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Introduction

Anterior cruciate ligament is one of  the most important 
knee‑stabilizing ligament, which helps to maintain dynamic‑static 
stability as well as knee joint coordination.[1] The main function of  
ACL is to prevent anterior displacement of  the tibia in the femur.[2] 
Therefore, the ACL is considered very important to the normal 
functioning of  the knee, the disruption of  which may result in 
impairment in function and the early onset of  joint degeneration.[3] 
ACL rupture is a usual injury in individuals who are involved in 
physical activities. As participation in sports activities increases, 
these injuries tends to increase, which may be the result of  

sudden deceleration or hyperextension.[4] Most patients experience 
recurrent periods of  pain, loss, instability, and reduced function 
following the injury.[5] Injury of  ACL has a strong effect not only 
on individual life, but also on society, owing to loss of  productivity 
and costs.[6] The overall consensus is that ACL remodeling is now 
a gold standard for restoring stability and function, with a high 
rate of  return to preoperative activity and a low rate of  relapse, 
allowing it to return to activity sooner, prevent meniscus damage, 
and delays the onset of  osteoarthritis.[7,8] Surgical treatment 
involves ACL reconstruction by tendon grafting, in which the 
structure and composition of  these tendons differ from that 
of  the ligament, including higher proteoglycan amount in the 
ligaments and differences in distribution of  collagen.[9]

After surgical treatment, the tendon graft must undergo a process 
of  remodeling (ligamentization) so that the ACL graft becomes 
more structurally and biochemically similar to the native ACL.[10] 
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According to literature, various methods with different sources 
have been used in the reconstruction of  ACL. Using any of  these 
methods is associated with certain side effects. Evaluation of  these 
complications and its prevalence can help the treating physician 
and patient to choose the best treatment. This study was conducted 
to investigate the different techniques used in the reconstruction 
of  damaged ACL. Our hypothesis was that each technique has 
diverse risks, benefits, advantages, and disadvantages.

Search strategy
The electronic databases Medline, PubMed, and Embase were 
searched on 21 September 2020 for reporting the outcomes of  
techniques of  ACL reconstruction. Reference lists of  published 
papers were then also hand‑searched in an attempt to identify 
further reports. The following key words were used: anterior 
cruciate ligament; reconstruction; ACL injuries; knee ligaments; 
outcome and techniques for ACL reconstruction. The search 
terms were then entered onto Google Scholar to ensure that 
articles were not missed. Papers were excluded if  they were not 
written in English, lacked documentation, were case reports or had 
a patient cohort, if  ACL reconstruction was used only after failure 
of  non‑operative management, non‑human studies, narrative 
reviews, studies without clinical outcomes data, systematic reviews 
that did not pool data or perform a meta‑analysis, and technique 
articles without outcomes. We then obtained full manuscripts for 
those studies that met the inclusion criteria. Search algorithm of  
articles included in the literature review is presented in Figure 1.

Arthroscopic ACL reconstruction techniques
The surgeon has different techniques which may be used in specific 
clinical conditions.[11] The basic principles of  reconstruction of  
ACL include bone tunnel placement, graft selection and harvest, 
graft fixation, and postoperative rehabilitation. Each of  these has 
been reported to affect the clinical result of  ACL surgery.[12‑15] ACL 

reconstruction with a hamstring (semitendinosus and gracilis) 
tendon autograft is a standard method of  reconstruction.[16‑18] 
Hamstring grafts offer potential benefits compared to patellar 
tendon autografts, including reduced extensor mechanism 
complications and desirable biomechanical properties. Graft 
fixation has considered the weak link after ACL reconstruction 
with hamstring tendons. Demand for accelerated rehabilitation 
after ACL reconstruction requires optimization features.[19]

Options for fixing soft tissue to bone include the use of  an 
interference screw, a button, and a reciprocal stabilizer. Interference 
screw fixation for quadruple hamstring grafts has failure strengths 
that may not be sufficient for a progressive rehabilitation 
program.[20] ACL arthroscopic reconstruction methods can be 
classified into three types: anteromedial portal, transtibial, and 
outside‑in.[21] Some patients were not seen in terms of  rotational 
control because of  the graft direction being more vertical than 
the position of  the upper femoral tunnel opening after surgery 
using the transtibial method.[22] At present, the standard transtibial 
method has been developed into a new technique known as the 
modified transtibial method which is effective in creating oblique 
femoral tunnels with fewer incisions.[23]

