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Abstract

Purpose The purpose of this study was to propose an
objective description of femoral tunnel position expressed
as time of the intercondylar clock in ACL reconstruc-
tion using a simple radiograph for the sake of objective
discussion and technical improvement. The reproducibil-
ity of the method was evaluated in double-bundle (DB)
reconstructions.

Methods The first series of 54 knees in 54 patients who
underwent primary “isometric” DB ACL reconstructions
from 1995 to 2002 were randomly picked up. The second
series of 48 knees in 48 patients with primary “anatomic”
DB ACL reconstructions during 2007 were assessed as a
recent femoral tunnel position with the same method.
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All DB reconstructions of ACL with the anteromedial (AM)
and posterolateral (PL) bundles were performed with an
arthroscopically assisted trans-tibial technique. The o’clock
description of femoral tunnel placement was expressed
using a weight-bearing posterior—anterior view at 45° of
flexion (45° W/B PA view) of the knee. Assessment was
undertaken with radiographs 1 year postoperatively.
Results The o’clock descriptions of femoral tunnel
placement resulted in noon 40 min (standard deviation
(SD): 10 min) for the AM bundle and one o’clock 40 min
(SD: 20 min) for the PL bundle on average in the “iso-
metric”’ reconstruction. In the “anatomic” reconstruction,
the time descriptions of femoral tunnel placement were one
o’clock 20 min (SD: 10 min) for the AM bundle and two
o’clock 20 min (SD: 20 min) for the PL bundle on average.
With the intra-examiner reproducibility assessment in the
“anatomic” reconstruction, the differences between first
and second assessments averaged 10 min (SD: 7 min) for
femoral tunnel placement of the AM bundle and 12 min
(SD: 9 min) of the PL bundle. Regarding the inter-examiner
reproducibility, the differences between two examiners
averaged 9 min (SD: 6 min) for femoral tunnel placement
of the AM bundle and 14 min (SD: 9 min) of the PL bundle.
Conclusion This simple radiographic assessment is
reproducible and reliable for clinical use, and useful for the
evaluation of ACL reconstructive procedures.

Keywords Intercondylar clock time - Femoral tunnel -
Radiographic assessment - ACL reconstruction
Introduction

Any ligament surgeon will agree that accurate placement of
the femoral and tibial tunnels is very important to achieve
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good outcome of anterior cruciate ligament (ACL) recon-
struction. Anatomic placement of the tunnels has been
emphasized as an important factor to achieve better stability
and to restore normal kinematics in ACL-reconstructed
knees, especially in double-bundle (DB) reconstructions
[22, 26].

For the description of tibial tunnel placement, Howell
et al. radiographically described tibial tunnel placement in
the sagittal plane of the knee and documented that path-
ologic roof impingement was prevented when the entire
width of the tibial tunnel was posterior to the slope of the
intercondylar roof [7, 8]. However, based on the recent
anatomical observations, the concept of roof impinge-
ment itself has been changed. Petersen et al. described
that the normal ACL accepts “physiologic” roof impin-
gement at the tibial attachment [19]. In the coronal plain,
Muneta et al. reported that the medial intercondylar spine
could be the radiographic marker for the tibial drill hole
position [15].

For the description of femoral tunnel placement, the
quadrant method has been found practical in sagittal plain
[3, 4, 25]. In coronal plain, intercondylar o’clock descrip-
tion has been frequently used during arthroscopic proce-
dures by many surgeons and documented in many textbooks
[1, 11, 13, 14, 18]. However, this description of femoral
tunnel placement in the coronal plain is arthroscopically
determined based mainly on the subjective impression of
surgeons. Although the placement of the femoral tunnel
is important, the o’clock description of femoral tunnel
placement in the coronal plain has not been well defined in
the past literature. Some definitive descriptions of the time
in the intercondylar clock would be useful for surgeons to
better discuss and understand the femoral tunnel placement
in each other’s ACL reconstructions.

In this study, we propose a new objective o’clock
description of femoral tunnel placement with a simple
radiograph in “isometric” DB hamstring ACL recon-
structions [16]. Then, the recent femoral tunnel placement
of “anatomic” DB ACL reconstruction [17, 23] was pro-
spectively assessed using the proposed intercondylar
o’clock description. The hypothesis of the current study is
that the o’clock description is useful and reproducible, and
applicable for both the “isometric” and the “anatomic”
DB ACL reconstructions.

