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Abstract 

 Anterior cruciate ligament (ACL) tears are very common orthopedic injuries for young 

adults. This paper will analyze the risk factors, diagnostic testing, accompanying injuries, and the 

grade of the rupture of ACL tears. Graft selection is an important choice many patients have to 

make, and possible graft types and sites will be analyzed and compared in relation to outcomes, 

age, and associated risks. Finally, rehabilitation both prior to and after surgery will be discussed.  

The overall goal of this paper is to be able to offer a resource for patients going through the 

process so they can make the best choice in graft and better understand their road to recovery.  
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Introduction 

 Anterior cruciate ligament (ACL) tears are one of the most common orthopedic injuries, 

with approximately 250,000 cases per year in the US (Khavadi & Fredericson, 2014). The 

spotlight is often on professional athletes, but others also experience ACL tears. Though many 

are sports related, there are many ways an ACL can be torn including a misstep off of a curve or 

twisting just wrong. For example, I tore my ACL while learning how to long board. Regardless 

of the cause, it is very stressful when a patient finds out they no longer have an intact ACL. 

Many surgeons will allow the patient to choose which graft they would like to use, often without 

much information about each graft in regards to recovery rates or outcomes. From my 

experience, choosing the graft was the hardest choice I had to make for my surgery since there 

did not seem to be a clear best choice in graft from my research. I sometimes wonder if I choose 

the best graft for my situation. With this research, I hope to prevent others from this feeling by 

providing resources to choose the best graft. 

 This paper will focus on risk factors, accompanying injuries, grafts, therapies, as well as 

long-term outcomes of ACL reconstruction. Return to sport, as well as risk of re-injury will also 

be evaluated.  
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Brief Anatomy of the Knee

 

The knee is a large, complex joint that requires many ligaments to work together to 

maintain stability. The anatomy of the knee is shown in Figure 1. The ACL works with the 

posterior cruciate ligament (PCL) to maintain front to back stability of the knee. The medial 

collateral ligament (MCL) and lateral collateral ligament (LCL) stabilize the knee from side to 

side. The meniscus provides cushion and shock absorption by the way of two half-moon shaped 

pieces of cartilage. The patella and patellar ligament make up the anterior portion of the knee, 

with the patellar ligament being a possible graft site for surgery, which will be discussed later in 

more detail. Should trauma occur with the components that make up the knee joint, it can lead to 

instability, pain, and further injury if left untreated.  

  

 
Figure 1: Knee Anatomy (Comp Ortho, 2016) 
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Prevalence and Risk Factors 

 Nearly a quarter million ACL tears occur annually in the United States (Khavadi & 

Fredericson, 2014). Though any age may tear their ACL, it is most common between the ages of 

15 and 45. People in this age range are generally more active and have a higher participation in 

athletic activities and sports teams (Ennis & Baraga). Research has shown that athletes are more 

likely to injure their ACL during a game or competition rather than practice (Beynnon, et al., 

2014). Level of competition and the way in which an athlete competes could be possible reasons 

for this, though further research in this area is required. Other research has shown that certain 

footwear, such as cleats, potentially increase risk because of too much traction (Khavadi & 

Fredericson, 2014). This is a difficult issue since an athlete wants the traction for optimal 

movement, but having that traction puts unnatural and dangerous forces on the knee. Possible 

anatomical risk factors include the alignment of the lower extremity, including the ankle, knee, 

and hip, however this has not been studied in depth. 

 Women have a much higher risk for ACL rupture and have on average a 3.5 to 5 times 

greater chance of tearing an ACL than men (Voskanian, 2013). Year round female soccer and 

basketball athletes have a 5% risk of an ACL tear (Khadavi & Fredericson, 2014). The 

differences between men and women in ACL tears begin to be apparent after the onset of 

puberty. Strength, anatomy, genetics, and jumping and landing patterns vary from men to 

women, contributing to this increased risk. Females land from a jump more upright than males 

with insufficient knee and hip flexion, and also have more internal hip rotation and hip adduction 

with the landing. Females have more internal rotation of the hip and knee during other motions 

as well, leading to more pressure on the knee, increasing ACL injury risk (Voskanian, 2013).  

