6) <0.001c 5.64±0,49 6(5-6) <0.001c 0.013d
30. 5.78±0.42 6(5-6) <0.001c 6±0.00 6(5-6) <0.001c 0.019d
40. 5.48±0.66 6(5-6) <0.001c 5.80±0.41 6(5-6) <0.001c 0.085d
50. 5.50±0.52 6(5-6) <0.001c 5.83±0.38 6(5-6) <0.001c 0.041d
60. 5.58±0.51 6(5-6) <0.001c 5.44±0.53 6(5-6) <0.001c 0.538d
70. 6±0.0 6 <0.001c -80. 6±0,0 (5-6) <0.001c -

a: Comparison between 3 and other times, b: Comparison between EarlyLA and LateLA groups, c: Wilcoxon Signed Rank test, d: Mann-Whitney U test
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value using target-controlled propofol infusion. A stable anesthesiaas in this present study, will not require any additional drug admin-istration and will not lead to vital sign fluctuations due to anestheticagents. This may have also masked the effect of painful proceduresin reducing the depth of anesthesia. In this study, no difference wasfound between the groups in BIS values and Ramsey Scores, whichare parameters indicating the depth of sedation. (p=0.190 for BIS;0.887 for Ramsay). However, what is noteworthy here is that thetotal dose of sedative agents used for BIS values providing similardepth of anesthesia was not different between the two groups.In a survey study conducted in 2014, 92% of the dentists par-ticipating in the study reported that they preferred the use of localanesthesia to stabilize vital signs and maintain the depth of anes-thesia while performing treatments under general anesthesia. 6
The use, drug choice, application method and time of LA may beaccording to the clinical habits of most dentists. In our clinic, somepediatric dentists apply LA at the beginning of sedation just be-fore starting intraoral procedures, while others use it at the endof sedation, just before the tooth extraction. However, our studyshows that vital signs were similar the other group in the absenceof LA during sedation. In this case, consolidation of anesthesia andstabilization of vital signs are not related to the presence of localanesthesia, but rather can be attributed to close BIS monitoringand target-controlled propofol titration.There are limited studies in the literature investigating the effectof LA application on anesthetic requirement during dental seda-tion. However, the findings of a study investigating the effect ofinfiltrative local anesthesia and abdominal wall nerve blockade onthe need for anesthetic drugs in pediatric patients undergoing in-guinal hernia repair are remarkable. Infiltration anesthesia did notreduce the need for intravenous anesthesia at the level of abdom-inal nerve blockade, but BIS values were similar throughout thesurgery. 18 Likewise, in our study, infiltration anesthesia did not de-crease the need for propofol. Although dental infiltration anesthesiais different from the infiltration anesthesia mentioned in abdom-inal surgery, it is significant that these findings demonstrate thedifference in analgesic potency between direct nerve block and infil-tration anesthesia. On the other hand, intraligamental LA injectionprovides more effective postoperative analgesia than infiltrationanesthesia as shown in the results of a study by Leong et al. 19 Thisfinding may also be much related to the fact that infiltration anes-thesia did not contribute to the depth of anesthesia or reduced theneed for propofol under sedation in this study. In this respect, thesefindings of above studies may support the findings of our study.In general, the goal after procedural sedation is to avoid anypossibility of re-sedation and safely discharge the patient directlyhome in the same condition as before the sedation. In this context,the concern in pediatric anesthesia is to provide effective anesthe-sia with the minimal dose of medication possible without residualeffects. One of the aims of this study was to investigate the totaldoses of propofol required for both groups. In this study LA pres-ence resulted in no difference in the requirement of propofol ingroups. As Lin et al. 20 demonstrated, BIS-guided TCI propofolsedation technique provides the targeted depth of sedation withless drug consumption. 20 Another conclusion of this study thatis consistent with literature that deep sedation can be achieved ef-fectively with TCI propofol under BIS monitoring. 14 On the otherhand, it is known that the pharmacodynamics of propofol may bedifferent in underweight and overweight children; therefore, TCImediated propofol anesthesia is recommended to eliminate thiseffect. 21 Rogerson et al. 22 showed that overweight and obese chil-dren require lower doses of propofol for deep sedation than childrenof normal body weight. 22 In our study, BMI was found to be higherin Late LA group. To reveal the effect of BMI, the total amount ofpropofol used was calculated by eliminating BMI and there was nostatistically significant difference between the two groups (0.597).This study also demonstrated that deep sedation can be achievedwith a similar dose of propofol under the BIS monitor and through

target control propofol infusion, regardless of local anesthetic con-tribution.Local anesthesia at the beginning of sedation did not contributeto stabilization of vital signs, depth of anesthesia and total dose ofpropofol administered compared to LA at the end of sedation.Pediatric deep dental sedation via target-controlled propofol in-fusion using BIS monitoring resulted in similar amounts of propofolconsumption regardless of the presence of local anesthesia. It is con-cluded that close Bispectral Index monitoring and target controlledpropofol infusion rather than timing of local anesthetic administra-tion are the parameters that influence the quality of pediatric deepdental sedation and total drug consumption.Readers of this study should not conclude that there is no needfor local anesthesia under sedation. Local anesthesia has beenshown to have many benefits in terms of pain and bleeding controlin dental restorations. In this context, the type of drug and drugcombinations, dose titration and analgesic potency for postopera-tive pain management of local anesthesia under sedation may bethe subject of future studies.This study had a couple of limitations. Contrary to the findingsin the existing literature, our results showed that the applicationof local anesthesia at the beginning of sedation did not provideany benefit in terms of stability of vital signs, depth of anesthesiaand drug requirement. This may be due to the limited sample sizeof this retrospective study. In addition, the number of restorativeprocedures and the total amount of local anesthetic used for eachpatient in both groups are not known. The lack of standardizationin this regard is another limitation of this study. Therefore, ourstudy design aims to provide a randomized controlled trial to fullyconclude that local anesthetic application does not affect the depthof hypnosis during propofol anesthesia for pediatric dentistry.

Conclusion
Overall, this retrospective study on 50 healthy subjects showed thatlocal anesthesia during sedation is not effective in strengtheningthe depth of sedation and stabilizing vital signs. Furthermore, theapplication of local anesthesia at the induction of deep sedation didnot reduce the total dose of propofol needed. In contrast, target-controlled propofol infusion and bispectral index monitoring allowtitrating the minimal dose of propofol required to achieve effectivedepth of sedation rather than supplementing sedation with localanesthesia.
Clinical Implication
The presence of LA during deep dental sedation does not contributeto the depth of sedation, hemodynamic stabilization, and the totaldose of propofol required. Pediatric dentists using local anesthe-sia to enhance sedation may inadvertently increase unnecessarydoses and associated complications. According to the results of thisretrospective study LA has no benefits to deepen sedation. Thisstudy also emphasizes that TCI-propofol and BIS monitoring areessential for ensuring sedation depth and stability.
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