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ABSTRACT

Introduction

The anterior cruciate ligament (ACL) is a prevalent sports-related injury, constituting nearly

half of knee injuries. This narrative review explores the evolution of ACL reconstruction

surgeries, emphasizing graft types and their pros and cons.

Current state of knowledge

The ideal ACL graft choice depends on factors like age, lifestyle, and demands. Autografts are

the current standard, with the Quadriceps Tendon graft offering similar outcomes and fewer

complications. Allografts are a secondary option for older, low-demand patients due to a

shorter recovery period. Artificial grafts have limited use, lacking strong evidence for clinical

advantages but may be considered for suturing torn ACL stumps and in cases were quick

recovery is essential.

Summary

Contemporary orthopedic practitioners must possess comprehensive knowledge of various

ACL reconstruction graft types to tailor interventions precisely to individual patient

requirements. The selection of a graft should be rooted in a profound comprehension of

patients' lifestyles, medical histories, and specific demands, thereby mitigating the subjective

impact of any associated limitations for the patient.

Key words: ACL, arthroscopy, graft types, review, ACL reconstruction
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Introduction

The anterior cruciate ligament is among the most torn ligaments in human bodies. It accounts

for nearly 50% of sport-related knee injuries. [1] The number of such events is expected to

grow as athletes’ bodies face increasing overload caused by the growing demand for high-

level performance. As the number of competitions rises, the cycle of regeneration and

adaptation of athletes’ tissues is significantly impaired, thus making them more susceptible to

overstrain and injuries, including the ACL rupture. [2,3]

Over the years, different treatment methods of ACL rupture were proposed by surgeons and

manufacturers, including various grafts and fixation methods. At the beginning all surgeries

were done in an open manner. The very first method described in the literature was suturing

the ligament. Later introduced methods included a silk-made prosthetic ligament or using

grafts from fascia lata. In 1934 Galeazzi was the first surgeon to reconstruct the ACL with a

hamstring tendons autograft. Soon after, other autografts were proposed- the patellar tendon

and the quadriceps tendon grafts. Since the development of the arthroscope in the late 70’s,

arthroscopic reconstruction became the gold-standard for ACL rupture treatment. [4]

As the engineering capabilities grew, new synthetic grafts were introduced by manufacturers,

which led to development of techniques such as internal bracing of the ligament.

The 21st century brought new concepts in ACL reconstruction (ACLR) surgeries such as

double boundle or regenerative reconstruction. In addition, the development of orthobiologics

introduced injectible therapies, aiming to improve the effect of the surgery. Another area of

development derives from deeper understanding of the knee anatomy and biomechanics- it

lets surgeons comprehend the role of the anterolateral ligament in ACL injurie and thus

develop techniques incorporating reconstruction of thereof. [4]

The literature describing different strategies in treatment of torn anterior cruciate ligament is

very broad. Numerous studies were carried out to investigate the biomechanical and clinical

results of particular grafts and methods.

This article is a narrative review on graft types in ACL reconstruction surgeries, aiming to

highlight the advantages and disadvantages of each and sum-up what we already know.
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Current state of knowledge

Native ACL anatomy and biomechanics

In order to develop the optimal graft and its placement method a thorough understanding of

ligament anatomy and biomechanics is essential. The anterior cruciate ligament has its

femoral attachment at the medial area of the lateral femoral condyle. It is described as oval,

with a diameter of 18 mm and a width of approximately 11 mm. [5] However a recent study

by Śmigielski et al. questioned these measurements and suggested that its thickness at the

femoral insertion site is only 3mm. [6] The tibial origin is at the center of the tibial eminence,

next to the anterior horn of the lateral meniscus. Its shape was described by Siebold et al. as a

“C-shaped” structure.

The main role of the ACL is providing anteroposterior and rotational stability of the knee.

This is accomplished by its dual structure- it is comprised of two functional bundles that work

synergistically. The posterolateral bundle is responsible for rotational stability in lower

degrees of knee flexion, whereas the anteromedial bundle stabilizes the joint in the sagittal

plane in higher degrees of flexion. It is important to mention that Śmigielski et al. in 2015

questioned the double bundle structure of the ACL and suggested that it’s rather resembles a

ribbon, twisted around its long axis. [7] Nevertheless, the conventional understanding of the

ACL anatomy remains the double bundle theory.

Graft types

Autografts

There are 3 most common autografts used in ACLR: Hamstring tendon graft (HT), Bone-

patella-tendon-bone graft (BPTB) and the most recent concept- the quadriceps tendon graft

(QT).