The hamstrings are important for the stability of the knee as they are a flexor group that takes 
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pressure off the knee to prevent displacement. Males are able to reach maximum hamstring 

torque quicker than females and the extra time it takes contributes to an increase in pressure on 

the female’s knees. Females also have a higher quad activation, which aids in extending the 

knee, than they do hamstring activation and this altered ratio is associated with an increased risk 

of injury (Voskanian, 2013). With proper training that includes improving strength, balance, and 

body mechanics, there is the potential to lower the risk of injury. 

 Approximately 75% of ACL tears are caused by a non-contact mechanism such as a 

change in speed or direction as opposed to force trauma on the knee (Ennis & Baraga). Any 

movement that increases strain on the ACL poses a risk for a tear. Certain motions such as 

maneuvering around another player on the field in soccer or stopping short for a jump shot in 

basketball can result in a  tear. Other sports that increase risk of injury include football, 

volleyball, handball, as well as skiing and other snow sports. A direct blow to the knee can also 

cause an ACL to tear. In general, this occurs when the knee is hyperextended and a blow is 

delivered to the knee, especially on the lateral side of the knee (Khadavi & Fredericson, 2014). 

For example, if a football player planted on one foot who is then struck by an opponent may 

have this type of injury. Injuries involving blunt force are at a high risk for accompanying 

injuries.  
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Diagnosis and Testing 

 After experiencing an injury, patients will see a physician, often an orthopedic surgeon, 

school trainer, or other medical professional. During the appointment, the physician will ask 

about the injury, examine the knee looking for inflammation, tenderness, and test the range of 

motion. The Lachman’s test, shown in Figure 2, is the most accurate and is performed with the 

patient supine with the affected leg relaxed (Clinical Advisor). The physician will then bend the 

knee at 30 degrees. With one hand on the thigh for support and stabilization, pressure is put on 

the calf to see if there is an increase in motion from the healthy knee indicating a torn ACL. 

During my appointment, my doctor had me sitting in a chair and was able to do the same test. 

Other tests include the pivot shift test and anterior drawer test, but they are less common as 

swelling significantly reduces the accuracy of these tests (Khadavi & Fredericson, 2014).  

 

 

X-rays are also taken when an ACL tear is suspect due to the high risk of fracture with 

the injury (Khadavia & Fredericson, 2014). An MRI is used to verify the diagnosis and offer an 

Figure 2: Lachman’s test (Clinical Advisor) 
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image to help the surgeon plan surgery. An 

arthroscopy, seen in Figure 3, is a more invasive 

procedure that uses a small camera and is the best 

option for diagnosis, but MRIs are the most 

common as they are less invasive (Murray, 

Vavken, & Fleming, 2013).  

There are tests that can be done to assess 

the integrity of the graft after surgery. In many of 

the studies laxity of the knee was measured using 

a KT-1000 arthrometer (Jari). This device is 

placed over the knee as seen in Figure 4 and 

compares the laxity of both the affected and 

unaffected knee. Some believe that this tool can 

be more accurate than an MRI at diagnosis of a 

tear (Jari). Post-operative analysis of the graft for 

laxity differences are measured, and a well 

performed reconstruction will not increase the 

laxity of the knee and should not increase over 

time. One study created a novel three dimensional 

test using electromagnetic sensors to analyze 

rotary instability via the pivot shift test for post-

operative analysis of the graft (Yagi, et al., 2007). 

 

Figure 4: KT-1000 Arthrometer 

(Jari) 

Figure 3: Arthroscopy of ACL 

(Likover) 
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Grades of ACL Injury 

 ACL injuries are categorized into three grades of sprains, with grade I being the least 

damage to grade III having the most damage to the ligament. A grade I ACL sprain occurs when 

the fibers of the ligament are stretched but not torn. This type of injury is accompanied by a 

small amount of swelling, tenderness, and some pain. Stability of the knee is maintained and 

there is no increase in laxity of the joint. A grade II sprain consists of a partially torn or 

incomplete tear with hemorrhage. It is at this grade where slight loss of function occurs, as well 

as moderate tenderness and swelling with pain. Instability and the feeling of the knee giving out 

during activity are common with this diagnosis and the tests above, such as the Lachman’s test, 

will increase pain. A grade III sprain indicates a complete rupture where the ligament is torn into 

two pieces. There will be tenderness, but pain is very limited with this injury which can be 

surprising to many due to the injury’s serious nature. There is loss of knee stability, especially 

rotational and there will be bleeding into the joint (Johns Hopkins).  

