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Is Preoperative Anthropometric Data 
Assessment Reliable Indicator for Estimating 
Femoral Tunnel Length in Anterior Cruciate 
Ligament Reconstruction?

INTRODUCTION
Recent advances in orthopaedic surgery have improved surgical 
outcome, particularly in the field of ACL. Anatomical reconstruction 
of ACL surgery has become the cornerstone in recent years. 
The correct tunnel placement is specifically crucial for successful 
arthroscopic ACL reconstruction surgery and it requires good 
tensile, stretchable, anatomical placement of the autograft [1-3].

ACL injury is encountered routinely in sports medicine. Literature 
has reported poor outcomes for ACL injuries when managed on a 
conservative basis; hence, reconstructive surgery is the established 
treatment of choice particularly in young patients with an active 
lifestyle, including sportsmen. The most common mode of injury 
resulting in ACL ligament injury is the external rotational force 
(valgus) on knee bending [4].

The main purpose of ACL reconstruction is not only to restore knee 
stability but also to normalise knee kinematics after reconstructive 
surgery. ACL injury produces functional impairment and provokes 
the early onset of degenerative osteoarthritic changes at the knee 
joint due to predisposing ACL ligament injury and unopposed 
activity of anterior translation of tibia over the femur. Earlier, ACL 
reconstruction focused primarily on non-anatomical approach using 
single bundle reconstruction by transtibial technique. However, this 
technique provides only anterior stability in knee flexion [5-7].

Anatomical placement of femoral tunnel is important irrespective of 
method of reconstruction whether single-bundle or double-bundle 
method. The ideal position of the tibial and femoral placement of 
the canals in an anatomical location is the central part of native ACL 

footprints. Recent advances in imaging modalities and ultimately 
better understanding of anatomy have led to improvements in 
surgical arthroscopic techniques. Furthermore, availability of 
advanced fixation devices has resulted in better clinical outcomes 
even when using the single-bundle ACL reconstructive surgery. In 
spite of this, some studies have reported that 10% to 30% of the 
patients that have undergone single-bundle ACL reconstruction 
had experienced rotational instability and later progression to 
osteoarthritis. It has been proposed that such issues result due to 
lack of the Postero-Lateral (PL) bundle in the single-bundle ACL 
reconstructed knee [6-8].

Femoral canal for placement of the graft in a central position of 
native ACL is drilled in the lower part of the lateral femoral condyle. 
Canal has to be more horizontal which gives better rotational control 
in addition to translational stability anteroposteriorly.

Correct length of the femoral tunnel is required for adequate length 
of graft inside femoral canal. Length of femoral tunnel depends on 
mass, height, dimensions of lateral femoral condyle and amount of 
flexion of knee intraoperatively. Increasing weight and BMI affects 
length of femoral canal since they affect the positioning of limb in 
maximal knee flexion.

The present study aimed to measure the tunnel length in 
independent femoral tunnel drilling using medial portal and to 
correlate the tunnel length with anthropometric data (height, 
weight, BMI of patient) and with width and depth of LFC based 
on MRI.
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ABSTRACT
Introduction: Correct length of the femoral tunnel is required 
for adequate length of graft inside the femoral canal. Length of 
femoral tunnel depends on mass, height, dimensions of lateral 
femoral condyle and amount of flexion of knee intraoperatively. 
Increasing weight and BMI affects the length of femoral canal 
since they affect positioning of limb in maximal knee flexion.

Aim: To measure tunnel length in independent femoral tunnel 
drilling using the medial portal and to correlate the tunnel length 
with anthropometric data (height, weight, BMI of patient) and 
with width and depth of Lateral Femoral Condyle (LFC) based 
on MRI.

Materials and Methods: The present prospective study 
including 40 patients were conducted. Participants were 
selected by a non-random convenience sampling methodology. 
Complete details of patients were collected by verbal 
communication with the patients and their attendees, clinical 
examination, baseline investigations, radiological investigations 

and surgical findings. Radiological investigations included 
preoperative assessment of LFC in MRI. Surgical findings were 
determined by measuring the femoral tunnel length after initial 
drilling through the medial portal using a depth gauge placed 
through the medial portal. SPSS version 17.0 was used for 
data analysis.

Results: A total of 40 patients, 30 males and 10 females were 
included. Mean BMI was 24.22 kg/m2 with the range of 18 to 30. 
Mean width of LFC was 32.9 mm with range of 26.2 mm to 37.3 
mm and depth of LFC was 58.79 with range of 50.7 mm to 66.2 
mm. Mean femoral tunnel length was 38.4 mm with range from 
32 mm to 44 mm.

