
World Journal of
Clinical Cases

ISSN 2307-8960 (online)

World J Clin Cases  2023 December 16; 11(35): 8242-8433

Published by Baishideng Publishing Group Inc



WJCC https://www.wjgnet.com I December 16, 2023 Volume 11 Issue 35

World Journal of 

Clinical CasesW J C C
Contents Thrice Monthly Volume 11 Number 35 December 16, 2023

EDITORIAL

Antibiotic treatment in cirrhotic patients8242

Fiore M, Leone S

MINIREVIEWS

Research progress on preparation of lateral femoral tunnel and graft fixation in anterior cruciate ligament 
reconstruction

8247

Dai Y, Gao WJ, Li WC, Xiang XX, Wang WM

Accessory navicular in children8256

Xiang F, Liu ZQ, Zhang XP, Li YJ, Wen J

Non-pharmacological pain palliation methods in chronic pancreatitis8263

Tez M, Şahingöz E, Martlı HF

ORIGINAL ARTICLE

Retrospective Study

Ratio of hemoglobin to mean corpuscular volume: A new index for discriminating between iron deficiency 
anemia and thalassemia trait

8270

Yao QC, Zhai HL, Wang HC

Influence of standardized nursing intervention combined with mindfulness stress reduction training on 
the curative effect in patients with acute pancreatitis

8276

Li S, Yin D, Guo XC

Clinical analysis of 114 cases of bronchiolitis in infants8284

Shi C, Wu MH, Zuo A, Yang MM, Jiang RR

Endovenous laser treatment vs conventional surgery for great saphenous vein varicosities: A propensity 
score matching analysis

8291

Li Q, Zhang C, Yuan Z, Shao ZQ, Wang J

Efficacy of prednisone combined with mycophenolate mofetil for immunoglobulin A nephropathy with 
moderate-to-severe renal dysfunction

8300

Meng MJ, Hu L, Fan Y, Gao H, Chen HZ, Chen CM, Qi Z, Liu B

Efficacy of surgical resection and ultra-reduced tension suture combined with superficial radiation in 
keloid treatment

8310

Hu XY, Yang Q, Guan XY, Li JY, Wang LL, Li K, Zhang XT



WJCC https://www.wjgnet.com II December 16, 2023 Volume 11 Issue 35

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 11 Number 35 December 16, 2023

Observational Study

Prior abdominal surgery as a potential risk factor for colonic diverticulosis or diverticulitis8320

Ariam E, Richter V, Bermont A, Sandler Y, Cohen DL, Shirin H

META-ANALYSIS

Vericiguat treatment of heart failure: A systematic review and meta-analysis8330

Yang H, Luo C, Lan WQ, Tang YH

CASE REPORT

Rare synchronous colorectal carcinoma with three pathological subtypes: A case report and review of the 
literature

8343

Li F, Zhao B, Zhang L, Chen GQ, Zhu L, Feng XL, Yao H, Tang XF, Yang H, Liu YQ

Twin pregnancy with sudden heart failure and pulmonary hypertension after atrial septal defect repair: A 
case report

8350

Tong CX, Meng T

Diffuse arterial atherosclerosis presenting with acute ischemic gastritis: A case report8357

Wei RY, Zhu JH, Li X, Wu JY, Liu JW

Balloon venoplasty for disdialysis syndrome due to pacemaker-related superior vena cava syndrome with 
chylothorax post-bacteraemia: A case report

8364

Yamamoto S, Kamezaki M, Ooka J, Mazaki T, Shimoda Y, Nishihara T, Adachi Y

Malignant pleural mesothelioma mimics thoracic empyema: A case report8372

Yao YH, Kuo YS

Multifocal papillary thyroid cancer in Graves’ disease: A case report8379

Alzaman N

Anlotinib in combination with pembrolizumab for low-grade myofibroblastic sarcoma of the pancreas: A 
case report

8385

Wu RT, Zhang JC, Fang CN, Qi XY, Qiao JF, Li P, Su L

Ankle and toe weakness caused by calcified ligamentum flavum cyst: A case report8392