 Surgery is not required for all ACL ruptures. For patients over the age of 55, surgery is 

not generally performed (Murray, Vavken, & Fleming, 2013). If someone wishes to get back to 

an active lifestyle, surgery is generally recommended, especially for athletes. Someone who has 

a more sedentary lifestyle may not notice a difference after the knee has had time to calm down 

from the initial trauma. It is possible to live without an ACL, though risk of other injuries 

increases without the support of this ligament (Khadavi & Fredericson, 2014). If a patient 

experiences an accompanying injury, such as an MCL tear in conjunction with the original ACL 

tear, then surgery is recommended to prevent further issues. Generally, a grade II and below can 

be treated with physical therapy sessions and surgery can be avoided. Grade III tears most 
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commonly require surgical intervention which is often delayed until swelling and pain levels 

decrease to avoid stiffness (American Academy of Orthopaedic Surgeons).   
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Accompanying injuries 

 It is not uncommon for ACL injuries to be accompanied by other injuries at the time of 

initial injury or thereafter. Meniscus damage, fractures, and MCL damage are the most common 

associated injuries that occur initially (American Academy of Orthopaedic Surgeons). With these 

injuries, healing time and surgery varies due to the extra precautions that must be taken to make 

sure everything heals properly. Meniscus damage requires a patient to be non-weight bearing 

much longer than patients who have ACL only operations. Often if the MCL is able to heal, a 

grade II or lower tear, it will be given time to heal on its own before ACL reconstruction is 

performed to improve outcomes. I have experienced this first hand, as I had to let my MCL heal 

for 2 months prior to my operation since I had a grade II MCL tear with my grade III ACL tear.  

MCL injuries can increase the stiffness in the knee overall.  

 Untreated ACL ruptures can cause damage after the initial injury. The risk for arthritis 

increases over time (Khadavi & Fredericson, 2014), as do the risks of putting other parts of the 

joint in jeopardy of injury. The instability can lead to accidents that damage the meniscus, MCL 

and other ligaments, and cause fractures. Even with surgery, osteoarthritis risks are slightly 

higher than if there were no injury.  
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Grafts 

 There are many possible grafts for an ACL reconstruction which fall into two different 

categories: autografts and allografts. Autografts are taken from the patients’ own body through a 

harvesting of the donor site. Allografts are used from cadavers.  

Among autografts, the bone patella tendon bone graft (BTB) is the most common and 

heals rather quickly compared to other graft sites. This graft is harvested from the middle third of 

the patellar tendon. This graft can lead to pain in the anterior (front) of the knee where the graft 

was taken, and can cause numbness of the knee, most commonly lateral to the incision. Risks of 

patella fracture as well as patella tendon rupture are present. Extension can be difficult to regain 

post-surgery with this graft and kneeling could be painful (Ennis & Baraga). In my experience, 

as someone who chose this graft, kneeling is extremely difficult for me as I get tingling 

sensations and pain when I put too much pressure on my knee. I hope to become a physical 

therapist in the future and I would have liked to have the ability to kneel pain free.  

The hamstring autograft consists of the semitendinosus and gracilis tendons. The entirety 

of both tendons are harvested, and there is no bone attached to this graft, so it can be less painful. 

With this graft, flexion becomes much more difficult post-operatively due to the fact that the 

hamstring function has been altered. Pain during springing can occur, so this graft would not be 

best for athletes who require quick surges of power. This graft is being used more and more to 

avoid the anterior knee pain present in the BTB graft. Issues can occur where the harvested 

donor tendons are not long enough, which pose a risk for re-injury. If the donor graft is too short, 

an allograft would need to be used to insure a better outcome (Khadavi & Fredericson, 2014).   

A historically less common option that has recently started to be used more frequently is 

the quadriceps tendon (QT) where about a third of the tendon is harvested for the graft, with the 
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possibility of bone to be harvested as well. There is a correlation with decreased pain and 

recovery time when the bone is not taken with the other tissue for the graft (Ennis & Baraga). As 

with the patellar graft, fracture, anterior knee pain, and difficulty straightening the knee can 

occur, though without bone on the graft these risks decrease.  