Conclusion: Average femoral tunnel length in Anterior Cruciate 
Ligament (ACL) reconstruction was 38.4 mm for assessed 40 
patients. This correlated positively with height and weight of the 
patient. It also correlated positively with the width (p=0.027) and 
depth (p=0.029) of lateral femoral condyle.
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length of the LFC, as measured on magnetic resonance images 
or plain radiographs, were also correlated with tunnel length. On 
magnetic resonance images, the width and depth of the LFC were 
measured between 15 mm and 20 mm proximal to the joint line at 
the point of greatest width of the LFC; these were always measured 
at a right angle to one another. On plain radiographs, the depth 
of the LFC was measured on the lateral view and the width was 
measured on the anteroposterior view, again approximately 15 mm 
to 20 mm proximal to the joint line; magnification error was taken 
into account by the PACS software used in the measurements.

statistical analysis
SPSS version 17.0, Pearson’s correlation and t-test were used for 
data analysis. 

RESULTS
In the present study a total of 40 patients, 30 males and 10 females 
were included. Mean BMI was 24.22 with range of 18-31. Mean 
width of LFC was 32.9 mm with range of 26.2 mm to 37.4 mm and 
depth of LFC was 58.79 mm with range of 50.7 mm to 66.2 mm. 

MATERIALS AND METHODS
A 2-year prospective study from June 2015 to June 2017 was 
conducted in hospitals affiliated with Kasturba Medical College, 
Mangalore. The study population was composed of 40 patients 
between the age of 20 to 50 years attending the Department of 
Orthopedics in Kasturba Medical College and its allied hospitals in 
Mangalore, Karnataka, India. Study approval was taken from the 
Institutional Ethics Committee (IEC) of Kasturba Medical College, 
Mangalore, Karnataka, India. The objectives were explained to the 
participants involved in the study following which written informed 
consent was taken. Confidentiality of the information was strictly 
adhered to, by assuring the patients that no details of their status 
will be revealed and data will be used only for research purposes.

Inclusion criteria consisted of patients undergoing primary 
arthroscopic ACL reconstruction using anatomic femoral tunnel 
drilling and graft size ≥8 mm in thickness with no posterior wall 
fracture. All patients were fixed with the suspensory fixation on 
femoral side. Patients with revision ACL reconstruction, ACL 
reconstruction as part of multi-ligamentous reconstruction, 
associated fractures or bony injuries, chronic ACL insufficiency with 
osteoarthritis, avulsion injury of the ACL, improper drilling in femoral 
tunnel were excluded from the study. Participants were selected by 
a non-random convenience sampling methodology.

Data was collected by the verbal communication with the patients 
and their attendees, clinical examination, baseline investigations, 
radiological investigations and surgical findings. Radiological 
investigations included preoperative assessment of Lateral femoral 
condyle LFC in MRI using Radi-Ant Dicom viewer done by two 
Senior Radiologists (to avoid intra-observer variations). Mean of 
these two readings was taken. Surgical findings were determined 
by measuring the femoral tunnel length after initial drilling through 
the medial portal using a depth gauge placed through the medial 
portal.

All patients underwent the same technique for independent femoral 
tunnel drilling, through the anteromedial portal on the ACL footprint 
[Table/Fig-1]. The ACL was first visualised using an arthroscope in a 
viewing (anterolateral) portal. The shaver was then used to remove 
the torn ACL stump using an instrumental (anteromedial) portal; 
however, a small cuff of tissue was preserved at the femoral ACL 

[Table/Fig-1]:	 Measurement of width and depth in MRI.

footprint, to look over the size, location and shape of the footprint.

A secure database was maintained with all patient information. 
Tunnel length was recorded at the time of drilling intraoperatively. In 
addition, height, weight, and BMI were recorded to correlate patient 
demographics with tunnel length. The width and anteroposterior 

Variables n Mean
Std. 

Deviation

95% Confidence 
Interval for Mean Mini-

mum
Maxi-
mumLower 

Bound
Upper 
Bound

Height 40 166.40 8.04 163.83 168.97 148.00 181.00

Weight 40 67.63 11.24 64.03 71.22 42.00 97.00

BMI 40 24.23 3.44 23.13 25.32 18.00 31.00

Width of 
LFC

40 32.93 3.43 31.84 34.03 26.00 37.40

Depth of 
LFC

40 58.79 3.78 57.58 60.00 50.70 66.20

[Table/Fig-2]:	 Summary of data collection.

