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Abstract 

In anterior cruciate ligament (ACL) reconstruction surgery a graft is used to replace the torn 

ligament. Understanding the complications of ACL reconstruction surgery is vital for the 

surgeon to help guide clinical practice.  

This synoptic commentary presents eight articles the overall aim of which was to explore 

complications of ACL reconstruction surgery, consider how their occurrence may be 

minimised through preventive measures, and how they can be managed once they occur. 

The stage was set out by a narrative review which looked at the spectrum of intraoperative 

complications encountered in ACL reconstruction surgery as well as their causes and 

management. Following this, an article presented a narrative overview of hamstring tendon 

harvesting and the substantial variability that exists in the anatomy of these tendons that 

are frequently used as ACL reconstruction grafts. Subsequently, a third article reported a 

clinical study on the rate of inadequate hamstring graft harvesting whilst a fourth article 

reported on a cadaveric study that showed that the hamstring tendon graft quality is related 

to the type of tendon harvester utilised to obtain the graft. Two systematic reviews and 

meta-analyses were conducted to assess infection in ACL reconstruction surgery. One 

reported on the rate of infection in ACL reconstruction, its relation to graft type as well as its 

relation to vancomycin presoaking. This article demonstrated a higher risk of infection 

associated with hamstring grafts as compared to other graft types and showed that 

vancomycin graft presoaking minimised this infection risk. The other article analysed the 

effectiveness of arthroscopic washout and antibiotic treatment with graft salvage and 

showed this to be a successful option in most cases of bacterial infection post-ACL 

reconstruction. The seventh article of this commentary reported a systematic review of 

complications of femoral suture button fixation of the ACL graft. It showed the potential for 

misplacement of the femoral suture button and the need to consider additional 

intraoperative measures, such as radiological screening or arthroscopic inspection of the 

button, to try and avoid this.  The final article reported a study which used artificial bones 

and looked at the relation between the type of reamer used to create the tibial tunnel in 

ACL reconstruction and tunnel morphology. It showed that misdirection of the reamer may 

influence the morphology of the outer aperture of the tibial tunnel, and that such change in 

aperture morphology is reamer type dependent. 

In conclusion, the articles of this commentary provided knowledge to enhance the ability of 

the surgeon to obtain a graft of adequate dimensions, minimise the risk of infection, and 

enhance the graft fixation to the femur and tibia. This knowledge may also improve the 

ability of the surgeon to manage postoperative infection once encountered. The 

commentary’s articles also emphasise the need to recognise that surgical complications 

occur and that by discussing these and sharing experiences in an open and transparent way, 

surgeons and other professionals can learn and develop further.   
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Structure of the synoptic commentary 

Initially a list of the articles included in this synoptic commentary as well as other articles 

related to the topic to which the author has contributed are presented. This is followed by 

chapter one which is the introduction that sets the stage for the topic of complications in 

anterior cruciate ligament (ACL) reconstruction surgery and provides the specific hypotheses 

that the articles included in this commentary assessed. The subsequent 5 chapters each 

addresses a specific area of complications in ACL reconstruction surgery. Each of these 

chapters examines the main findings of the articles and their contributions to knowledge. 

Each chapter provides a critical discussion of each article and, where relevant, compares the 

findings to other more recent related evidence, with recommendations for further research 

made. Chapter 7 concludes the analysis and gives an overall discussion based on the findings 

of the presented articles.   
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CHAPTER 1- INTRODUCTION 

A. Anatomical structures of the knee 

The knee is the joint between the bottom end of the femur bone, the top end of the tibia 

bone, and the posterior surface of the patella. The bottom end of the femur is referred to as 

the distal femur, the top part of the tibia is referred to as the proximal tibia, whereas the 

outer and inner border of these bones are referred to as the lateral and medial borders 

respectively. The distal femur and proximal tibia have round like protuberances known as the 

medial and lateral condyles. The part of the distal femur that runs between the most inferior 

part of the lateral condyle and the most inferior part of the medial condyle is the femoral 

notch, which is shaped like an arch. The knee has two parts, the tibiofemoral and 

patellofemoral articulations. The tibiofemoral articulation is the articulation between the 

distal condyles of the femur and the proximal condyles of the tibia. The patellofemoral 

articulation is the articulation between the posterior surface of the patella and the anterior 

surface of the femur. The articulating surfaces of the knee are lined with hyaline cartilage 

which is smooth fibrous tissue (Sinnatamby, 2011, Flandry and Hommel, 2011). Between the 

femoral and tibial condyles are the medial and lateral menisci which are cartilage cushion like 

structures (Fox et al., 2015).   

Surrounding the bones of the knee is soft tissue which includes muscles and ligaments. Of the 

muscles crossing the knee, the ones considered within this commentary are the quadriceps 

muscles, the hamstring muscles and gracilis. The quadriceps consists of four muscles and is 

located at the front of the thigh. Its components are the rectus femoris, vastus lateralis, vastus 

medialis, and vastus intermedius. Rectus femoris is the most superficial and covers the other 

three quadriceps muscles. Vastus lateralis is located on the lateral part of the thigh whereas 

vastus medialis is located medially. Between vastus lateralis and vastus medialis is vastus 

intermedius. The quadriceps muscles join to form the quadriceps tendon which attaches onto 

the top part of the patella and then continues over the anterior surface of the patella to give 

rise to the patellar tendon. The patellar tendon attaches onto the anterior part of the proximal 

tibia. The hamstrings are muscles located at the posterior part of the thigh and are the 

semimembranosus, semitendinosus, and biceps femoris. The tendon of semitendinosus 

attaches onto the proximal and medial end of the tibia along with the tendon of the gracilis 

muscle. The gracilis is a muscle located on the medial side of the thigh (Charalambous, 2021, 

Sinnatamby, 2011, Mochizuki et al., 2004).  

Ligaments are fibrous structures that connect two bones to provide stability. The main 

ligaments to consider in the knee are the collateral and cruciate ligaments. The medial 

collateral and lateral collateral ligaments are located on each side of the knee, whereas the 

cruciate ligaments are in the centre of the knee. There are two cruciate ligaments, the 

anterior cruciate ligament (ACL) and the posterior cruciate ligament (PCL) (Laprade et al., 

2015, Saavedra et al., 2013, Sinnatamby, 2011, Flandry and Hommel, 2011). 
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The ACL passes from the anterolateral aspect of the femoral notch to the anteromedial aspect 

of the tibia (figure 1.1). It consists of two groups of fibres referred to as bundles each of which 

has a distinct femoral and tibial insertion. These bundles are known as the anteromedial and 

the posterolateral bundle. The anteromedial bundle passes from the proximal part of its 

femoral origin to the anteromedial part of its tibial insertion. The posterolateral bundle passes 

from the distal part of its femoral origin to the posterolateral part of its tibial insertion. The 

mean width of the ACL is about 8mm (range 5-14mm), whilst its length is about 32mm (range 

23-45mm) (Charalambous, 2021, Hassebrock et al., 2020, Sinnatamby, 2011).  

 

Figure 1.1 Schematic view of the ACL in relation to the knee bones 

B. Stability of the knee joint 

Stability of a joint refers to the ability of a joint to maintain the normal relation of the 

articulating surfaces throughout its range of motion. Instability is a condition whereby one 

articulating surface moves out of normal position in relation to another articulating surface. 

Stability is provided by static and dynamic stabilisers.  Static stabilisers are structures that are 

constant in shape and size, and these cannot be controlled in association to the challenges of 

stability. These include the shape of the articular surfaces, as well as ligaments. Ligaments are 

static stabilisers as they cannot actively change their shape or size to limit motion. Instead, 

when a force is applied, all they can do is stretch from a resting lax state to a taut state.  

Dynamic stabilisers are structures that can alter the force they exert across a joint as the 

situation demands. Muscles are dynamic stabilisers which attach via their tendons to bones 

and thus when they contract they can achieve bone and joint movement. Control of muscle 

contraction is referred to as motor control. Motor control is mediated by nerve signals that 

pass from the central nervous system to the muscles, as well as by signals from local reflexes 

(Riemann and Lephart, 2002a). Nerve signals which bring about complex or voluntary 

movements at conscious or subconscious level, originate in the brain and then pass via the 

spinal cord in groups of nerve fibers that include the corticospinal tracts and through nerve 

endings to the muscles to influence their contraction. The activity of brain centres involved in 

motor control is fine-tuned by sensory input such as visual and auditory input as well as 

Femur 

ACL 

Tibia 
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sensory input received from mechanoreceptors located in or around joints, like the knee joint 

(Johansson, Sjölander and Sojka, 1991). These mechanoreceptors detect movement and joint 

position in space which is known as proprioception (Riemann and Lephart, 2002b). The ability 

to control muscle contraction is also influenced by other brain activities such as awareness of 

the environmental context in which motor activities take place, which is known as situation 

awareness (Piskin et al., 2021, Kakavas et al., 2019). The brain may modify its processing of 

motor control in response to long-term changes in sensory input and this is known as 

neuroplasticity (Kakavas et al., 2019, Zarzycki et al., 2018).      

As stability is influenced by several static and dynamic stabilisers in addition to ligaments 

(Charalambous, 2021, Shelburne, Torry and Pandy, 2006), it is possible for a joint to remain 

functionally stable and the patient to be able to carry out activities with no or minimal 

instability even if one or more ligaments are torn  (Noyes et al., 1983a, Noyes et al., 1983b).   

 

C. ACL functions 

As a static stabilizer of the knee, the ACL provides mechanical stability by limiting anterior 

translation and, to a lesser extent, rotational displacement of the tibia on the femur (Amis, 

2017, Butler, Noyes and Grood, 1980). The anteromedial bundle of the ACL is the primary 

restraint to anterior tibial translation at 90° of knee flexion, whereas the posterolateral 

bundle is the primary restraint towards full knee extension (Dargel et al., 2007, Petersen and 

Zantop, 2007).  

The ACL also contributes to dynamic stability as it is the source of sensory nerve signals that 

can modulate the control of muscles around the knee. The ACL contains mechanoreceptors 

that detect movement and position of the knee joint in space (Banios et al., 2022) contributing 

to proprioception (Kim, Lee and Lee, 2017). 

 

D. ACL tears 

ACL tears are common with an estimated annual incidence of about 69 per 100,000 person-

years reported for a population in the United States of America (USA) (Sanders et al., 2016). 

The incidence was shown to be higher in males than in females and in younger as compared 

to older individuals (Sanders et al., 2016). ACL tears are often the result of sports injuries 

such as basketball and football (Bram et al., 2021, Kaeding, Leger-St-Jean and Magnussen,  

2017, Gornitzky et al., 2016). ACL injuries may occur secondary to contact injuries whereby 

the knee or ipsilateral leg encounter another surface (Takahashi et al., 2019, Salem et al., 

2018, Peterson and Krabak, 2014) or secondary to non-contact injuries whereby the knee or 

ipsilateral leg do not contact another surface, such as in leg twisting (Boden and Sheehan, 

2021, Arendt and Dick, 1995).  
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There as several clinical features used to describe an ACL tear. Partial ACL tears involve 

some of the ligament fibres whilst complete tears involve all ligament fibres (Stone, Marx 

and Conley, 2021, Barrack et al., 1990). ACL tears may also be described as single or double 

bundle tears according to the number of ACL bundles that are torn (Kushare et al., 2021, Fok 

and Yau, 2014). The anteromedial bundle or posterolateral bundle may tear in isolation or 

alternatively both bundles may be torn. Isolated tears of the posterolateral bundle can lead 

to rotatory laxity of the knee, while tears involving the anteromedial bundle can lead to 

anteroposterior laxity of the knee (Papalia et al., 2014). The ACL may tear by avulsing from 

its femoral or tibial bony insertions or by tearing through the ligament itself which is 

referred to as mid-substance tear (figure 1.2) (Kushare et al., 2021, Griffith et al, 2004). 

Moreover, ACL tears may occur in isolation or in association with other knee injuries such as 

a collateral ligament (Shelbourne and Porter, 1992) or PCL tear (Logan et al., 2018), meniscal 

tear, chondral damage (Ciatti et al., 2021, Park et al., 2020, Sayampanathan et al., 2017, 

Ralles et al., 2015), or patellar tendon tear (Matthews, Fraser and Parkinson, 2018).     

    

 

Figure 1.2 Arthroscopic view of intact (blue arrow) and torn (red arrow) ACL   

Spontaneous healing in an anatomic position of a complete ACL tear is considered to occur 

very rarely (Malanga, Giradi and Nadler, 2001, Bagsby, Gantsoudes and Klitzman, 2015). ACL 

avulsions from the femur may attach and heal onto the PCL but this does not restore normal 

ACL anatomy and function (Crain et al., 2005). Hence, ACL tears may lead to chronic knee 

instability which impairs knee function. Patients with knee instability complain of the knee 

giving way or buckling especially on turning or twisting (Diermeier et al., 2021, Noyes, 

McGinniss and Mooar, 1984). This may limit the ability of the patient to return to work-related 

activities or recreational activities and sports (Noyes et al., 1983a, Noyes et al., 1983b).  

Knee instability may also lead to further meniscal and chondral injuries (Prodromidis et al., 

2021a, Prodromidis et al., 2021b) which in turn could predispose to early knee osteoarthritis 
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(Wang et al., 2020, Lohmander et al., 2007). Aberrant knee biomechanics in ACL tears may 

also predispose to early arthritis. A previous radiography study (Chen et al., 2013) showed 

increased posterior translation of the lateral femoral condyle and increased external femoral 

rotation in ACL deficient knees as compared to knees with an intact ACL. This posterior 

subluxation of the lateral condyle may increase the shear forces on the medial part of the 

knee, increasing the risk of meniscal tears and chondral injuries. Abnormal motion of the 

lateral femoral condyle may also increase the local contact pressure in the outer part of the 

knee which may predispose to degenerative changes. It was also suggested that abnormal 

translation of the femur in relation to the tibia unloads certain parts of the knee which may 

in turn lead to cartilage thinning and degeneration (Andriacchi, Koo and Scanlan, 2009).   

E. Management of ACL tears  

The management of ACL tears aims to improve knee function. The aim is to enable function 

as close as to the preinjury level by minimising knee instability and pain, as well as regaining 

knee strength and range of motion. Knee function may be assessed by questioning the 

patient as to their ability to carry out specific day to day activities or sport activities. 

Alternatively, knee function may be assessed by functional score systems that are used in 

the evaluation of knee disorders. These include the Lysholm knee score (Lysholm and 

Gillquist, 1982), the Tegner knee score (Tegner and Lysholm, 1985) and the International 

Knee Documentation Committee (IKDC) score (Irrgang et al., 2001). The Lysholm knee score, 

is a 100-point scoring system that examines a patient's knee symptoms including mechanical 

locking, instability, pain, swelling, stair climbing, squatting as well as the presence of limping 

and need of support in walking. The Tegner score grades the patient’s activity based on 

work and sports activities. These are graded on a scale of 0 to 10, with 0 representing 

disability because of the knee problems whilst 10 represents ability to participate in 

competitive soccer at national or international level. The IKDC score is a patient subjective 

scale. It has 3 components that assess knee symptoms, sports activities, and overall knee 

function. The symptoms component includes evaluation of knee pain, stiffness, swelling, 

locking, and giving way. The sports activities component focuses on the ability to carry out 

tasks that include going up and down stairs, rising from a chair, squatting and jumping. The 

knee function component asks to rate the function of the knee with regards to performing 

any of the patient’s usual daily activities including sports and compares the current state of 

the knee versus to that prior to the injury or intervention examined.  

Improvements in knee function following an ACL tear may be achieved by non-surgical or 

surgical means, with no consistently reported superiority of one management option over the 

other (Beard et al., 2022, Reijman et al., 2021, Frobell et al., 2015). Non-surgical means 

includes the strengthening of the hamstring muscles, enhancement of the neuromuscular 

control of the muscles around the knee, and utilization of knee braces. The hamstring muscles 

pull the tibia backwards upon contraction limiting anterior translation of the tibia in relation 

to the femur, which is analogous to the function of the intact ACL (Liu and Maitland, 2000). 
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Hence, hamstring muscle strengthening can compensate for the lost function of the torn ACL. 

Neuromuscular control of the knee to improve knee stability can be achieved by 

proprioceptive training to compensate for the loss of sensory input from mechanoreceptors 

located in the torn ACL (Monk et al., 2016, Secrist et al., 2016). This enables muscles to work 

in a more balanced and coordinated way. Knee braces may also be utilized as part of ACL non-

surgical management. Braces are external devices which can improve knee stability by 

exerting a mechanical force to control the position of one bone in relation to another, such 

as limiting the anterior translation of the tibia in relation to the femur that occurs in ACL tears 

(Papannagari et al., 2006, Li et al., 1999). Alternatively, braces may not exert a mechanical 

force but instead augment the neuromuscular control of the knee by enhancing 

proprioception (Charalambous, 2021, LaPrade et al., 2017). 

ACL surgery to improve knee instability may be in the form of ACL repair or ACL 

reconstruction. ACL repair is a procedure whereby the avulsed ACL is reattached back to its 

femoral or tibial origin, but this is a much less commonly performed procedure and evidence 

on its long-term outcomes is limited (Hopper et al., 2022, van der List et al., 2019, Hoogeslag 

et al., 2019). ACL reconstruction is a procedure whereby a graft is used to replace the torn 

ACL (figures 1.3 and 1.4) and is a procedure which is increasingly frequently performed. In a 

study of national databases in the USA it was reported that the incidence of ACL 

reconstruction rose from about 86,687 in 1994 to about 129,836 in 2006 (Mall et al., 2014).  

