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Abstract 
There has been increase in the cases of anterior cruciate ligament injury and multiple ligament injuries of 

the knee which result in the damage to the active and passive stabilisers of the knee, thereby hampering 

the normal biomechanics of the knee joint along with the neurovascular compromise due to increase in 

sporting activities and increased road traffic accidents. Reconstruction of the damaged ligaments of the 

knee poses problem even to experienced surgeons. Therefore the operating surgeon should have the 

complete knowledge of the anatomy of ligaments of the knee, graft used for reconstruction and normal 

biomechanics so as to reduce the operative timing and better postoperative functional outcome. Length 

and diameter of the native anterior cruciate ligament play an important role in selection and preparation 

of graft for reconstruction. Our study reveals the details of the dimensions of the mid substance, 

footprints of the anterior cruciate ligament and the quadrupled hamstring tendon graft used for the 

reconstruction. The hypothesis of this study is that there is mismatch between the dimensions of mid 

substance of the anterior cruciate ligament and the quadrupled hamstring tendon graft for the 

reconstruction of the anterior cruciate ligament. 
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Introduction  

There has been increase in the cases of anterior cruciate ligament injury and multiple ligament 

injuries of the knee which result in the damage to the active and passive stabilisers of the knee, 

thereby hampering the normal biomechanics of the knee joint. Reconstruction of the damaged 

ligaments of the knee poses problem even to experienced surgeons. Therefore the operating 

surgeon should have the complete knowledge of the anatomy of ligaments of the knee, graft 

with the newer technique of the anterior cruciate ligament reconstruction like double bundle 

technique, the main aim was to reproduce the anterior cruciate ligament footprint so as to 

restore the kinematics. But it is also important to study that whether there is any oversizing of 

the graft as compared to the native anterior cruciate ligament mid substance so as to avoid the 

chances of the impingement of the graft. This study reveals the details of the dimensions of the 

mid substance, footprints of the anterior cruciate ligament and the quadrupled hamstring 

tendon graft used for the reconstruction. 

 

Material and Methods 

Permission from ethical committee was taken. This study includes prospective study on 22 

cadavers. 

 

Study design 

Study had 22 cadavers included for the measurement of the dimensions of the anterior cruciate 

ligament and hamstring tendon graft. 

 

Inclusion criteria  

Age Group 20 years to 70 years. Non operated and non-injured knee joint with intact anterior 

cruciate ligament 
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Exclusion criteria  
Cadavers having previously operated knee joint. Cadavers 
with torn anterior cruciate ligament. Significant Osteoarthritis 
 
Study period  
Jan 2015 to Dec 2018.The cadaveric study included the 44 
paired knees from 22 fresh frozen cadavers. The average 
conservation time from death to dissection was 50 days. The 
range of age of the cadavers was 35-40 years to 60-65 years. 
Full extension was possible in all the knees whereas the 
flexion ranges from 120 to 135 degree. 
 
Surgical procedure 
The cadaver is placed in supine position on table. The knee 
was opened by para median incision. Soft tissue and capsule 
was cut and patella was everted so as to expose the anterior 
cruciate ligament. Anteromedial and posterolateral bundles 
were visible all the time. The measurement of the anterior 
cruciate ligament is taken before cutting the ligament so as to 
maintain the native tensioning of the graft. Soft tissue 
including synovial membrane around the anterior cruciate 
ligament was removed and knot was applied about 1.5cm 
proximal to the tibial insertion by applying 25 gm weight on 
the either side of the knot, so as to maintain the constant 
tension while applying knot all the times. The diameter was 
taken with digital vernier calliper. The anterior cruciate 
ligament was released from its tibial and femoral insertion. 
The femoral and the tibial insertion sites were stained and the 
length and width measurement was taken, considering the 
geometric insertion as ellipses. The length measurements 
were taken from the major axis of the insertion area and the 
width was calculated at perpendicular to the length axis at its 
widest point the incision was extended till the insertion of 
semi tendonosus and gracilis on the medial upper part of the 
shaft of tibia and they were separated by open release 
procedure. The graft was cleaned and prepared as quadrupled 
tendon graft and the cross sectional diameter was taken with 
digital vernier calliper by applying 25 gm weight on the either 
side of the knot. Cross sectional area and diameter was 
calculated by using geometrical calculation used to calculate 
the area of cylinder and ellipse. 
Area of the circle = pie x (diameter/2)2 

Area of the ellipse = pie x length of the major axis (Length) x 

length of the minor axis (Width)/4 
All continuous data are expressed as mean (SD) and two sided 
t tests were used for statistical analysis. Chi square test was 
used for nominal data. P<0.05 was considered significant. 
 