Variables Sex n Mean SD
t-test 

p-value

Width of LFC
Male 30 33.62 2.731

0.027*
Female 10 30.88 4.555

Depth of LFC
Male 30 59.53 3.027

0.029*
Female 10 56.55 5.004

[Table/Fig-3]:	 Correlation of preoperative MRI with lateral condyle depth and width 
measurements.
Significant *

Mean femoral tunnel length was 38.4 mm with range from 32 mm 
to 44 mm [Table/Fig-2].

Femoral tunnel length in ACL reconstruction correlated positively 

Variables

Correlations

Height Weight BMI
Width of 

LFC
Depth of 

LFC

Age
Pears -.106 0.058 0.236 -.074 -.023

p-value .515 0.722 0.142 0.649 0.889

Height

Pearson 
Correlation

0.423** -.074 0.629** 0.615**

p-value 0.006 0.651 <0.001 <0.001

Weight

Pearson 
Correlation

0.800** 0.525** 0.545**

p-value <0.001 0.001 <0.001

BMI

Pearson 
Correlation

0.173 0.205

p-value 0.285 0.206

Width of 
LFC

Pearson 
Correlation

0.830**

p-value <0.001

[Table/Fig-4]:	 Correlation analysis.
**Correlation is significant at the 0.01 level
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with width (p=0.027) and depth (p=0.029) of lateral femoral condyle 
[Table/Fig-3]. Correlation analysis for various variables is shown in 
[Table/Fig-4].

DISCUSSION
The anatomical positioning of the femoral and tibial tunnels in 
the central part of native ACL is of utmost importance in ACL 
reconstruction. We used Antero Medial portal in independent 
femoral tunnel drilling which produced average tunnel length of 
38.4 mm. Ideal or minimal tunnel length is unknown; tunnel length 
was long to hold adequate graft and promotes healing of graft, 
least possibility of posterior wall fracture.

Accessory Antero Medial portal has been advised by many in 
literature wherein the location of the tunnel is more anatomical 
and horizontal with very fewer chances of a posterior blow out 
[1,4,5]. Authors did not have any posterior blowout in the present 
study and tunnel lengths were comparable to other studies 
available in the literature. When accessory Antero Medial portal 
was used many authors believe that the angle of femoral canal 
was more anterior in axial plane in lateral femoral condyle. During 
drilling placing the knee in maximal flexion allows better length 
and a fewer chance for the posterior blowout.

The correlations authors have obtained in the present study are 
similar to results in the previous study by Tompkins M et al., which 
is understandable since larger individuals have larger condyles. 
Tompkins M et al., also included knee flexion angle in their study 
which is correlated negatively with weight and BMI which can be 
assumed due to interference of soft tissues for knee flexion but 
tunnel lengths did not correlate with knee flexion angles [1]. We 
placed the knee in maximal flexion in the present study, however 
authors have not measured it intraoperatively. Authors have found 
none of these variables causing short femoral tunnels.

Several studies have described post-operative tunnel positions and 
compared the results with known characteristics in the literature 
including its influence on clinical outcome [1,7,8]. There is a gap in 
literature with regards to patient-specific optimal tunnel orientation 
preoperatively, although correct femoral and tibial tunnel positioning 
a major factor in the overall success of ACL reconstructions.

Iyyampilla G et al., in their study concluded that a sagittal inclination 
of greater than 45° and an axial angle of 30°-45° resulted in a tunnel 
length of more than 35 mm [7]. This is achieved by flexing the knee 

maximally so that the hip flexion increases with increase in the 
sagittal inclination. Hence, theoretically weight and increased BMI 
may reduce knee flexion angle and affect femoral tunnel length. 
However, these did not affect femoral tunnel length in the present 
study. Tompkins M et al in their study recorded knee flexion angles 
from 122°-147° which was small to affect tunnel length.

LIMITATION
The main limitation of the present study was that sample size was 
small, there was no control group and the long-term clinical effects 
was not followed up.

CONCLUSION
Average femoral tunnel length in ACL reconstruction was 38.4 mm 
for assessed 40 patients. This correlated positively with height and 
weight of the patient. It is also proportional to the width and depth of 
LFC, however there was no correlation with BMI. Therefore, in ACL 
reconstruction tunnel lengths tend to be greater with increasing 
patient height, weight and larger LFC dimension.
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