
World Journal of
Clinical Cases

ISSN 2307-8960 (online)

World J Clin Cases  2023 August 6; 11(22): 5193-5415

Published by Baishideng Publishing Group Inc



WJCC https://www.wjgnet.com I August 6, 2023 Volume 11 Issue 22

World Journal of 

Clinical CasesW J C C
Contents Thrice Monthly Volume 11 Number 22 August 6, 2023

MINIREVIEWS

Research progress on reactive oxygen species production mechanisms in tumor sonodynamic therapy5193

Dong HQ, Fu XF, Wang MY, Zhu J

ORIGINAL ARTICLE

Retrospective Study

Combining the age-male-albumin-bilirubin-platelets score and shear wave elastography stratifies 
carcinogenic risk in hepatitis C patients after viral clearance

5204

Masaoka R, Gyotoku Y, Shirahashi R, Suda T, Tamano M

Changes in neurotransmitter levels, brain structural characteristics, and their correlation with PANSS 
scores in patients with first-episode schizophrenia

5215

Xu XJ, Liu TL, He L, Pu B

Five-year outcomes of immediate implant placement for mandibular molars with and without chronic 
apical periodontitis: A retrospective study

5224

Yang H, Luo D, Yuan MJ, Yang JJ, Wang DS

Observational Study

Standardization of apple cancellation test for neglect patients in Korea: An observational study5236

Jang WH, Jang JS

Prospective Study

Diabetic neuropathy results in vasomotor dysfunction of medium sized peripheral arteries5244

Ege F, Kazci Ö, Aydin S

SYSTEMATIC REVIEWS

COVID-19-induced gastrointestinal autonomic dysfunction: A systematic review5252

Elbeltagi R, Al-Beltagi M, Saeed NK, Bediwy AS

META-ANALYSIS

Meta-analysis of outcomes from drug-eluting stent implantation in infrapopliteal arteries5273

Li MX, Tu HX, Yin MC

CASE REPORT

Acute hepatitis of unknown etiology in an adult female: A case report5288

Dass L, Pacia AMM, Hamidi M



WJCC https://www.wjgnet.com II August 6, 2023 Volume 11 Issue 22

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 11 Number 22 August 6, 2023

Zimberelimab plus chemotherapy as the first-line treatment of malignant peritoneal mesothelioma: A case 
report and review of literature

5296

Peng XD, You ZY, He LX, Deng Q

Recurrent ventricular arrhythmia due to aconite intoxication successfully treated with landiolol: A case 
report

5303

Matsuo C, Yamamoto K, Fukushima H, Yajima D, Inoue H

Anti-phospholipase A2 receptor-associated membranous nephropathy with human immunodeficiency 
virus infection treated with telitacicept: A case report

5309

Wang JL, Sun YL, Kang Z, Zhang SK, Yu CX, Zhang W, Xie H, Lin HL

Rapid progression of heart failure secondary to radioactive iodine treatment of hyperthyroidism: A case 
report

5316

Li ZH, Ni LJ, Liu YQ, Si DY

Pathological complete response to neoadjuvant alectinib in unresectable anaplastic lymphoma kinase 
positive non-small cell lung cancer: A case report

5322

Wang LM, Zhao P, Sun XQ, Yan F, Guo Q

Hepatoid adenocarcinoma of the stomach with neuroendocrine differentiation: A case report and review 
of literature

5329

Fei H, Li ZF, Chen YT, Zhao DB

Acquired haemophilia as a complicating factor in treatment of non-muscle invasive bladder cancer: A case 
report

5338

Ryšánková K, Gumulec J, Grepl M, Krhut J

Persistent dysexecutive syndrome after pneumococcal meningitis complicated by recurrent ischemic 
strokes: A case report

5344

Abbruzzese L, Martinelli G, Salti G, Basagni B, Damora A, Scarselli C, Peppoloni G, Podgorska A, Rosso G, Bacci M, 
Alfano AR, MANCUSO M

Treatment of refractory anti-melanoma differentiation-associated gene 5 anbibody-positive 
dermatomyositis complicated by rapidly progressing interstitial pulmonary disease: Two case reports

5351

Wang QH, Chen LH

TINAVI robot-assisted one-stage anteroposterior surgery in lateral position for severe thoracolumbar 
fracture dislocation: A case report

5358

Ye S, Chen YZ, Zhong LJ, Yu CZ, Zhang HK, Hong Y

Individual with concurrent chest wall tuberculosis and triple-negative essential thrombocythemia: A case 
report

5365

Xu XY, Yang YB, Yuan J, Zhang XX, Kang L, Ma XS, Yang J

Self-strangulation induced penile partial amputation: A case report5373

Maimaitiming ABLT, Mulati YLSD, Apizi ART, Li XD

Long-term rare giant sialolithiasis for 30 years: A case report and review of literature5382