Jung HY, Kim GU, Joh YW, Lee JS

Atypical case of bow hunter’s syndrome linked to aberrantly coursing vertebral artery: A case report8399

Ahn JH, Jun HS, Kim IK, Kim CH, Lee SJ

Phlebosclerosis: An overlooked complication of varicose veins that affects clinical outcome: A case report8404

Ren SY, Qian SY, Gao RD

Inflammatory cutaneous metastases originating from gastric cancer: A case report8411

Tian L, Ye ZB, Du YL, Li QF, He LY, Zhang HZ



WJCC https://www.wjgnet.com III December 16, 2023 Volume 11 Issue 35

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 11 Number 35 December 16, 2023

Metastatic pancreatic solitary fibrous tumor: A case report8416

Yi K, Lee J, Kim DU

Abemaciclib-induced lung damage leading to discontinuation in brain metastases from breast cancer: A 
case report

8425

Yamashiro H, Morii N

LETTER TO THE EDITOR

Letter to the editor: Aggressive variant prostate cancer: An exemplary case study and comprehensive 
literature survey

8431

Ke HW, Zhang WY, Xu KX



WJCC https://www.wjgnet.com IX December 16, 2023 Volume 11 Issue 35

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 11 Number 35 December 16, 2023

ABOUT COVER

Editorial Board Member of World Journal of Clinical Cases, Md Moshiur Rahman, MBBS, Assistant Professor, 
Department of Neurosurgery, Holy Family Red Crescent Medical College Hospital, Dhaka 1000, Bangladesh. 
dr.tutul@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 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: Hua-Ge Yu; Production Department Director: Xiang Li; 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, Salim Surani, Jerzy Tadeusz Chudek, George Kontogeorgos, 
Maurizio Serati

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

December 16, 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 8247 December 16, 2023 Volume 11 Issue 35

World Journal of 

Clinical CasesW J C C
Submit a Manuscript: https://www.f6publishing.com World J Clin Cases 2023 December 16; 11(35): 8247-8255

DOI: 10.12998/wjcc.v11.i35.8247 ISSN 2307-8960 (online)

MINIREVIEWS

Research progress on preparation of lateral femoral tunnel and graft 
fixation in anterior cruciate ligament reconstruction

Yue Dai, Wen-Jie Gao, Wen-Chuan Li, Xian-Xiang Xiang, Wei-Ming 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): 0 
Grade C (Good): C 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Oommen AT, India

Received: August 21, 2023 
Peer-review started: August 21, 
2023 
First decision: November 1, 2023 
Revised: November 1, 2023 
Accepted: December 1, 2023 
Article in press: December 1, 2023 
Published online: December 16, 
2023

Yue Dai, Wen-Jie Gao, Wen-Chuan Li, Xian-Xiang Xiang, Wei-Ming Wang, Department of Sports 
Medicine, Dalian University Affiliated Xinhua Hospital, Dalian 116021, Liaoning Province, 
China

Corresponding author: Wei-Ming Wang, PhD, Doctor, Professor, Department of Sports 
Medicine, Dalian University Affiliated Xinhua Hospital, No. 150 Wusi Road, Shahekou 
District, Dalian 116021, Liaoning Province, China. 2286735422@qq.com

Abstract
Anterior cruciate ligament (ACL) injury is one of the most common types of 
sports injuries. People’s need to participate in sports and desire for a high quality 
of life promotes the continuous development of ACL reconstruction technology. 
Arthroscopic ACL reconstruction has been recognized as an effective method for 
the treatment of ACL injuries. This review analyses and summarizes the 
advantages and limitations of each surgical procedure for arthroscopic ACL 
reconstruction reported in the relevant literature so as to promote the future 
development of more relevant techniques.

