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Abstract  

Anatomic ACL reconstruction is a concept rather than a technique and can best be described based 

according to the following four principles. The first principle is to restore both functional bundles of the 

ACL, the AM and PL bundle. The second principle is that the graft needs to be placed anatomically, with 

the tibial and femoral tunnel apertures placed within the native ACL insertion sites. All the surgeries are 

performed by a single orthopedic surgeon. All patients had semitendinosus and gracilis tendon autografts 

harvested in a similar manner. Single bundle reconstruction technique with quadrupled hamstring 

autograft is used in every case. In all cases Endo-Button was used for femoral side fixation and 

preservation of hamstring graft tibial insertion on the tibial side. There was not much difference noticed 

in the scores in different sexes. 
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Introduction 

During the period from 1980-2000, the bone-patellar tendon-bone graft was the most commonly used 

autograft. Arthroscopic ACL reconstruction was first performed using a two-incision technique, in which 

the femoral bone tunnel was drilled from the outside-in. Over time, a one-incision technique was 

adopted, where the femoral bone tunnel was drilled from the inside-out, through the tibial tunnel. When 

arthroscopic ACL reconstruction was pioneered, 100% of surgeons used a non-anatomic, trans-tibial 

drilling technique. The transtibial technique, in which the femoral tunnel is drilled through the tibial 

tunnel, was commonly used in ACL reconstruction until 10-12 years ago. However, several studies have 

suggested that the transtibial technique might not be able to center the graft near the anatomic center of 

the ACL, owing to constraints imposed by the tibial tunnel 
[1]

.
 

The ability of the transtibial technique and a tibial tunnel-independent technique (placed transfemoral 

outside-in) to place the guide pin near the center of the femoral attachment of the anterior cruciate 

ligament was compared in 12 cadavers. After arthroscopic placement of the guide pins, the femur was 

dissected and the three-dimensional geometry of the femur, anterior cruciate ligament footprint, and 

positions of each guide pin were measured. The transtibial guide-pin placement was 7.9 ± 2.2 mm from 

the center of the 15 footprint (near its anterior border), whereas the independent technique positioned the 

guide pin 1.9 ± 1.0 mm from the center. The center of the footprint was within 2 mm of an 

anteroposterior line through the most posterior border of the femoral cartilage in the notch and a 

proximodistal line through the proximal margin of the cartilage at the capsular reflection. More accurate 

placement of the femoral tunnel might reduce the incidence of graft failure 
[2]

. 

High-resolution, multiplanar magnetic resonance imaging and advanced 3-dimensional modelling 

techniques were used to measure in vivo femoral tunnel placement in 8 patients with the transtibial 

technique and 8 patients with a tibial tunnel-independent technique. Femoral tunnel placement in 3 

dimensions was measured relative to the center of the native anterior cruciate ligament attachment on the 

intact contralateral knee. The tibial tunnel-independent technique placed the graft closer to the center of 

the native anterior cruciate ligament attachment compared with the transtibial technique. The transtibial 

technique placed the tunnel center an average of 9 mm from the center of the anterior cruciate ligament 

attachment, compared with 3 mm for the tibial tunnel-independent technique. The transtibial technique 

resulted in a more anterior and superior placement of the tunnel compared with the tibial tunnel– 

independent technique. The tibial tunnel-independent technique allowed for more anatomic femoral 

tunnel placement compared with the transtibial technique. Single-bundle anterior cruciate ligament 
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reconstructions will be improved if grafts are centered in their anatomical insertions by an independent 

drilling method versus grafts placed by a conventional transtibial drilling method. 

Techniques where the femoral tunnel is placed independently of the tibial tunnel might allow for better 

placement of the femoral tunnel. Regardless of the technique, there is unanimous support among 

surgeons for the use of “anatomic” reconstructions using bony and soft tissue remnant landmarks. A 

survey at a recent international meeting revealed that nearly 70% of the surgeons utilize the anterior 

medial (AM) portal to drill the femoral tunnel. 22% used both the AM portal technique and the trans-

tibial technique to drill the femoral tunnel depending on whether or not anatomic tunnel placement can 

be achieved with the transtibial technique. No surgeon used only the transtibial drilling technique. This is 

a significant change in the right direction, but we need to continue to modify our methods to 

anatomically reconstruct the ACL as more information about structure and function of the ACL becomes 

available. It is a long and continuing journey to be anatomic 
[3, 4]

. 