Mao JS, Lee YC, Chi JCY, Yi WL, Tsou YA, Lin CD, Tai CJ, Shih LC



WJCC https://www.wjgnet.com III August 6, 2023 Volume 11 Issue 22

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 11 Number 22 August 6, 2023

Kawasaki disease with peritonsillar abscess as the first symptom: A case report5391

Huo LM, Li LM, Peng HY, Wang LJ, Feng ZY

Treatment of a patient with severe lactic acidosis and multiple organ failure due to mitochondrial 
myopathy: A case report

5398

Chen L, Shuai TK, Gao YW, Li M, Fang PZ, Christian W, Liu LP

Early esophageal carcinomas in achalasia patient after endoscopic submucosal dissection combined with 
peroral endoscopic myotomy: A case report

5407

An BQ, Wang CX, Zhang HY, Fu JD

LETTER TO THE EDITOR

Caution in the use of sedation and endomyocardial biopsy for the management of pediatric acute heart 
failure caused by endocardial fibroelastosis

5412

Xin XX, Se YY



WJCC https://www.wjgnet.com IX August 6, 2023 Volume 11 Issue 22

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 11 Number 22 August 6, 2023

ABOUT COVER

Editorial Board Member of World Journal of Clinical Cases, Etiene Andrade Munhoz, PhD, Associate Professor, 
Department of Dentistry, Health Science Centre, Federal University of Santa Catarina, Florianopolis 88040-379, 
Brazil. etiamfob@yahoo.com

AIMS AND SCOPE

The primary aim of World Journal of Clinical Cases (WJCC, World J Clin Cases) is to provide scholars and readers from 
various fields of clinical medicine with a platform to publish high-quality clinical research articles and 
communicate their research findings online.  
      WJCC mainly publishes articles reporting research results and findings obtained in the field of clinical medicine 
and covering a wide range of topics, including case control studies, retrospective cohort studies, retrospective 
studies, clinical trials studies, observational studies, prospective studies, randomized controlled trials, randomized 
clinical trials, systematic reviews, meta-analysis, and case reports.

INDEXING/ABSTRACTING

The WJCC is now abstracted and indexed in Science Citation Index Expanded (SCIE, also known as SciSearch®), 
Journal Citation Reports/Science Edition, Current Contents®/Clinical Medicine, PubMed, PubMed Central, 
Reference Citation Analysis, China National Knowledge Infrastructure, China Science and Technology Journal 
Database, and Superstar Journals Database. The 2023 Edition of Journal Citation Reports® cites the 2022 impact 
factor (IF) for WJCC as 1.1; IF without journal self cites: 1.1; 5-year IF: 1.3; Journal Citation Indicator: 0.26; Ranking: 
133 among 167 journals in medicine, general and internal; and Quartile category: Q4.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Si Zhao; Production Department Director: Xu Guo; Editorial Office Director: Jin-Lei Wang.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Clinical Cases https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 2307-8960 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

April 16, 2013 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Thrice Monthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Bao-Gan Peng, Jerzy Tadeusz Chudek, George Kontogeorgos, Maurizio Serati, Ja 
Hyeon Ku

https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/2307-8960/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

August 6, 2023 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2023 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2023 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/2307-8960/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com


WJCC https://www.wjgnet.com 5224 August 6, 2023 Volume 11 Issue 22

World Journal of 

Clinical CasesW J C C
Submit a Manuscript: https://www.f6publishing.com World J Clin Cases 2023 August 6; 11(22): 5224-5235

DOI: 10.12998/wjcc.v11.i22.5224 ISSN 2307-8960 (online)

ORIGINAL ARTICLE

Retrospective Study

Five-year outcomes of immediate implant placement for mandibular 
molars with and without chronic apical periodontitis: A retrospective 
study

Hua Yang, Dan Luo, Mu-Jie Yuan, Jian-Jun Yang, Da-Shan Wang

Specialty type: Medicine, research 
and experimental

Provenance and peer review: 
Unsolicited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): B 
Grade C (Good): C, C 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Ardila CM, Colombia; 
Utharavalli USK, India

Received: May 29, 2023 
Peer-review started: May 29, 2023 
First decision: June 15, 2023 
Revised: June 26, 2023 
Accepted: July 10, 2023 
Article in press: July 10, 2023 
Published online: August 6, 2023

Hua Yang, Dan Luo, Mu-Jie Yuan, Jian-Jun Yang, Department of Oral and Maxillofacial Surgery, 
The Affiliated Hospital of Qingdao University, Qingdao 266003, Shandong Province, China

Hua Yang, Dan Luo, Mu-Jie Yuan, Jian-Jun Yang, Da-Shan Wang, School of Stomatology, 
Qingdao University, Qingdao 266003, Shandong Province, China