In studies investigating patient reported outcomes (PROMs), the difference in questionaries

(subjective IKDC and Lysholm scores) between these three grafts were not significant. [8-14]

Other researchers compared the revision rate between the grafts. It was proved that HT grafts

are related with significantly higher risk of revision than BPTB. There is still lack of research

regarding QT grafts and its failure rates. One registry study concluded that HT is associated

with 2,7 times higher risk of revision when compared to QT and that performance athletes are

the ones where the difference is especially visible. On the other hand, two randomized studies

found no significant difference in short term. [13,15]

Another aspect of ACLR is regaining strength and fitness after the surgery. As expected, short
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term weakness (5-8 months) of the quadriceps muscle and extensor mechanism is reported to

be significantly increased in QT patients when compared to BPTB and HT. However, in

longer perspective no significant difference was observed and quadriceps muscle recovery

was similar between QT and BPTB grafts. On the flexors side, hamstring weakness was more

prevalent and significant in short term observation of HT patients when compared to others.

[16,17]

Yet another important factor to be considered while choosing ACL graft are complication

types and rates. The most common morbidity after ACLR is anterior knee pain which was

proved to be significantly related with BPTB graft. Among major complications are graft

rupture, contralateral ACL injury, fracture of the patella, infection and quadriceps tendon

rupture. Patellar fractures regard mainly BPTB patients. Postsurgical infections were reported

to occur up to 5 times more often in HT patients when compared to BPTB. The least rate of

infections was attributed to QT grafts. [16]

Return-to-sport rate is another widely spread parameter for evaluation of ACLR effectiveness.

Up to date all major studies reported no significant difference in the rate between different

types of autografts. [18,19]

Allografts

The most common allograft harvest sites are BPTB, HT, Achilles tendon and tibialis anterior

tendon. In literature allografts from the IT band and peroneal muscle tendon were also

described. The main advantages of using allografts for ACLR are reduced resulting from graft

harvesting, shorter surgery time and broader size variety. On the other hand, they are related

with slower graft restructuring, higher cost, and increased risk of infection. Allografts are also

reported to have up to 4-times higher risk of graft tearing. Among the most significant risk

factors of allograft failure is graft preparation method- irradiation and chemical processing

weaken the graft’s structure. [20] The re-rupture rate is especially high in young active

patients (aged <25 years). [21]

Yet another aspect where allografts come short is return to sport rate.

Keizer et al. reported the rate for BPTB auto and allografts to be 75 and 43% respectively.

[22]

However, there is a population suited for allografts. A study by Maletis et al. proved that

patients over 40 y.o. may benefit from allograft usage as in this age group the graft rupture

rate is similar for auto and allografts while keeping all the advantages.[23]
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Synthetic grafts

Both auto and allografts have their disadvantages. To overcome them surgeons came up with

the idea of synthetic grafts. The first synthetic graft was developed in 1949 by a German

scientist Ruther. It was named Supramid as it was made of a derivative of polyamide. Along

with the development of technology new grafts were engineered from materials such as

carbon fiber, Teflon, or Dacron. Unfortunately, none of them provided satisfactory long-term

outcomes.

Another type of synthetic implants were augments designed to support autologous grafts in

the early phase after the surgery, during the healing process when the graft is the weakest.

Disappointingly, long-term observation showed poor results- joint instability and high re-

rupture rate.

The most popular synthetic graft currently in use is the Ligament Advanced Reinforcement

System (LARS). Studies revealed promising results with no postoperative graft-related

complications and very low re-rupture occurrence at 8-year follow-up. Su et al. reported no

significant difference in terms of clinical outcomes between LARS and HT autografts at 5-

years after the surgery. [24] However it is important to note that, Tiefenboeck et al. reported

that in a 10-year perspective only half of patients were satisfied with the effect of the

treatment. [25] As a result, the LARS graft is not recommended as a primary ACLR graft and

should rather be considered as an alternative for specific cases, for example for elderly, low-

demand patients. Parchi et al. showed that the functional outcome was sufficient for this age

group and enabled rapid postoperative recovery. [24]

It is important to note that the evidence behind the comparison of synthetic with other graft

types is limited. The available RCTs compared the effects of synthetic grafts only with BPTB

autografts. Moreover, they mainly incorporated patients around 30 years of age so beyond the

synthetic grafts’ target group.

A summary of advantages and disadvantages of all described graft types is presented in Table

1.
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Graft type Pros Cons Ref

Autografts (in

general)

- Higer success rates

- Faster graft

incorporation

- Lower risk of

disease transmission

-Limited graft

availability

-Donor site

morbidity

-Potential for

postoperative pain at

donor site

26,27

BPTBAutograft -Excellent

biomechanical

properties

-Strong initial

fixation

-Anterior knee pain

-Risk of patellar

fracture

28,29

Hamstring

Autograft

-Lower risk of

anterior knee pain

Reduced donor site

morbidity

-Variable graft

diameter and

strength

-Potential for

hamstring weakness

28,30

Quadriceps

Autograft

-Minimal risk of

anterior knee pain

-Potentially faster

return to activities

-Harvest sit

morbidity (less than

BPTB)

-Variable graft size

and strength

28,31

Allografts (in

general)

-No donor site

morbidity

-Can be

advantageous in

revision surgery

-Variety of graft

choices

-Lower success rates

compared to

autografts

-Slower graft

incorporation

-Potential disease

transmission

26,27

Synthetic Grafts -No donor site

morbidity

-Can be an

-Limited long-term

data on success and

safety

26,28
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alternative for

certain patients (old,

low demand, quick

recovery)

-No risk of disease

transmission

-Variable outcomes

base on material

used

-May not mimic

natural ligament

properties

Table 1. Summary of graft types, their pros and cons.