Key Words: Arthroscopy; Anterior cruciate ligament; Anterior cruciate ligament 
reconstruction; Femoral tunnel; Anatomical reconstruction
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Core Tip: In the past 50 years, with the improvement of the understanding of knee 
anatomy and its injury mechanism, anterior cruciate ligament reconstruction surgery has 
developed rapidly. The fixation methods are reviewed in order to provide reference for 
the treatment of preclinical cruciate ligament injuries.
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INTRODUCTION
The anterior cruciate ligament (ACL) is one of the main anatomical structures of the knee joint and is commonly subjected 
to sports injury. More than 120000 ACL reconstructions are performed annually in the United States, and the relative risk 
of ACL rupture in female athletes is 2-9 times higher than that in male athletes[1]. In the past 50 years, improved 
understanding of the knee anatomy and its proneness to specific types of injury has led to the rapid development of ACL 
reconstruction surgery. The fixation methods are reviewed to provide a reference for the treatment of preclinical cruciate 
ligament injuries.

ACL ANATOMY
The tibial insertion of the ACL originates from the outer surface of the medial intercondylar ridge, assuming a fan-shaped 
configuration. On the other hand, the femoral insertion is attached to the intercondylar notch located behind the inner 
surface of the lateral femoral condyle and exhibits an oval shape with an extended fiber bundle[2]. It is widely accepted 
that the ACL consists of two fundamental functional bundles, namely, the anteromedial (AM) bundle and posterolateral 
(PL) bundle, which play a crucial role in maintaining both anteroposterior and rotational stability of the knee joint[3]. 
Giuliani et al[4] conducted anatomical studies on cadavers and discovered that ACL width ranged from 7-17 mm with an 
average measurement of 11 mm. Additionally, he found that AM bundle had an average length of 33 mm while PL 
bundle averaged at 18 mm[5,6]. The blood supply of the ACL is derived from the middle genicular artery, as well as the 
medial and lateral arteries below the knee. Mechanoreceptors, including Ruffini bodies, ring bodies, Golgi bodies, and 
free nerve endings, are also present in the ACL. These sensory endings indicate a proprioceptive function within the ACL 
that plays a crucial role in maintaining knee joint stability[7]. ACL injury is one of the most common sports injuries, with 
non-contact injuries accounting for 70% of cases. It occurs more frequently during activities involving sudden changes in 
direction such as deceleration, jumping or knee bending. This instability leads to secondary complications like meniscus 
and cartilage wear, increased joint effusion and reduced exercise capacity[8]. Furthermore, when combined with other 
structural injuries such as meniscal tears or collateral ligament damage (medial or lateral), it further exacerbates knee joint 
instability and increases the risk of secondary injuries[9].

TIMING OF ACL RECONSTRUCTION SURGERY
Reijman et al[10] compared patients who underwent early ACL reconstruction vs those who had elective reconstruction 
after rehabilitation over a 2-year follow-up period. The results demonstrated significant improvements in symptom 
perception, knee joint function and exercise capacity among patients who underwent early reconstruction compared to 
those in the latter group. Herbst’s prospective comparative study revealed that patients who received early ACL 
reconstruction surgery had significantly lower rates of extension limitation between 3°-5° at 12 mo post-surgery. 
Therefore it is recommended for individuals with high activity demands or athletes to undergo ACL reconstruction 
within 48 h to prevent articular cartilage damage[11]. In cases where there is acute hematoma or limited knee motion due 
to early immobilization, it is advisable to perform elective ACL reconstruction once hematoma resolution and adhesion 
subsidence have occurred.

SURGICAL TECHNIQUE (PREPARATION TECHNIQUE OF ACLR LATERAL FEMORAL TUNNEL)
Transtibial technique
The transtibial drilling technique involves establishing a femoral tunnel through the tibial tunnel, initially utilized for 
isometric reconstruction of the ACL under arthroscopy with the knee joint flexed at 90° during surgery. This approach 
simplifies femoral tunnel placement, reduces operation time, and ensures graft isometry. However, the success of the 
femoral approach heavily relies on the direction of the tibial tunnel, primarily determined by the origin of the external 
tibial ostium. Kopf et al[12] employed a 3D computed tomography model to visualize and quantify femoral and tibial 
tunnel positions in patients after ACL reconstruction using 32 transtibial techniques (TTs). When compared to anatomical 
reference data for tunnel positioning, results indicated that while the tibial tunnel was located medially in an anatom-
ically PL position, both AM and PL tunnels had their respective femoral tunnels positioned anteriorly from their 
anatomical locations. Conventional tibial tunnels typically reach a maximum height of only 4 mm above the center of 
femoral insertion, resulting in a mere 50% to 60% overlap with respect to femoral footprint[13]. As this non-anatomically 
positioned femoral tunnel passes through the tibia, its internal opening becomes excessively high and deep while also 
causing an overly vertical graft angle ultimately leading to inadequate recovery of rotational stability within the knee 
joint[14]. Long-term studies have additionally revealed that non-anatomic reconstructions can contribute to earlier 
postoperative cartilage degeneration in knees[15]. Furthermore, when flexed, instead of rotating around a fixed center 
point within itself as intended; it has been observed that movement occurs between the tibia plateau and femur during 
knee joint motion resulting in relatively equal graft length achievement only. Modified TT techniques have demonstrated 
comparable effectiveness to other approaches for ACL reconstruction. Bhatia et al[16] positioned the modified tibial 
tunnel at the proximal entry point with a minimum tunnel size of 9 mm to ensure achieving anatomical positioning of the 