Da-Shan Wang, Department of Oral Implantology, The Affiliated Hospital of Qingdao Univer-
sity, Qingdao 266003, Shandong Province, China

Corresponding author: Da-Shan Wang, PhD, Professor, Department of Oral Implantology, The 
Affiliated Hospital of Qingdao University, No. 16 Jiangsu Road, Qingdao 266003, Shandong 
Province, China. wdsapple@163.com

Abstract
BACKGROUND 
Most physicians consider molars with chronic apical periodontitis (CAP) lesions 
as contraindications for immediate implant placement. At the patient’s request, 
we perform immediate implant placement of the mandibular molars with CAP in 
clinical practice.

AIM 
To retrospectively analyze and compare the 5-year outcomes of immediate 
implant placement of the mandibular molars with CAP and those without 
obvious inflammation.

METHODS 
The clinical data of patients with immediate implant placement of the mandibular 
molars in the Department of Oral and Maxillofacial Surgery, the Affiliated 
Hospital of Qingdao University, from June 2015 to June 2017 were collected. The 
patients were divided into CAP (n = 52) and no-CAP (n = 45) groups. Changes in 
bone mineral density and bone mass around implants were analyzed 5 years after 
implant restoration.

RESULTS 
At 5 years after implantation, the peri-implant bone mineral density was 528.2 ± 
78.8 Hounsfield unit (HU) in the CAP group and 562.6 ± 82.9 HU in the no-CAP 
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group (P = 0.126). Marginal bone resorption around implants did not differ significantly between the two groups, 
including buccal (P = 0.268) or lingual (P = 0.526) resorption in the vertical direction or buccal (P = 0.428) or lingual 
(P = 0.560) resorption in the horizontal direction. Changes in the peri-implant jump space did not differ 
significantly between the two groups, including the buccal (P = 0.247) or lingual (P = 0.604) space in the vertical 
direction or buccal (P = 0.527) or lingual (P = 0.707) space in the horizontal direction. The gray value of cone-beam 
computed tomography measured using Image J software can reflect the bone mineral density. In the CAP area, the 
gray values of the bone tissue immediately and 5 years after implant placement differed significantly from those of 
the surrounding bone tissue (P < 0.01).

CONCLUSION 
The results of this study suggest that immediate implant placement of the mandibular molars with CAP can 
achieve satisfactory 5-year clinical results, without significant differences in the complications, survival rate, or 
bone tissue condition from the no-CAP mandibular molars.

Key Words: Molar; Chronic apical periodontitis; Dental implantation; Bone density; Treatment outcome; Retrospective study

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study was aimed at retrospectively analyzing and comparing the 5-year outcomes of immediate implant 
placement of the mandibular molars with chronic apical periodontitis and those without obvious inflammation based on 
changes in bone mineral density and bone mass around implants 5 years after implant restoration.

Citation: Yang H, Luo D, Yuan MJ, Yang JJ, Wang DS. Five-year outcomes of immediate implant placement for mandibular molars 
with and without chronic apical periodontitis: A retrospective study. World J Clin Cases 2023; 11(22): 5224-5235
URL: https://www.wjgnet.com/2307-8960/full/v11/i22/5224.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i22.5224

INTRODUCTION
Chronic apical periodontitis (CAP) is a globally prevalent infectious disease, characterized by the inflammatory response 
of periapical tissues and local alveolar bone destruction caused by intramedullary microbial infection[1,2]. Compared to 
other bones in the body, the alveolar bone can communicate directly with the outside environment through the dental 
pulp; if the pulp is necrotic and infected, no epithelial barrier exists to resist infection or inflammatory factors[3]. In the 
development of CAP, microbial infection and immune defense response jointly lead to local alveolar bone destruction[4-
6]. Root canal therapy is the main treatment for CAP. However, after root canal treatment, CAP may persist as 
asymptomatic inflammation[7]. Persistent CAP after root canal treatment may be caused by failure to strictly follow the 
principle of asepsis, a poor approach design, residual accessory canals, improper use of instruments, incomplete de-
bridement, and microleakage of the temporary or permanent prosthesis[8].

Due to the complexity of the main and accessory root canal systems and residual infection at the root canal branches 
and anastomosis, the mandibular molars may develop persistent CAP even after following the most stringent root canal 
treatment procedures, resulting in persistent destruction of the periapical bone[1,2,9]. When the periapical shadow area of 
the affected tooth is enlarged in the periapical radiograph, the root canal retreatment is difficult to perform, and the 
affected tooth cannot be retained, the method of restoring the affected tooth after extraction should be considered[10].