Anatomic ACL reconstruction is a concept rather than a technique and can best be described based 

according to the following four principles. The first principle is to restore both functional bundles of the 

ACL, the AM and PL bundle. The second principle is that the graft needs to be placed anatomically, with 

the tibial and femoral tunnel apertures placed within the native ACL insertion sites. To ensure similar 

functional properties as the native bundles have, the third principle is to tension each bundle in 

accordance with the native tensioning patterns from full knee extension through flexion. The fourth and 

final principle is to customize the surgery for each individual patient by considering the variation in 

anatomic characteristics, activity level, lifestyle and personal preferences 
[5]

.
 

Distinct knowledge of anatomic landmarks of the femoral and tibial insertion sites is essential to ensure 

anatomic placement of the bone tunnels, since non-anatomic femoral tunnel position has been shown to 

be the most common cause of graft failure. Two bony landmarks on the lateral wall of the intercondylar 

notch are of utmost importance. The lateral intercondylar ridge or “resident’s ridge”, represents the 

anterior and superior border of the femoral AM- and PL-bundle insertion sites when the knee is flexed to 

90°. The lateral bifurcate ridge, which appears in 80% of cases, separates the origins of the AM and PL-

bundle insertion sites and runs perpendicular to the lateral intercondylar ridge. Especially in chronic 

cases where the bundle remnants may not be visible, knowledge of these land- marks is crucial to placing 

the ACL graft within the anatomic footprint 
[6]

.
 

 

Methodology 

Our study population will include all patients on whom anterior cruciate ligament reconstruction surgery 

has been performed using 4 stranded hamstring autograft and preservation of hamstring graft tibial 

insertion operated. The estimated number would be 52 patients. Case notes would be used to establish all 

demographic details including mechanism of injury, time to surgery, post-operative immobilization and 

intra-operative details. Complications are also will be recorded and confirmed with the patients. The 

functional questionnaire will be both e-mail based and in-person format methods. Patients will be 

followed up at least 9 months post-operatively. IKDC subjective functional scoring system & The 

Lysholm score and Tegner pre-operative and post-operative scoring system will be utilized to assess the 

functional outcome. 

All the surgeries are performed by a single orthopedic surgeon. All patients had semitendinosus and 

gracilis tendon autografts harvested in a similar manner. Single bundle reconstruction technique with 

quadrupled hamstring autograft is used in every case. In all cases Endo-Button was used for femoral side 

fixation and preservation of hamstring graft tibial insertion on the tibial side. Indications for surgery were 

clinically and radiologically confirmed cases of anterior cruciate ligament deficient knees. 

 

Inclusion criteria 

1. All the patients who have undergone arthroscopic ACL reconstruction using 4 stranded hamstring 

autograft and preservation of hamstring graft tibial insertion. 

2. Age between 18 to 55 years. 

3. Radiologically ACL deficient knee confirmed by MRI. 

4. Patients with or without Associated meniscus injuries. 

 

Exclusion criteria 
1. Bilateral knee injury. 

2. ACL tears associated with fractures. 

3. Revision ACL reconstruction. 

4. current or prior Infection. 

5. Patients who were lost to follow up. 

6. Patients with Associated PCL tear. 

7. Patients with medical contraindication to surgery. 
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Investigations required for the study 

1. Routine pre-operative investigations. 

2. Pre-operative MRI of ACL deficient Knee. 

 

Results 

 
Table 1: Comparison of Pre-injury and Post Op-Tegner Score, Lysholm score and Pre-injury, Pre-Op and Post-Op 