Autografts have shown to have a quicker healing time, no risk of disease transmission, 

and are generally cheaper than allograft options. However, increased pain after surgery from the 

harvest site, as well as possible complications with having a secondary site can be a deterrent 

from the autograft (Khadavi & Fredericson, 2014). 

Allografts sites include the Achilles, patellar, and tibialis tendons. Allografts eliminate 

the need for a secondary harvest site, and have the ability to keep the anatomical structure of 

knee flexors and extensors. In general, allografts take longer to heal, pose a risk for disease 

transmission, as well as rejection by the patients’ body (Murray, Vavken, & Fleming, 2013). 

Allografts are also more expensive, and the price can vary based on the donor tissue available. 

Allografts are more often used in the older population than younger patients. This could possibly 

be because the younger generation hopes to get back to a higher level of activity quickly and the 

healing time required of an allograft can be too long. Research has shown that re-tears are more 

common with allograft patients under the age of 25 (Ennis & Baraga). 

Both autografts and allografts have pros and cons, and age, activity level, and healing 

time contribute most to the decision in picking between the two. Once the specific graft type has 

been chosen, the optimal graft site can be determined. Specific site outcomes will be analyzed in 

more detail later in this paper.  
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Bundles 

 There is more to the graft than simply choosing 

the location. The number of bundles used in surgery 

has been shown in studies to alter outcomes. The native 

ACL is comprised of an anteromedial bundle as well as 

a posterolateral bundle. Typically only the 

anteromedial bundle is replaced in surgeries, but the 

posterolateral bundle plays a very important role in 

stabilizing the knee when in extension.  Studies have 

found that the single-bundle anteromedial 

reconstruction may not be as sufficient in controlling 

rotatory load and valgus torque as the native ACL 

(Yagi, et al., 2007).  

A 2007 study by Yagi et al analyzed the use of 

a double bundle graft that contains both anteromedial 

and posterolateral reconstruction compared to either a 

single anteromedial and single posterolateral 

reconstruction. This study used the hamstring autograft. 

Figure 5 shows the locations of the various grafts in the 

knee. The double-bundle reconstruction required 

creating two tunnels in the tibia and femur, whereas 

single-bundle surgeries require only one tunnel in 

each bone. In the study, three groups were used with 

Figure 5: A) double-bundle reconstruction; 
B) anteromedial single-bundle 
reconstruction; C) posterolateral single-
bundle reconstruction (Yagi, et al, 2007) 



 14 

the three different grafts. After the surgery, all participants completed the same regimen and 

were followed up with one year later at the time of post screw removal. Testing was then 

performed using heel height difference, muscle strength, KT testing, as well as the Lachman and 

pivot shift tests. Overall, these tests showed the performance to be relatively equal among the 

groups. However, with the IKDC, a questionnaire used to determine knee function by the 

International Knee Documentation Committee, showed that those with the double-bundle 

reconstruction had higher ratings. With the Lachman test, an important note is no double-bundle 

patients had instability, whereas two in the anteromedial and three in the posterolateral groups 

had measurable instability.  

With the overall goal of ACL reconstruction being to replicate anatomical structure and 

function, the double-bundle has been proposed to be a better alternative to conventional single-

bundle procedures, as it can provide better anterior stability as well as rotational stability. The 

study by Yagi tested rotational stability through the use of the pivot shift test performed with 

sensors. With this, it is important to note that KT evaluations may not be the most accurate 

measure for outcomes as they are not correlated with patient satisfaction, whereas the pivot shift 

test has a greater correlation with satisfaction post-operative. Though the double-bundle 

procedure offers benefits, the added time, cost, and technical complexity of the procedure calls 

into the question whether the procedure is worthwhile to perform.  

In a 2016 study by Niu et al, a double layer BPTB (DBPTB) allograft was compared to a 

traditional four-string hamstring  (4SHS) allograft. The DBPTB allograft was made by folding 

the harvested patella tendon, as seen in Figure 6. Improved from the traditional BPTB allograft, 

the DBPTB allograft has a larger cross-sectional area, greater initial strength, and better anterior 

stability and knee function. Patients went under a similar surgery with both grafts, and post-
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operative failure was measured by a KT evaluation that had side to side changes greater than 5 

mm.  