In England, using national hospital episode data, it was shown that the rate of ACL 

reconstruction increased 12-fold from about 2 (95% CI 1.9 to 2.1) per 100,000 population in 

1997-1998 to about 24.2 (95% CI 23.8 to 24.6) per 100,000 in 2016-2017 (Abram et al., 2020).  

ACL reconstruction has been shown to confer long term successful outcomes, but a 

substantial proportion of patients may have less than optimal results or develop 

complications following this procedure. In a recent evaluation of 2,042 ACL reconstructions 

carried out at the Hospital of Special Surgery in New York (Randsborg et al., 2022) it was 

shown that patients had an 87% chance of their knee feeling stable during daily and athletic 

activities after an average of 8 years post-surgery. However, only about 70% of patients 

returned to sport after an average of about 8 years, with fear of reinjury quoted as the most 

common reason for not doing so. Along similar lines, in a systematic review of 20 articles 

investigating a total of 2,348 athletes the overall rate of returning to sports was about 73%, 

with only 49% returning to preinjury levels of performance (DeFazio et al., 2020). ACL reinjury 

rates may also be high after ACL reconstruction with about 1/3rd of patients who return to 

competitive sports sustaining a further injury within 3 to 5 years from surgery (Webster, Feller 

and Klemm, 2021). A delay to return to sports may not protect from further injuries as the 

reinjury rates were shown to be similar in patients who returned to competitive sports before 

or after 12 months post-surgery (33% vs 32%, respectively) (Webster, Feller and Klemm, 

2021). 
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Figure 1.3 Magnetic Resonance Imaging of a torn ACL (red arrow) and reconstructed ACL 

(green arrow) 

 

 

Figure 1.4 Arthroscopic view of reconstructed ACL (green arrow) using a hamstring tendon 
autograft  

F. ACL reconstruction surgery 

In ACL reconstruction surgery a graft is used to replace, that is reconstruct, the torn ligament. 

Like the native ACL which passes between the femur and tibia in the centre of the knee, the 

reconstructed graft is secured to the femur and tibia, passing between the two, and is placed 

in a configuration that resembles the obliquity of the native ligament (Mayer et al., 2019, 

Guler et al., 2016). The surgical technique may vary with regards to various parameters 

including the ones described below:   

 

• Graft type use 

• Number of bundles reconstructed 

• Open or arthroscopic procedure 

• Technique of femoral and tibial tunnel creation 

• Means of securing the graft on the femoral and tibial side 

• Antibiotic prophylaxis to reduce the risk of surgery related infection 
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ACL reconstruction may be described according to the type of graft that is used to replace the 

torn ACL. The graft may be biological tissue or a synthetic ligament.  Biological tissue is usually 

a tendon obtained either from the same patient and referred to as an autograft or from 

another human and referred to as an allograft. Autograft tendons may be obtained from the 

reconstructed or opposite knee.  Allograft tendons may be sourced from a cadaver or from a 

living donor (Baawa-Ameyaw et al., 2021). Commonly used tendon grafts include the 

hamstring, the patellar and quadriceps tendons. The hamstring tendons refer to 

semitendinosus along with gracilis (Frank et al., 2017) whereas the patellar tendon is 

harvested with a bone block from its patellar origin and tibial insertion and is referred to as a 

bone-patellar tendon-bone graft (Frank et al., 2017). The quadriceps tendon is harvested with 

a bone block from its patellar insertion (Cohen et al., 2021, Malinowski et al., 2021).  

 

ACL reconstruction surgery aims to reconstruct one or both bundles of the ACL. In single 

bundle reconstruction the graft is constructed and positioned in such a way as to reconstruct 

the anteromedial bundle. In double bundle ACL reconstruction, the two bundles are 

reconstructed separately with part of the graft, such as one hamstring tendon, used to 

reconstruct the anteromedial bundle and the other part of the graft, that is a second tendon, 

used to reconstruct the posterolateral bundle. A double bundle reconstruction technique 

aims to create a graft that resembles the anatomy of the native ACL but is a technically a more 

complex and challenging procedure. Clinical studies have not consistently shown any benefits 

of double over single bundle reconstruction with regards to clinical outcomes and function 

(Björnsson et al., 2015).  

 

ACL reconstruction may be carried out as an open surgical procedure which involves incising 

the knee to visualize its interior. Alternatively, ACL reconstruction may be carried out by 

arthroscopic surgery (Veltri, 1997). In arthroscopic surgery small incisions are made through 

which a camera is inserted to visualise the knee and instruments are passed to carry out the 

procedure. In arthroscopic surgery the knee is inflated with normal saline fluid to improve the 

view and minimise bleeding. The potential benefit of arthroscopic surgery over open surgery 

is that it is less invasive and potentially it allows earlier rehabilitation (Cameron, Wilson and 

St Pierre, 1995) although such an advantage has not been consistently proven (Shelbourne et 

al., 1993, Raab et al., 1993).  

 

The ACL reconstruction graft may be attached to the femur or tibia by inserting part of the 

graft in a passage in the bone referred to as a bone tunnel. The graft is secured in the bone 

tunnel by a surgical fixation device that holds the graft in place until the surrounding bone 

grows onto the graft and permanently secures it in place. Alternatively, the graft may be 

secured by attaching the graft onto the bone surface which again allows the formation of links 

between the bone and graft.  

 



   
 

21 
 

A bone tunnel may be created at the distal femur and the proximal tibia using a reamer which 

is a power tool that has a round tip at the end of a shaft. The reamer rotates and removes the 

surrounding bone creating a tunnel. Although various types of reamers are available there is 

limited evidence about the effect of their individual characteristics on the morphology of the 

bone tunnels they create.  In cases where bone tunnels are used, the tunnels may be created 

by reaming in an antegrade or a retrograde manner (Bhimani et al., 2021). Antegrade reaming 

for the tibia involves reaming from the outer surface of the tibia towards the joint, and for 

the femur involves reaming from within the joint towards the outer surface of the femur. In 

arthroscopic ACL reconstruction the femoral tunnel may be created by using a trans-tibial or 

an antero-medial portal technique. The trans-tibial technique involves reaching the femur 

through the tibial tunnel whereas the antero-medial portal technique involves reaching the 

femur through an incision made on the antero-medial part of the knee joint (Mao et al, 2021, 

Bowman et al, 2021). The latter technique may allow better control as to the position of the 

femoral tunnel and better clinical functional outcomes (Smith 2021, Moorthy, 

Sayampanathan and Tan, 2021, Mao et al., 2021).   

 

Once the bone tunnels are created, the graft is pulled into the tunnels. The graft must then 

be held securely in the tunnel until permanent connection through bone to tendon healing is 

achieved. Several graft fixation techniques are available and can be broadly divided into 

suspensory or interference fixation. In suspensory fixation the graft is looped around the 

fixation device which suspends it in the bone tunnel. Such suspensory devices include suture 

button fixation and cross pin fixation. In interference fixation the graft is pressed against the 

tunnel walls by a device inserted alongside the graft and this includes interference screw 

fixation (figure 1.5) (Pereira et al., 2021, Speziali, 2014).  

 

 

Figure 1.5 Plain radiographs and schematic representation showing ACL reconstruction - 
femoral fixation is with a suture button (green arrows) onto which the button loop (blue 
schematic representation) attaches. Tibial fixation is with a metallic interference screw (red 
arrows).  
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In patients having surgery whereby prosthetic implants such as screws or other fixation 

devices are utilized, prophylactic antibiotics are administered immediately before and after 

surgery to reduce the risk of infection. Such antibiotics are usually administered intravenous 

or orally. Antibiotics may also be applied locally as topical antibiotics. In ACL surgery topical 

antibiotic administration may be in the form of presoaking the graft in an antibiotic solution 

prior to inserting the graft in the bone tunnels. Alternatively, topical administration may be 

as antibiotics mixed in the normal saline fluid that is used to inflate the knee during knee 

arthroscopy. Vancomycin and gentamycin are two antibiotics administered topically in ACL 

reconstruction surgery (Moriarty et al., 2021, Yazdi et al., 2019, Carney et al., 2018, Vertullo 

et al., 2012) but there is controversy as to their exact role in minimising the risk of infection.       

 

Several studies looked at the preferred surgical technique of surgeons when carrying out ACL 

reconstruction surgery (Sherman et al., 2021, Arnold et al., 2021, Grassi et al., 2018). The ACL 

study group is an international group of orthopaedic surgeons who have an interest in the 

ACL. In a survey (Sherman et al., 2021) of 140 members of the ACL study group examining the 

global trends in ACL reconstruction, it was reported that most surgeons, about 90%, used a 

single-bundle technique. Most surgeons, 53% of respondents, used hamstring autograft 

tendons. Furthermore, 50% of respondents used suspensory graft fixation on the femur. In a 

further study (Arnold et al., 2021) exploring the preferences of the ACL study group it was 

shown that the choice of graft evolved with time. It was reported that whilst in 1992 the most 

frequent graft for primary ACL reconstruction was the bone-patellar tendon-bone autograft, 

used by about 90% of surgeons, in 2020 over 50% of surgeons used hamstring tendon 

autografts and only 40% used a bone-patellar tendon-bone graft. It was also shown that the 

use of quadriceps tendon autografts increased since 2014. 

 

Along similar lines, a systematic review of national surveys was carried out and explored the 

preferences of orthopaedic surgeons on ACL reconstruction techniques (Grassi et al., 2018). 

That systematic review included 3 surveys from Europe, 3 from North or Latin America, and 2 

from Asia. The included surveys were published over a 5-year period from 2011 to 2016 and 

reported on the preferences of 1,495 surgeons. All included surveys reported that the 

surgeons’ preferred graft was a hamstring tendon autograft accounting for 45-89% of 

respondents, followed by bone-patellar tendon-bone autograft, accounting for 2-41% of 

respondents, with allograft accounting for only 2-17%. The most preferred technique for 

reconstruction was single-bundle reconstruction. Similarly, the most preferred method for 

fixation of the graft to the femur was a suspensory device, whilst for the tibia was the use of 

interference screws.  
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G. Outcomes in ACL reconstruction surgery  

ACL reconstruction has been shown to confer long term successful outcomes in terms of 

achieving knee stability and a desirable activity level, but a substantial proportion of patients 

may have less than optimal results or develop complications following this procedure. In a 

recent evaluation of 2,042 ACL reconstructions carried out at the Hospital of Special Surgery 

in New York (Randsborg et al., 2022) it was shown that patients had an 87% chance of their 

knee feeling stable during daily and athletic activities after an average of 8 years post-surgery. 

However, only about 70% of patients returned to sport after an average of about 8 years, with 

fear of reinjury quoted as the most common reason for not doing so. Along similar lines, in a 

systematic review of 20 articles investigating a total of 2,348 athletes the overall rate of 

returning to sports was about 73%, with only 49% returning to preinjury levels of performance 

(DeFazio et al., 2020). ACL reinjury rates may also be high after ACL reconstruction with about 

1/3rd of patients who return to competitive sports sustaining a further injury within 3 to 5 

years from surgery (Webster, Feller and Klemm, 2021). A delay to return to sports may not 

protect from further injuries as the reinjury rates were shown to be similar in patients who 

returned to competitive sports before or after 12 months post-surgery (33% vs 32%, 

respectively) (Webster, Feller and Klemm, 2021). 

 

In cases where the ACL graft fails, either by structurally retearing or functionally by not 

achieving its intended purpose of improving knee stability and function, further surgery in the 

form of revision ACL reconstruction surgery may be necessary (Miller et al., 2021). In a 

prospective study of the Norwegian and Swedish National Knee Ligament Registries the ACL 

revision within 2 years of primary surgery was about 2.8% whilst in the New Zealand ACL 

registry the revision rate was 2.4% with a mean follow up of about 23 months. In a study of 

54,275 primary ACL reconstructions performed in England with at least 5 years' follow-up the 

ACL revision rate was 3.2% (Abram et al., 2019). However, the revision rate may increase with 

time from initial surgery, reported as 7% after 9 years of follow up at the Hospital of Special 

Surgery in New York (Randsborg et al., 2022). Revision reconstruction surgery is an extensive 

and costly procedure (Ruelos et al., 2021) which compared to primary ACL reconstruction has 

worse short- (Marx et al., 2021) and long-term outcomes (Grassi et al., 2017, Wright et al., 

2012). 

 

Outcomes of ACL reconstruction surgery have been linked to several factors which may be 

described as patient-, injury-or treatment technique- related. A systematic review of the 

Scandinavian knee ligament registers explored the relationship between such factors and 

patient reported clinical outcomes (Hamrin Senorski et al., 2019). Amongst the factors 

examined, a younger age at the time of ACL reconstruction, male sex, not smoking and having 

a hamstring tendon autograft were related to better outcomes. In contrast, patients who had 

articular cartilage or meniscal injuries along with their ACL tear reported inferior subjective 

knee function compared with patients who had an isolated ACL tear. Knee function was 
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reported to improve more in patients who received specialised preoperative and 

postoperative rehabilitation as compared to standard care (Hamrin Senorski et al., 2019). 

Along similar lines a systematic review looked at physical factors in predicting outcome 

following ACL reconstruction and concluded that there was low-level evidence to suggest that 

postoperative degenerative changes in the knee and deficient lower-limb strength were 

related to poorer long-term outcomes (Middlebrook et al., 2022). Alongside physical factors, 

neuromuscular control of the knee and in particular proprioception were related to outcomes 

following ACL reconstruction. Knee proprioception was previously shown to diminish 

following an ACL tear (Pap et al., 1999, Barrack, Skinner and Buckley 1989) but was shown to 

improve following ACL reconstruction surgery with the extent of this improvement related to 

patient satisfaction (Reider et al., 2003). It was thus suggested that failure to improve 

proprioception following ACL reconstruction may account for poor functional outcomes in 

some patients, even when the mechanical stability of the knee is restored (Fremerey et al., 

2000).  

 

Psychological factors are also increasingly recognised to be related to functional outcomes 

following ACL reconstruction surgery such as the ability to return to sport. In a systematic 

review and meta-analysis of 3,744 patients it was shown that those who returned to sport 

after ACL reconstruction had higher psychological readiness and lower kinesiophobia, that is 

fear of movement and activity, as compared with those who did not return to sport (Xiao et 

al., 2022). In a cohort of 635 athletes who had an ACL reconstruction it was shown male 

patients who had a frequent participation in sports prior to ACL tear had higher psychological 

readiness whereas females had a more negative outlook and were less likely to return to sport 

(Webster et al., 2018). 

Several factors have also been linked to the risk of ACL revision surgery. In a systematic review 

using studies on the Scandinavian knee ligament registers it was reported that adolescent 

age, defined as less than 20 years old, was the most common factor associated with revision 

ACL reconstruction (Svantesson et al., 2019). Furthermore, the use of a hamstring tendon 

graft versus a patella tendon graft, the use of an antero-medial portal versus trans-tibial 

technique for drilling the femoral tunnel, a smaller graft diameter and utilisation of 

suspensory fixation devices were also associated with an increased risk of ACL revision. 

Patient’s sex was not related to the likelihood of ACL revision. However, in contrast to the 

findings above male sex was reported as risk factors for ACL revision surgery using insurance 

data on 15,212 primary ACL reconstructions in New Zealand (Sutherland et al., 2019).   

Alongside the multiple patient, injury and treatment technique related factors described 

above, surgery related complications may also influence patient outcomes and may also lead 

to further revision ACL reconstruction or other knee surgery. Surgery related complications 

may be described as any deviation from the ideal intraoperative or postoperative course of a 

surgical procedure. The potential complications of ACL reconstruction surgery are considered 

next.  
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H. Complications in ACL reconstruction surgery 

Complications in ACL reconstruction surgery may be technical or may be unrelated to the 

surgical technique (Shen et al., 2021, Vermeijden et al., 2020). Furthermore, these may be 

technique specific, such as those related to the graft fixation implants (Xu et al., 2021, Kramer 

et al., 2020), or may be encountered across various techniques, such as the occurrence of 

infection (Figueroa and Figueroa, 2022). Complications may occur during surgery and are 

referred to as intraoperative or following surgery and are referred to as postoperative. They 

may be the result of events occurring during surgery or following surgery; infection may be 

the result of contamination occurring intraoperatively or be due to haematogenous seeding 

occurring after surgery (Barberán, 2006).  

 

Complications are clinically important as they may have substantial consequences for the 

patient including pain, instability, impairment of knee function and the need for further 

surgical procedures (Lindanger et al., 2021, Jameson et al., 2012). Such further procedures 

may be in the form of non-ACL surgery or ACL-surgery (Melbye et al., 2022, Lord et al., 2020). 

Further non-ACL surgery to the same knee has been reported to be as high as 13% (Randsborg 

et al., 2022) and includes procedures to remove misplaced fixation devices causing soft tissue 

irritation or mechanical blockage to the knee (Kramer et al., 2020) and procedures to deal 

with further meniscal tears or chondral damage (Ding, Tucker and Rugg, 2022, MOON knee 

group et al., 2020, Abram et al., 2019).  In cases where the ACL graft fails, revision ACL 

reconstruction surgery may be necessary (Miller et al., 2021).  

