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Abstract
Purpose: To evaluate the accuracy of femoral length measurements for ACL reconstruction using the
endobutton indicator selection device from outside the knee joint and the transportal endobutton depth
gauge.
Methods: 50 cases of primary ACL injuries, both single bundle and double bundle reconstructions were
evaluated for their intra operative femoral tunnel lengths by using the Endobuttton indicator selection
device from outside the knee joint and the transportal Endobuttton depth gauge and were compared with
the post-operative CT femoral tunnel lengths obtained using the Osiri X imaging software.
Results: The mean femoral tunnel lengths measured intraoperatively using the Endobutton selection
device (35.68±3.99mm for anteromedial tunnel [AM],) significantly longer than the measurements
obtained using the Endobutton depth probe. However, there was no statistically significant difference in
the posterolateral tunnel [PL] measurements [37.17±3.83mm for Endobutton selection device and
37.22±3.74 for Endobutton depth probe]. Also the measurements obtained using Endobutton depth probe
were closer to the CT measurements and better correlation with the longer CT tunnel wall measurements.
Conclusion: Measurements by both the Endobutton depth probe and the Endobutton selection device are
longer than the actual femoral tunnel length for ACL reconstruction. Even though the difference between
the mean measurements obtained by the two devices is statistically significant but the actual difference is
so minimal that it barely has any effect in the decision making for the selection of the fixed loop device
the graft length in ACL reconstruction. Thereby we suggest that the Endobutton Indicator Device is an
easy to use and more convenient alternative to the Endobutton depth probe for measuring the femoral
tunnel length in ACL reconstruction.
Keywords: Femoral tunnel length, endobuttton indicator selection device, endobutton depth probe, fixed
loop cortical suspension device
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Introduction
Fixed loop cortical suspension devices are currently the most frequently used for fixation of
the ACL graft, however this method of fixation is not free from complications including tunnel
enlargement due to graft tunnel motion, the so-called ‘bungee cord’ effect [5, 12, 14, 17]. To
achieve maximal contact of the graft with the bone tunnel the length of the loop should be kept
to a minimum, this requires accurate measurement of the femoral tunnel length as longer
length measured intra operatively may result in shorter graft length as we tend to use a longer
suspension device [11].
Although the minimum tunnel length necessary for adequate femoral fixation is somewhat
controversial [15, 20, 19]. it has been suggested that tunnels shorter than 25 mm may not allow an
adequate contact surface area at the bone-tendon junction for healing [3, 4, 7].
With more and more emphasis on anatomical ACL reconstruction and drilling of the femoral
tunnel through the transportal technique it is found that the femoral tunnel length achieved is
shorter than the transtibial drilling [3, 4, 16]. it is also suggested that the with lesser the axial
plane angle of drilling longer femoral tunnel lengths can be achieved [8, 10, 7].
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with more anterior tunnel positioning tunnel length also
increases [9]. Tunnel lengths tend to be longer with increasing
patient height, mass, and larger lateral femoral condyle
dimensions and hyper flexion of the knee [18, 1]. Recent studies
show that the outside-in technique for creating the ACL
femoral tunnel results in longer tunnel lengths than the AM
portal technique [13, 11].
To the best of our knowledge, there is no study which
compares the measurements by the two techniques using two
different measuring devices (The Endobutton selection
Indicator device from outside the knee joint and the
Endobutton depth gauge transport tally). Therefore in our
study we have compared the measurements obtained using the
two deviced and with the post op CT measurements as a
standard.

similar manner.
Computed tomography (CT) protocol and measurement
Computed tomography (CT) scans were performed with
patient consent on all knees after ACL reconstruction. The
same CT scanner Light Speed VCT (GE Medical Systems,
Milwaukee, WI, US) was used for all examinations. The knee
was placed in full extension. The collimation was 1690.625
mm. The tube parameters were 120 kVp and 200 mA. The
acquisition matrix was 5129512. The field of view was 140
mm, and the slice thickness was 0.625 mm. After extracting
the DICOM data from the Picture Archiving and
Communication System (PACS), data were imported into
OsiriX® imaging software (Version 3.8, Open source
software for Mac OS).
To measure the femoral tunnel length, we selected the plane
in which the entire length of the femoral tunnel showed the
maximal width. Then we drew the lines along the margins of
the AM and PL tunnel as the shortest and the longest length
connecting the outer and the inner aperture on the sections.
The average of these two measurements corresponds with the
central tunnel length measured by drawing a line along the
centre of the tunnel connecting the outer and inner apertures
(Fig. 3). The measurements were taken by two observers to
limit the observer bias.