The role of ALL

As mentioned in the introduction, other aspects of ALCR than graft choice may also make a

difference. In recent years, the Anterolateral Ligament (ALL) has emerged as a critical

component in the biomechanics of the knee, particularly in rotational stability. Research by

Claes et al. and Helito et al. has provided valuable insights into the anatomy and function of

the ALL, emphasizing its role in resisting internal rotation and controlling the pivot-shift

phenomenon that often persists following traditional ACL reconstructions. [32,33]

Recognition of the ALL's significance has led to a growing interest in surgical interventions

that address both the ACL and the ALL concurrently. A study by Sonnery-Cottet et al.

investigated combined ACL and ALL reconstructions, demonstrating improved rotational

stability compared to isolated ACL reconstructions. [34] Furthermore, the work by Daggett et

al. delved into the biomechanical consequences of not addressing the ALL during ACL

surgery, highlighting its impact on restoring normal knee kinematics. [35] As orthopedic

surgeons continue to refine their techniques, the role of the ALL in ACL reconstruction

remains a focal point for enhancing surgical outcomes and preventing residual instability in

the knee. Whether to reconstruct the ALL or not may occur as an even more important

decision than graft choice.

Orthobiology in ACLR

Orthobiology plays a crucial role in advancing the field of ACL (Anterior Cruciate Ligament)

reconstruction. It involves the use of various biological agents and techniques to enhance the

healing and regenerative processes following anterior cruciate ligament injuries. One key

component of orthobiology is platelet-rich plasma (PRP), which is derived from the patient's

own blood and contains a concentrated source of platelets and growth factors. PRP has shown
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promise in promoting tissue repair and reducing inflammation, making it a valuable adjunct in

ACL reconstruction surgeries. [36]

One research investigated the temporal effects of PRP on pain and physical function in knee

osteoarthritis, providing insights into the broader applications of PRP in musculoskeletal

conditions. [37] Additionally, Xie et al. delved into the biology of PRP, elucidating its

mechanisms in cartilage repair and underscoring its potential for improving outcomes in

orthopedic procedures. [38]

Mesenchymal stem cells (MSCs) are another crucial aspect of orthobiology, exhibiting

regenerative properties. Some studies explored the role of MSCs in ligament regeneration,

shedding light on their potential to enhance graft maturation and overall healing in ACL

reconstruction. [39-41]

While the use of orthobiological agents in ACL reconstruction holds promise, ongoing

research, such as that by Sundman et al, continues to investigate the anti-inflammatory and

matrix restorative mechanisms of PRP, providing a deeper understanding of its clinical

applications in orthopedics. [42]

The integration of orthobiological interventions, including PRP and MSCs, represents a

cutting-edge approach to optimizing ACL reconstruction outcomes. The cited studies

contribute to the evolving body of knowledge in orthobiology, emphasizing the potential

benefits of these biological agents in enhancing tissue healing and functional recovery after

ACL injuries.

Summary

ACL rupture is one of the most common sport-related injuries of the knee. The amount of

ACL reconstruction surgeries is expected to grow along with intensification and increased

frequency of training sessions and competitions. Over the years many reconstruction methods

and materials were developed, all of them having their own benefits and drawbacks. In this

article we briefly recapped the history of ACLR surgeries and described the most often used

types of ACL grafts.

There are multiple variables determining the optimal ACL graft choice for particular patient.

Currently the gold standard is usage of autografts, each of which has their own advantages

and disadvantages and should be picked accordingly to patient’s age, lifestyle and demands.

The most novel type, the Quadriceps Tendon graft, is reported to have similar functional and
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patient reported outcomes as other autografts but with lower rate of complications such as

knee pain or short-term muscle strength deficit. The secondhand choice are allografts that

may occur the best choice in certain patient groups, such as older, low-demand patients.

Among the strong sides of allografts are short recovery period and lack of harvesting-related

morbidities. The use of artificial grafts is currently limited. There is lack of strong evidence

supporting their use and proving their clinical advantages over auto and allografts. Among the

most important pros are quick recovery time, high availability, and no risk of disease

transmission. In addition, they may come useful when an attempt to reconnect the torn ACL

stumps is made.

Even though it has been almost 100 years since the first ACL reconstruction, scientist still

investigate its anatomy and biomechanics with relation to other structures of the knee such as

the ALL.

Modern orthopedic surgeons need to be aware of all ACL reconstruction graft types in order

to suit patients’ needs in the best possible manner. The graft choice should be made upon deep

understanding of patients’ lifestyle, health history and demands so to reduce the subjective

significance of its shortcomings for the patient. Apart from that, keeping up with the latest

reports from studies on biomechanics of the ACL and the role of orthobiology in ligament

regeneration will let the surgeons even further improve the results of introduced treatment.
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