Materials and methods

First radiography sets from 54 knees in 54 patients who
underwent a primary “isometric” DB ACL reconstruction
from 1995 to 2002 in Tokyo Medical and Dental Univer-
sity Hospital were retrospectively picked up with a ran-
domized fashion and included in this study. The knee joint

radiographs including a weight-bearing posterior—anterior
view at 45° of flexion (45° W/B PA view) advocated by
Rosenberg et al. [20] were routinely taken at 3 months and
every 1 year after ACL reconstruction in our hospital from
1995 to present. For inclusion and exclusion criteria, knees
with a clearly identifiable femoral and tibial tunnel place-
ment radiographs were included in this study. Knees in
which it was difficult to identify either tibial or femoral
tunnel placement or radiographic evidence of degenerative
arthritis were excluded. The subjects of the first series
included 28 men and 26 women, and the median age of the
patients was 23 years (range, 15—44 years).

As the second part of the study, radiography sets from
52 knees in 52 patients who underwent a primary “ana-
tomic” DB ACL reconstruction in 2007 in the same hos-
pital were prospectively and consecutively picked up using
the proposed intercondylar o’clock description. The sub-
jects of the second series included 23 men and 29 women,
and the median age of the patients was 21 years (range,
14-53 years).

The DB ACL reconstruction was performed with an
arthroscopically assisted trans-tibial technique using a
4-strand semitendinosus tendon. The AM bundle was
positioned aimed at around noon 30 min, and the PL
bundle at around one o’clock 30 min with reference to
the posterior intercondylar notch. The tunnel position
was determined according to the concept of “isometric”
reconstruction [16]. O’clock determination during surgery
was arthroscopically done at about 70° knee flexion. The
operative concept of our DB ACL reconstruction has been
changed to “anatomic” reconstruction from 2002 to con-
sider more about the normal ACL anatomy in our hospital
[17, 23]. The AM bundle was positioned at around one
o’clock 30 min and the PL bundle at around 3 o’clock with
reference to the posterior intercondylar notch during 2007
period.

O’clock description of femoral tunnel placement

A radiographic objective o’clock description of the femoral
tunnel position had been developed as follows. A weight-
bearing posterior—anterior view at 45° of flexion (45° W/B
PA view) of the knee was taken according to Rosenberg’s
report [20] (Fig. 1). The radiographs of the contralateral
knees were routinely taken with a 45° W/B PA view at the
same time simultaneously, and the contralateral, asymp-
tomatic knee could be evaluated as a control. From this
simple radiograph, the o’clock description of the femoral
tunnel placement was expressed and defined as inter-
condylar clock time. The clock was drawn between the two
lines as follows. One line connected the distal edges of the
medial and lateral femoral condyles. The other was parallel
to the previous line through the top of the posterior
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Fig. 1 A weight-bearing posterior—anterior view at 45° of flexion of
the knee was taken with the radiographic beam from 10° superiorly to
be parallel to the tibial articular surface

Fig. 2 O’clock description of the femoral tunnel placement in the
intercondylar clock was defined on the weight-bearing posterior—
anterior view at 45° of flexion of the knee. The clock was drawn
between the two lines. One line connected the distal edges of the
medial and lateral femoral condyles. The other was parallel to the
previous line through the top of the posterior intercondylar notch.
After the center of the femoral tunnel opening was marked, the line
connecting the center of the clock and the cross-point between the
clock and the extension of the femoral tunnel to the joint was
described as time shown on the clock

@ Springer

intercondylar notch (Fig. 2). The center of the femoral
tunnel was marked as the cross-point of the intercondylar
clock and the femoral tunnel extension of the 4.5-mm
tunnel outside the joint to the lateral cortex. The line
connecting the center of the clock and the cross-point
above was expressed as time shown on the clock.