Dai Y et al. ACL reconstruction

WJCC https://www.wjgnet.com 8249 December 16, 2023 Volume 11 Issue 35

femur using a 7 mm femoral offset guide. The guide pin was placed at the natural insertion point on the condyle wall, 
while alternative placements included distal and anterior or posterior positions relative to the natural insertion on the 
condylar wall. Sim et al[17] employed a robotic testing system for ACL reconstruction, demonstrating that both the 
modified TT technique, AM technique, and outside-in (OI) technique were viable in restoring normal knee motion 
biomechanics.

AM approach
The AM technique is an arthroscopic AM approach that focuses on anatomical reconstruction, aiming to restore the 
normal function of the knee joint to its maximum extent and prevent excessive tension of the graft by reconstructing the 
anatomical insertion point of the ACL femur at a flexion angle of 120°[18,19]. Unlike the TT method, which has limitations 
based on the position of the tibial tunnel, AM allows for independent preparation of the femoral tunnel, providing more 
flexibility and easier positioning within the anatomical footprint area. A meta-analysis revealed that compared to AM, TT 
resulted in a significantly more vertical femoral tunnel orientation and obvious anterior displacement of tibia relative to 
femur, leading to poor postoperative joint stability[20]. In contrast, AM offers a deeper and lower placement with more 
precise positioning. This enables faster recovery and improved rotational stability in reconstructed knees[21-23]. Studies 
demonstrated that as inclination increases in AM-prepared femoral tunnels, their length decreases[24,25], which was also 
supported by experimental results from Osti et al[22]. Consequently, there was a higher proportion of femoral tunnels 
shorter than 25 mm in length within the AM group. While this may affect graft healing and increase risk for bursting 
through posterior femoral cortex, it also reduces postoperative “wiper effect” caused by traction loop swinging[26]. 
However, no statistically significant difference was observed in Koos scores between TT and AM groups; all patients 
reported successful return to sports activities and work following both procedures[27].

OI
The OI technique is based on anatomical reconstruction, employing an ACL locator inserted into the AM femoral 
entrance to precisely locate the internal opening of the femoral tunnel. Simultaneously, an arthroscope is introduced 
through the anterolateral entrance to adjust the position of the femoral tunnel. This unique drilling technique offers 
considerable variability without necessitating knee joint flexion for intra-articular tissue protection. In cases where 
patients have a narrow intercondylar notch space, combined operations such as disability protection can be considered, 
reducing reliance on femoral drilling. Moreover, compared to the AM method[22,28], cortical fracture risk is less 
restrictive in this approach. Osti et al[22] confirmed that both AM and OI surgical techniques surpass TT technique in 
terms of ACL femoral tunnel positioning and reproduction of anatomical insertion while exhibiting comparable 
prognostic outcomes.