Materials and Methods
From January 2014 to July 2014, we enrolled 50 patients with
diagnosis of primary ACL injury. Of the 50 patients, 4 values
were missing for the pre-op transportal measurements and
were excluded, effectively there were 46 cases with
measurements by both the techniques for AM tunnel, with 5
cases being single bundle reconstructions, and these were
included under AM tunnel measurements. 35 PL tunnel
measurements were recorded using both the techniques.
Results were analysed separately for AM bundle and PL
bundle measurements using the Endobutton Indicator
Selection Device (Smith &Nephew) and Endobutton depth
probe (Smith &Nephew). All patients were informed that they
were going to participate in a study.

Evaluation of data
Intraoperatively measured femoral tunnel lengths using the
Endobutton indicator selection device and the Endobutton
depth probe were recorded at the operating room. Femoral
tunnel lengths measured by CT taken in postoperative 3 days
were also recorded. We calculated the femoral tunnel length
difference (femoral tunnel length measured intraoperativelyfemoral tunnel length measured postoperatively). A priori
power analysis was performed to determine the sample size
by use of the 2-sided hypothesis test at α-level of 0.05 and a
power of 1 for both AM tunnel and PL tunnel
Intraoperative (using the Endobutton indicator selection
device and the Endobutton depth probe) and postoperative
(CT) femoral tunnel length measurements were compared for
the AM tunnel and PL tunnel separately using a two-sample t
test and a paired t test. We also measure the correlation
between the longest and shortest CT measurements obtained
with the measurements obtained using the Endobutton
indicator selection device and the Endobutton depth probe
with the post op CT measurements. Statistical analysis was
performed using Statistical Package for the Social Sciences
(SPSS) software (version 12.0; SPSS, Chicago, IL, USA).

Surgical technique
The portal formation and arthroscopic examinations were
conducted in the usual manner. Either the hamstrings or
allograft were prepared for the AM and PL bundle. The
femoral footprints of both the AM and PL bundles were
carefully defined in reference to soft tissue remnants and bony
anatomy [6]. A flexible guide wire and reaming system (Smith
& Nephew) are used with the “footprint technique” [2]. Using
a curved cannulated guide oriented superolaterally over the
femoral footprint for ACL, a 2.7 mm passing pin is drilled
into femur until black line marked on pin is flush with bone
on lateral wall of femoral condyle in notch and it emerges
superolaterally over the distal thigh skin.
A stab incision is made over the skin at the point of the
emerging pin and Endobutton Indicator Selection device is
glided over the guide pin from outside the knee until it
touches bone of the lateral condyle (Fig. 1a) and the
measurements are recorded in a small window present over
the device (Fig. 1b).
Next an Endobutton reamer is used to create the tunnel for
Endobutton and the passing pin is removed, again the femoral
tunnel length is measured, this time through the medial portal
using an Endobutton depth gauge (Smith& Nephew
endoscopy) with 2 mm increments to measure the distance
from the intra-articular aperture to the lateral cortex, the
measurements were noted at the medial margin of femoral
tunnel intra-articular aperture (Fig. 2). Using appropriate
sized reamers adequate graft tunnel of more than 25mm is
drilled. The PL tunnel is also drilled and measured in the

Statistical analysis
All Statistical analyses were made using Statistical Package
Software for Social Sciences (SPSS) version 17.0 software
(Chicago, IL, USA). Intraoperative femoral tunnel lengths
measured using the two devices were compared with the
postoperative femoral tunnel length using a paired sample t
test. The femoral tunnel length differences of the two groups
were also compared using paired sample t test. This study
final involved 50 cases with 46 AM tunnels and 35 Pl tunnels
measured intra operatively by two devices and
postoperatively by CT.
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Fig 1: Measurement of femoral tunnel length using Endobutton Indicator Selection device. (a) Stab incision is made over the skin at the point of
the emerging pin and Endobutton Indicator Selection device is glided over the guide pin from outside the knee until it touches bone of the lateral
condyle. (b) Measurements are recorded in a small window present over the device.