 

A successful ACL reconstruction requires a graft which is adequate in thickness and length, 

maintains its integrity, and provides sufficient tension. Hence, any complication which affects 

the graft dimensions, graft integrity, or tension may compromise the clinical outcome of ACL 

reconstruction surgery. Thus, complications in ACL reconstruction may include inadequate 

graft harvesting, graft disintegration by processes such as infection, inadequate graft 

tensioning or loss of tension. A systematic review (Vermeijden et al., 2020) was performed to 

identify failure modes of ACL reconstruction and included 24 cohort studies and 4 registry-

based studies reporting on 3,657 reconstruction failures. Causes of failure were described as 

occurring secondary to new trauma (38%), technical errors (22%), combined causes (19%) and 

biological failures such as infection or laxity occurring without traumatic or technical factors 

(8%). Of the technical failures femoral tunnel misplacement was the most reported cause 

seen in 63% of cases. Technical errors were more common following trans-tibial as compared 

to antero-medial portal techniques, accounting for 49% of the causes of failure in the former 

versus 26% in the latter. Along similar lines, an investigation was performed using 

prospectively, routinely collected data (Jameson et al., 2012) to assess significant 

complications encountered following ACL reconstruction surgery in the English National 

Health System (NHS). National rates of 30-day wound infection following primary ACL 

reconstruction were identified in 13,941 procedures. It was shown that 0.75% of cases had a 



   
 

26 
 

surgical wound complication and 0.25% had a further procedure to wash out the knee due to 

infection. 

 

Understanding the complications that may occur in ACL reconstruction surgery is vital for the 

surgeon as it allows prevention strategies to minimise the risk of their occurrence as well as 

allow planning of how to manage them once encountered. Such alternative plans must be 

carefully considered prior to surgery to ensure the availability of surgical instruments, surgical 

equipment, grafts, or implants. Furthermore, such preplanning allows the surgeon to discuss 

alternative plans with the patient as part of the consent process and facilitates shared 

decision making.  

 

Raising awareness amongst surgeons of potential complications may also create a more 

transparent culture in bringing forwards such events. Such a transparent culture may educate 

surgeons that complications are encountered by all and is often not a sign of insufficient 

surgical technique. Furthermore, as some complications are rare, one may learn from the 

experiences of others, rather than waiting to encounter one for the first time to learn how to 

manage it. In a recent review by a group of sport medicine doctors (Taylor, Caldwell and 

Pearson, 2022) there was a description of complications occurring in common sports 

medicine procedures one of which was ACL reconstruction surgery. The authors of that article 

referred to the need for a “reality check” and a recognition of the high rates of complications 

encountered in sports medicine procedures, even though many of these are carried out with 

minimally invasive techniques, such as arthroscopic surgery. Accepting that complications 

occur and communicating such complications may be an important component of 

professional behaviour and development. As it was previously stated “there are two types of 

doctors who never have surgical complications: those who do not operate and those who are 

not quite fully truthful” emphasizing that “no matter how rare, all surgeons have 

complications” (Devgan, 2018).  

 

The candidate is currently an Orthopaedic Consultant surgeon practising in the National 

Health System in England, whose practice involves ACL reconstruction surgery. The candidate 

aims through surgery to improve the clinical and functional outcomes of patients whilst 

minimising harm. Thus, the subject of surgery related complications is integral to the 

candidate’s day to day clinical practice, hence the selection of the overall topic for this thesis. 

The candidate identified areas to investigate and research questions to explore through 

personal experiences initially as an orthopaedic trainee and fellow in ACL reconstruction 

surgery, and subsequently as an Orthopaedic Consultant surgeon in independent clinical 

practice. The candidate identified areas where there was a gap in evidence to guide best 

clinical practice, or areas where there was substantial controversy in best clinical 

management. The candidate recognises the need to be able to discuss complications in an 

open and transparent way, enabling clinicians to learn from each other to improve clinical 

care. By collating original research articles that explored complications in ACL reconstruction 
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surgery the candidate also hopes to raise the profile of the overall topic and the impact of 

research findings addressed by the individual articles.        

 

  

I. Knowledge gap 

Although previous work extensively evaluated complications associated with ACL 

reconstruction surgery (Fay, 2011, Busam, Provencher and Bach, 2008, Lee et al., 2008, Safran 

and Greene, 2006, Shelbourne and Patel, 1996, Graf and Uhr, 1988), at the time of performing 

the research studies which are reported by the articles presented in this commentary, there 

were substantial gaps in knowledge with regards to specific complications. The research 

studies reported by the articles of this commentary were designed to address this knowledge 

gap.  

The knowledge gap included evidence with regards to complications related to hamstring 

graft harvesting, and the prevention and management of infection in ACL reconstruction. 

There was a gap in knowledge around the rate of inadequate hamstring graft harvesting in a 

UK population, as well as the relation between graft quality and the type of tendon harvester 

utilised to obtain the hamstring graft. Furthermore, there was no substantial systematic 

evidence assessing the rate of infection in ACL reconstruction surgery, its relation to graft 

type, as well as its relation to vancomycin presoaking, nor was there systematic evidence 

determining the effectiveness of arthroscopic washout and antibiotic treatment with graft 

salvage to tackle bacterial infection post ACL reconstruction. Similarly, there was a lack of 

systematic evaluation of reported complications of suture button fixation of the ACL graft, 

and a lack of knowledge as to the relation between the type of tunnel reamer and the 

resultant morphology of the tibial tunnel outer aperture in ACL reconstruction surgery. 

 

J. Aims  

The aim of this work was to explore the rate and nature of complications seen during ACL 

reconstruction and to consider how these may be minimised through preventive measures 

and how they may be managed when they occur.  

 

K. Objectives 

The objectives were:  

1) To determine the rate of inadequate hamstring graft harvesting in ACL reconstruction 

surgery and explore whether the type of tendon harvester utilised influences the 

length and quality of the graft obtained. 
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2) To determine the relationship between infection rate and type of graft utilised in ACL 

reconstruction surgery and explore whether presoaking the graft with vancomycin is 

associated with a reduction in infection rate.  

3) To determine whether arthroscopic washout with graft salvage is an effective measure 

in dealing with infections in ACL reconstruction surgery. 

4) To determine the complications related to the use of femoral suture button fixation 

of the graft in ACL reconstruction surgery. 

5) To determine whether the morphology of the tibial tunnel used in graft fixation in ACL 
reconstruction is influenced by the type of reamer utilised. 
 
 

L. Hypotheses 

To meet the above-described objectives, the following specific hypotheses were tested: 

1) Inadequate graft harvesting in ACL reconstruction is a recognised complication, but 
its rate is low.  

2) A graft blade harvester causes less soft tissue disruption as compared to a closed 
tendon stripper. 

3) A graft blade harvester produces a shorter graft as compared to a tendon stripper.  
4) Hamstring tendon grafts are associated with a higher infection rate than bone-

patellar tendon-bone autografts in ACL reconstruction surgery. 
5) Allografts are associated with a higher infection rate as compared to autografts in 

ACL reconstruction surgery. 
6) Vancomycin presoaking of hamstring grafts is associated with a lower infection rate 

as compared to no graft presoaking in ACL reconstruction surgery. 
7) Arthroscopic washout along with antibiotic treatment and graft salvage is an 

effective way of managing septic arthritis following ACL reconstruction surgery in 
most cases. 

8) Suture button misplacement is one of the most frequently reported complications 
when using a suture button to fix the graft onto the femur in ACL surgery.  

9) The morphology of the outer tibial tunnel aperture would change less when using an 
acorn reamer compared to a fluted reamer in creating the tibial tunnel, particularly 
when deviations occur between the desired and actual line of reaming.  

The stage to explore the overall aim was set out by an article that reported a narrative review 

which looked at the spectrum of intraoperative complications encountered in ACL 

reconstruction as well as their causes and management. Following this (as summarized in 

figure 1.6), the background for the 1st, 2nd and 3rd hypotheses was set by an article which 

presented a narrative review of the morphological characteristics and anatomical variations 

of hamstring grafts used in ACL reconstruction surgery. Subsequently, the 1st hypothesis was 

specifically examined by one article reporting a clinical study that addressed the rate of 

inadequate hamstring graft harvesting amongst 50 patients who had ACL reconstruction 
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surgery under the care of a UK practicing surgeon. Similarly, the 2nd and 3rd hypotheses were 

specifically evaluated by an article reporting on a cadaveric study that looked at the relation 

between graft quality and the type of tendon harvester utilised to obtain the graft. The 4th 

and 5th and 6th hypotheses were examined by an article that reported a systematic review and 

meta-analysis that evaluated the rate of infection in ACL reconstruction surgery, its relation 

to graft type as well as its relation to vancomycin presoaking.  The 7th hypothesis was 

examined by an article that analysed through a systematic review and meta-analysis the 

effectiveness of arthroscopic washout and antibiotic treatment with graft salvage in tackling 

bacterial infection post ACL reconstruction. The 8th hypothesis was assessed by an article that 

reported a systematic review of complications of femoral suture button fixation of the ACL 

graft in reconstructive surgery, whilst the 9th hypothesis was assessed by an article that 

reported a study which looked at the relation between the type of reamer used in creating 

the tibial tunnel with tunnel morphology in artificial bones. 

 

  



   
 

30 
 

 

 

 Figure 1.6 The eight articles (numbered 1-8) testing the hypotheses assessed in this commentary   

 

ACL reconstruction 
complications

1. Management of intraoperative 
complications in arthroscopic primary 

anterior cruciate ligament 
reconstruction. Charalambous CP, Alvi F, 

Sutton PM. J Knee Surg. 2015

Inadequate graft 
harvesting

2. Anatomical considerations in 
hamstring tendon harvesting for 

anterior cruciate ligament 
reconstruction. Charalambous CP, 

Kwaees TA. Muscles Ligaments 
Tendons J. 2013

3. Rate of insufficient 
ipsilateral hamstring graft 

harvesting in primary 
anterior cruciate ligament 

reconstruction. 
Charalambous CP, Kwaees 
TA, Lane S, Blundell C, Mati 

W. J Knee Surg. 2021 

4. Hamstring tendon harvesting--
Effect of harvester on tendon 
characteristics and soft tissue 

disruption; cadaver study. 
Charalambous CP, Alvi F, 

Phaltankar P, Gagey O. Knee. 
2009

Infection

5. Risks and prevention: Relationship of 
Graft Type and Vancomycin Presoaking 
to Rate of Infection in Anterior Cruciate 

Ligament Reconstruction: A Meta-
Analysis of 198 Studies with 68,453 

Grafts. Kuršumović K, Charalambous CP. 
JBJS Rev. 2020

6. Graft salvage following 
infected anterior cruciate 
ligament reconstruction: a 

systematic review and meta-
analysis. Kuršumović K, 

Charalambous CP. Bone Joint J. 
2016

Suture button fixation 
misplacement

7. Complications following Suture 
Button Use for Femoral Graft Fixation in 
Arthroscopic Anterior Cruciate Ligament 

Reconstruction: A Systematic Review. 
Yassa R, Adam JR, Charalambous CP. 

J Knee Surg. 2021

Tibial tunnel 
assymetrical 

reaming

8. Comparison of Acorn 
and Fluted Reamers on 

Tibial Tunnel Outer 
Aperture Dimensions in 

Anterior Cruciate Ligament 
Reconstruction. Gerrard 
AD, Jump CM, Sutton P, 

Charalambous CP. 

J Knee Surg. 2020
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CHAPTER 2 -  INTRAOPERATIVE COMPLICATIONS IN ACL RECONSTRUCTION 

A. Background 

As described in the introduction chapter, complications in ACL reconstruction may occur 

during surgery or following surgery. Intraoperative complications may occur at any of the 

multiple steps of the ACL reconstruction surgical procedure. Although some complications, 

such as accidental graft contamination, may be generic and observed across a broad spectrum 

of ACL reconstruction techniques, others are more specific to the type of graft harvested and 

the techniques used to fix that graft. The hamstring and bone-patellar tendon-bone (BPTB) 

grafts are commonly used (Sherman et al., 2021, Arnold et al., 2021), hence dealing with the 

complications that may be encountered when these grafts are employed would apply to most 

ACL reconstruction procedures.  

 

B. Knowledge gap   

At the time when this article was prepared there were existing reviews describing 

intraoperative complications and pitfalls of ACL reconstruction surgery, referring to various 

grafts and fixation devices (Fay, 2011, Busam, Provencher and Bach, 2008, Lee et al., 2008, 

Safran and Greene, 2006, Matava, 2006, Phelan, Cohen and Fithian, 2006, Sekiya, Ong and 

Bradley, 2003, Cain, Gillogly and Andrews, 2003, Allum, 2003, Shelbourne and Patel, 1996, 

Graf and Uhr, 1988). However, as surgical techniques evolve, with the refinement of graft 

harvesting techniques and development of fixation devices, the spectrum and specifics of 

intraoperative complications related to these may also change. Hence, there was a need for 

an updated review of the complications of ACL reconstruction surgery and their management.   

 

C. Objective 

The objective of this study was to set the stage of ACL reconstruction complications by 

describing those encountered when using hamstring and bone-patellar tendon-bone (BPTB) 

grafts and to provide an up-to date review of their occurrence and management.  

 

D. Commentary article 1 - Management of intraoperative complications in arthroscopic 

primary anterior cruciate ligament reconstruction. Charalambous CP, Alvi F, Sutton 

PM. J Knee Surg. 2015 Apr;28(2):165-74.  

https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0034-1373739. doi: 

10.1055/s-0034-1373739 

a. Contribution by CP Charalambous 

Developed the concept of the article, carried out the literature search, and led the writing of 

the article. 

 

https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0034-1373739
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b. Article description – Full article 

This was a narrative review of the spectrum of intraoperative complications in arthroscopic 

primary ACL reconstruction surgery and described ways in which such complications may be 

dealt with during surgery. Complications related to both hamstring tendon grafts as well as 

patellar tendon grafts were considered. This article discussed the complications encountered 

during graft harvesting, bone tunnel creation and graft fixation, as well as the possibility of 

intraoperative graft contamination.  A copy of the full article is presented next. 
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c. Contribution to knowledge 

This article aimed to increase the awareness amongst surgeons with regards to intraoperative 

complications in ACL reconstruction and provided step to step guidance on how to deal with 

them. The strength of this article is based on its combination of the surgical experience of 

practising soft tissue knee surgeons with an up-to date evidence-based review. The article 

also introduced a classification for intraoperative complications. In this classification 

complications were described according to the stage of the procedure including, during 

femoral or tibial tunnel preparation, graft harvesting, graft passage or graft fixation. This 

classification should help surgeons structure their preoperative planning and aid 

communication between clinicians in teaching, presentations or written manuals. 

Furthermore, this classification could provide an objective tool to aid qualitative and 

quantitative reporting of complications in scientific research studies assessing ACL 

reconstruction surgery.  

This review helped identify areas in which there was an evidence gap, and thus needed 

additional evaluation. Based on this initial review new areas of investigation were highlighted 

and subsequently explored further within the ensuing articles presented in this commentary. 

d. Article limitations 

There are certain methodological limitations to this article. Firstly, there was a lack of a 

systematic approach to the review of the literature. Hence, it is possible that relevant 

bibliography was not presented.  A systematic review would have aimed to capture all or most 

of the available evidence on the topic. Nevertheless, despite being a narrative review, the 

topic was explored broadly, and alternative management options were presented.  

The article only considered complications of arthroscopically assisted ACL reconstruction 

when using hamstring tendons or patellar tendon grafts, assessing only complications related 

to suspensory button and interference screw fixation methods. Therefore, other 

complications related to open ACL reconstruction surgery as well as to other grafts and 

fixation devices were not considered. This limits the extent to which the information provided 

by the article can be relevant to the wider surgical community and particularly to surgeons 

who use other types of grafts or fixation devices. This narrative review was based on the 

experiences of 2 soft tissue knee surgeons. Collaboration with a larger group of surgeons in 

preparing the article could have allowed alternative management options to be considered 

for the complications described, based on their possible wider knowledge and personal 

experiences.     

The classification of intraoperative complications in ACL reconstruction described in the 

article was descriptive and originated from the personal experience of the authors rather than 

developed in a more structured way based on a review of a case series of complications or 

using a consensus approach of a wider group of experts. The ability of this classification to 

capture the spectrum of ACL reconstruction complications encountered in clinical practice as 

well as its inter- and intra-related variability were thus not determined.  
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A final limitation of this article was that it reviewed intraoperative but not postoperative 

complications, but it must be noted that complications that become apparent post-ACL 

reconstruction surgery may be due to technical events occurring during surgery.    

e. Relevant work since the article was published 

Since this article was published, several other studies reported on the intraoperative 

complications of ACL reconstruction surgery. In a prospective cohort study of 54 patients who 

had primary ACL reconstruction using quadruple semitendinosus and gracilis tendon graft 

performed by one surgical team (Alsaad et al., 2018), it was reported that 14 cases (26%) 

developed complications, 7 (13%) of whom had cartilage injury, 2 (4%) had bleeding, 2 (4%) 

screw breakage, 1 (2%) screw mal-direction, and 2 (4%) premature graft division leaving a 

short tendon. In that article, potential ways of minimising the risk of the complications 

occurring were presented. Furthermore, an analysis of the incidence of ACL reconstruction 

complications in a single Orthopaedic Department in Greece was reported (Papastergiou et 

al., 2018). That analysis examined 1,972 ACL reconstructions carried out over a 27-year 

period, with a follow up of up to 2 years post-surgery. In 1,244 cases a hamstring autograft 

was used and in 728 bone-patellar tendon-bone autografts were utilised. These authors 

(Papastergiou et al., 2018) reported a similar intraoperative complication rate of about 22%. 