Over-the-top technology
The study reported an over-the-top (OTT) technique in which the graft was secured above the lateral femoral condyle
[29]. Girgis et al[30] proposed that the overtop area is an arc-shaped region located at the junction of the posterior aspect 
of the femoral shaft and the most proximal part of the lateral femoral condyle, with its innermost side representing the 
location of OTT. During knee motion, soft tissue loading rather than bone tunnel loading occurs on the graft, significantly 
reducing wear at the opening of the femoral tunnel[31]. Two studies have continuously refined OTT by creating a groove 
on the lateral femoral condyle to enhance graft fixation and maintain optimal balance between graft isometricity and 
anatomical alignment[32,33]. Due to its avoidance of femoral tunnel preparation and protection of femoral epiphysis, 
OTT is applicable for revision patients with excessive or improperly positioned tunnels as well as adolescent patients 
with growth potential. Furthermore, combining OTT with retaining graft stump technique can better preserve ACL 
proprioceptors and integrity[34,35]. The advantages and disadvantages of the above techniques are summarized in 
Table 1. The OTT technology diagram is shown in Figure 1.

Oval tunnel
Śmigielski et al[36] proposed the ribbon-like theory in the article, the anatomical structure of the ACL is a flat, ribbon-like 
structure with a bundle, and the reason why the ACL is double-bundled is that it is twisted. A number of anatomical 
studies on the ACL have shown that the femoral attachment point is oval or semicircular and the tibial attachment point 
is oval or “C”-shaped. Therefore, Noh et al[37] suggested creating an oval bone tunnel to better reproduce the anatomical 
attachment point[2]. Some studies have shown that compared to the circular tunnel group, the Tegner score, pivot shift 
test and early graft maturity were better in the oval tunnel group than in the circular group[38,39]. The oval tunnel, which 
resembles the natural ACL footprint, is closer to the shape of the physiologic attachment point, wear of the graft and bone 
tunnel increases the contact area, prolongs graft life, increases nutrient exchange between the synovial fluid, and 
promotes healing of the tendon on the bone[40]. The oval tunnel not only maintains the tensile strength of double-bundle 
reconstruction, but also has the advantage of reducing bone loss in single-bundle reconstruction, which is a promising 
reconstruction technique.

ACL RECONSTRUCTION
Double-bundle reconstruction
In 1836, the Weber[41] described the division of the ACL into two functional bundles, and a cadaver study[42] found that 
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Table 1 Advantages and disadvantages of anterior cruciate ligament reconstruction techniques

Technique Advantages Disadvantages

Transtibial Less surgical trauma; few complications[17] Poor rotational stability of the knee joint; cartilage degeneration occurred 
earlier after surgery[14]

Anteromedial The femoral tunnel was accurately positioned; better 
rotational stability[18,19]

The femoral tunnel is short; breaking the femoral cortex; a risk of injury to the 
common peroneal nerve[24,25]

Outside-in Larger tendon-bone interface contact area[22] Add auxiliary incision

Over-the-top Reduce femoral inlet graft wear Need to practice the technique[32,33]

Figure 1 Schematic diagram of over-the-top technology.

the in situ force of the AM was significantly higher than that of the PL at full extension of the knee, whereas the in situ 
forces are highest in the PL bundle and decrease with increasing flexion. The single-bundle ACL reconstruction technique 
mainly restores the function of the AM bundle, which limits but does not maintain well the anterior translation of the 
tibia during knee flexion. Rotational stability of the knee joint[43]. Kyung et al[44] believe that reconstruction with one 
bundle can restore the footprint of the original ACL more accurately, but it cannot restore the inclination angle of the 
original ACL in the coronal plane, while reconstruction with two bundles can restore the normal inclination of the two 
ACL bundles. The normal kinematics of the original ACL is better restored. The literature reports that, compared to 
reconstruction with one bundle, the incidence of graft fractures and osteoarthritis is significantly lower after 
reconstruction with two bundles, the anatomical structure of the ligaments can be better restored, the contact surface of 
the bone tract is large and the initial strength is high. A biomechanical in-vitro study has shown that stabilization of the 
knee with two bundles is superior to reconstruction with one bundle[45-47]. However, the technical requirements are 
higher than for reconstruction with one bundle and the operation time is longer, which increases the risk of the operation. 
Compared to reconstruction with one bundle, reconstruction with two bundles requires a larger space for the patient’s 
intercondylar notch. If the intercondylar notch is less than 12 mm wide, the graft is very likely to impinge, and the 
preparation of four bone tunnels results in a large loss of bone mass, and the indications are limited. Studies have shown 
no difference in clinical scores, knee stability, and magnetic resonance imaging (MRI) appearance between patients who 
underwent single-bundle reconstruction and those who underwent double-bundle reconstruction, but patients who 
underwent double-bundle reconstruction had a longer recovery time. Two studies found that anterior tibial displacement 
was closer to the intact knee joint in double-bundle reconstruction compared with single-bundle reconstruction, and the 
incidence of cartilage degeneration and meniscal injury to the knee was lower[48,49]. However, they pointed out that 
anatomical double-bundle reconstruction is not significantly better than single-bundle reconstruction when using 
individualized ACL reconstruction techniques.