 
 

Fig 1: Attachment points of each bundle of the anterior cruciate 

ligament in tibia 

 

 
 

Fig 2: Cadaveric demonstration of ACL attachments on tibia and 

femur 

 

Results  

 
Table 1: Results of anatomy and dimensions of ACL (A) 

 

 

Mean diameter of the 

ACL mid portion in 

mm 

Mean diameter of the quadrupled 

hamstring tendon graft in mm 

Mean cross sectional area of 

the ACL mid portion in mm2 

Mean cross sectional area of the 

quadrupled hamstring tendon graft in 

mm2 

Mean 6.7 7.3 33.35 42.27 

Male 6.39 7.46 34.10 41.94 

Female 6.23 6.64 32.81 36.33 

Right 6.54 7.20 33.71 41.59 

Left 6.46 7.20 34.97 41.16 

 
Table 2: Results of anatomy and dimensions of ACL (B) 

 

 
Tibial insertional length/width 

(mm) 

Tibial insertional area 

(mm2) 

Femoral insertion length/width 

(mm) 

Femoral insertional area 

(mm2) 

Mean 14.32/11.47 128.63 12.56/9.54 96.23 

Male 14.81/12.06 141.83 13.76/10.12 111.78 

Female 13.45/10.62 111.46 11.31/8.53 76.66 

Right 14.47/11.55 132.10 12.59/9.52 95.68 

Left 14.35/11.39 127.14 12.53/9.51 94.78 

 

Discussion  

We find in study that there is good correlation between the 

mid portion of the anterior cruciate ligament and the 

quadrupled hamstring tendon graft with the constant 

oversizing of the quadrupled hamstring tendon graft as 

compared to the mid portion of the anterior cruciate ligament. 
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In studies done till now on the anterior cruciate ligament 

reconstruction, the study of the tunnel placement and the 

biomechanical testing has been done [1, 2, 3, 4]. As the anterior 

cruciate ligament reconstruction is the type of graft 

transplantation, the dimensions of the native anterior cruciate 

ligament and the graft need to be studied. 

This study drawback that the evaluation is done by the 

macroscopic examination only. There might be human errors 

and the bias. 

Dimension of the anterior cruciate ligament were measured 

manually with the digital vernier calliper. But as the anterior 

cruciate ligament is the three dimensional structure [5], better 

dimensions would have been obtained with the three 

dimensional camera or the computer graphics. Some authors 

have taken dimensions with the x ray [13] and MRI [14]. 

Draget et al., [15] measured the dimensions of the anterior 

cruciate ligament after removing the ligament from the 

footprints. Therefore in this study dimensions of the mid 

portion was taken with the intact anterior cruciate ligament. 

In this study, the dimensions of the anterior cruciate ligament 

were taken after the removal of synovial membrane so as to 

get the more accurate dimensions. Results obtained by this 

method are comparable with those obtained after the removal 

of the synovial membrane [8, 16, 17]. 

In most of the cases of the anterior cruciate ligament 

reconstruction, the size of the reconstructed anterior cruciate 

ligament is determined by the mid substance of the anterior 

cruciate ligament. This finding is similar with our study. 

As per the previous studies, the area of the anterior cruciate 

ligament femoral footprint ranges from 83 to 198 mm2 and the 

tibial foot footprint ranges from 114 to 229 mm2 [5, 6, 7, 8, 9, 10]. 

The area of the quadrupled hamstring tendon graft ranges 

from 20 mm2 to 50 mm2 and the area of the mid portion of the 

anterior cruciate ligament ranges from 20 mm2 to 38.9 mm2 
[21]. The findings in our study are similar to the previous 

studies. 

As described by Mochizuki et al., [11] and Hara et al., [12], 

ACL is attached at the femoral origin as the fan shaped 

structure. Therefore the insertional area at the femoral 

footprint is bigger than the anterior cruciate ligament mid 

substance. These findings are similar to our study. 

The ACL is the narrowest at its mid portion. The ACL 

footprints are 3.5 times bigger as compared to the mid portion 
[18]. 

For clinical relevance, there is good correlation between the 

anterior cruciate ligament and the mid portion of the anterior 

cruciate ligament but there is no correlation between the 

anterior cruciate ligament footprints and the quadrupled 

hamstring tendon graft. Therefore it is unlikely to reproduce 

the femoral and tibial anterior cruciate ligament footprints 

with the quadrupled hamstring tendon graft. Also Bedi et al., 
[19] stated in his study that the restoration of the anterior 

cruciate ligament foot in reconstruction is of paramount 

importance. 

 

Conclusion 

Correlation between the cross sectional area of the mid 

substance of the anterior cruciate ligament and cross sectional 

area of the quadrupled hamstring tendon graft has been found 

in Indian population. With the use of quadrupled hamstring 

tendon graft for the reconstruction of the anterior cruciate 

ligament, the graft is oversized at the mean of 16%. Anterior 

cruciate ligament dimensions are more in males as compared 

to females and more on right side as compared to left side. 

Use of current reconstruction technique of the quadrupled 

hamstring tendon graft, it is unlikely to reproduce the 

footprints of the anterior cruciate ligament.  
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