Furthermore, intraoperative complications were subdivided into those occurring during graft 

harvesting, during tunnel placement, graft passage, or during graft fixation. This subdivision 

was in line with the classification of intraoperative complications described in the review 

article presented in this chapter (Charalambous, Alvi and Sutton, 2013).    

f. Further research 

This article may form the basis to further identify areas of intraoperative complications to be 

explored in greater depth. As described above this article introduced a classification for 

intraoperative complications that may be encountered in ACL reconstruction and described 

these according to the stage of the procedure at which they may occur. Future work may  

evaluate the reliability of the complications’ classification described in the article, to 

determine its ability to capture the spectrum of ACL reconstruction complications 

encountered in clinical practice as well as its inter- and intra-related variability.   

The review article presented in this chapter concluded that surgeons performing ACL surgery 

should have a working knowledge of the more commonly occurring complications, as this 

allows their anticipation, potential prevention, and the ability to deal with them should they 

occur. It also recommended that prior to embarking on ACL surgery it is essential that 

appropriate equipment should be sought to deal with unexpected intraoperative events. 

Although such parameters may be part of the continuous professional development and 

training of individual surgeons, a more objective and reliable approach can be through the 

development of surgical management cards which can be drawn upon intraoperatively. This 

concept is already applied to emergency procedure checklists used in the aviation industry, 

but also in other aspects of healthcare (Clay-Williams and Colligan, 2015). Surgical 
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management cards could act as a memory aide and guide the surgeon in a step-by-step way 

on how to deal with a given encountered complication, but also structure the preoperative 

planning to ensure all necessary equipment are available to handle such a situation. Surgical 

management cards could also form the basis of defending ones’ actions once a well-accepted 

and described management plan is implemented. Such management cards may be of 

relevance to low volume ACL reconstruction surgeons and can be developed through a Delphi 

study of experts so to give a range of options of dealing with a particular complication.  
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CHAPTER 3 – COMPLICATIONS IN HAMSTRING TENDON HARVESTING IN ACL 

RECONSTRUCTION 

A. Background 

Hamstring tendons are the graft of choice of a substantial proportion of ACL reconstruction 

surgeons (Sherman et al., 2021, Arnold et al., 2021, Grassi et al., 2018). The hamstring tendon 

utilised is the semitendinosus which along with the gracilis tendon have a common insertion 

onto the medial part of the proximal tibia. Their insertion along with the insertion of the 

sartorius tendon is known as the pens anserinus, which in Latin means “gooses foot” as the 

three tendons’ insertion resembles that structure. Apart from these main tendon insertions 

onto the tibia, the semitendinosus and gracilis tendons also have attachments to the 

gastrocnemius muscle and the fibrous envelope of the leg which is known as the leg fascia. 

These attachments of the hamstring tendons occur via fibrous bands referred to as accessory 

bands (Yasin et al., 2010, Candal-Couto and Deehan, 2003).   

Hamstring tendon harvesting is performed using a surgical instrument known as a tendon 

harvester. During harvesting the tendon’s insertion onto the tibia is exposed through a 

surgical incision and any accessory bands are divided to free and mobilise the tendon. 

Identification and division of the accessory bands is essential as they may inadvertently 

misdirect the tendon harvester causing premature division of the harvested tendon (Candal-

Couto and Deehan, 2003). Once the accessory bands are divided, the tendon harvester is 

passed along the tendon, upwards into the thigh. The tendon harvester may strip the tendon 

from its muscle attachment at the musculotendinous junction and this type of harvester is 

referred to as a tendon stripper. Alternatively, a tendon harvester may use a blade to cut the 

tendon close to the musculotendinous junction and this type of harvester is referred to as a 

blade harvester. The tendons are then detached from their tibial insertion, folded, and 

sutured as part of constructing the ACL graft, a process which is referred to as graft 

preparation (Deehan and Pinczewski, 2002).   

Successful ACL reconstruction surgery relies on a graft which is of adequate thickness and 

length. The strength of hamstring grafts was previously shown to be related to graft diameter 

(Boniello et al., 2015) with smaller diameter grafts associated with an increased risk of failure 

and poorer clinical outcomes (Conte et al., 2014, Mariscalco et al., 2013).  Similarly, an 

adequate graft length is needed so it can allow adequate graft insertion in the femoral and 

tibial bone tunnels and hence more secure graft fixation in these tunnels. Hence, any 

complication which affects the graft dimensions may compromise the clinical outcome of ACL 

reconstruction surgery. If an adequate graft cannot be obtained from the desired source an 

alternative graft may need to be sourced. This may be an autograft from a different site, such 

as the hamstring tendons from the opposite knee, or bone-patellar tendon-bone from the 

ipsilateral or opposite knee. Alternatively, it may be an allograft or a synthetic ligament. In 

addition to providing a graft of adequate dimensions, the process of obtaining the graft needs 

to be one that does not confer substantial disruption to the surrounding soft tissues such as 
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muscle damage. Soft tissue disruption could lead to muscle scarring and leg pain or weakness 

(Palazzolo et al., 2018, Weenders, Pietretti and de Kroon, 2015).  

Understanding the rate of inadequate hamstring tendon harvesting from the desired source 

is vital as it can allow surgical planning and can also inform the consent process whereby the 

surgeon discusses with the patient the risks of surgery.  It also allows the surgeon to consent 

the patient as to additional procedures which may need to be undertaken such as obtaining 

a graft from the opposite knee. Along the same lines, understanding the relation between the 

type of harvester and graft length or quality can guide the surgeon when choosing a surgical 

technique.   

B. Knowledge gap 

At the time when the studies presented in this chapter were carried out there was not 

sufficient knowledge about the rate of inadequate hamstring graft harvesting in a UK 

population, although rates of premature division of the hamstring tendons were described in 

a series of Iraqi (Alsaad et al., 2018) and a series of Greek (Papastergiou et al., 2018) patients. 

As anatomical characteristics may vary in different patient populations, understanding the 

rate of inadequate hamstring graft harvesting in a western population would be of great 

value. Similarly, there was no information concerning the relation between graft quality and 

the type of tendon harvester used to obtain the hamstring graft.  

C. Objectives 

Given the knowledge gap, the objectives of the studies included in this chapter were to 

determine the rate of inadequate hamstring graft harvesting in ACL reconstruction surgery in 

a UK population and explore whether the type of tendon harvester influenced the length and 

quality of the graft obtained.  

D. Hypotheses  

To meet the objectives described the following hypotheses were explored:  

1) Inadequate graft harvesting in ACL reconstruction is a recognised complication, but 
its rate is low.  

2) A graft blade harvester causes less soft tissue disruption as compared to a closed 
tendon stripper. 

3) A graft blade harvester produces a shorter graft as compared to a tendon stripper. It 
was hypothesised that as the blade harvester cuts the tendon off the muscle, rather 
than stripping it off the muscle, the length of usable tendon may be shorter.   

This area under investigation was examined initially by a narrative review of the 

morphological characteristics and anatomical variations of hamstring grafts used in ACL 

reconstruction surgery. Subsequently, the 1st hypothesis was examined by a clinical study 

that determined the rate of inadequate hamstring graft harvesting amongst patients who had 
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ACL reconstruction surgery under the care of a UK practicing surgeon. The 2nd and 3rd 

hypotheses were evaluated by a cadaveric study that looked at the relation between graft 

length and quality with the type of tendon harvester used to obtain the graft. 

 

E. Commentary article 2 - Anatomical considerations in hamstring tendon harvesting 

for anterior cruciate ligament reconstruction. Charalambous CP, Kwaees TA. Muscles 

Ligaments Tendons J. 2013 Jan 21;2(4):253-7. PMID: 23738306 

http://www.mltj.online/wp-content/uploads/2019/01/Anatomical-considerations-in-hamstring-

tendon-harvesting-for-anterior-cruciate-ligament-reconstruction.pdf.  

a. Contribution by CP Charalambous 

Developed the concept of the article, carried out the literature search, and led the writing of 

the article. 

b. Article description – Full article 

This was a narrative review of hamstring tendon harvesting which concentrated on the 

anatomical characteristics of hamstring tendons, the anatomical variations that may exist 

between patients, and their implications with regards to preventing or managing 

complications when these tendons are harvested. It was shown that graft length and diameter 

was highly variable between patients and could not be reliably predicted at an individual level 

using preoperative patient characteristics or radiological investigations. Similarly, it was noted 

that there was a substantial variability in the accessory bands of these tendons close to their 

insertion onto the tibia. Based on these findings the article highlighted that there are several 

anatomical issues that the surgeon must be aware of and consider when performing 

hamstring tendon harvesting, to minimise intraoperative as well as postoperative 

complications in ACL reconstruction surgery. A copy of the full article is presented next. 

 

http://www.mltj.online/wp-content/uploads/2019/01/Anatomical-considerations-in-hamstring-tendon-harvesting-for-anterior-cruciate-ligament-reconstruction.pdf
http://www.mltj.online/wp-content/uploads/2019/01/Anatomical-considerations-in-hamstring-tendon-harvesting-for-anterior-cruciate-ligament-reconstruction.pdf
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c. Contribution to knowledge 

This article contributed to literature in that it identified and discussed the clinical relevance 

of the variation in anatomy existing between patients with regards to the semitendinosus and 

gracilis tendons. It thus provided information to increase awareness amongst surgeons as to 

how anatomical variation may affect the surgical technique of ACL reconstruction using 

hamstring tendon grafts. It also provided a thorough assessment of the limitations of the 

ability to accurately predict the size and quality of the hamstring tendons prior to surgery 

based on patient clinical and radiological parameters. This review helped identify the need 

for clinical studies to assess the rate of inadequate ipsilateral graft harvesting and its causes, 

and this was thus further evaluated by the commentary’s 3rd article (Charalambous et al., 

2021) described next in this chapter.   

d. Article limitations 

This article was a narrative review without a systematic literature search. This raises the 

possibility that some relevant information was not presented. Furthermore, there were only 

two authors of the article. Involvement of  a larger group of contributors could allow a broader 

consideration of the clinical implications of variations in the anatomy of hamstring tendons, 

as contributors would be able to draw on their personal knowledge and surgical experiences.  

The information with regards to the anatomical variation of hamstring tendons was presented 

only in a descriptive way, and statistical analysis, such as meta-analysis of quantitative data, 

was not performed. Statistical pooling of data across studies could have quantified with 

greater confidence the anatomical variation that exists in hamstring tendons with regards to 

their dimensions and to the number and location of their accessory bands.   

e. Relevant work since the article was published 

Since this article was published several other studies evaluated the anatomy of the distal 

hamstring tendon insertion and their findings were in line with the commentary’s 2nd article 

(Charalambous and Kwaees, 2012).  

In a dissection study of Caucasian cadavers fixed in formalin solution the insertion of the 

hamstring tendons onto the proximal tibia was evaluated using high quality photos (Olewnik 

et al., 2019) and a new classification of pes anserinus morphology was proposed. This 

classification included 6 types of pes anserinus according to the distribution of tendons and 

accessory bands which further emphasised the substantial anatomical variability that exists 

with regards to the pes anserinus insertion. However, what was of greater surgical interest 

was that in this classification the morphology of the insertion of the pes anserinus tendons 

onto the tibia was also divided into three types - a short tendinous insertion, a band-shaped 

or a fan-shaped insertion. This distinction is clinically important as it may be harder to 

recognize the correct tendon in a fan shaped insertion and thus to expose the point where 

the tendon harvester is introduced. Hence, the surgeon needs to be aware of this when 

exposing the hamstring tendons and considering where to introduce the harvester. 
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The anatomy of the accessory bands of semitendinosus and gracilis was further evaluated in 

a study of human fresh cadavers (Reina et al., 2013). This aimed to identify anatomical factors 

that may increase the risk of complications during tendon harvesting and determine 

anatomical parameters that could predispose to premature tendon division (Reina et al., 

2013). This article provided further new information that can improve the quality of the 

harvesting process and minimise the risk of premature tendon division. The authors reported 

that semitendinosus always had at least one accessory band, whilst in about 23% of cases 

semitendinosus had 2 and in one case it had 3 bands. It was also shown that the first band 

was located at a mean of about 5cm from the tendon’s tibial insertion but ranged from 0 to 

about 10cm. The second band was located at a mean distance of about 7cm with a range of 

about 4 to 13cm from the tibial insertion. The semitendinosus bands were found to be thick, 

strong, and tendinous and passed distally to the fascia of gastrocnemius muscle at an acute 

angle. In contrast, gracilis had up to 3 bands which were weak and aponeurotic in nature. All 

the bands of gracilis ran distally at an acute angle in about 60% of cases and at an obtuse 

angle in about 40% of cases. Most bands attached to the semitendinosus tendon or the 

gastrocnemius fascia whilst some bands ran anteriorly to the tibial periosteum or the 

surrounding aponeurosis. Based on these findings it was suggested that 3 anatomical 

parameters of the accessory bands, that is their macroscopic type, site of insertion, and angle 

at which the accessory band fibres attach to the tendon, may be risk factors for failure during 

harvesting. A strong tendinous as compared to an aponeurotic band, an insertion onto the 

gastrocnemius fascia or another tendon as compared to an insertion onto the surrounding 

aponeurosis, and an angle of attachment relative to the distal part of the tendon of less than 

90°, were associated with a higher risk of misdirection of the harvester and premature tendon 

division. As these morphological parameters can be directly assessed by the surgeon during 

harvesting, they could guide precautionary measures to minimise the risk of premature 

tendon division.  

f. Further research 

The article evaluated here (Charalambous and Kwaees, 2012) may form the basis of future 

cadaveric or radiological studies aiming to assess hamstring tendon morphology. As the 

quality of radiological imaging improves, further radiological studies may be used to evaluate 

the hamstring tendons preoperatively to guide precautionary measures to minimise 

complications in graft harvesting.  
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F. Commentary article 3 - Rate of insufficient ipsilateral hamstring graft harvesting in 

primary anterior cruciate ligament reconstruction. Charalambous CP, Kwaees TA, 

Lane S, Blundell C Mati W. J Knee Surg. 2021. PMID: 33853149. 

https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0041-1726421. doi: 

10.1055/s-0041-1726421 

a. Contribution by CP Charalambous 

Developed the concept of the article, designed the methodology, collected, analysed the 

data, led the writing of the article. 

b. Article description 

This article reported a clinical study which assessed the rate of insufficient ipsilateral 

hamstring graft harvesting in primary ACL reconstruction surgery as encountered in clinical 

practice. It retrospectively assessed 50 primary ACL reconstructions performed by a single 

surgeon in the UK. This study demonstrated that insufficient ipsilateral hamstring graft 

harvesting is a recognised, yet unusual intraoperative complication in primary ACL 

reconstruction for which adequate presurgical planning is essential. It was shown that in 3 of 

the 50 (6%) patients there was insufficient ipsilateral hamstring graft harvesting and a 

contralateral hamstring graft was obtained. This was either due to premature division of the 

ipsilateral hamstring tendons (observed in 3/100 harvested tendons, 95% CI: 1.0–8.5%), or 

due to abnormality in the tendon morphology (in 1 case the central part of the tendon was 

too thin). The latter was identified in a retrospective examination of magnetic resonance 

images obtained prior to surgery, suggesting a potential role of such investigations in 

identifying tendon morphological variants. Hence, the findings of this study proved the 

hypothesis that inadequate graft harvesting in ACL reconstruction is a recognised 

complication, but its rate is low. A copy of the full article is presented next. 

 

https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0041-1726421


   
 

56 
 



   
 

57 
 



   
 

58 
 



   
 

59 
 

 

 

 



   
 

60 
 

 

 

 

 



   
 

61 
 

c. Contribution to knowledge 

This article contributed to literature in that it demonstrated the rate of insufficient tendon 

harvesting in routine clinical practice in a UK population. It aimed to increase awareness 

amongst surgeons with regards to this potential intraoperative encounter and guide them as 

to the necessary preoperative planning that is the need to consider alternative grafts and 

graft fixation techniques as well as in the consent of patients prior to surgery with regards to 

this possibility.   

d. Article limitations 

In the introduction section, the background was described, the clinical problem stated, and 

the overall aim articulated, but specific hypotheses were not presented. The main 

methodological limitation of this study is that the findings related to the work of one surgeon 

rather than multiple surgeons. It is thus difficult to extrapolate the findings of this study to 

the rate of the inadequate graft harvesting encountered by other surgeons in the UK. The 4% 

rate of inadequate hamstring tendon length presented in this article (Charalambous et al., 

2021) is in line with a 3.7% rate reported in a series of  patients in Iraq (Alsaad et al., 2018) 

but it is higher than the rate of 0.56% presented in a series of patients in Greece (Papastergiou 

et al., 2018). Although differences in the methodology of these studies may account for some 

of the observed variation, this variation highlights the need to gather data for the wider 

surgical community.  Along similar lines, given the relatively small number of cases examined, 

the 95% confidence intervals calculated for the rate of inadequate graft harvesting were 

broad, limiting the extent to which authoritative results can be drawn. Assessing a larger 

group of patients, operated upon by a larger group of surgeons, would have allowed the 

calculation of narrower confidence intervals. However, this article lays the foundations for a 

larger study involving multiple surgeons. 