Since Branemark successfully implanted the first dental implant in 1965, the dental implant technology has been an 
effective method to restore the masticatory and esthetic functions of the dentition for patients with missing teeth[11,12]. 
The initial treatment protocol involves implant placement in the healed extraction socket, referring to the alveolar bone 
after healing for at least 5-6 mo after extraction of the affected tooth, a delayed dental implant. In 1989, Lazzara et al[13] 
introduced implants placed immediately after tooth extraction. In recent years, many studies have confirmed the 
reliability of implants placed during tooth extraction[14]. With advancements in the implant technology, immediate 
implant placement has become the first choice to restore missing teeth in clinical practice[15-17]. Hansson and Ekestubbe
[18] and Ericsson et al[19] found that immediate dental implant surgery is minimally invasive, which reduces the risk of 
osteonecrosis and promotes the process of bone remodeling, shortening the healing period of the alveolar bone and 
promoting the transformation of woven bone into lamellar bone. Compared to delayed dental implant placement, 
immediate implant placement has advantages of shortening the treatment course, reducing the procedural pain of 
patients, and reducing the alveolar bone absorption in the surgical area[20]. Currently, immediate implant placement is 
mainly used in the anterior esthetic area in clinical practice[21].

Most molars cannot be retained after severe CAP. The complex shape of the extraction socket after extraction of the 
affected teeth, severe destruction of the periodontal soft tissue and alveolar bone, and presence of abundant inflammatory 
granulation tissue adversely affect the success rate of immediate implant placement[16]. In a prospective study, Alsaadi et 
al[22] found that immediate implant placement in teeth with CAP lesions resulted in a greater rate of implant failure 
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compared to delayed implant placement. In addition, the retrograde peri-implantitis that occurred in the study was 
thought to be caused by immediate implant placement at the CAP tooth position[23]. Most physicians consider the 
molars with severe CAP as a contraindication for immediate implant placement. However, in recent years, data from 
animal studies, case reports, and prospective studies have shown that the success rate of implant placement in the teeth 
with CAP is similar to that in the teeth without CAP[24,25].

The aim of this study was to retrospectively analyze and compare the 5-year outcomes of immediate implant 
placement of the mandibular molars with CAP and those without obvious inflammation based on quantitative peri-
implant bone mass changes evaluated using Simplant and Image J software.

MATERIALS AND METHODS
Patient screening
Clinical cases of the molars that could not be retained or received immediate implant placement were collected from the 
Oral and Maxillofacial Surgery Department of the Affiliated Hospital of Qingdao University from June 2015 to June 2017. 
Figure 1 shows the patients’ screening process.

This study was conducted in accordance with Declaration of Helsinki guidelines and regulations, and all study 
methods were approved by the Ethics Committee of the Affiliated Hospital of Qingdao University (QYFYKYLL-
958311920). Informed consent was obtained and signed by all participants and their families in this study.

Preoperative preparation
Inclusion criteria were: Age ≥ 18 years; no pregnancy or lactation; no systemic disease or the use of related drugs; good 
oral hygiene with no acute inflammation in the dentition; no retentive value of the affected teeth in the posterior 
mandibular region as confirmed by oral physicians and prosthodontists (Figure 2A-C); patient consent for immediate 
implant placement; and willingness to attend regular follow-ups. The same chief physician with 25 years of work 
experience completed the implant placement surgery and crown restoration, under assistance by doctors with more than 
5 years of clinical experience.

Surgical procedure
All study participants underwent routine disinfection and draping in the intraoral and maxillofacial regions. We used 1% 
iodophor for disinfection and asked the patient to gargle for 20 s before sterilizing the maxillofacial area, up to the 
palpebral fissure, down to the level of the hyoid bone, and bilaterally to the front of the tragus. The angular mucoperi-
osteal flap on the buccal side of the affected tooth was completely turned over. A high-speed turbine extraction handpiece 
was used to extract the affected teeth by root separation to protect the integrity of the apical septum and bone wall of the 
alveolar fossa to the greatest extent (Figure 3A and B). The inflammatory tissues on the edge and inside of the mucoperi-
osteal flap were pruned. The inflammatory tissue attached to the inner wall of the alveolar fossa was scraped with an 
appropriate type of scraping spoon and then polished with large, medium, and small ball drills until no fibrous tissue 
remained on the bone wall of the alveolar fossa (Figure 3C and D). The implant cavities were prepared step-wise, and the 
corresponding implants were selected and rotated into the implant socket using a ratchet wrench to ensure that the 
implants had been placed in the correct three-dimensional position, with the neck and shoulder of the implants placed 
1.0-1.5 mm below the edge of the alveolar bone. The torque force after implant placement was tested using a force 
measuring wrench to ensure that the torque force exceeded 35 N. cm (Figure 3E and F). The implant stability quotient 
was measured with the resonance frequency analyzer (Osstell, Sweden) to confirm the initial stability of the implant and 
install the healing abutment with appropriate diameter and penetration height. The buccal-lingual mucoperiosteal flap 
was tightly sutured around the healing abutment (Figure 3G). Cone-beam computed tomography (CBCT) was performed 
after immediate implant placement to ensure that the implants were in the correct tooth and spatial positions (Figure 2D-
F).