Single bundle reconstruction
With the confirmation of the ligament theory and the many problems that the reconstruction of double bundles has 
revealed, the reconstruction of single bundles has come into people’s focus. The most important aspect of single-bundle 
reconstruction is the selection of the femoral insertion point. Pearle et al[50] proposed the IDEAL theory to place the 
tunnel in the femoral footprint area, i.e., isometric, direct insertion, eccentrically located, anatomic, and low tension. The 
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main surgical options for single-bundle reconstruction are the traditional anatomic single-bundle reconstruction and the 
total internal technique. The conventional total tibial tunnel technique uses a hanging cortical fixation on the femoral side 
and interfering screws on the tibial side. In all-inside reconstruction (all-inside), the cortical bone is suspended, 
retrogradely drilled and a bone socket is prepared instead of a tunnel to reserve bone for later revision surgery. Some 
studies suggest that the all-inside technique may also reduce tunnel expansion by preventing the flow of synovial fluid 
into the socket. In addition, the all-inside technique reduces damage to the cortex and periosteum and reduces posto-
perative pain[51].

Three-beam reconstruction
In 1979, Norwood and Cross[52] described that the ACL is divided into three bundles - AM, intermediate and PL. Otsubo 
et al[53] identified the attachment areas of the three ACL bundles, while Fujie et al[54] and Kato et al[55] explained the 
biomechanical function of each bundle in detail. Dissecting three-bundle ACL reconstruction with two double-ring grafts 
performed with two femoral tunnels and one tibial tunnel to simulate three bundles within the native ACL[56-58], ATB 
viewed through secondary arthroscopy. The grafts show a fan-shaped tibial insertion, that better mimics the original 
triangular tibial footprint[56]. Compared with double-bundle or single-bundle ACL reconstruction, ATB ACL 
reconstruction requires only lower initial graft tension to maintain anterolateral stability[59]. Uchida et al[58] indicated 
that after reconstruction of the triple-bundled ACL with a hamstring autograft, the patient achieved satisfactory results in 
terms of objective stability of the knee joint after surgery. This technique still has many limitations. First, there are 
currently no studies showing that the triple-bundle reconstruction technique can reduce the graft failure rate. Secondly, 
the area of the femoral tunnel hole in triple-bundle ACL reconstruction is more than twice that of the single-bundle 
technique, while the area of the tibial tunnel hole is three times that of the single-bundle technique. Excessive bone loss 
leads to an increased risk of secondary revision[60]. In addition, three-bundle reconstruction surgery is more complicated, 
and the long operation time increases the risk of intraoperative and postoperative complications, and the cost of surgical 
treatment is higher.

FEMORAL GRAFT FIXATION
Aperture fixation
Depending on their material, interface screws can be divided into metal screws and screws made of bioresorbable 
material[61]. Metal screws can provide greater strength to the graft in the initial phase, but there is graft incision and 
postoperative pain, and the metal material interferes with postoperative MRI and other imaging studies, which hinders 
the assessment of postoperative graft healing[62]. Screws made of bioabsorbable material have better tissue compatibility 
and can be degraded and resorbed. They are excellent at controlling tendon gliding and the degree of incision of the 
grafted tendons is easier than with metal screws. The disadvantages are high cost, incomplete control of the degradation 
rate of the screw, some immune reactions and greater expansion of the bone tunnel. In addition, clinical complications 
such as local osteolysis and cysts may occur[63-66]. A meta-analysis concluded that resorbable screws have the same 
clinical effect compared to metal screws and that they do not need to be removed by a second surgical procedure, which 
is convenient for assessing the effect of postoperative graft healing, but the incidence of knee joint effusions is higher[67].

