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Abstract

Purpose A modified quadrant method was developed for

description of femoral tunnel aperture positions on the

sagittal plane after double-bundle anterior cruciate liga-

ment (ACL) reconstruction, which can be measured by

using two-view radiographs. The purpose of the study is to

provide a new measurement method and to evaluate the

reproducibility and accuracy of the method.

Methods Forty-one patients who had undergone a double-

bundle ACL reconstruction were investigated. Two-view

plain radiographs, a 45-degree-flexion posterior–anterior

standing (Rosenberg) and a lateral view, were taken at

1 year postoperatively, and the femoral tunnel positions

were measured. Intra- and inter-observer reproducibility

was calculated by means of intra-class correlation coeffi-

cient (ICC). Also, the accuracy of the method was evalu-

ated by comparing the measurement from three-

dimensional computed tomography (3D-CT).

Results Intra-observer reproducibility was excellent

(ICC [ 0.9). Inter-observer reproducibility of antero-

medial (AM) tunnel position was almost perfect

(ICC [ 0.8) and that of postero-lateral (PL) tunnel was

substantial (ICC [ 0.7). The accuracy of the method was

assessed by comparing the measurement from 3D-CT and

was found to be almost perfect (ICC [ 0.8). With the

modified quadrant method, the average height of AM and

PL tunnels were 17.8 and 44.4 %, respectively, and the

depth of AM and PL tunnels were 25.5 and 36.7 %,

respectively.

Conclusions A modified quadrant method was found to

have acceptable reproducibility and accuracy. The method

is useful for describing the femoral tunnel aperture posi-

tions in ACL reconstruction because of its easiness and

simplicity. By using this method, it is possible to analyse

the femoral tunnel position even in the cases without CT

analysis.

Level of evidence IV.

Keywords Femoral tunnel position � Anterior

cruciate ligament reconstruction � Quadrant method �
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Introduction

The importance of femoral tunnel aperture positions has

been emphasized in anterior cruciate ligament (ACL)

reconstruction. The femoral tunnel position affects graft

tension and isometricity more significantly than the tibial

tunnel position [5, 17, 27]. A significant amount of

experimental studies suggest that the femoral tunnel posi-

tioning would be correlated with the clinical outcome of

ACL reconstruction [1, 7, 14, 24].

Recently, anatomic anterior cruciate ligament (ACL)

reconstruction has attracted attention among knee ligament

surgeons [10, 16, 20, 23, 25]. To evaluate the aperture

position of the femoral tunnel is technically more difficult

than determining those of tibial tunnel, especially in dou-

ble-bundle (DB) ACL reconstructions. Controversies still

remain regarding the optimal femoral aperture position and

anatomic placement. One of the reasons for this is due to
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the lack of a proper evaluation method for femoral tunnel

position in respect of cost and ease of implementation.

Bernard et al. [3] developed a ‘‘quadrant method’’ to

identify the femoral tunnel position on the sagittal plain

radiographs using a quadrant consisting of a Blumensaat’s

line as a roof and a lateral condyle. By using this quadrant

method, the femoral tunnel position is indicated by per-

centage from the posterior tangential line and from the

distal tangential line [4, 9, 26]. This method is very simple

and easy; however, an image intensifier would be necessary

to take a true lateral view, and it often happens that the

tunnel positions are invisible on the plain radiographs,

especially in the early period after double-bundle ACL

reconstruction. Three-dimensional computed tomography

(3D-CT) analysis [11] for determining the tunnel aperture

position would be one of the preferable measurement

methods; however, radiographic analysis has the advanta-

ges in terms of cost and radiation exposure for the daily

medical practice.

In the present study, ‘‘a modified quadrant method’’ was

developed for description of femoral tunnel aperture posi-

tions on the sagittal plane after double-bundle ACL

reconstruction, which can be measured by using two-view

radiographs. The purpose of the study is to introduce a

modified quadrant method, and to evaluate the reproduc-

ibility and accuracy of the method. We hypothesized that

the reproducibility and accuracy of the radiographic mea-

sures for ACL tunnel aperture position would be

acceptable.

Materials and methods

Forty-one knees in 41 patients who had undergone a dou-

ble-bundle ACL reconstruction with hamstrings at Tokyo

Medical and Dental University Hospital between 2004 and

2008 were randomly picked up and investigated for the

current study. Four hundred and six ACL reconstructions

were performed during these 5 years. Two-view radio-

graphs, a 45-degree-flexion posterior–anterior standing

(Rosenberg) view [19] and a lateral view [15], were rou-

tinely taken at 1 year after the surgery. Lateral radiographs

of the knee were taken with the patient lying supine. The

patient’s foot was elevated on a 25-cm high wedge-shaped

bolster, with other bolsters used if necessary, to satisfac-

torily adjust leg rotation while maintaining the leg muscles

in a relaxed state [15]. The leg rotation was controlled by

skeletal radiological technicians. In case of unacceptable

rotational control, a lateral radiograph in extension was

taken again before sending the final radiographs to the

outpatient office. Then, the femoral tunnel aperture posi-

tions were measured with the following method (modified

quadrant method). For evaluation of the reproducibility and

accuracy of the method, 20 knees were randomly picked up

among the 41 patients and examined.