When the tunnel widening is found or two tunnels are
overlapped, two options will be considered to determine
the tunnel position. One is to point out the center of the
tunnel opening to the joint by an examiner’s impression,
and the other is to select the point of extension of the mid-
line of femoral drill hole to the lateral femoral cortex. In
this study, o’clock description for each AM and PL bundle
was respectively made using the latter method. The latter
method is thought to be more accurate and reproducible.
However, the real tunnel position changed by tunnel
widening at the o’clock of measurements is not well taken
into consideration. All the knees were assumed to be left
knees, and the time was described as one o’clock 30 min
or two o’clock 40 min, for example, by converting each
angle for each AM and PL bundle.

Reproducibility and repeatability of o’clock description
of the method

The o’clock description of the AM bundle and the PL
bundle was performed by three examiners who were not
involved in every surgery. Two were orthopedic fellows
and the other was an orthopedic resident. In 20 knees out of
48 subjects, o’clock measurement of the AM and PL
bundles was performed twice by a fellow examiner, and the
intra-examiner reproducibility was assessed. Dependent
upon 20 knees out of 48 subjects of the second series, the
inter-examiner reproducibility was assessed by two exam-
iners. In fifteen knees out of 54 subjects of the first series,
the radiographs were taken twice, at 1 year and again at
2 years postoperatively, and the repeatability between the
two radiographs at the different times was assessed. The
difference in the o’clock was described as an absolute
value of angle to each tunnel and then converted to o’clock
description. The reproducibility and repeatability of the
measurements were described by minutes of the differ-
ences. Using the second series of the radiographs, the
usability of the method was also evaluated. The number of
the radiograph, which was unable for the examiner to
express the o’clock description because of poor image
quality, was counted.

Statistical analysis

Statistical analysis regarding the reproducibility and repeat-
ability between AM and PL bundles was carried out using the
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unpaired ¢ test with a significance established at P < 0.05.
The StatView for Windows (version 5.0) was used for the
statistical evaluation (SAS Institute Inc., Cary, NC, USA).

Results
O’clock description of femoral tunnel placement

The o’clock descriptions of femoral tunnel placement of
the “isometric” reconstruction resulted in noon 40 min
(SD: 10 min) for the AM bundle and o’clock 40 min
(SD: 20 min) for the PL bundle on average. In the second
series of the radiographic evaluation, the o’clock descrip-
tions of femoral tunnel placement of the “anatomic”
reconstruction resulted in one o’clock 20 min (SD: 10 min)
for the AM bundle and two o’clock 20 min (SD: 20 min)
for the PL bundle (Fig. 3).

Reproducibility and repeatability of the description
and usability of the method

The evaluation results using the “anatomic” reconstruction
were summarized in the Table 1. The inter-examiner
reproducibility of the o’clock description for the PL bundle
was inferior. For the assessment of the repeatability
between the two radiographs at the different times, 48
radiographs out of 52 (92%) were found to be sufficiently
clear for the time description.

Discussion

The most important finding of the present study was that
o’clock description of femoral tunnel based on a 45° W/B

AM 1:10
(36°

P PL 2:30
|’ T

Fig. 3 A magnified image of Fig. 2. The o’clock description of
femoral tunnel placement was 1:10 for AM bundle and 2:30 for PL
bundle in this case

Table 1 Reproducibility and repeatability of the o’clock description

Differences £+ SD

(min)

Intra-examiner reproducibility for AMB 10+ 7
Intra-examiner reproducibility for PLB 12+9
Inter-examiner reproducibility for AMB 9+ 6"
Inter-examiner reproducibility for PLB 14+9
Repeatability at different evaluation periods 8§+ 4

for AMB
Repeatability at different evaluation periods 8§ +4

for PLB

SD standard deviation, AMB anteromedial bundle, PLB posterolateral
bundle

* Unpaired ¢ test revealed a statistically significant difference
between intra-examiner reproducibility for AMB and that for PLB.
The inter-examiner reproducibility for PLB was inferior to that for
AMB

PA view in DB ACL reconstruction advocated by the
current study is easy and reproducible both in “isometric”
and in “anatomic” reconstructions. The hypothesis of the
current study was elucidated although there are several
problems and limitations for clinical use as below.