 

 

The study followed up with the patients at the three year mark. All patients were able to 

recover a full range of motion without complications. Of the DBTB patients, 4% experienced 

graft failures, whereas 17.6% of the 4SHS patients had failures. The Lachman test was 

significantly different in the two groups with the DBPTB having a better outcome. There was no 

significant difference in the pivot shift tests at the three year follow up period. This study 

concluded that decreased graft failure rates and anterior stability of the knee were the main 

benefits of the DBPTB grafts over 4SHS and traditional BPTB allografts. 

Figure 6: The process of creating  double-layer BPTB 
allograft. The graft is harvested, folded, and bone is 
formed into the traditional bone plug model. (Niu, 2016) 
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Possible Surgery Complications 

 As with all medical operations, ACL reconstruction has potential surgical complications. 

Infection incidence is relatively low, but can increase with the use of an allograft that has not 

been properly sterilized. Allografts also have the risk of transmitting viral infections, such as 

HIV and Hepatitis C, though the chance is less than one in a million (American Academy of 

Orthopaedic Surgeons). Bleeding and numbness can also occur, with bleeding from popliteal 

artery, weakness and paralysis of the leg or foot being extremely rare. Numbness next to the 

incision point, however, is normal as nerve endings have been severed. I experience an 

uncomfortable tingling on the lateral side of the knee as I kneel due to the change in nerve 

architecture. Blood clots in the calf or thigh are extremely rare, but can be life threatening as it 

can cause pulmonary embolism or stroke if not detected.  

Post-operative instability can occur due to poor surgical techniques, re-rupture or over 

stretching of the graft. Stiffness immediately following surgery is normal, but range of motion 

should be regained through physical therapy. Stiffness increases if the surgery is performed when 

there is swelling, pain, and the knee already had a limited range of motion. If there is too much 

weakness around the harvest site, patellar tendon rupture or patella fracture can occur, with the 

former being from a patellar tendon autograft and that latter being from either a patellar tendon 

or quadriceps autograft. In very young children who have not completed growing, growth plate 

injury is a huge risk. If the growth plate is injured, there could be problems with growth 

following the surgery, so ACL surgery is either delayed until growth has concluded or the 

surgeon modifies the procedure (American Academy of Orthopaedic Surgeons).  
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Therapies 

 Physical therapy is vital in the healing and strengthening process prior to and following 

an ACL reconstruction. For those who have partial tears, physical therapy can even prevent 

surgery. For our purposes, we will be looking at pre and post-operative therapy goals and 

examples of what these therapies entail. The following is a typical protocol from a physician for 

ACL reconstruction rehabilitation (Evans). 

 Some physicians will prescribe physical therapy or supply exercises the patient can do on 

their own prior to surgery. Before surgery, the main goals are to control pain and swelling, as 

well as regain a normal range of motion. Doing this before surgery reduces post-operative 

stiffness and makes it easier to keep that range of motion afterwards. Extension, flexion, and 

strengthening are the focus leading up to the surgery. Extension is often achieved through heel 

props where the heel is supported by a towel or chair to promote leg extension through gravity, 

or the prone leg hangs off of a bed or table. Flexion can be achieved through sitting in a higher 

chair or on a bed and allowing gravity to aid in bending the knee or doing heel slides where the 

patient will slowly bring the knee towards their body as it slides on the table. Strength training 

prior to surgery includes riding a stationary bicycle, swimming, and using low-impact machines 

such as an elliptical.  

 Physical therapy (PT) following surgery is broken up into multiple phases, with different 

goals for each phase. The first seven days post-operative are focused on allowing the incision to 

heal while regaining extension, and exercises can be done at home prior to the first physical 

therapy appointment. This time period is typically spent with two crutches where weight bearing 

status hoovers around 50% of body weight. A post-operative brace is generally locked in the 

extension position to aid in extension recovery. Quadriceps activation is also vital during this 
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point in the process. Once the quadriceps are able to activate successfully, straight leg raises can 

be started to strengthen the quad and hip flexor muscles. Flexion activities can also be done, but 

at this point the main priority is extension. For those who had a graft taken from the hamstring, 

over-stretching of the hamstring should be avoided for at least 6 weeks so the donor site has 

enough time to properly heal (Evans).  