IKDC score between males and females 
 

  N Mean SD Min. Max. ‘t’ value P value 

Pre-Injury Tegner Score 
Male 42 5.8 1.208 4 8 

2.333 0.133 
Female 10 5.2 1.033 4 7 

Post-Op Tegner Score 
Male 42 5.2 1.094 2 7 

0.713 0.403 
Female 10 4.9 .876 4 6 

Pre-Injury Lysholm Score 
Male 42 98.0 2.300 94 100 

0.114 0.737 
Female 10 97.7 2.452 94 100 

Post-Operative Lysholm Score 
Male 42 88.5 7.881 55 100 

0.208 0.650 
Female 10 87.2 9.028 64 100 

Pre-Injury IKDC Score 
Male 42 92.9 7.718 70.1 100.0 

0.610 0.438 
Female 10 95.0 5.678 83.2 100.0 

Pre-Operative IKDC Score 
Male 42 35.4 9.018 19.5 66.0 

0.255 0.616 
Female 10 37.2 12.435 17.9 60.1 

Post-Op IKDC Score 
Male 42 82.4 10.945 45.8 99.9 

0.823 0.369 
Female 10 78.3 19.735 35.0 94.6 

 

 
 

Graph 1: Sex difference of Pre-injury and Post Op Tegner score 

 

 
 

Graph 2: Sex difference of Preinjury and Post Op Lysholm score 
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Graph 3: Sex difference of Pre-Injury, Pre-Op and Post-Op IKDC score 

 

Discussion 

This rating scale was developed by a panel of internationally well-recognized orthopedic surgeons. It 

initially included 7 parameters related to the knee, reflecting both impairment and disability. Patients 

were graded in 4 different grades-normal, nearly normal, abnormal and severely abnormal, for each of 

these parameters, and the worse grading determined the final outcome. Later on, the IKDC system was 

supplemented with a questionnaire with different subjective factors such as symptoms, sports activities, 

and ability to function. The reliability, validity and responsiveness were found to be good. The IKDC 

rating system is well documented according to all the analyzed properties 
[7]

.
 

At face value, the domains covered by the IKDC appear to represent elements that are likely to be 

important to patients. It shows adequate internal consistency and has no floor or ceiling effects across 

mixed groups of patients with knee conditions. The IKDC has been shown to be responsive to change 

following surgical interventions, highlighting its usefulness in this patient population. 

Despite demonstrating face validity, the lack of patient contribution to item selection indicates that 

content validity cannot necessarily be assumed. The relatively long recall period associated with 3 of the 

items may be a problem for some patients. The use of 1 aggregate score to represent symptoms, activities 

and function may mask deficits in 1 domain 
[6]

. 

The IKDC involves minimal administrative and respondent burden, and can be easily scored in the clinic 

using the online scoring sheet. However, clinicians using the online scoring system need to keep in mind 

that the normative data provided are from a particular population, and may not be representative of their 

individual patient’s population 
[8]

. 

Psychometric evaluation supports the use of the IKDC in research for a variety of knee conditions. As 

some versions of the IKDC published online contain subtle differences in the wording of instructions and 

items, researchers should ensure that they utilize the version published as a component of the 2000 IKDC 

Knee Forms to ensure that findings of psychometric properties still apply, and that comparisons can be 

made with previous studies. Administrative and respondent burden would not limit research use, 

although researchers should be diligent in checking for missing data. 

The Lysholm score was first presented in 1982. It was further developed and refined to include only 

subjective items. The score now consists of 8 different items on a 100-point scale with 25 points each 

attributed to instability and pain. An activity-grading scale was added. Different activities put different 

demands on the knee, and different patients strive to carry out different activities. Thus, it was considered 

necessary to grade activities in a standardized way. The main advantage of the activity scale is not to 

compare different patients, but to note changes in activity level in the same person at different times. 

With this scale, the pre-injury level and the present and desired activity levels can be defined 
[9]

.
 

The score should be regarded in relation to the activity level. Patients who have reached the desired high 

activity level and have a high score may have better function than patients with a high score but a low 

activity level, for example patients who are not fully rehabilitated or those who have adapted to their 

disability. The Lysholm-Tegner rating system is well documented according to all the analyzed 

properties. 

The Lysholm-Tegner scale is a freely available measure that is able to detect change following 

nonsurgical and surgical intervention. It is considered to have face validity by orthopedic surgeons.  

Content validity cannot be assumed, as the items included in the Lysholm scale were surgeon derived. 
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The Lysholm scale was developed as a clinician-administered tool, which increases the potential for 

interviewer bias if the patient-reported outcome is applied as intended. 