Modified quadrant method

On the Rosenberg view, the tangential line connecting the

posterior margin of both medial and lateral posterior con-

dyles was drawn (PC line). The parallel line to PC line

running through the highest point of posterior condylar

notch was drawn (Roof line). The midlines of the AM/PL

tunnel were drawn and extended to the intercondylar notch.

Then, the points of intersection between the posterior in-

tercondylar notch and AM or PL tunnel lines were identi-

fied, and the parallel line to PC line was drawn through

these points (A line/P line). The distance between PC line

to Roof line (x), PC line to A line (y), and PC line to P line

(z) were measured, and the ratio of y/x and z/x were cal-

culated as height ratio (Fig. 1a).

Next, the four lines obtained from the Rosenberg view

(Roof line, A line, P line, and PC line) were put onto the

lateral view with keeping the same height ratio. At that

time, Roof line was considered to be equivalent to

Blumensaat’s line on the lateral view, and PC line was

considered to be equivalent to the tangential line con-

necting to the posterior margin of the condyle. Then,

AM/PM tunnel lines were drawn on the lateral view and

the points of intersection between AM/PM tunnel lines

and A/P lines were marked (Fig. 1b). The marked AM

and PL aperture centres were expressed as percentages

from the Blumensaat’s line (height) and from the pos-

terior line (depth) according to the quadrant method

(Fig. 1c).

Statistical analysis

Twenty patients were randomly selected among the 41

patients and two examiners independently measured the

femoral tunnel aperture positions twice by the modified

quadrant method. Intra- and inter-observer reproducibility

was evaluated by means of the intra-class correlation

coefficient (ICC) using SPSS. Also, the accuracy of the

method was evaluated by comparing the measurement by

quadrant method from the images of three-dimensional

computed tomography (3D-CT) [11], which were taken at

1 year postoperatively. Test–retest reliability was deter-

mined with the ICC, which measures the correlation

between the results of the aperture positions obtained by

the same observer on two separate occasions (intra-

observer ICC). ICCs ranged from 0 to 1. The reliability

was considered to be excellent if the ICC was greater than

0.91, almost perfect between 0.9 and 0.81, substantial

between 0.61 and 0.80, and moderate between 0.41 and

0.60 [12].
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Results

The reproducibility of the modified quadrant method is

shown in Tables 1 and 2. Intra-observer reproducibility

was excellent in both height and depth of AM and PL

tunnel aperture positions (ICC: AM height = 0.99, AM

depth = 0.95, PL height = 0.96, PL depth = 0.95). Inter-

observer reproducibility of AM tunnel aperture positions

was almost perfect (ICC: AM height = 0.97, AM

depth = 0.90) and that of PL tunnel was substantial (ICC:

PL height = 0.85, PL depth = 0.74).

The accuracy of the method was assessed by comparing the

measurement by quadrant method from the images of 3D-CT

(Fig. 2) and was found to be almost perfect (ICC: AM height =

0.84, AM depth = 0.82, PL height = 0.85, PL depth = 0.82)

(Table 3). The hypothesis was supported by our results.

Fig. 1 Measuring steps for the modified quadrant method. a Step 1—

Detection of tunnel aperture centres on the Rosenberg view. PC line,

Roof line, A line, and P line were drawn. The distance between PC

line to Roof line (x), PC line to A line (y), and PC line to P line

(z) were measured, and the ratio of y/x and z/x were calculated as

height ratio (see ‘‘Materials and methods’’ in detail). b Step 2—

Detection of tunnel aperture centres on the lateral view. The four lines

obtained from the Rosenberg view (Roof line, A line, P line, and PC

line) were put onto the lateral view with keeping the same height ratio

(y/x and z/y). Then, AM/PM tunnel lines were drawn, and the points

of intersection between AM/PM tunnel lines and A/P lines were

considered as tunnel aperture centres on the sagittal plane (AM

aperture centre: black circle, PL aperture centre: white circle). c Step

3—Measurement of tunnel aperture centres on the lateral view by

quadrant method. The marked AM and PL aperture centres were

expressed as percentages from the Blumensaat’s line (height) and

from the posterior line (depth) according to the quadrant method

Table 1 Intra-observer reproducibility of the modified quadrant

method

Mean difference (%) ICC ICC 95 % CI

AM height 0.98 ± 2.16 0.99 0.96–0.99

AM depth 1.45 ± 2.84 0.95 0.87–0.98

PL height 1.27 ± 3.94 0.96 0.90–0.98

PL depth 1.48 ± 1.66 0.95 0.88–0.98

Table 2 Inter-observer reproducibility of the modified quadrant

method

Mean difference (%) ICC ICC 95 % CI

AM height 0.29 ± 3.10 0.97 0.93–0.99

AM depth 0.69 ± 4.67 0.90 0.75–0.96

PL height 1.11 ± 7.27 0.85 0.62–0.94

PL depth 3.12 ± 4.76 0.74 0.27–0.90
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The femoral tunnel aperture positions of 41 cases were