However, cross pins are a new technique of  graft stabilization and 
there is limited information about this method. During the early 
postoperative period, the graft fixation to the bone tunnel is the 
primary factor in limiting early aggressive rehabilitation. Various 
studies have shown that the initial fixed strength of  patellar bone 
tendon ligaments fixed with metal interference screws is better 
than any other method.[24‑26] Despite the good bonding strength 
of  metal interference screws, these implants have a number of  
disadvantages, such as distortion of  MRI, risk of  joint rupture, and 
the need to remove the hardware.[24‑26] Bio‑absorbable interference 
screws may have more advantages over metal screws.[11]

Since ACL reconstruction is a common orthopedic procedure 
primarily performed on an outpatient basis, regional anesthesia 
has been widely used for providing postoperative analgesia 
required in the outpatient setting of  ACL reconstruction. Several 
studies compares the effects of  popular regional anesthetic 
technique for reducing postoperative pain in patients as well 
as their effects on functional outcomes after arthroscopic ACL 
reconstruction.[27,28] An extensive study showed that, although 
femoral nerve block is a common method for reducing the 
postsurgical pain in patients with ACL reconstruction, it is also 
associated with a number of  adverse effects, such as quadriceps 
weakness, antalgic ambulation, and increased fall risk. They 
concluded that adductor canal block can be offered as a motor 
nerve–sparing alternative to femoral nerve block, which preserves 
quadriceps function in the early postoperative period after ACL 
reconstruction while providing a similar level of  analgesia.[27]

Graft choices
Various grafts are available for reconstruction of  ACL such as 
autografts (bone patellar tendon bone, Hamstring), allografts 
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and synthetic grafts. The ideal graft for ACL reconstruction 
is one which is biomechanically similar to the native ligament, 
is easily harvested, has least harvest site morbidity and gets 
well incorporated with the bone.[29] There are advantages 
and disadvantages with each graft; therefore, there is still no 
ideal graft for reconstruction of  ACL.[30] Autografts are more 
commonly used than other types of  grafts. Three autograft 
options that are commonly used are bone patellar tendon 
bone (BPTB), Hamstring, and bone quadriceps tendon grafts.[31] 
BPTB has historically been considered the gold standard for 
ACL reconstruction. The BPTB autograft is frequently 
chosen because of  its excellent clinical outcomes and high 
level of  patient satisfaction.[32] Hamstring tendon graft is one 
of  the most common grafts for ACL reconstruction. The 
semitendinosus tendon is harvested from the ipsilateral leg with 
or without the gracilis tendon.[33] Hamstring graft has minimal 
donor site morbidity but has problems with bone tendon 
junction healing and elongation. Allograft has poor outcomes 
in terms of  re‑rupture rates and immunity, but can be used in 
multi‑ligamentous injuries or in revision. Synthetic grafts are still 
under evolution; overall, no perfect synthetic graft is available.[29]

One incision or two incisions: Double‑bundle or 
single‑bundle
ACL rupture is a serious injury to the knee that is often treated 
with reconstructive surgery using arthroscopy with a patellar 
or hamstring tendon graft Figure 2. Rezende et al.[4] examined 
the evidence of  choice of  ACL reconstruction method with 
arthroscopy in terms of  whether one or two incisions should 
be involved. The selection of  technique for reconstruction of  
ACL is not straightforward. One issue concerns the procedure 
of  drilling the tunnel into the femur. Traditionally, the femoral 
tunnel is pierced from the outside into the knee joint, and 
an incision is made from the outside of  the thigh to reach 
the bone (two‑incision method).[34] In this method, using 
interference screw with direct visualization of  the tunnel by the 
thigh incision, the bond is fixed into the femur from the outside 
into the joint.[4] Arthroscopic method of  one incision involves 

digging the femoral tunnel from inside the knee joint under 
arthroscopic imaging, thus reducing the incision and dissection 
of  the quadriceps.[35] The graft is fixed to the femur through 
arthroscopic guidance from the inside to out of  the joint and 
then fixed with an interference screw. The only incision required 
as a result is an incision to dig a tunnel into the tibia, which (like 
the two‑incision method) is made through an anterior incision 
below the knee. Rezende et al.[4] reported that when considering 
priorities for high‑quality randomized trials on techniques for 
reconstruction of  ACL, it is important to note the insufficiency 
of  the evidence available to inform this key comparison.