Dental crown restoration
At 3 mo postoperatively, an impression was taken, and an all-porcelain crown was fabricated (Figure 3H and I).

Evaluation index
All patients underwent CBCT before and after the implant placement and at the follow-up visits (Figure 2). CBCT was 
performed by the same dental radiologist with 10 years of experience. The clinical examination and CBCT image 
measurement and analysis were performed by three dentists with 10, 10, and 5 years of working experience, respectively. 
Each dentist measured and analyzed the CBCT scans of the two groups of patients, and the results of each patient’s 
evaluation index were averaged and recorded. The intraclass correlation coefficient (ICC) was used to test the difference 
in the observation results of the three observers. According to the specificity of the evaluation indicators in this study, the 
peri-implant bone mineral density with the most complicated detection steps was selected for ICC calculation, which 
could reflect the differences in the observation results of the three observers in this study.

The bone tissue around the implant was analyzed 5 years after crown restoration. CBCT equipment and parameters 
were as follows: Brand model, Kava i-CAT 17-19; tube voltage, 120 kV; current, 5 mA; exposure time, 26.9 s; diameter, 16 
cm; height, 11 cm; and resolution, 0.25 mm.
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Figure 1 Patients’ screening flowchart. CAP: Chronic apical periodontitis.

The patient sat in an upright position. The dental chair was adjusted to the appropriate height according to the 
patient’s height. The patient’s head was rested on the head support. The dentist wore protective clothing for infection 
control, adjusted the front center line to the center of the patient’s face, directed the patient’s eyes to look forward, 
adjusted the orbital ear plane to be parallel to the ground, and held the patient’s jaw bracket. “Preview” determined that 
the scanning range included the patient’s complete upper and lower dentition and alveolar bone, and the CBCT scan was 
captured.

Peripheral bone density: The CBCT scans of the CAP and no-CAP groups 5 years after dental crown restoration were 
exported in the Digital Imaging and Communications in Medicine format and imported into Simplant software 
(Materialise Dental, Belgium). The alveolar bone density was measured around the virtual implant (Figure 4A).

Vertical and horizontal marginal bone losses: The implant long axis L0 and the implant shoulder plane L1 perpen-
dicular to L0 were determined. In the vertical direction, the vertical distance from the crest of the buccal and lingual 
alveolar crests to L1 (H1) was measured. In the horizontal direction, the distance (W1) between L1 and the lateral side of 
the buccal and lingual bone walls and the intersection of the implant edge was measured (Figure 4B). Each group of data 
was measured thrice, with an average accuracy of 0.01 mm. The buccal and lingual vertical and horizontal marginal bone 
loss from immediately after implant placement to 5 years after crown restoration in the CAP and no-CAP groups were 
calculated.

Changes in the jump gap: The long axis L0 of the implant body and the shoulder plane L1 perpendicular to L0 were 
determined. The vertical distance from the highest point of implant-bone contact to L1 (H2) was measured immediately 
after surgery and 5 years after crown restoration, and the distance between L1 and the intersections of buccal and lingual 
bone walls and implant edges (W2) was measured (Figure 4B). The data in each group were measured thrice, with an 
average accuracy of 0.01 mm. Changes in buccal and lingual jump gaps in the CAP and no-CAP groups 5 years after 
crown restoration were calculated.

Changes in bone density in the CAP-damaged areas: The CBCT scans of the largest area of bone destruction in the 
horizontal plane of the CAP group were selected and exported in the jpg format. With the Image J software, the region of 
interest was selected in the image, avoiding areas such as the surrounding alveolar bone and root tip as much as possible. 
After determining the region of interest, the “Measure” option in the toolbar was selected, followed by the “Analyze” 
option to obtain the gray value of the inflammatory bone destruction area and surrounding bone tissue (Figure 4C). 
Differences in the gray value between the two were calculated and recorded. The gray values of the bone destruction area 
and surrounding bone tissue in the same area 5 years after crown restoration were obtained with the same method, and 
the difference in the gray values between the two was calculated and recorded. The obtained gray value cannot directly 
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Figure 2 Cone-beam computed tomography scans of the chronic apical periodontitis group. A-C: Cone-beam computed tomography (CBCT) 
scans of the chronic apical periodontitis (CAP) group before surgery; D-F: CBCT scans of the CAP group after immediate dental implantation; G-I: CBCT scans of the 
CAP group 5 years after restoration.

be used as the bone mineral density value, but the difference in the gray values between the area of inflammatory bone 
destruction and the surrounding bone tissue immediately and 5 years after surgery can represent the change in bone 
mineral density in this area.