examined by the modified quadrant method. The results are

shown in Table 4. With the modified quadrant method, the

height of the antero-medial (AM) and postero-lateral (PL)

tunnels were 17.8 ± 5.1 % and 44.4 ± 7.6 %, respec-

tively, from the roof of the intercondylar notch, and the

depth of the AM and PL tunnels were 25.5 ± 7.3 % and

36.7 ± 8.1 %, respectively, from the posterior line of the

quadrant.

Discussion

The most important finding for the current study was that a

newly developed measurement with the use of two-view

plain radiographs to provide femoral tunnel positions on

the sagittal plane after double-bundle ACL reconstruction

was found to have acceptable reproducibility and accuracy.

It made it possible to identify the femoral tunnel aperture

position on the lateral view with the use of tunnel height

information, which was obtained from 45-degree-flexion

posterior–anterior standing (Rosenberg) view. The modi-

fied quadrant method has an advantage in its easiness,

simplicity, cost, and radiological exposure compared with

CT assessment. Simple methods would be preferable for

surgeons to evaluate femoral tunnel aperture position after

ACL reconstruction postoperatively in the daily medical

practice. In our hospital, we routinely take these two-view

radiographs after the ACL reconstruction at each follow-up

time point. Therefore, by using the modified quadrant

method, it made it possible to analyse the femoral tunnel

aperture position even in the cases without CT

retrospectively.

With respect to the reproducibility, the inter-observer

reproducibility of PL tunnel positions was slightly lower

than that of AM tunnel position. One of the reasons was

thought that there is some minor deviation between the

observers when they determine the points of intersection

between the posterior intercondylar notch and PL tunnel

lines. However, this kind of measurement problem is not

easily resolved even with the use of CT or MRI [2, 6, 8, 13,

21]. Moreover, the determination of the tunnel aperture

position is thought to be difficult even with the use of CT

and MRI. With regard to the use of the Rosenberg view for

assessing the tunnel height, it will be simple and appro-

priate because the height of the anterior and posterior in-

tercondylar notches was identical in most cases, that is, the

radiographic beam was parallel to the Blumensaat’s line in

our Rosenberg view.

Colombet et al. [4] indicated the centre of AM bundle of

the normal ACL is positioned about 1/4 height from the

Blumensaat’s line and 1/4 depth from the posterior side,

and that of PL bundle is about 50 % height and 1/3 depth,

respectively, based on the quadrant method. Zantop et al.

[26] described the central position of AM bundle and PL

bundle of the normal ACL using the quadrant method as

18.5 % height and 22.3 % depth for the centre of normal

AM bundle and 53.6 % height and 29.3 % depth for nor-

mal PL bundle. In the present study, the average aperture

centre of AM tunnel was described as 17.8 % height and

25.5 % depth and that of PL tunnel as 44.4 % height and

36.7 % depth with the modified quadrant method. The

tunnel position of our DB reconstruction was thought to be

close to the centre of AM bundle and PL bundle of the

normal ACL; nevertheless, the femoral tunnel placement

was performed by transtibial approach [18, 22].

One limitation of the modified quadrant method is that

the accuracy would basically depend on the accuracy and

repeatability of each radiographic image. Also, in some

radiographic images, there is difficulty in plotting the

central position of the femoral aperture on Rosenberg view.

Other disadvantages might involve tracing the contour of

the posterior intercondylar notch.

Table 3 Accuracy of the modified quadrant method

Mean difference (%) ICC ICC 95 % CI

AM height 0.34 ± 5.69 0.84 0.64–0.93

AM depth 1.89 ± 3.94 0.82 0.60–0.92

PL height 0.14 ± 5.16 0.85 0.67–0.93

PL depth 1.05 ± 4.70 0.82 0.60–0.92

Fig. 2 Image of 3D-CT for measurement of the femoral tunnel

position by quadrant method

Table 4 Average femoral tunnel aperture positions (%) after the

double-bundle ACL reconstruction (n = 41)

AM height AM depth PL height PL depth

Femoral tunnel

position (%)

17.8 ± 5.1 25.5 ± 7.3 44.4 ± 7.6 36.7 ± 8.1
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Conclusion

A modified quadrant method was found to have acceptable

intra-observer/inter-observer reproducibility and the accu-

racy. The method is useful for describing the femoral

tunnel aperture positions in ACL reconstruction because of

its easiness and simplicity with the use of two-view

radiographs. With the modified quadrant method, the

average height of AM and PL aperture positions were 17.8

and 44.4 %, respectively, and the depth of AM and PL

tunnels were 25.5 and 36.7 %, respectively, in our 41 cases

of a double-bundle ACL reconstruction.
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