The definition of the term inadequate graft harvesting as it was employed in this study was 

not based on a validated established definition or on a predetermined agreement by a group 

of experts in ACL reconstruction surgery. Instead, the definition of inadequate graft 

harvesting was based on the personal views of the candidate who was the senior author of 

the article, as this was how the term was used in the candidate’s clinical practice. It is possible 

that other surgeons might have used an alternative definition for inadequate graft harvesting 

by accepting the use of only a semitendinosus graft rather than a combined gracilis and 

semitendinosus graft, or by accepting a graft of less than 7mm in diameter. Similarly, other 

surgeons might have used alternative surgical techniques to deal with a short or thin graft 

which may avoid harvesting from a different site, such as using the semitendinosus tendon in 

a triple strand configuration (Drocco et al., 2018). 

Furthermore, this study was retrospective and as a result certain data such as the graft 

diameter of 7 cases and the ethnicity of 2 cases could not be retrieved. In line with this, the 

radiological assessment of the MRI scan of the case of a thin semitendinosus tendon reported 
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in the article was retrospective and not blinded as to the intra-operative appearance of the 

tendon, raising the possibility of assessment bias.   

e. Further research 

This study (Charalambous et al., 2021) may form the basis of a future prospective study 

involving multiple surgeons to determine the rate of inadequate graft harvesting in the 

general surgical population. A further study may also evaluate the impact of the learning 

curve on the rate of insufficient graft harvesting by comparing both within surgeon and 

between surgeon practices.  

Furthermore, a prospective clinical study may further evaluate the role of preoperative MRI 

in identifying cases where graft harvesting may be technically challenging and determine 

factors as to the reasons for this. With improvements of MRI sensitivity and the quality of 

images obtained it may be possible to determine preoperatively the presence of hamstring 

tendon accessory bands, or hamstring tendon scarring and hence aid the harvesting process. 

MRI scanning may also look at the whole of the leg to capture the proximal musculotendinous 

junction of hamstring tendons, unlike current MRI practice where only the distal part of the 

thigh and knee are routinely imaged. Scanning the musculotendinous junction may identify 

scarring which could make the harvesting process more technically challenging.  
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G. Commentary article 4 - Hamstring tendon harvesting-Effect of harvester on tendon 

characteristics and soft tissue disruption; cadaver study. Charalambous CP, Alvi F, 

Phaltankar P, Gagey O. Knee. 2009 Jun;16(3):183-6. PMID: 1927278 

https://www.thekneejournal.com/article/S0968-0160(08)00205-6/fulltext.  

DOI: 10.1016/j.knee.2008.11.010 

 

a. Contribution by CP Charalambous 

Developed the concept of the article, co-designed the methodology, collected and analysed 

the data, and led the writing of the article. 

b. Article description -Full article 

This was a cadaveric study comparing 2 types of tendon harvester in obtaining hamstring 

tendons for ACL reconstruction. It compared a closed stripper with a blade harvester in 18 

paired knees from 9 human fresh cadavers. Use of the blade harvester gave longer lengths of 

usable tendon whilst minimising the stripping of muscle and of any non-usable tendon. This 

study showed that the type of harvester per se influenced the length of tendon as well as the 

extent of associated soft tissue disruption. The findings of this study supported the hypothesis 

that a graft blade harvester causes less soft tissue disruption as compared to a closed tendon 

stripper. However, the hypothesis that a graft blade harvester produces a shorter graft as 

compared to a tendon stripper was rejected as longer lengths were obtained with the blade 

harvester. A copy of the full article is presented next. 

 

https://www.thekneejournal.com/article/S0968-0160(08)00205-6/fulltext
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c. Contribution to knowledge 

This article contributed to the literature in that it demonstrated a relation between the type 

of hamstring tendon harvester and the length as well as quality of the tendon obtained. It 

also suggested that the type of tendon harvester is related to the extent of disruption in the 

surrounding soft tissues. This article emphasized the need for tendon harvester 

manufacturers to gather and report such data for individual harvesters, and the need for 

surgeons to seek and evaluate such information when choosing a tendon harvester for their 

clinical practice.  

d. Article limitations 

In the introduction of the article, although the overall aim of the study was described specific 

hypotheses to be tested were not presented. The main methodological limitation of this 

article was the use of cadaveric specimens and specimens from individuals whose 

characteristics may differ from those of patients that have ACL reconstruction surgery. The 

properties of cadaveric tissue may differ from that of living humans in parameters such as 

stiffness and flexibility of the tendons or their accessory bands, as well as in the volume of the 

hamstring muscle tissue. Soft tissue layers in cadavers may be more adherent to each other 

and less mobile making the passage of a tendon harvester challenging. A living muscle may 

respond to stimulation, such as when coming into contact with a tendon harvester, by 

contracting, whereas in cadavers this cannot occur. It could be postulated that such 

contraction responses may influence the mass of muscle that is harvested along with the 

hamstring tendon.  

Specimens from elderly patients with a mean age of 83 years were used for this study. The 

characteristics of the tendons may thus differ from those of younger patients, in whom ACL 
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reconstruction surgery is more commonly performed. ACL reconstruction surgery is 

performed in knees which had previous injury causing an ACL tear, but in this study none of 

the included cadaveric knees had any macroscopic pathology, and it is likely that they did not 

have any previous substantial knee injury. These parameters may influence the harvesting 

process, the qualities of the harvested tendon and the soft tissue disruption, all of which may 

limit the applicability of the study’s findings to clinical practice. However, a cadaveric study 

was considered an appropriate initial evaluation prior to an in-vivo clinical study as in the 

latter the various tendon measurements could prolong the operative time. 

It is of note that harvesting was performed by a single surgeon, and the characteristics of the 

tendon harvested could have been influenced by the surgeon’s technique rather than solely 

by the harvester. In addition, as only one surgeon carried out the harvesting, the effect of the 

surgeon on the harvesting process was not assessed. There was also no formal assessment of 

the intra- and inter-variability of classifying the tendon ends as clean cut or ragged, nor of 

carrying out the measurements of the tendon length or width. The decision as to how much 

of the tendon was considered of too poor quality to use and was thus discarded was based 

on subjective and not objective criteria. In relation to this there was no formal examination 

of the accuracy and repeatability of this assessment. It would have been preferable to use 

two or more assessors and establishing their inter- and intra- agreement in carrying out the 

relevant measurements. There was no prospective or retrospective power calculation for the 

statistical comparisons made, hence it is possible that type 2 statistical error accounted for 

the lack of significant differences in some of the comparisons. Similarly, there was no 

prospective definition as to what was considered a minimal important clinical difference with 

regards to the parameters examined, such as for the length of usable tendon and for the mass 

of stripped muscle.  

The findings of this article apply only to the 2 types of tendon harvester and to the exact 

harvesting techniques employed. In this study, when using the tendon stripper, the distal part 

of the hamstring tendon was initially divided from its insertion onto the tibia and was held 

with an artery forceps, whilst the harvester was slid over the tendon proximally. It is possible 

that the properties of the tendon harvested in this way might differ had a tendon stripper 

been used that can slide over the tendon without having to divide the tendon’s insertion. 

Furthermore, although a statistically significant difference was observed in the length of 

usable tendon obtained and the mass of discarded muscle between the tendon stripper and 

blade harvester, it was not possible to determine the cause of this difference and in particular 

whether this was due to the different diameters of the two harvesters or other reasons. The 

use of a blade harvester and  tendon stripper of the same or similar diameter could have shed 

some light onto the role of the tendon diameter on these findings.   
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e. Relevant work since the article was published 

This article was cited by a further study (Naik and Acharya, 2019) that evaluated conditions 

whereby the quality of the tendon harvested may not be optimal. The potential relation 

between the chronicity of ACL injury and the quality of harvested hamstring graft was 

examined in 40 consecutive patients who had ACL reconstruction. Of these 58% had a chronic 

injury defined as more than 3 months duration, whilst 42% had an acute injury of less than 3 

months duration. In that study it was reported that the surgeon encountered more difficulty 

in advancing the tendon stripper beyond the musculotendinous junction in chronic as 

compared to acute cases. The proximal end of the harvested tendon was found to be ragged 

in a higher proportion of chronic as compared to acute injuries. The mean percentage of 

usable tendon was lower in the chronic as compared to the acute group with about 89% in 

the former vs. 94% in the latter. Based on the findings of this study its authors suggested that 

fibrosis at the musculotendinous junction secondary to injury may be more common in 

chronic injuries due to repeated instability episodes. The findings of this further study 

emphasised that the effect of the tendon harvester could vary according to the chronicity of 

ACL instability and should thus be evaluated in knees which had a torn ACL rather than in 

cadavers who may not have had a knee injury.  

A further study suggested that the differences in donor site morbidity by soft tissue disruption 

and harvesting of non-usable tendon may have substantial clinical implications (D'Alessandro, 

Wake, and Annear, 2013). That was a randomised controlled trial of 34 patients allocated 

either to hamstring tendon harvesting using a blade harvester or a tendon stripper. Patients 

in the blade harvester group had less postoperative pain (10.05mm vs. 24.66mm p=0.0398 

on a visual analogue score). In addition, patients in the blade harvester group had a 

significantly lower rate of postoperative hamstring strains as compared to those in the tendon 

stripper group (25% vs. 50%, p=0.045) (D'Alessandro, Wake, and Annear, 2013).  

 

f. Further research 

The article evaluated above (Charalambous et al., 2008) may form the basis of a future 

comparative study to explore the effects of a wider range of commonly used tendon 

harvesters in real surgical practice, as compared to a laboratory in vitro situation. Such a 

comparative study could be a pragmatic randomised trial involving multiple surgeons to 

provide more robust evidence as to differences that may exist between tendon harvesters. 
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CHAPTER 4 – INFECTION IN ACL RECONSTRUCTION 

A. Background  

Infection is a recognised complication in surgery and is described as the invisible enemy of 

the surgeon (Charalambous, 2019). Superficial infections which involve the skin and 

subcutaneous tissue are successfully treated with antibiotics. However, deep infections of the 

soft tissues or bone and septic arthritis which is infection of the knee joint can have 

devastating complications; septic arthritis can destroy the joint’s cartilage and cause graft 

rupture with resultant loss of function. Deep infections are much more challenging to deal 

with and their management often involves both antibiotic treatment and surgery. In surgery 

for deep infections the infected joint and tissue are washed with normal saline and any non-

viable tissue is removed.  

In surgical procedures whereby a tendon graft is utilised there is concern that graft 

contamination with bacteria may lead to introduction of these infective organisms into the 

joint and cause joint infection. Contamination by bacteria may occur during graft harvesting 

or graft preparation. In the case of allografts whereby the graft is obtained at a longer interval 

prior to surgery there is also the potential of contamination occurring during graft storage. 

Concerns about graft related infections were initially raised for allografts by reports on 

patients who developed such infections (Barbour and King, 2003, CDC, 2001). The 

identification of organisms on culture samples in about 10% of allografts prior to their 

insertion into the knee led to the possibility that graft contamination could introduce bacteria 

into the joint and thus cause infection. Subsequent studies showed that high rates of graft 

contamination occurred in autografts too, both hamstring autografts as well as patellar-

tendon-bone autografts (Badran and Moemen, 2016, Hantes et al., 2008). Such concerns led 

to studies which assessed the relation between graft type and infection risk in ACL 

reconstruction surgery, but these were largely small studies.   

Given the risk of infection and its devastating consequences in ACL reconstruction surgery, 

several measures are taken to minimise the risk of infection one of which is the use of 

prophylactic antibiotics. Prophylactic antibiotics may be administered systemically, including 

oral or intravenous administration, or topically. Prior to considering the use of topical 

antibiotics in ACL surgery prophylactic topical antibiotics had been extensively used in 

orthopaedic spinal surgery (O’Neill et al., 2011, Sweet, Roh and Sliva, 2011). In spinal surgery 

topical administration included vancomycin powder applied to the surgical wound, bone graft 

containing antibiotics, or saline mixed with antibiotics for washing the surgical wound prior 

to stitching. Such topical administration achieved high antibiotic concentrations in the local 

tissues, well above the minimum inhibitory concentration for common pathogens. At the 

same time blood levels of vancomycin remained within a safe range (Armaghani et al., 2014). 

In spinal surgery the use of topical antibiotics was shown to be associated with a reduction in 

surgical site infections (Xiong et al., 2014). Concerns were raised that the administration of 

topical vancomycin could lead to bacteria becoming less sensitive to vancomycin a process 
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referred to as the development of antibiotic resistance (Gande et al., 2019). However, an 

increase in infections with bacteria that would not be eliminated or supressed by vancomycin 

was not consistently observed in clinical studies (Khanna et al., 2019).  

In ACL reconstruction surgery topical antibiotics may be administered by presoaking the ACL 

graft in an antibiotic solution or by mixing antibiotics in the normal saline solution used to 

inflate the joint during arthroscopic surgery. The use of topical vancomycin for presoaking 

hamstring tendon grafts was initially reported in a series of 870 cases (Vertullo, 2012). The 

outcomes of these cases were compared to those of 285 cases who had only intravenous 

prophylactic antibiotics. In that initial report it was postulated that soaking the graft in an 

antibiotic such as vancomycin eradicated any bacterial contamination and prevented 

infection. Vancomycin was chosen as the preferred antibiotic as it was active against the 

organisms commonly associated with infection in ACL reconstruction surgery (such as 

staphylococcus aureus) and it was also water soluble. Vancomycin soaking with a solution 

concentration of 5mg/mL for 15min was used based on an in vitro study which assessed the 

release of vancomycin from bovine tendons and showed that a 5 mg/mL soak solution for 15 

minutes would achieve adequate vancomycin levels to decontaminate the graft without 

causing toxicity to cartilage and tendon cells (Grayson et al., 2011). In the initial report no 

infections were encountered in the group having vancomycin graft presoaking alongside 

prophylactic intravenous antibiotics as compared to 4 (1.4%) infections seen in the group 

receiving only intravenous antibiotics (Vertullo et al., 2012).   

Despite the administration of prophylactic antibiotics and other measures that aim to reduce 

the risk of surgery related infections, some infections still occur. Once faced with deep 

infection such as septic arthritis following ACL reconstruction the surgeon needs to consider 

how to manage this. One approach is to try and treat the infection with the use of systemically 

administered antibiotics along with surgical washout of the joint whilst preserving the 

reconstructed graft. An alternative approach is to use antibiotics, wash the knee, but also 

remove the reconstructed graft and all fixation devices. The rational for the latter approach 

is that the graft and fixation devices may be seeded with infecting organisms and hence their 

removal may aid the eradication of infection. However, with this approach the reconstructed 

graft is sacrificed, potentially leading to knee instability and need for revision reconstruction 

surgery. Hence, developing evidence to guide the clinical management of such infections 

would be of high value.  

B. Knowledge gap 

At the time the included studies were carried out, there was no substantial systematic 

evidence assessing the rate of infection in ACL reconstruction surgery, its relation to graft type 

as well as its relation to vancomycin presoaking. Similarly, there was no systematic evidence 

determining the effectiveness of arthroscopic washout and antibiotic treatment with graft 

salvage in tackling bacterial infection post ACL reconstruction.  
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C. Objectives 

Given the knowledge gap, the objectives of the studies included in this chapter were to 

determine the relationship between infection rates and type of graft utilised in ACL 

reconstruction surgery and explore whether presoaking the graft with vancomycin is 

associated with a reduction in infection rate. A further objective was to determine whether 

arthroscopic washout with graft salvage is an effective measure in managing such infections. 

Given the rarity of infection post ACL reconstruction surgery individual studies may lack the 

power to demonstrate differences in infection rates according to graft type, to fully evaluate 

the effect of antibiotic presoaking, and to determine the effectiveness of arthroscopic 

washout with antibiotic treatment and graft salvage in tackling bacterial infection. Pooling the 

results of individual studies through a systematic review and meta-analysis may allow more 

meaningful conclusions. 

D. Hypotheses 

To meet the objectives described above the studies presented in this chapter explored the 

hypotheses that:  

1) Hamstring tendon grafts are associated with a higher infection rate than bone-
patellar tendon-bone autografts in ACL reconstruction surgery. 

2) Allografts are associated with a higher infection rate as compared to autografts in 
ACL reconstruction surgery. 

3) Vancomycin presoaking of hamstring grafts is associated with a lower infection rate 
as compared to no graft presoaking in ACL reconstruction surgery. 

4) Arthroscopic washout along with antibiotic treatment and graft salvage is an 
effective way of managing septic arthritis following ACL reconstruction surgery in the 
majority of cases. 

These hypotheses were examined by 2 articles as described next. 