 Week two post-operative is when most people will begin physical therapy, though the 

sooner you start the better the outcome (Khadavi & Fredericson, 2014). Week 2 goals include 

maintaining full extension of the knee, achieving at least 100 degrees of flexion and to begin 

building strength. At this point mini squats can be implemented with a table used for stability. 

Once flexion has reached 100 degrees, a stationary bike can be used. Other exercises include 

heel raises and gait training with one crutch, as weight bearing has now increased to 50-75% of 

body weight. The goal is to be fully weight bearing by the end of week 2, though sometimes it 

can take longer.  

 Weeks three to four are focusing on full range of motion and continued strengthening. 

The leg press can be introduced to help build the quadriceps muscles more effectively than 

straight leg raises. Stationary bikes, elliptical, leg curls, and swimming can also be started at this 

point. With swimming it is important that the flutter kick begins from the hips and is not initiated 

at the knee.  

Weeks four through six are focused on reaching full flexion and strength training. At this 

point, balance activities such as a wobble board, and tandem and single leg stands are introduced. 

Weeks six through 12 are focused on achieving 135 degrees of flexion, as well as strengthening 

and the introduction of the treadmill. At this point, many patients can be cleared to ride a bike 

outside on flat surfaces. Weeks 12-20 include introducing jogging and light running, agility 



 19 

drills, as well as continued strength training. At this point, the graft should be healed most of the 

way. This is when a patient would be fitted for an athletic brace if the physician recommends it.  

At six months post-surgery, possible return to sports can occur. However, there must be 

at least 80% quadriceps and hamstring strength compared to the unaffected leg, full motion, no 

swelling, good stability, and the ability to complete a running program before an athlete can be 

cleared to return to sports (Evans). For some, it takes longer than six months to achieve this and 

it is important to listen to your physical therapist and your body at this stage. 

 I have experienced the physical therapy aspect of ACL reconstruction in two different 

ways. I went through it myself after my surgery, and also work as a physical therapy technician 

where I take patients through their exercises. As a patient, I did not receive therapy prior to 

surgery, though I wish I would have had it. When I began PT after I returned to campus after 

winter break (my surgery was on December 23rd) my PT was concerned that I did not have 

therapy prior as I had lost a lot of my range of motion by that point since my injury was in 

October. I was starting at a slight deficit so it took me a little longer to reach certain milestones. 

Unfortunately, summer began before I could start the running protocol so I have been hesitant to 

run and have avoided it since. Overall, I feel okay with my therapy that I received, and I know it 

helped but I wish I could have finished the process under the direction of a physical therapist.  

 I work with many patients at the clinic who have had ACL reconstructive surgeries. 

Some I see a week after surgery, and others are coming back a few years later with issues. Hip 

strengthening, especially activities targeting the adductors and abductors are popular exercises 

for increasing stability. We utilize 4-way hip exercises on the table as well as standing to 

strengthen the hips. We also do many different resistance exercise walks, such as monster walks 

that involve holding a mini squat and side-stepping. Balance activities, such as tandem and single 
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leg stances can be advanced through the use of a wobble board, Bosu ball, and rebounder and 

target many muscles at once. A lot of what my clinic focuses on is prevention of further injury. 

This is achieved by providing the patient with a good home exercise program, checking for good 

form during each exercise while they are in the clinic, and educating patients on why we are 

doing certain exercises and how they will help in recovery and prevent further injury or re-injury.  
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Conclusion 

 Overall, ACL reconstructive surgeries have success rates of 70-95% (Yagi, 2007). As far 

as which graft someone should choose, there is no one best graft. The best graft for the person 

depends on the activity level the patient hopes to achieve post-operatively. Success rates do vary 

slightly with each graft, but they are all very close so it is more important to look at age, the 

recovery time, number of surgical sites (from graft harvesting), and anticipated post-operative 

activities before a choice is made. As for the future of ACL reconstruction, research in stem cells 

has begun to find its way into the treatment of ACL tears (Goswami, 2017). Whether or not this 

will prove to be an effective treatment is something that is still being researched.  
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