Some research has shown that single‑bundle surgery usually 
provides sufficient anterior (front‑to‑back) stability. But it does 
not provide adequate rotational stability in the knee.[36] To improve 
rotational stability, surgical procedures in “double bundles” have 
been modified to reconstruct not only the anteromedial bundle 
but also the posterolateral bundle.[37] Therefore, reconstruction 
of  ACL using double‑bundle technique was developed to 
reconstruct the anteromedial and posterolateral bundles. Previous 
studies have revealed improvement in rotational stability for 
double‑bundle reconstruction compared with single‑bundle.[38] 
Anatomic double‑bundle reconstruction is able to more closely 
restore normal kinematics to the knee rather than a single‑bundle 
method in a cadaver model.[39] Kurosaka et al.[40] by examining the 
clinical results of  54 patients with at least two years of  follow‑up 
after reconstructive surgery, observed a better progressive stability 
in double bundles than in single bundle. The authors found 
that double bundles could improve repair at the tendon–bone 
junction by increasing contact areas. Some clinical results obtained 
through computer guidance, showed better anterior–posterior 
stability and rotation in double‑bundle surgery than single‑bundle 
Figure 3.[41] There are other studies that did not show a difference 
between single bundle and double bundle.[42] Probably because 
of  the complexity of  the double bundle, the single bundle is 
considered as the preferred choice for most surgeons for ACL 
reconstruction.[43] However it seems that this choice may be 
have more anatomical and biomechanical reasons related to the 
complexity of  the surgical procedure.[44] Biomechanical studies 
show a significant advantage in anterior and rotational stability 
with double‑bundle compared to single‑bundle anterior cruciate 

Figure 2: ACL injury (MAYO foundation for medical education and 
research) Figure 3: Single vs. double bundle technique
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ligament reconstruction. Rotational stability increased significantly 
with the additional reconstruction of  the posterolateral bundle 
when compared to a single‑bundle ACL reconstruction. Previous 
clinical results indicated that double‑bundle ACL reconstruction is 
equivalent or even superior to single‑bundle ACL reconstruction 
in regaining anterior and rotational stability.[45]

All‑inside ACL reconstruction
All‑inside ACL reconstruction method is a new development 
in surgery of  ACL. This method was originally described 
over 20 years ago[46] and then described by Lubowitz et al.[47] Some 
properties of  this method include dual suspensory graft fixation, 
closed‑socket tunnels, smaller skin incisions, improved cosmesis, 
less postoperative pain, decreased bone removal, and gracilis 
preservation. The all‑inside ACL appears to have similar overall 
results compared to standard ACL techniques and may be related 
to decreased post‑operative pain. However, there is a concern for 
a higher graft failure rate with the all‑inside ACL.[46] Standard ACL 
techniques typically use a BPTB or semitendinosus‑gracilis tendon 
autograft. In contrast, the all‑inside ACL technique usually utilizes 
a triple or quadruple semitendinosus tendon autograft.[47] Reducing 
the length of  the graft is essential for the all‑inside ACL procedure, 
because closed sockets of  the femur and tibia are drilled instead 
of  full tunnels. A biomechanical study showed that reconstruction 
using a hamstring tendon can reverse anterior translation of  the 
tibial at 1.3 mm from native ACL and also produce similar rotational 
and torque properties.[48] A study comparing an all‑inside ACL 
technique using a double or triple semitendinosus tendon graft with 
a standard ACL technique using a semitendinosus‑gracilis hamstring 
tendon autograft reported no significant difference between the two 
groups for pain, Lysholm and Tegner scores at two years of  follow 
up.[47] As a result of  previous studies, it can be found that the use 
of  a single hamstring tendon graft in the all‑inside ACL method 
can reproduce similar knee stability compared to the native ACL.[46]

Conclusion

Different grafts are available for ACL reconstruction such as 
autografts (BPTB, Hamstring, and bone quadriceps tendon), 
allografts and, synthetic grafts. The ideal graft for ACL 
reconstruction is one which is biomechanically similar to the native 
ligament, is easily harvested, has least harvest site morbidity and 
gets well incorporated with the bone. Cross‑fixing of  hamstrings 
has been created for ACL reconstruction in the hopes of  
improving potential problems associated with the interference 
screw and button fixation technique. However, cross pins are a 
relatively new technique of  graft stabilization and there is limited 
information about this method. The all‑inside ACL reconstruction 
method is a relatively new development in surgery of  ACL 
reconstruction. Previous clinical results indicate that double‑bundle 
ACL reconstruction is equivalent or even superior to single‑bundle 
ACL reconstruction in regaining anterior and rotational stability.
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