E. Commentary article 5 - Relationship of Graft Type and Vancomycin Presoaking to 

Rate of Infection in Anterior Cruciate Ligament Reconstruction: A Meta-Analysis of 

198 Studies with 68,453 Grafts. Kuršumović K, Charalambous CP. JBJS Rev. 2020 

Jul;8(7):e1900156. PMID: 32759615 

https://journals.lww.com/jbjsreviews/Abstract/2020/07000/Relationship_of_Graft_Type_and_Vanc

omycin.13.aspx. doi: 10.2106/JBJS.RVW.19.00156. 

 

a. Contribution by CP Charalambous 

Developed the concept of the article, co-designed the methodology, contributed to data 

collection, carried out the data analysis (meta-analysis) and co-wrote the article 

https://journals.lww.com/jbjsreviews/Abstract/2020/07000/Relationship_of_Graft_Type_and_Vancomycin.13.aspx
https://journals.lww.com/jbjsreviews/Abstract/2020/07000/Relationship_of_Graft_Type_and_Vancomycin.13.aspx
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b. Article description - Full article 

This article presented a meta-analysis of the relationship between graft type and risk of 

infection following ACL reconstruction surgery. In addition, it assessed the relationship 

between presoaking the hamstring tendon graft with vancomycin on infection rate. It 

demonstrated that hamstring tendons were associated with a higher infection rate as 

compared to bone-patellar tendon-bone grafts as well as compared to allografts. 

Furthermore, it showed that vancomycin presoaking was associated with about 10-fold 

reduction in infection rate as compared to no antibiotic presoaking.  

The study identified 306 bacterial infections in 68,453 grafts across 198 studies. The overall 

estimated ACL graft infection rate was 0.9% (95% CI: 0.8% to 1.0%). Hamstring autografts 

were associated with a higher infection rate (1.1%, 95% CI: 0.9% to 1.2%) as compared to 

bone-patellar tendon-bone autografts (0.7%, 95% CI: 0.6% to 0.9%) and allografts (0.5%, 95% 

CI: 0.4% to 0.8%) (p<0.001). Presoaking hamstring autografts in vancomycin reduced the 

infection rate to 0.1% (95% CI: 0.0% to 0.4%) and this reduction was statistically significant 

(p=0.001). The concentration of the vancomycin solution utilised in the included studies was 

5mg/ml. The findings of this study thus supported the hypothesis that hamstring tendon 

grafts are associated with a higher infection rate than bone-patellar tendon-bone autografts 

but rejected the hypothesis that allografts are associated with a higher infection rate as 

compared to autografts. Furthermore, based on the findings of this study the hypothesis that 

vancomycin presoaking of hamstring grafts is associated with a lower infection rate as 

compared to no graft presoaking in ACL reconstruction surgery was also accepted. A copy of 

the full article is presented next. 

 



   
 

74 
 



   
 

75 
 



   
 

76 
 



   
 

77 
 



   
 

78 
 



   
 

79 
 



   
 

80 
 



   
 

81 
 



   
 

82 
 



   
 

83 
 



   
 

84 
 



   
 

85 
 



   
 

86 
 



   
 

87 
 



   
 

88 
 



   
 

89 
 



   
 

90 
 



   
 

91 
 

 



   
 

92 
 

c. Contribution to knowledge 

This publication contributed to knowledge in that it provided evidence regarding the relation 

between graft type and vancomycin presoaking with infection in ACL reconstruction surgery. 

It was based on large number of studies and grafts aiming to give confidence to the clinician 

that its findings could be relied upon. This study aimed to raise awareness amongst surgeons 

of the higher risk of infection associated with hamstring graft and provided robust evidence 

that vancomycin presoaking may be related to a reduced infection rate. There was 

inconsistency in the literature with regards to these parameters, hence a meta-analysis 

allowed multiple studies to be pooled together and gave a more convincing message to guide 

clinical practice. Hamstring tendon grafts are the graft of choice of most surgeons in ACL 

reconstruction surgery (Grassi et al., 2018) due to their potential advantages of lower donor 

site morbidity, lower resultant anterior knee pain and extensor strength deficit, as compared 

to patellar tendon grafts. Hence, the recommendation of routine use of vancomycin 

presoaking could guide a substantial proportion of ACL reconstruction procedures. 

The potential impact of this study on orthopaedic practice was assessed by a written survey 

administered to attendees of a podium presentation of its findings at the 2017 annual 

congress of the European Federation of National Associations of Orthopaedics and 

Traumatology (EFORT). In that survey, 29 attendees performing a median of 40 ACLs per year 

responded. Of these 24% had encountered an ACL infection in the previous 2 years and 48% 

in the previous 5 years. Only 10% presoaked the ACL graft with an antibiotic. About a quarter 

of those not presoaking the graft would consider changing their practice to presoaking with 

vancomycin with similar findings seen in those that used a hamstring graft as their first choice. 

The results of that survey suggested that the findings of this meta-analysis can have a 

substantial impact on the clinical practice of orthopaedic surgeons (Kuršumović and 

Charalambous, 2022).     

d. Article limitations 

The protocol of this study was not prospectively registered or published. There was no formal 

assessment of bias using a validated bias assessment tool, nor a formal assessment of the 

quality level of evidence presented. Similarly, the data was not extracted by two independent 

reviewers.   

The findings apply to bacterial infections and not infections with other organisms such as 

fungal organisms which may also be encountered in clinical practice (Costa-Paz et al., 2021). 

There was no assessment of infection in other commonly used grafts such as quadriceps 

tendons hence the findings are directly applicable only to the types of grafts examined.  

There was variability in the infection rates reported by individual studies but reasons for such 

variability were not explored. Several factors other than graft type and vancomycin graft pre-

soaking may influence infection rates but these were not considered and could have acted as 

confounders in the analysis. As most studies were observational a causal relationship was not 
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established between graft type and infection rates. Analysis in isolation of randomised trials 

comparing different graft types could have provided more definitive information. Similarly, as 

all studies looking at vancomycin graft presoaking were observational a causal relationship 

between vancomycin graft presoaking and infection rates could not be established. 

Only a small proportion of the included studies were specifically designed to compare 

infection rates between different graft types, raising the possibility of underreporting 

infection rates by the remaining studies. However, the large number of studies considered 

and patients, allowed this rare complication to be examined with a greater degree of 

confidence as to the findings. Furthermore, the inclusion of observational studies, as well as 

different study designs, allowed a more pragmatic assessment of the available evidence.  

 

e. Relevant work since the article was published 

Since the article was published multiple subsequent studies have looked at risks of infection 

in ACL reconstruction surgery. Of these one is of particular note as in addition to graft type it 

assessed various patient and surgery factors with regards to their influence on infection risk, 

hence building on the evidence provided by the above article (Kuršumović and Charalambous, 

2020). This further systematic review and meta-analysis examined 23 studies reporting on 

3,871 infections amongst 469,441 ACL reconstructions (Zhao et al., 2022). It  indicated that 

the use of hamstring autografts was related to infection risk but not the use of bone-patellar 

tendon-bone autografts or allografts. It also showed than in addition to graft type other 

patient and surgical technique factors increased the risk of surgical site infection (superficial 

and deep). These factors included male sex, obesity, smoking, diabetes, steroid use, being a 

professional athlete, previous knee surgery, revision ACL reconstruction surgery, concomitant 

lateral extra-articular tenodesis, and prolonged  operating time. In contrast, patient’s age, 

surgery performed as outpatient or inpatient basis, and concomitant meniscal tear repair did 

not increase the risk of surgical site infection. The findings of this meta-analysis confirm the 

findings of the article described above (Kuršumović and Charalambous, 2020) with regards to 

higher infection rates seen with hamstring grafts, but also emphasise that not just graft type 

but also other factors may influence infection risk, and this must be considered in clinical 

practice. 

Since this article (Kuršumović and Charalambous, 2020) was published several other studies 

examined the role of graft antibiotic presoaking in minimising infection risk in ACL 

reconstruction. The results of the article reported above (Kuršumović and Charalambous, 

2020) were replicated by a recent metanalysis of comparative studies that evaluated the role 

of vancomycin presoaking (Xiao et al., 2021). In that study 10 articles reported on 7,507 cases 

where vancomycin was used and 13,861 cases with no vancomycin. Eight of the 10 studies 

included only autografts with about 95% of grafts being hamstring autografts. Soaking grafts 

in vancomycin resulted in significantly fewer infections (0.013% versus 0.77%; OR 0.07; 95% 

CI 0.03, 0.18; P < 0.001). There was no difference in re-rupture rates between the groups. Two 
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of the studies analysed assessed patient-reported outcomes and both showed no difference 

in this parameter at 1 year post surgery (Xiao et al., 2021). Furthermore, the cost-

effectiveness of vancomycin presoaking was recently assessed in a modelling economic 

analysis (Ruelos et al., 2021). Assuming costs of US$24,178 for revision ACL reconstruction 

versus US$44/1,000 mg of vancomycin, it was shown that vancomycin presoaking was cost-

effective if it prevented 1 infection in 550 cases. It was also shown that if the ACL graft was 

salvaged following infection (with arthroscopic washouts), vancomycin presoaking was cost-

effective if it prevented 1 infection in 146 cases.   

The findings of studies supporting the effectiveness of the use of vancomycin in reducing the 

risk of infection have led to calls for this to become the recommended practice in ACL 

reconstruction surgery (Vertullo et al., 2021, Pfeiffer, 2021). However, a recent study showed 

that although the routine presoaking of grafts with vancomycin in ACL reconstruction surgery 

was taken up by a substantial proportion of surgeons the majority still did not presoak the 

graft and concerns about the safety of graft presoaking remained. In a survey members of the 

ACL study group were enquired about their practice with regards to presoaking ACL grafts in 

vancomycin (Xiao et al., 2021). It was reported that about one-third (38%) of respondents 

presoaked their ACL grafts in vancomycin, with most (76%) having adopted this practice 

within the past 5 years. It was reported that most respondents wrapped the graft in a 

vancomycin-soaked gauze (56%), soaked for a variable amount of time (56%) and used a 

concentration of 5 mg/mL (68%). Their concerns with regards to vancomycin presoaking 

included its potential detrimental effects on the mechanical properties of the graft (35%), cost 

of vancomycin (23%), availability (12%), and development of antibiotic resistance (9%). 

As shown by the survey from the ACL study group (Xiao et al., 2021) and discussed in the 

examined article (Kuršumović and Charalambous, 2020), one of the concerns of vancomycin 

presoaking of ACL grafts is whether this could lead to graft cell (tenocyte) toxicity and thus 

impairment of the biomechanical properties of the graft. This could lead to early graft 

stretching or graft failure compromising the functional outcomes of ACL reconstruction. Since 

this article (Kuršumović and Charalambous, 2020) was published, 2 further studies were 

reported which examined whether there is any evidence of such a potential detrimental 

effect of antibiotic presoaking. The tenocyte toxicity caused by vancomycin soaking of grafts 

was evaluated in an in vitro laboratory study (Xiao et al., 2020). Human tenocytes derived 

from human patellar tendons were exposed to 5 different vancomycin concentrations at 3-

time intervals. Vancomycin exposure of tenocytes was compared to sole culture medium 

exposure applied for the same length of time. It was shown that vancomycin exposure did not 

cause significant changes in tenocyte viability after 2 and 6 hours of incubation at any 

concentration up to about 13mg/mL. Incubation with vancomycin for 24 hours led to a 

significant decrease in cultured cell viability at higher concentrations. Based on these findings 

it was concluded that exposing tendons to vancomycin for a short period of time by graft 

soaking during ACL reconstruction is unlikely to cause tenocyte toxicity.  Along similar lines, 

the effect of soaking ACL grafts in vancomycin solution on the biomechanical properties of 
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the graft at the time of implantation was evaluated in bovine patellar tendons (Lamplot et al., 

2021). These tendons were wrapped in normal saline soaked gauze and then in vancomycin-

soaked gauze for 30 minutes and were subsequently subjected to tensile testing. No 

difference in Young's modulus, which is a measure of stiffness, between saline and 

vancomycin soaking was demonstrated. It was thus concluded that vancomycin soaking of 

patellar tendon grafts does not adversely affect their material properties at the time of 

implantation into the knee. Similarly, the biomechanical properties of grafts  subjected to 

tensile loading were assessed in 30 semitendinosus tendons harvested during ACL 

reconstruction (Jacquet et al., 2020). Tendons were randomly allocated to a vancomycin 

presoaking or a control group. The vancomycin group tendons were presoaked in 5 mg/mL 

vancomycin and the control group in physiological serum for 10 minutes prior to mechanical 

testing. No significant difference was seen between the 2 groups with regards to several 

biomechanical properties such as the Young's Modulus, ultimate tensile strength, and 

elasticity limit. On the basis of this it was concluded that presoaking of human semitendinosus 

grafts with vancomycin does not alter its biomechanical properties. The ability of these in-

vitro findings to translate to real life was explored in a retrospective cohort study that 

examined the re-rupture risk and functional outcomes of ACL reconstruction using the 

vancomycin soaking technique as compared to unsoaked grafts at a minimum 5 year follow 

up (Pérez-Prieto et al., 2021). The authors of that study showed that 17 (5%) of unsoaked 

graft cases suffered a re-rupture as compared to 15 (4%) of cases who had their graft 

presoaked in vancomycin, statistically a non-significant difference. Clinical outcomes were 

also assessed using the IKDC, Tegner system, and Lysholm knee scores. In the IKDC system 

scores range from 0 (indicative of lowest function or highest symptoms) to 100 points (highest 

function and lowest symptoms). The mean IKDC score was 82/100 in the unsoaked and 

83.9/100 in the vancomycin-soaked group (P=0.049). The Tegner activity scale grades activity 

based on work and sports activities from 0 to 10 (0 being disability and 10 participation at 

national or international level soccer). The Tegner system score was 4 in both groups. The 

Lysholm Scale score ranges from 0-100 with higher scores indicating less disability. The 

Lysholm Knee score was 90.3 in the unsoaked and 92 in the vancomycin-soaked group 

(P=0.015). It was concluded that vancomycin presoaking of ACL grafts is a safe clinical practice, 

is not associated with an increased risk of graft re-rupture and does not impair the clinical 

functional outcomes of arthroscopic ACL reconstruction.  

 

f. Further research 

Future work may aim to determine a direct causal relation between vancomycin graft 

presoaking and reduced infection rates through randomised controlled trials. The estimated 

effect and confidence intervals reported in this meta-analysis can inform the calculation of 

the number of participants required in such a study. However, given the magnitude of the 

difference in infection rates reported in the article presented here (Kuršumović and 

Charalambous, 2020), as well as in a subsequent meta-analysis by a different group (Xiao et 
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al., 2021) the possibility of a causal-effect relation is highly suggestive, which may limit the 

need for such a randomised trial. Furthermore, given the overall low rate of infection 

following ACL reconstruction surgery, such a trial will be challenging to design and complete, 

as a large number of participants would be needed to demonstrate a difference between 

groups.  It is equally important to gather high quality evidence to conclusively support the 

safety of vancomycin graft pre-soaking in ACL reconstruction. This may be of particular 

importance given that concerns with regards to detrimental effects of vancomycin on the 

mechanical properties of the graft were amongst the barriers cited by surgeons in adopting  

vancomycin graft presoaking in clinical practice (Kuršumović and Charalambous, 2022, Xiao 

et al., 2021). A randomised trial comparing the clinical and functional outcomes as well as 

graft re-rupture rates between grafts presoaked in vancomycin vs. those presoaked in saline 

may give definitive high-quality evidence to allow vancomycin graft presoaking to become 

universal practice. Such a randomised trial is likely to require a smaller group of participants, 

as compared to a trial to assess infection rates, and hence be more feasible to carry out.  

Having demonstrated that vancomycin graft presoaking along with systemic antibiotics 

administration is associated with reduced infection rates as compared to systemic antibiotics 

given in isolation,  a next step would also be to assess whether vancomycin presoaking alone 

is also sufficient. This could initially be evaluated in line with the IDEAL framework (McCulloch 

et al., 2009) by looking at infection rates in a case series of patients having vancomycin graft 

presoaking without concomitant systemic antibiotics.   

Further work may also be in the form of basic science studies to explore the cause of higher 

risk of infection associated with hamstring grafts and to guide the implementation of 

alternative preventive measures for minimising the risk of infection. Emerging technologies 

that may be further evaluated include the surface modification of graft fixation devices to 

make them more resistant to bacterial colonisation and graft soaking with anti-microbial non-

antibiotic peptides. 
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F. Commentary article 6 - Graft salvage following infected anterior cruciate ligament 

reconstruction: a systematic review and meta-analysis. Kuršumović K, 

Charalambous CP. Bone Joint J. 2016 May;98-B(5):608-15 PMID: 27143730. Errata. 

Bone Joint J. 2016 Aug;98-B(8):1151-2. doi: 10.1302/0301-620X.98B8.38074c. 

Erratum for: Bone Joint J. 2016 May;98-B(5):608-15. PMID: 27482032. 

https://online.boneandjoint.org.uk/doi/full/10.1302/0301-

620X.98B5.35990?rfr_dat=cr_pub++0pubmed&url_ver=Z39.88-

2003&rfr_id=ori%3Arid%3Acrossref.org.  . doi: 10.1302/0301-620X.98B5.35990. 

a. Contribution by CP Charalambous 

Developed the concept of the article, co-designed the methodology, contributed to data 

collection, carried out the data analysis (meta-analysis) and co-wrote the article. 

b. Article description - Full article 

This article presented a meta-analysis which examined the ability of arthroscopic washout to 

treat septic arthritis in primary ACL reconstruction surgery. Such a treatment approach helps 

to preserve the reconstructed graft and avoid further extensive revision surgery. This study 

identified 147 infected hamstring grafts across 16 included studies. The graft salvage rate was 

86% (95%CI 73% to 93%) when excluding ACL re-ruptures. When re-ruptures were included 

as failures, the graft salvage rate was 85% (95% CI 76% to 91%). These findings supported the 

hypothesis that arthroscopic washout along with antibiotic treatment and graft salvage is an 

effective way of managing septic arthritis following ACL reconstruction surgery in most cases. 