Statistical analysis
ICC calculations and statistical tests were performed using SPSS 20.0 (IBM, Chicago, IL). Patient age belonged to non-
normally distributed data, and the Wilcoxon signed-rank test was used for the analysis. The data of peri-implant bone 
tissue changes (bone mineral density, marginal bone loss, jump gap, and gray value) belonged to normally distributed 
data and were analyzed with the independent-samples t-test. For patient sex, the chi-square test was used. A P value < 
0.05 was considered to indicate statistical significance.

RESULTS
We enrolled 97 teeth of 97 patients, with 52 patients in the CAP group, including 28 women and 24 men, aged 35.6 ± 5.28 
(68-18) years, and 45 patients in the no-CAP group, including 19 women and 26 men, aged 36.8 ± 4.79 (66-20) years. 
Patient age (P = 0.385) or sex (P = 0.314) distribution did not differ significantly between the two groups (Tables 1 and 2). 
The peri-implant bone mineral density values measured by three observers in this study were tested for inter-observer 
differences, and the calculated ICC value was 0.816, falling between 0.75 and 0.9, indicating a good consistency of the 
observation results[26].

Implant repair complications and retention
The clinical records of the two groups within 5 years were analyzed. In the CAP group, one patient developed central 
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Table 1 Age range of the patients

Group Max Min Mean SD P value

CAP group (n = 52) 68 18 35.6 5.28

No-CAP group (n = 45) 66 20 36.8 4.79

0.385

CAP: Chronic apical periodontitis; SD: Standard deviation.

Table 2 Sex of the patients

Sex
Group

Female Male
Total P value

CAP group (n = 52) 28 24 52

No-CAP group (n = 45) 19 26 45

0.314

Total (n = 97) 47 50 97

CAP: Chronic apical periodontitis.

Figure 3 Immediate implant placement surgery and repair in the chronic apical periodontitis group. A: Patients were examined before surgery; B: 
The gingiva was incised, and the mucoperiosteal flap was raised and removed; C: The inflammatory tissue in the extraction fossa was removed, and the primary 
implant hole was prepared; D: Residual inflammatory tissue on the bone wall of the inflammatory lesion area was removed using a ball drill via a primary implant hole; 
E: Removed teeth and removed inflammatory tissue; F: Immediate implant placement; G: Non-embedding healing; H: Gum cuff; I: Crown restoration completed.

screw loosening, and one patient experienced restoration chipping. In the no-CAP group, one patient’s prosthesis fell off, 
and one patient’s prosthesis chipped off. After the corresponding treatment, the implant condition was good. The 
implants in the two groups were in position and functioned well, and the survival rate was 100%.
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Figure 4 Method for measuring changes in bone tissue around implants. A: The peri-implant bone mineral density was measured using Simplant 
software; B: Schemas of marginal bone resorption and jump gap measurements. L0 is the long axis of the implant. L1 is perpendicular to L0. H1 is the vertical 
distance from the crest of the alveolar bone to L1. W1 is the horizontal distance from the most lateral side of the alveolar bone wall to the edge of the implant. H2 is 
the vertical distance from the highest point of contact between the implant and the bone to L1. W2 is the width of the jump gap. C: Image J software was used to 
measure the gray value of the bone destruction area at the root apex of the affected tooth (the gray value of alveolar bone cone-beam computed tomography can 
reflect its bone mineral density).

Changes in bone tissue around the implant
The CBCT data were imported into Simplant software to measure and compare changes in bone mineral density of peri-
implant bone tissue after 5 years of implant denture restoration. The peri-implant bone densities were 528.2 ± 78.8 
Hounsfield unit (HU) and 562.6 ± 82.9 HU after 5 years of implant restoration in the CAP and no-CAP groups, 
respectively. The independent-samples t-test showed no significant difference in the peri-implant bone density between 
the two groups (P = 0.126).

Figure 5A and B shows the amount of bone resorption at the implant edge. In the vertical direction, the buccal 
marginal bone loss was 0.43 ± 0.16 mm in the CAP group and 0.47 ± 0.14 mm in the no-CAP group, showing no 
significant difference between the two groups (P = 0.268). The marginal bone loss did not differ significantly between the 
CAP (0.43 ± 0.14 mm) and no-CAP (0.45 ± 0.14 mm) groups (P = 0.526). In the horizontal direction, the buccal marginal 
bone loss was 0.91 ± 0.22 mm in the CAP group and 0.86 ± 0.23 mm in no-CAP group, showing no significant difference 
between the two groups (P = 0.428). The marginal bone loss was 0.67 ± 0.15 mm in the CAP group and 0.64 ± 0.22 mm in 
the no-CAP group (P = 0.560), showing no significant difference.