In respect to the description of femoral tunnel placement
in the coronal plane, the use of o’clock description has
been frequently applied [1, 11, 13, 14, 18]. However, the
definition of the femoral tunnel time has not been well
described. Howell et al. described the femoral tunnel
placement as “an imaginary clock” [9]. Petersen and
Zantop [19] have already described the center of the fem-
oral attachment of both AM bundle and PL bundle of the
normal ACL using a 45° W/B PA view. The center of the
femoral AM bundle was described at the 10:30 position,
while the femoral PL center was at the 9:30 position.
However, the intercondylar clock was not a clock, but a
semicircle in the study. The arthroscopic o’clock position
reference has been reported by Giron et al. [5]. The defi-
nition of the clock is not well described. From the drawing,
they seemed to set the clock in the posterior intercondylar
notch. In their clock definition, the accurate description is
not possible because the natural femoral attachment of the
PL bundle expands shallower and out of the clock in the
lower direction in flexion position.

As the o’clock is described by a 45° W/B PA view, the
absolute time is inevitably different from the time
description made arthroscopically. The value tends to be
earlier, time near to noon, than the arthroscopically deter-
mined time. In the “isometric” reconstruction, the differ-
ence between the average radiographic value and the
aiming time arthroscopically was well correlated with
aimed o’clock both for the AM and PL bundles, while the
difference was 10 min for the AM bundle and 40 min for
the PL bundle in the “anatomic” reconstruction. However,
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the real accuracy of the current o’clock description cannot
be evaluated because the arthroscopic placement itself has
not been well evaluated or controlled. Regarding the cen-
tral position of AM and PL bundles, Colombet et al.
reported the natural ACL anatomy and radiographic
description using the methods followed Amis and Jakob on
the tibia and the grid prepared by Bernard et al. on the
femur [4]. Steckel and Fu et al. evaluated the femoral
insertion of the AM and PL bundles of the normal ACL by
a radiographic method at different knee flexion angles [21].
However, both results of the normal morphology of AM
and PL bundles were not directly imagined to describe
arthroscopic o’clock position.

With thinking about how accurate to describe the tunnel
position by the current method, the outlets to the joint of
the two tunnels were found overlapped in the majority of
the radiographs at 1 year postoperatively. Therefore, to use
the extension line of the mid-line of the femoral tunnel
outside the joint to the lateral femoral cortex is thought to
be practical and reproducible for the current radiographic
method. The o’clock description using the current method
is accepted in 10-min increment based on the intra- and
inter-reproducibility, and repeatability evaluation. Even in
cases with interference screw fixation, the lateral tunnel
position and the screw position will help describing the
tunnel position correctly. Original tunnel position is easily
describable with reference to the drill hole position outside
the joint to lateral femoral cortex. Also, the same
description can be applied in the cases with bone tunnel
enlargement or with obscure tunnel margin by low bone
density. However, the center of enlarged bone tunnel or
overlapped bone tunnels will be hard to describe accurately
with the plain radiography.

The advantages of this assessment are that this radiograph
can be taken easily and included as routine radiographs
without a CT or MRI. On the other hand, in the sense of
accurate description fit to intraoperative determination, an
intercondylar tunnel view of the knee at 70° flexion [24] or
CT evaluation [2, 6, 10, 12] can be better used for the
assessment of femoral tunnel. With the use of CT images,
any flexion angle can be applied to determine the femoral
tunnel position, but repeated evaluation with CT images
will be less desirable in respect to radiation exposure,
cost, and time consumption. Another limitation of the
study is that there is no standard for accurate description
methods of tunnel placement. The standard methods
should be discussed to create in the future. There may be
large individual differences in each center of AM and PL
portions in normal knees. Or, there may be a good cor-
relation of the posterior intercondylar notch shape and
each normal ACL anatomy. Those detailed investigations
will be a future study.

@ Springer

As the clinical relevance, this description of the femoral
tunnel can be of great value when the surgical procedures
and the results are analyzed retrospectively or the effect of
femoral tunnel change is intended to be evaluated using
routine radiographs. It will be applicable for every surgeon
to discuss tunnel placement in ACL reconstruction as a
standard method.

Conclusion

O’clock description of femoral tunnel position on the
posterior intercondylar clock using the 45° W/B PA view is
simple, practical, and reproducible both in the “isometric”
and in the “anatomic” double-bundle ACL reconstructions.
The assessment will be useful for describing tunnel posi-
tion in ACL reconstructions in conjunction with clinical
results.
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