A copy of the full article is presented next. 

 

https://online.boneandjoint.org.uk/doi/full/10.1302/0301-620X.98B5.35990?rfr_dat=cr_pub++0pubmed&url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org
https://online.boneandjoint.org.uk/doi/full/10.1302/0301-620X.98B5.35990?rfr_dat=cr_pub++0pubmed&url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org
https://online.boneandjoint.org.uk/doi/full/10.1302/0301-620X.98B5.35990?rfr_dat=cr_pub++0pubmed&url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org
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c. Contribution to knowledge 

This article contributed to the literature in that it provided robust evidence as to the 

effectiveness of antibiotic treatment and arthroscopic washout/debridement with graft 

salvage in dealing with this complication. This was unique in that it provided evidence based 

on a substantial number of studies and ACL reconstruction procedures, giving the clinician 

confidence when relying upon the results.  

 

d. Article limitations 

The aim of the article was stated in the introduction but specific hypotheses to be tested were 

not presented. There was a description of the design of the articles included in the analysis, 

and a discussion as to the limitations of their design, especially when considering 

retrospective observational studies. However, a formal bias assessment or quality evaluation 

was not performed.  

The generalisability of the study’s findings are limited as this meta-analysis looked at graft 

salvage in the management of only bacterial septic arthritis after ACL reconstruction using a 

hamstring tendon graft. Hence, its findings may only directly apply to bacterial infections of 

hamstring grafts and not to infections due to other microorganisms, such as fungal organisms 

which may also be encountered in clinical practice or infections of other graft types. However, 

as bacterial septic arthritis is the most common type of septic arthritis  encountered after ACL 

reconstruction, and as hamstring tendon grafts are commonly used grafts, the findings of this 

study are still relevant to a large part of the orthopaedic surgical community. 

Although the effectiveness of arthroscopic debridement, antibiotic treatment and graft 

salvage with regards to eradicating infections was determined, there was sparse data as to 

the clinical outcomes of patients treated in that way. The quality of such data was also limited 

as most of the included studies were retrospective and of low-level evidence. Although data 

on knee function and stability were presented, this was done in a descriptive way, and they 

were not statistically pooled, although a meta-analysis could have been conducted allowing 

greater confidence in the conclusions drawn.   

 

e. Relevant work since the article was published  

Since the publication of this article 3 further studies evaluated the outcomes of graft 

preservation in managing septic arthritis post ACL reconstruction and their findings were in 

line with the results of the examined article (Kuršumović and Charalambous, 2016). These 

studies also provided information on the clinical outcomes of such patients which can further 

improve our understanding as to functional status of patients who have graft salvage.  

The first of these assessed a standardised protocol of graft salvage for the management of 

knee joint infection after ACL reconstruction (Otchwemah, 2019). The protocol involved 
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arthroscopic lavage and debridement of the knee along with 6 weeks of antibiotic treatment. 

Arthroscopic washout was performed at least twice and repeated every 2 days until clinical 

signs of infection resolved. Forty-one patients were admitted with infection at a mean of 

about 14 (±8) days post ACL reconstruction and were assessed for up to about 10 months. 

Microorganisms causing the infection were identified in 34 (83%) cases, with coagulase-

negative staphylococci seen in 28 (82%) of these. Patients had an average of 3.8 (± 1.4) 

washouts. The authors showed that by repeated arthroscopic washout and antibiotic 

treatment it was possible to treat the infection and preserve the graft in 37 of 41 (90%) of 

cases with no infection relapse. The authors referred to a minor limitation of knee function 

observed in one of their cases and instability in four cases, but a high-quality objective clinical 

functional assessment was not presented.  

The second study explored the clinical outcomes of military personnel in the USA treated for 

septic arthritis after ACL reconstruction  with or without graft retention (Waterman  et al., 

2018).  The authors of that study looked at 31 cases of septic arthritis that had urgent 

arthroscopic washout at a median of about 5 weeks post ACL reconstruction. ACL 

reconstruction had been performed in 17 cases with a hamstring autograft, in 11 with an 

allograft, and in 3 with a patellar tendon autograft. The graft was salvaged in 22 cases (71%), 

whilst 9 cases (29%) had early graft resection. The mean follow up was 26.9 months. Three 

patients with salvaged  grafts had laxity and opted for revision ACL reconstruction.  However, 

only twelve of 22 (55%) of patients with graft salvage returned to military function mainly due 

to continued pain or instability. The development of  symptomatic post-infection arthritis and 

arthrofibrosis were associated with inability to return to active military duty. These findings 

suggested that at least when it comes to high demand activities, such as  those in military 

duty, graft salvage may not equate to acceptable knee function.  

The third study looked at subjective and objective clinical outcomes of patients treated with 

arthroscopic washout for septic arthritis following isolated ACL reconstruction at a single 

institution in Germany (Pogorzelski et al., 2018). According to the authors’ protocol when 

dealing with septic arthritis following ACL reconstruction the graft was retained wherever 

possible, but graft removal was done in high stage infections and when the graft integrity was 

compromised by the infection. Patients were categorized into 2 groups, one group of 21 cases 

with graft retention and a second group of 12 cases with initial graft removal. At an average 

follow up of about 55 months patients who had graft retention reported better subjective 

and objective outcome measures including the Lysholm and IKDC knee scores as compared 

to those who had graft removal. Magnetic resonance imaging showed lower rates of cartilage 

damage and meniscal tears among patients with graft retention versus graft resection. The 

authors of that study concluded that graft-retaining should be the aim in the management of 

septic arthritis following ACL reconstruction. 
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f. Further research  

Given the limitations described above, further work to systemically analyse the clinical 

outcomes of graft salvage may help shed further light as to the effectiveness of this approach 

in restoring knee function when dealing with septic arthritis following ACL reconstruction. In 

addition, although the above study assessed the clinical effectiveness of antibiotic treatment 

along with arthroscopic washout and graft salvage, there is limited evidence as to its cost 

implications, an area that future research may address. 
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CHAPTER 5 -  COMPLICATIONS OF SUTURE BUTTON FEMORAL GRAFT FIXATION IN ACL 

RECONSTRUCTION  

A. Background 

In ACL reconstruction surgery the graft may be secured to the distal femur and to the proximal 

tibia in bone tunnels. There are several ways of holding the graft in the femoral tunnel. One 

of these is suspending the graft from the outer femoral cortex round a suspensory device 

known as a suture button. Although various versions of suture buttons are commercially 

available, they essentially involve a metal plate to which a closed loop is attached. The graft 

is passed around the loop and the plate suspends this construct from the outer cortex of the 

femur in the bone tunnel. The length of the loop may be non-adjustable and come in 

predetermined lengths, referred to as fixed length loop, or adjustable during surgery and 

referred to as variable length loop.  

One of the pitfalls of suture button fixation is that the button may be misplaced in relation to 

the outer femoral cortex. The button may not be adequately seated on the outer femoral 

cortex with soft tissue interposed between the two. Alternatively, the button may not to be 

pulled completely out of the femoral tunnel and thus remain within the bone a position 

referred to as intraosseous. If the button is misplaced away from the femoral cortex the 

interposed soft tissue may necrose and break down which could then lead to movement of 

the button closer to the cortex. Such movement of the button is referred to as button 

migration and could cause graft laxity and knee instability. Similarly, an intraosseous located 

button may migrate into the knee joint and cause symptoms such as knee catching or locking.  

 

Figure 5.1 Intraoperative radiographs of the knee in ACL reconstruction. A – suture button 
(red arrow) appropriately seated on the lateral femoral cortex (yellow arrow). B- suture 
button (red arrow) misplaced away from the lateral cortex. C- suture button (red arrow) 
partially located in the femoral tunnel (intraosseous) (adapted from O’Brien et al., 2021).  
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Correct seating of the button on the femoral cortex may be determined during surgery by 

several methods of which two involve manual manoeuvres. The first of these manoeuvres is 

the alternate suture pull test which involves pulling alternatively on each of the passing 

sutures of the button whilst palpating for each end of the suture button pressing on the outer 

femoral cortex in an alternating fashion. The other is the pull-back test which involves pulling 

on the sutures of the distal part of the graft whilst visualising the graft in the knee to ensure 

it does not pull back out of the femoral tunnel. Alternatively, rather than using manual tests, 

the position of the button may be checked by direct visualisation using the arthroscopic 

camera or by intraoperative radiographic screening.  

B. Knowledge gap 

At the time of performing the study presented in this chapter there was a lack of systematic 

evaluation of reported complications related to the use of suture buttons for the femoral 

fixation of the ACL graft. 

C. Objective 

Given the knowledge gap, the objective of the study presented in this chapter was to 

determine the complications related to the use of femoral suture button graft fixation in ACL 

reconstruction surgery. 

D. Hypothesis 

To meet the objective described above the study presented in this chapter explored the 

hypothesis that suture button misplacement is one of the most frequently reported 

complications when using a suture button to fix the graft onto the femur in ACL reconstruction 

surgery. 

 

E. Commentary article 7 - Complications following Suture Button Use for Femoral Graft 

Fixation in Arthroscopic Anterior Cruciate Ligament Reconstruction: A Systematic 

Review. Yassa R, Adam JR, Charalambous CP. J Knee Surg. 2021 Jun;34(7):755-763. 

PMID: 31905415. 

https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0039-3400753. doi: 

10.1055/s-0039-3400753. 

a. Contribution by CP Charalambous 

Developed the concept of the article, co-designed the methodology, contributed to data 

collection and analysis, and co-wrote the article 

b. Article description - Full article 

This study systematically assessed the spectrum of complications related to the fixation of the 

ACL graft onto the distal femur when using a suture button, as well as the consequences of 

https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0039-3400753


   
 

112 
 

such complications. The potential clinical importance of such complications and ways in which 

they may be avoided were discussed.  

This study reported that suture button misplacement was the most frequently encountered 

complication. In most cases button misplacement was minimal and did not adversely affect 

clinical outcomes. However, in some cases suture button misplacement led to graft failure, 

irritation of the surrounding soft tissues, or mechanical knee symptoms such as instability and 

locking, and required further surgery. It was recommended that intraoperative screening or 

arthroscopic evaluation of the deployed suture button may reduce these complications. This 

study’s findings supported the hypothesis that suture button misplacement is one of the most 

frequently reported complications when using a suture button to fix the graft onto the femur 

in ACL reconstruction surgery. A copy of the full article is presented next. 
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c. Contribution to knowledge 

This article contributed to the literature as it provided a systematic rather than an anecdotal 

assessment of complications related to femoral suture button fixation of the ACL graft and 

the potential clinical consequences of such complications. It aimed to inform surgeons that 

suture button related complications, and in particular misplacement of the suture button, 

need to be considered in preoperative planning and as part of the intraoperative technique. 

The article also provided guidance about how to minimise suture button complications and 

how to deal with them, such as with intraoperative radiological screening or arthroscopic 

confirmation of button placement. The information gathered also aimed to inform 

physiotherapists and other allied health professionals that suture button misplacement may 

be a cause of ongoing symptoms during rehabilitation of the ACL reconstructed knee. Its 

strength originates in that it combined the surgical experience of practising surgeons with an 

up-to date evidence base review. 

d. Article limitations 

There are certain weaknesses of this study. The background, clinical problem and overall aim 

were well described, but specific hypotheses to be tested were not presented. In addition, 

there are several methodological limitations. The study’s protocol was not prospectively 

published and data was not extracted by two independent reviewers. Although a bias 

assessment tool was applied to the studies considered, there was no formal assessment of 

the quality level of evidence presented. In line with this most of the included studies were of 

low-level evidence being case series and case reports. The generalizability of the findings of 

this study are also limited as this review looked only at complications of suture buttons used 

for the fixation of the ACL graft to the distal femur and not to the proximal tibia.   

e. Relevant work since the publication of this article 

Since this article’s study was carried out, several other studies have looked at suture button 

related complications. These studies build further on the evidence provided in the above 

article (Yassa, Adam and Charalambous, 2021) by describing the rate of button misplacement 

and assessing the potential relation between button misplacement with subsequent button 

migration and clinical outcomes. Furthermore, they evaluated the role of various techniques 

to minimise button misplacement. As elaborated below these studies demonstrated that 

button misplacement is commonly encountered and in many cases is substantial, with the 

suture button located more than 2 mm away from the femoral cortex or located in the 

femoral tunnel. However, as discussed below, there is still controversy as to the effects of 

such button misplacement and subsequent migration on clinical outcomes.  

In one of these studies 361 primary ACL reconstructions were assessed for suture button 

misplacement (Toftoy et al., 2019). The postoperative button position was described on plain 

radiographs as reduced and congruent with the entirety of the button located at <2 mm from 

the femoral cortex, reduced and incongruent with part of the button located at <2 mm from 
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the cortex but part of the button being at >2 mm from the cortex, displaced with the entirety 

of the button located at >2 mm from the femoral cortex, intraosseous whereby all or part of 

the button remained within the bone tunnel, or ungradable. A total of 312 buttons (86%) 

were found to be reduced and congruent, 18 (5%) reduced and incongruent, 10 (3%) 

displaced, 13 (4%) intraosseous, and 8 (2%) were classed as ungradable.  

In another series of 156 ACL reconstructions the distance between the centre of the suture 

button and the lateral femoral cortex was measured on the first postoperative day using plain 

radiographs (Gürpınar et al., 2020). Cases with less than 1 mm distance were classed as Group 

1 (118 cases), those with 1-2 mm as Group 2 (30 cases) and those with more than 2 mm as 

Group 3 (8 cases). Migration was considered as movement of the suture button of more than 

1 mm along the femoral tunnel axis on anterior-posterior radiographs or as rotation on lateral 

radiographs.  At follow up, 11 suture buttons (9%) in Group 1, 26 (87%) in Group 2 and all 8 

(100%) in Group 3 were shown to have migrated. Clinical evaluation showed no significant 

difference between Groups 1 and 2 but clinical outcomes were significantly worse in Group 3 

compared to Groups 1 and 2 (P <0.05). Based on these findings it was concluded that soft 

tissue interposition is a major cause of suture button migration and soft tissue interposition 

greater than 2 mm can negatively affect ACL reconstruction clinical outcomes.  

Along similar lines the effect of soft tissue interposition on button migration and clinical 

outcomes was assessed in 84 patients who had anatomical single-bundle ACL reconstruction 

with quadruple hamstring autograft (Buyukkuscu et al., 2020). These were divided into 2 

groups according to the presence or absence of soft tissue interposition and hence button 

misplacement between the suture button and femoral cortex. At one-year post-surgery 

button migration was observed in 12 patients with soft tissue interposition (38%) and in 2 

patients (4%) with no soft tissue interposition which showed a statistically significant 

difference (P <0.001). However, in this study (Buyukkuscu et al., 2020), unlike in the one above 

(Gürpınar et al., 2020), no significant difference was observed between patients with and 

without tissue interposition or between those with and without button migration regarding 

knee stability parameters and clinical outcomes. The study’s authors concluded that 

postoperative tissue interposition is associated with post-surgical button migration, but this 

is often minimal and does not compromise clinical outcomes. 

Several studies have also looked at the effectiveness of intraoperative means of assessing the 

correct seating of the suture button in relation to the outer femoral cortex. The reliability of 

the manual resistance manoeuvre when applying distal tension to deploy the suspensory 

button along the lateral cortex of the femur was assessed in 51 ACL reconstructions carried 

out by 3 sports medicine fellowship–trained orthopaedic surgeons at a single centre (O’Brien 

et al., 2021). In using the manual resistance manoeuvre the graft was pulled distally with a 

strong force to deploy the button and secure it against the outer femoral cortex. Suture 

button positioning was then assessed by intraoperative radiographic screening. In that series 

38 (74%) of the cases had correct suture button positioning as determined by intraoperative 
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screening but 8 (16%) had interposed soft tissue and 5 (10%) had an incompletely flipped 

button. In all cases where button misplacement was identified it was rectified 

intraoperatively. Based on the observed high rate of inadequate suture button deployment 

the authors recommended that the position of the button should be routinely checked 

intraoperatively to minimise the risk of misplacement.   

Two studies looked at the role of arthroscopic confirmation of the positioning of a suture 

button. The first of these was a retrospective clinical study which examined whether 

confirmation of deployment of an adjustable-loop femoral button by direct arthroscopic 

visualization increased the rate of contact between the button and outer femoral cortex, and 

then whether this influenced clinical outcomes (Sohn et al., 2020). In that study 32 cases had 

a blind button deployment technique in which button deployment was not directly visualised. 

These were compared to a group of 33 cases in whom the button was arthroscopically 

visualised. Cortical contact was defined as either contact of both ends of the button with the 

femoral cortex or contact of the central area with the femoral cortex, or a gap between the 

button and the cortex of 1 mm or less at more than two-thirds of the length of the button. 