Cortical suspension fixation
Cortical suspension fixation utilizes an Endo-button with loops, which is designed in the form of a button plate. 
Currently, in clinical practice, two types of loops are commonly utilized: Fixed-length loops and adjustable-length loops. 
The aforementioned products exhibit user-friendly characteristics and possess a notable level of initial fixation strength. 
The fixation point is located at a considerable distance from the anatomical insertion point, resulting in a gap between the 
graft and the fixation device. This gap leads to relative movement, thereby increasing the likelihood of postoperative 
complications such as the bungee effect and wiper effect. Additionally, the graft is unable to completely conform to the 
bone tunnel, significantly impacting the healing process of both the tendon and bone. Speed can also result in the 
enlargement of the bone tunnel, thereby increasing the likelihood of revision[68,69]. Although the utilization of 
adjustable-length loops has been proposed as a potential solution to decrease the gap and minimize complications, Bressy 
et al[70] discovered that the tibial graft’s stability is not optimal when relying solely on the button plate with adjustable-
length loops for fixation.

Transverse nail fixation
Currently, the Rigidfix fixation system is the most commonly employed transverse nail in clinical practice. The utilization 
of transverse nail fixation offers several advantages. Firstly, it enhances the stability of the graft within the bone tunnel. 
Additionally, it increases the contact area between the tendon and bone, thereby promoting the healing process of the 
graft. The utilization of degradable absorbing material simplifies and expedites the operation process. Additionally, it 
allows for the distribution of resistance at the interface between the fixation material and the bone, thereby reducing the 
likelihood of posterior femoral cortical fracture. The drawback of this approach is the potential for breakage of absorbable 
transversal nails, which can result in the dissociation of fragments within the joint cavity. This can cause damage to the 
articular surface cartilage and meniscus, ultimately necessitating secondary surgery[9,71]. The advantages and 
disadvantages of several fixed methods are summarized in Table 2.
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Table 2 Advantages and disadvantages of femoral graft fixation

Technique Advantages Disadvantages

Aperture fixation High fixation strength[67] Meta obstructing postoperative evaluation; the degradation rate of absorbable 
materials is not completely controllable[63-66]

Cortical suspension 
fixation

Adjustable length is easy to use The probability of complications such as bungee jumping effect and wiper effect 
increased; bone tunnel enlargement[68,69]

Transverse nail 
fixation

More tendon-bone contact area; uniform 
resistance distribution[9,71]

Risk of nail breakage

Other fixation methods (OTT)
The femoral end fixation of the ACL in OTT reconstruction is unique. One suture rivet is positioned at the interface 
between the lateral epicondyle of the femur and the posterior femoral cortex. Two non-absorbable sutures are affixed to 
the distal end of the rivet. Two strands were inserted into the coil created by the traction wire at the femoral end of the 
grafted tendon and secured with a single knot. The two strands of suture were passed through the grafted tendon, folded, 
and subsequently tied individually to achieve the fixation of the femoral end. No matter the type of fixation device 
employed, it is imperative to select a fixation method that can offer adequate strength based on the patient's specific 
circumstances in order to minimize the rate of ACL revision.

CONCLUSION
Arthroscopic ACL reconstruction has become the primary surgery for ACL reconstruction. A large amount of clinical 
experience and data have been accumulated. Surgical concepts are constantly being updated. However, methods to better 
reconstruct the isometric, anatomical and proprioceptive properties of the graft and restore the function of the knee joint 
have yet to be discovered. In addition to the abovementioned introductions to surgical methods and graft selection, there 
are also a large number of biological experiments on the promotion of the ACL tendon-bone healing process, explaining 
ACL reconstruction at the molecular level. With the development of sports medicine and an in-depth understanding of 
the ACL reconstruction process, microscopic joint ACL reconstruction will develop more rapidly, and patients will have a 
better prognosis.
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