In the vertical direction, the incremental value of the highest point of buccal implant-bone contact was 3.04 ± 1.21 mm 
in the CAP group and 3.36 ± 0.89 mm in the no-CAP group, showing no significant difference (P = 0.247). The implant 
bone increment at the highest point of lingual implant-bone contact was 2.80 ± 0.78 mm in the CAP group and 2.71 ± 0.63 
mm in the no-CAP group, showing no significant difference (P = 0.604; Figure 5C). In the horizontal direction, the width 
change in the buccal jump gap was 3.44 ± 0.95 mm in the CAP group and 3.30 ± 0.83 mm in the no-CAP group, showing 
no significant difference (P = 0.527). The width change in the lingual jump gap was 2.57 ± 0.78 mm in the CAP group and 
2.84 ± 0.63 mm in the no-CAP group, showing no significant difference (P = 0.707; Figure 5D).

Changes in the bone density of the CAP-damaged area
The inflammatory bone destruction area of the alveolar bone in the CAP group disappeared 5 years after implant denture 
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Figure 5 Changes in bone tissue around implants. A: Vertical edge bone absorption of peri-implant (buccal, P = 0.268; lingual, P = 0.526); B: Horizontal 
edge bone absorption of peri-implant (buccal, P = 0.428; lingual, P = 0.560); C: Implant-bone contact peak increment (buccal, P = 0.247; lingual, P = 0.604); D: 
Changes in the jump gap (buccal, P = 0.527; lingual, P = 0.707).

restoration. The gray value difference between the CAP lesion area and the surrounding bone tissue was 107.6 ± 21.7 
immediately after surgery and 32.5 ± 15.3 5 years after implant restoration, with significant differences between the two 
groups (P < 0.01).

DISCUSSION
Currently, immediate implant placement is the preferred modality to restore the missing anterior teeth[27]. For the 
mandibular molars, immediate implant placement is often contraindicated because of the large area of CAP lesions 
around the root apices and severe alveolar bone destruction[28]. Therefore, delayed dental implant placement is chosen, 
which prolongs the restoration time of the missing teeth and aggravates pain[29]. In this retrospective study, the patients 
who had received immediate implant placement and crown restoration with successful outcomes after 5 years were 
selected. The aim of the present study was to investigate the clinical effect of immediate implant placement for the 
missing mandibular molars.

Osseointegration is the decisive factor for the success of implant restoration[30]. The larger the contact area between 
the implant surface and the trabecular bone in the surrounding alveolar bone, the better is implant osseointegration[31]. 
The study revealed no significant differences in bone mineral density between the chronic periapical teeth with 
immediate restoration and the teeth with conventional immediate restoration 5 years after immediate restoration. 
Microbial antigens derived from root canal infections can stimulate specific and nonspecific immune responses in 
periapical tissues[32]. Macrophages, mast cells, T cells, and neutrophils are involved in the formation of CAP tissue, 
including cytokines and chemokines[32,33]. Therefore, the inflammatory tissue in the alveolar fossa should be completely 
removed to reduce the influence of inflammatory factors around the implant on the bone tissue.

The marginal bone level plays a crucial role in maintaining the stability and function of implants, with great sig-
nificance in the long-term survival rate of implants[34]. As for the vertical marginal bone mass, Kakar et al[35] found that 
during immediate implant placement for the teeth with CAP, the risk of residual infection can be reduced by curetting the 
inflammatory granulation tissue of the extraction socket and thoroughly washing it, and the vertical marginal bone 
resorption can be minimized. As for the horizontal marginal bone mass, Hatting et al[36] found that the buccal horizontal 
bone mass had decreased by 0.89 mm while the lingual horizontal bone mass had decreased by 0.69 mm 1 year after 
immediate implant placement for a molar, similar to the results of this study. Some scholars also believe that the buccal 
bone wall thickness may affect horizontal bone resorption in immediate implant placement[37]. We believe that the 
inflammatory granulation tissue around the neck of the molars with CAP should not be ignored, owing to its relevance in 
marginal bone resorption of implants. Intraoperatively, the inflammatory granulation tissue can be completely removed 
by making an incision and raising a flap to prevent the destruction of the alveolar bone in the implant socket and reduce 
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marginal bone resorption of implants. In addition, we positioned the necked shoulder of the implant 1.0-1.5 mm below 
the alveolar bone margin to compensate for vertical and marginal bone resorptions and ensure that the threads of the 
implant were not exposed after the marginal bone remodeling had been stabilized.