Cortical non-contact was defined as a gap of more than 1 mm at more than two-thirds of the 

button. The shortest distance from the centre of the button to the femoral cortex was 

described as the gap distance. No significant difference was observed in the rate of femoral 

cortical contact between the 2 groups immediately post-surgery, with 56% of cases showing 

contact in the blind technique group versus 55% in the direct visualization group. Similarly, 

no significant difference was observed in the rate of femoral cortical contact between the 2 

groups at 2 years post-surgery, with 78% of cases showing contact in the blind technique 

group versus 82% in the direct visualization group. At 2 years post-ACL reconstruction there 

was no statistical difference between the 2 groups with regards to knee stability and 

functional outcomes. On the basis of these findings, it was concluded that confirmation of 

femoral button deployment by arthroscopic visualisation is not beneficial. However, this 

study (Sohn et al., 2020) showed that in both groups up to 45% of cases were misplaced and 

did not have the desired button contact with the femoral cortex. Furthermore, the gap 

distance was greater than 2mm in 29% of the blind technique group and in 20% of the direct 

visualization group. The higher rate of cortical contact observed at 2 years post-surgery as 

compared to that seen immediately after surgery suggested that button migration occurred 

in a large proportion of cases.     

The second study which looked at the role of the direct visualisation technique in confirming 

correct button seating was a randomised trial (Matassi et al., 2021). In that trial patients were 

allocated into two groups one of which had postoperative radiographs to assess button 

position and another which had arthroscopic exploration and visualisation of the button 

intraoperatively followed by postoperative radiographs. On the postoperative radiographs 

soft tissue interposition between the button and femoral cortex was seen in 9 of 112 cases 

(8%) of the first group but in none of 81 cases of the direct visualisation group. In 8 of the 9 

cases with soft tissue interposition in the non-visualisation group the button was misplaced 
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more than 2mm from the outer cortex, and in one case the button was intraosseous. In 6 

cases (7%) of the visualisation group soft tissue interposition between the button and femoral 

cortex was identified during surgery and removed arthroscopically, hence the button was in 

close contact with the cortex in all radiographs.  

It is of interest that the two studies evaluating the role of arthroscopic confirmation of the 

positioning of a suture button gave conflicting results, with the first (Sohn et al., 2020)  

suggesting no substantial benefit and the second (Matassi et al., 2021) suggesting that 

arthroscopic visualisation of the button is a clinically important assessment. The exact way 

that the 2 studies carried out the arthroscopic assessment of the suture button positioning 

may explain the discrepancy in their findings. In the first study (Sohn et al., 2020) the button 

position was simply visualised to see if it was  deployed and whether it was positioned away 

from the bone, with no dissection performed to identify the surface of the femoral cortex and 

ensure the button was in contact with that. In contrast, soft tissue dissection was performed  

in the second study (Matassi et al., 2021) which could have allowed more consistent 

apposition of the button onto the bone surface. It is thus possible that in the first study (Sohn 

et al., 2020) only large degrees of button misplacement could be detected, whilst in the latter 

study (Matassi et al., 2021) smaller degrees of misplacement could be identified and 

corrected. The observed differences may also have been due to the definitions used to 

evaluate button misplacement, with distances more than 1mm considered in the first study 

(Sohn et al., 2020) but more than 2mm in the second (Matassi et al., 2021). 

f. Further research 

There is a need to further assess systematically the rate of button misplacement and also its 

clinical relation, in particular the relation between the degree of misplacement and clinical 

outcomes. Building on the article presented (Yassa, Adam and Charalambous, 2021) future 

clinical studies may evaluate the clinical effectiveness and cost-effectiveness of various 

methods used by ACL reconstruction surgeons to assess button positioning. Methods to be 

assessed and compared include manual maneuverers like the suture pull test and the pull-

back test, as well as intraoperative radiological imaging and intraoperative direct arthroscopic 

visualisation of the suture button.  

 

 

 

 

 

 

 



   
 

126 
 

CHAPTER 6 – COMPLICATIONS OF TIBIAL TUNNEL REAMING IN ACL RECONSTRUCTION  

A. Background 

In ACL reconstruction surgery a graft is often secured to the distal femur and the proximal 

tibia through bone tunnels. The tibial tunnel may be created using a reamer which is a power 

tool that has a round tip at the end of a shaft which rotates and removes the surrounding 

bone. Creation of the bone tunnel is often performed by starting the reaming on the outer 

cortex of the tibia and progressing into the knee joint.  The graft is then pulled into the tunnel 

and secured in place. The graft may be held in place using an interference screw, that is a 

screw inserted in the tibial tunnel adjacent to the graft. The screw holds the graft in place by 

compressing it against the tunnel wall. In interference screw fixation a cylindrical tunnel is 

preferred so the screw can compress the graft against an intact tunnel wall. If the wall of the 

tunnel is deficient the compression of the graft by the screw may be compromised and lead 

to graft slippage whereby the graft slips past the screw. Graft slippage leads to loss of graft 

tension which can impair knee stability and function. Another related complication is screw 

migration whereby the screw moves in relation to its initial position in the tunnel. Screw 

migration usually occurs towards the outer cortex of the tibia leading to screw prominence 

and irritation of the surrounding soft tissues and skin.  

The process of reaming the tibial tunnel usually involves the insertion of a thin wire referred 

to as guidewire into the bone. The guidewire is inserted in line with the desired position of 

the bone tunnel. A cannulated reamer, which is a reamer that has a central hole so the 

guidewire can pass through it, is then inserted over the wire. This arrangement aims to direct 

the reamer, so it reams the tunnel in line with the guidewire. However, during reaming it is 

possible to inadvertently bend the wire and thus deviate from the desired tunnel position. 

There are various designs of ACL reamer commercially available which include the acorn and 

fluted reamers. The acorn reamer has a reaming head the size of which is equivalent to the 

tunnel diameter. Below the reaming head is a narrower smooth shaft. On the other hand, the 

fluted reamer has a reaming component which extends along a greater length. As the length 

of the reaming component varies between the two reamers, angulation of the reamer may 

affect the morphology of the outer aperture of the tibial tunnel in different ways. 

It was previously shown (Goble, Downey and Wilcox, 1995) that a reamer with a short reaming 

head attached to a shaft of smaller diameter could be displaced anteriorly as it encountered 

dense tibial bone close to the knee joint surface. This is because the shaft had a smaller 

diameter than the reaming head and hence it could be displaced in the bone tunnel that had 

been created by the reaming head. Such displacement of the reamer may result in the 

articular surface aperture of the tibial tunnel being located more anteriorly than its optimal 

position. This places the ACL graft more anteriorly in the knee than its desired position which 

can lead to graft impingement on the femoral notch, graft stretching and poorer outcomes. 

It was proposed that a drill-head length of 25 mm was most effective at reducing such anterior 
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displacement of the tibial tunnel aperture as this avoided a shaft which had a smaller 

diameter than the tunnel and thus could not be easily displaced. This led to the 

recommendation in surgical technique manuals to use a fluted reamer when reaming the 

tibial tunnel.  

B. Knowledge gap 

Prior to the study presented in this chapter there was a lack of knowledge as to the relation 

between the type of tunnel reamer and the resultant morphology of the tibial tunnel aperture 

in ACL reconstruction surgery. 

C. Objective 

Given the knowledge gap the objective of the study presented in this chapter was to 

determine whether the morphology of the tibial tunnel used in graft fixation in ACL 

reconstruction is influenced by the type of reamer utilised. 

D. Hypothesis 

To meet the objective described above the study presented explored the hypothesis that the 

morphology of the outer tibial tunnel aperture would change less when using an acorn reamer 

compared to a fluted reamer in creating the tibial tunnel, and in particular that the 

morphology of the outer tibial aperture would change less with the acorn reamer as 

compared with the fluted reamer if deviation between the reamer and guidewire were to 

occur.  

E. Commentary article 8 - Comparison of Acorn and Fluted Reamers on Tibial Tunnel 

Outer Aperture Dimensions in ACL Reconstruction. Gerrard AD, Jump CM, Sutton P, 

Charalambous CP. J Knee Surg. 2022 Apr;35(5):534-538. PMID: 32898901.  

https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0040-1716372. doi: 

10.1055/s-0040-1716372. 

a. Contribution by CP Charalambous 

Developed the concept of the article, co-designed the methodology, contributed to data 

collection, guided on data analysis and co-wrote the article 

b. Article description - Full article 

This article presented a study that examined whether the type of reamer used in tibial tunnel 

creation during ACL reconstruction influences the dimensions of the tunnel's outer aperture. 

It assessed 2 commonly employed reamers used in antegrade tibial tunnel drilling, the acorn, 

and fluted reamers. Tunnels were created in artificial tibial bones by antegrade reaming over 

a guidewire using an 8 mm acorn or fluted reamer. Reaming was either in line with the 

guidewire or with an intentionally applied 10 degree deviation relative to the wire. The 

characteristics of the outer aperture of the tibial tunnel were compared between the 2 

https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0040-1716372
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reamers. It was shown that the use of a fluted reamer created a distal aperture which was 

inconsistently sized, larger, and of oblong shape compared with an acorn reamer. These 

findings supported the hypothesis that the morphology of the outer tibial tunnel aperture 

would change less when using an acorn reamer compared to a fluted reamer in creating the 

tibial tunnel. In particular, the hypothesis that the morphology of the outer tibial aperture 

would change less with the acorn reamer as compared with the fluted reamer if deviation 

between the reamer and guidewire occurred was accepted. A copy of the full article is 

presented next. 
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c. Contribution to knowledge 

This recent article contributed to literature in that it demonstrated that the type of reamer 

influences the morphology and dimensions of the outer aperture of the tunnel. It provided 

new evidence to challenge the usual recommendation of using the fluted reamer in creating 

the tibial tunnel and emphasised the need to exert caution if a fluted reamer is used. This 

could have important implications on interference screw fixation as it could weaken the 

fixation of the ACL graft on the tibial side leading to graft slippage or graft failure. 

Furthermore, it could predispose to backing out of the interference screw leading to local 

irritation of the soft tissues, cyst formation, and need for further surgery. 

d. Article limitations 

The main limitation was the use of artificial bones rather than cadaveric bones as the 

biomechanical properties of the 2 differ, including their hardness and strength. It is possible 

that the reamers were deflected more easily in the softer, weaker artificial bones, as 

compared to normal human bones of young patients undergoing ACL reconstruction. In 

addition, there was no formal assessment of the intra-and inter-variability with regards to 

confirmation of the drilling and reaming angles applied, as well as to the method used to 

measure the dimensions of the tibial outer aperture.  

With regards to the analysis and presentation of results, the dimensions of the aperture 

between the in-line and 10 degrees offset reaming groups were statistically compared using 

non-paired t test. However, the number of artificial bones tested was small with only 5 in each 

group. In addition, no power calculation was performed. Hence, the lack of a statistically 

significant difference observed in some of the comparisons could have been due to type 2 

statistical error, that is the inability to demonstrate a statistically significant difference when 

one exists. Similarly, there was no definition as to what was considered minimal important 

clinical difference in the dimensions of the outer tibial tunnel aperture. Given these 

limitations it might have been more appropriate to simply present the measurements  

without carrying out a statistical analysis, to acknowledge the uncertainty that exists in the 

findings.  

The generalisability of the findings of this study is limited to the specific conditions applied in 

this study. The findings apply directly only to a 10-degree deviation between the guidewire 

and reamer, and the effect of other degrees of deviation have not been determined. The 

findings of this study also apply only to the 2 types of tunnel reamer used, with regards to the  

morphology and length of the reaming head. Similarly, the observed difference in aperture 

dimensions between the two reamer types apply to the 8mm diameter reamer and may differ 

with other reamer diameters.    

The interpretation of the findings is limited by the methodology of the study. Although it was 

shown that the type of reamer influences the morphology and dimensions of the outer 

aperture of the tunnel, the mechanism by which this is achieved could not be established. 
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Although the length of the reaming component is considered to account for the observed 

differences, it is possible that differences in the shape of the reamer’s head, which varies 

between the acorn and fluted reamers, may have contributed to the differences in aperture 

morphology. However, this parameter was not tested.   

This study examined only the morphology of the outer aperture of the tibial tunnel rather 

than assessing the 3-dimensional construct of the tunnel created, and the effect on the 

location and morphology of the tunnel’s intraarticular aperture. Such information would have 

allowed a more informed decision to guide the choice of the reamer type used in ACL 

reconstruction.    

e. Further research 

Although this article showed that the type of reamer is related to the morphology and 

dimensions of the outer aperture of the tibial tunnel in ACL reconstruction, several important 

questions remain unanswered.  

There is a need to test the clinical implications of the variations observed in the examined 

study. Initially the relationship between the tibial tunnel’s aperture morphology and the pull-

out strength of the graft or interference screw used to fix the graft needs to be determined. 

This will allow an assessment of the minimum clinically important difference in aperture 

dimensions. The values of the aperture measurements obtained in this article, along with the 

minimum clinically important difference may then allow a power calculation to guide a further 

study comparing a wider variety of tibial tunnel reamers.   

Further in-vivo clinical studies may also determine the relation between tunnel aperture 

morphology and the rate of postoperative tibial screw complications.  
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CHAPTER 7 – CONCLUSIONS  

This commentary presented eight articles that explored the nature of complications seen in 

ACL reconstruction surgery, considered how such complications may be avoided through 

preventive measures, and how they can be managed once they occur. The evidence provided 

may enhance the ability of the surgeon to obtain a graft of adequate dimensions, minimise 

the risk of infection, and improve the graft fixation to the femur and tibia. This evidence may 

also guide the surgeon in how to manage postoperative infection. The studies of this 

commentary emphasise the need to recognise that surgical complications occur and that by 

discussing these and sharing experiences surgeons can learn from each other. To paraphrase 

a well-known saying, “A smart man or woman learns from their own pitfalls. A wise one learns 

from the pitfalls of others.” 

Based on the findings of the commentary’s articles it is concluded that there are several 

anatomical variations of hamstring tendons to be considered during their harvesting 

(Charalambous and Kwaees, 2013) and that inadequate hamstring tendon harvesting is an 

unusual but recognised complication for which the surgeon needs to make alternative plans 

(Charalambous et al., 2021). The type of harvester used to obtain the graft may influence the 

harvested tendon’s characteristics with a blade harvester giving a longer tendon and causing 

less soft tissue disruption as compared to a tendon stripper (Charalambous et al., 2009). 

In relation to infection in ACL reconstruction it is concluded that hamstring tendons are 

associated with a higher infection rate as compared to patellar tendon grafts and allografts, 

but vancomycin graft presoaking of hamstring tendons is associated with a 10-fold reduction 

in this infection rate (Kuršumović and Charalambous, 2020). In dealing with bacterial septic 

arthritis following ACL reconstruction with a hamstring tendon graft, arthroscopic 

debridement along with systemic antibiotics and graft salvage is successful in eradicating 

infection in the vast majority (86%) of cases (Kuršumović and Charalambous, 2016). 

It is also concluded that misplacement of the suture button is the commonest complication 

encountered when this type of device is used to fix the graft to the distal femur (Yassa et al., 

2021). In addition, it is concluded that the type of reamer used to create the tibial tunnel for 

graft fixation may influence the morphology and dimensions of the tunnel’s outer aperture 

with a fluted reamer creating a distal aperture which is inconsistently sized, larger, and of 

oblong shape compared with an acorn reamer (Gerrard et al., 2020). 

These conclusions must be considered in the context of the methodological weaknesses of 

the commentary’s articles as discussed in the individual chapters. Methodological 

weaknesses may limit the extent to which authoritative statements and recommendations 

are made based on the articles’ findings. With hindsight, certain methodological limitations 

could have been addressed at the time of study design, but this must also be considered in 

the context of resource availability at the time the studies were carried out. Furthermore, 

even when the articles examined do not provide the definitive, authoritative answer, they 
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provide original evidence which may be the foundation upon which, further, higher quality 

investigations may be performed. Despite the methodological limitations, the articles created 

new knowledge and presented original data which, with additional further work, could lead 

to improvements in clinical care.   

The candidate maintains a high research activity alongside his clinical practice. The candidate 

currently leads multiple clinical studies both at the local level but also through national and 

international collaborations in his areas of clinical interest. The articles presented in this 

commentary identified several areas whereby further research is needed to provide evidence 

to fill current knowledge gaps, and the candidate is leading several projects to answer some 

of these questions. In particular, the candidate is leading a systematic review assessing the 

current evidence on the relation between vancomycin graft presoaking and graft re-rupture 

rates as well as clinical outcomes.  In relation to this, the candidate is also leading a study to 

assess the feasibility of conducting a multicentre pragmatic randomised controlled trial 

comparing the clinical and functional outcomes between grafts presoaked in vancomycin vs. 

those presoaked in saline. If feasibility is established the candidate aims to apply for funding 

to the National Institute for Health and Care Research (NIHR) in the UK for such a trial. The 

candidate is also leading a systematic review and metanalysis to determine the relation 

between the degree of suture button misplacement and clinical outcomes, as well as a cost 

effectiveness study to assess the role of intraoperative radiological imaging in identifying 

suture button misplacement. 
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Appendix 2: Confirmation statements of contribution by CP Charalambous to included 

studies. 
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