Minimal administrative and respondent burden makes the Lysholm scale attractive for clinical use. The 

lack of floor and ceiling effects across different knee conditions suggests that the Lysholm scale is useful 

for tracking improvement with intervention as well as deterioration over time in patients with various 

knee pathologies. However, clinicians should consider the impact of inadequate reliability in evaluation 

of individuals 
[10]

.
 

The Lysholm scale is reliable for use in research on ligament and meniscal injuries, chondral injuries, 

and patellar dislocation. It is important that researchers consistently utilize the same scale version. 

Researchers should be aware that the psychometric properties may change between different 

administration methods, ensure consistent administration within and between studies, and be aware that 

clinician and patient ratings may differ substantially. 

 

Conclusion 

 In our study we decided to choose IKDC scores and Lysholm-Tegner score as both these were 

reliable, tested, validated for patient reporting and internationally accepted and most widely used 

scores to report functional outcome. 

 There was not much difference noticed in the scores in different sexes 

 

References 

 

1. Schillhammer CK, Reid JB, Rister J, Jani SS, Marvil SC, Chen AW, et al. Arthroscopy up to date: 

Anterior cruciate ligament anatomy. Arthroscopy: The Journal of Arthroscopic & Related Surgery. 

2016 Jan;32(1):209-12. 

2. Szabo RM, Marder RA. Chapman's orthopaedic surgery. Chapman MW, editor. Philadelphia: 

Lippincott Williams & Wilkins, 2001. 

3. Malanga GA, Andrus S, Nadler SF, McLean J. Physical examination of the knee: a review of the 

original test description and scientific validity of common orthopedic tests. Archives of physical 

medicine and rehabilitation. 2003 Apr;84(4):592-603. 

4. Fischer SP, Fox JM, Del Pizzo W, Friedman MJ, Snyder SJ, Ferkel RD. Accuracy of diagnoses from 

magnetic resonance imaging of the knee. A multi-center analysis of one thousand and fourteen 

patients. J Bone Joint Surg Am. 1991 Jan;73(1):2-10. 

5. Shervegar S, Nagaraj P, Grover A, Ravoof A. Functional Outcome Following Arthroscopic ACL 

Reconstruction with Rigid Fix: A Retrospective Observational Study. Archives of bone and joint 

surgery. 2015 Oct;3(4):264. 

6. Chalmers PN, Mall NA, Moric M, Sherman SL, Paletta GP, Cole BJ, et al. Does ACL Reconstruction 

Alter Natural History? J Bone Joint Surg Am. 2014 Feb;96(4):292-300.  

7. Wittenberg RH, Oxfort HU, Plafki C. A comparison of conservative and delayed surgical treatment of 

anterior cruciate ligament ruptures. A matched pair analysis. Int Orthop. 1998;22:145-48. 

10.1007/s002640050228  

8. Collins NJ, Misra D, Felson DT, Crossley KM, Roos EM. Measures of knee function: International 

Knee Documentation Committee (IKDC) Subjective Knee Evaluation Form, Knee Injury and 

Osteoarthritis Outcome Score (KOOS), Knee Injury and Osteoarthritis Outcome Score Physical 

Function Short Form (KOOS‐ PS), Knee Outcome Survey Activities of Daily Living Scale (KOS‐
ADL), Lysholm Knee Scoring Scale, Oxford Knee Score (OKS), Western Ontario and McMaster 

Universities Osteoarthritis Index (WOMAC), Activity Rating Scale (ARS), and Tegner Activity 

Score (TAS). Arthritis care & research. 2011 Nov;63(S11):S208-28. 

9. Tan SH, Lau BP, Khin LW, Lingaraj K. The Importance of Patient Sex in the Outcomes of Anterior 

Cruciate Ligament Reconstructions A Systematic Review and Meta-analysis. The American journal 

of sports medicine. 2016;44(1):242-54. 

10. Siebold R, Dehler C, Ellert T. Prospective randomized comparison of double-bundle versus single-

bundle anterior cruciate ligament reconstruction. Arthroscopy: The Journal of Arthroscopic &amp; 

Related Surgery. 2008 Feb;24(2):137-45. 

 

 
Accepted on 06/04/2022 