The gap between the medial wall of the alveolar bone and the implant surface is called the jump gap[17,38]. The 
implant may be wrapped in blood clots after placement. At 1-2 wk postoperatively, osteoblasts form new woven bone on 
the implant surface and a bridge with the bone wall of the alveolar socket. As the woven bone continues to mineralize, it 
can transform into lamellar bone[38]. The present study involved no bone grafting in the jumping gap in the CAP or no-
CAP group. The jumping gap healed naturally after the operation. Five years after implant placement and loading, CBCT 
showed that the original jumping gap had disappeared.

Bone mass loss is a clinical feature of CAP caused by microbial factors and immune defense responses[39]. As a chronic 
inflammatory disease, CAP causes an imbalance between bone resorption and remodeling, which leads to bone mass loss
[28]. Bone resorption and formation are antagonistic and coupled processes of osteoblasts and osteoclasts, which together 
constitute the normal bone mass[40]. Several factors affect periapical bone remodeling, including microbes, human 
signaling pathways, and the immune system[41]. CAP may directly be caused by bacterial infection and trigger an 
immune response from the host, resulting in destruction of periapical tissues[40,42]. In the progression of pulpitis, the 
flora is simple in the early stage, but with the dominance of gram-negative anaerobic bacteria, such as porphyromonas, 
the complexity of root canal flora increases[42]. Of all bacterial species, 54.6% are strictly anaerobic, while anaerobic 
gram-negative bacteria dominate the root canals with periapical lesions[43]. In the periapical infected tissues, bacterial 
abundance and diversity are significantly reduced, and the microbial balance in the biofilm is disrupted[44]. Endotoxin in 
the cell wall of gram-negative bacteria can cause local tissue swelling and bone resorption and mobilize the host immune 
response. Further, its content is positively correlated with the degree of bone injury[45]. It can promote osteoclast differ-
entiation and bone resorption induced by lipoic acid and participate in maintaining the survival of mature osteoclasts, 
thereby jointly causing inflammatory alveolar bone loss[45].

Therefore, in the immediate implant surgery in the present study, we should removed the inflammatory tissue in the 
alveolar fossa and the bacteria and inflammatory tissue in the periapical bone destruction area. The results showed no 
significant difference between the CAP and no-CAP groups in the gray value of the apical bone destruction area and the 
surrounding bone tissue 5 years after loading of immediate dental implant restoration. This indicated that the mandibular 
molars with various inflammatory periapical bone tissue lesions could be effectively removed by improving the implant 
socket approach during immediate implant placement to promote bone tissue reconstruction.

This study has some limitations. First, this was a retrospective study; therefore, the credibility of the findings is weaker. 
However, strict inclusion and exclusion criteria were set to minimize variables not relevant to the purpose of the study. 
Second, the study sample size was small; therefore, the data may not accurately represent the entire population. Third, all 
patients showed good compliance, which caused a selection bias. In the future, we will conduct a prospective study 
corresponding to this study to expand the sample size and follow-up duration and further explore the soft and hard 
tissue conditions of immediate dental implant placement in the mandibular molars with CAP.

CONCLUSION
The results of this study suggest that immediate implant placement of the mandibular molars with CAP can achieve 
satisfactory 5-year clinical results, without significant differences in the complications, survival rate, or bone tissue 
condition from the no-CAP mandibular molars.

ARTICLE HIGHLIGHTS
Research background
At the patient’s request, we tried to perform immediate implant placement of the mandibular molars with CAP in clinical 
practice.

Research motivation
Most physicians consider the molars with CAP lesions as contraindications for immediate implant placement.

Research objectives
Immediate implant placement of the mandibular molars with CAP can achieve satisfactory 5-year clinical results.

Research methods
In this study, we retrospectively analyzed and compared the 5-year outcomes of immediate implant placement of the 
mandibular molars with CAP and those without obvious inflammation based on quantitative peri-implant bone mass 
changes evaluated using Simplant and Image J software.

Research results
The peri-implant bone density was 528.2 ± 78.8 Hounsfield unit (HU) in the CAP group and 562.6 ± 82.9 HU in the no-
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CAP group 5 years after implant placement. The peri-implant bone density did not differ significantly between the two 
groups. The marginal bone resorption or jump gap did not differ significantly between the two groups. In the CAP area, 
the gray values of the bone tissue immediately and 5 years after implant placement differed significantly from those of 
the surrounding bone tissue (P < 0.01).

Research conclusions
The results of this study suggest that immediate implant placement of the mandibular molars with CAP can achieve 
satisfactory 5-year clinical results, without significant differences in the complications, survival rate, or bone tissue 
condition from the no-CAP mandibular molars.

Research perspectives
Immediate implant placement of the mandibular molars with chronic apical periodontitis (CAP) can achieve good clinical 
outcomes.
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