Fig 2: Femoral tunnel length measurement using the Endobutton depth probe. (a) Endobutton depth probe is inserted through the medial portal
(b) The measurements were noted at the medial margin of femoral tunnel intra-articular aperture using the scope through lateral portal.

Fig 3: To measure the femoral tunnel length, we selected the plane in which the entire length of the femoral tunnel showed the maximal width.
Then we drew the lines along the margins of the AM and PL tunnel as the shortest and the longest length connecting the outer and the inner
aperture on the sections. The average of these two measurements corresponds with the central tunnel length measured by drawing a line along
the centre of the tunnel connecting the outer and inner apertures
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Endobutton depth probe (37.22±3.74mm) (P=0.842). (Table2)
The mean AM/PL femoral tunnel lengths measured
intraoperatively using either of the device were significantly
longer than those measured postoperatively (CT) for AM
tunnel PL femoral tunnel length).
The mean difference between measurements using the
Endobutton indicator selection device and post-operative CT
measurements (3.43±1.93) and the Endobutton depth gauge
measurements (2.74±1.64) for the AM tunnel were
statistically significant (P=0.23, <0.05) (Table-2).
There was no significant difference in the lengths measured
using either of the device for the PL tunnel.

Results
The inter-observer ICC was 0.92 and 0.91 for AM and PL
femoral tunnel, respectively. The intra-observer ICC ranged
0.98 and 0.99 for AM and PL tunnel (Table-1). The mean AM
femoral tunnel length measured intraoperatively using the
Endobutton indicator selection device (35.68±3.99 mm) was
significantly longer than that of measurements using
Endobutton depth probe (34.98±3.97mm) (P< 0.05). The
actual clinical difference being just 0.7mm. However, the
mean PL femoral tunnel length measured intraoperatively in
Endobutton indicator selection device (37.17±3.83 mm) had
not much difference compared to the measurements using

Table 1: Results of intra-class correlation coefficient (ICC) value of postoperative femoral tunnel length measurement A measurement was
considered reliable if the ICC was higher than 0.80
Intertester ICC
Tester 1 ICC
Tester 2 ICC

AM
0.924
0.992
0.998

95% confidence interval
0.857-0.959
0.986-0.996
0.991–0.999

PL
0.910
0.992
0.997

95% confidence Interval
0.742-0.962
0.985-0.996
0.990–0.999

Table 2: Comparison of femoral tunnel length measurements using the Endobutton indicator device and the Endobutton depth probe and the
postoperative CT measurements.
Tunnel length
Femoral tunnel length (intraoperative)
Femoral tunnel length (postoperative)
Femoral tunnel length difference*

Endobutton Indicator
Trans Portal measurement
P value
Selection Device
using Endobutton Depth gauge
AM (n=46)
35.68±3.99 (25-44)
34.98±3.97 (26-46)
0.023 (<0.05)
PL (n=35)
37.17±3.83 (29-45)
37.22±3.74 (29-44)
.842 n.s
AM (n=46) 32.24±3.94 (27.31-42.37)
32.24±3.94 (27.31-42.37)
--PL (n=35) 34.69±3.75 (27.80-41.87)
34.69±3.75 (27.80-41.87)
--AM(n=46)
3.43±1.93 (-3.50-7.83)
2.74±1.64 (-1.20-5.89)
.023
PL(n=35)
2.47±2.03 (-0.13-9.88)
2.52±2.30 (-0.03-10.88)
.842 n.s
Tunnel

were also longer than the actual measurements. The reason
could be because with the Endobutton Indicator Selection
Device we usually performed a stab incision on the lateral
aspect of the femur. Therefore, the impacting drill sleeve on
the cortex of the lateral epicondylar area of femur, iliotibial
band, and other soft tissues might have impinged between the
cortex and the drill sleeve [11].
There are some limitations to this study. The post-operative
tunnel length was measured by selecting the plane in which
maximum tunnel width was visible and the average of the
short and the long tunnel wall length were taken as the
measurements far the length of the femoral tunnel. Whereas
the measurement using the Endobutton depth probe was done
as a diagonal measurement through the tunnel from the intraarticular tunnel margin. To increase the accuracy of femoral
tunnel length measurement using Endobutton depth probe
device it would be better to remove soft tissue around femoral
tunnel intra-articular aperture to determine the exact margin
of the tunnel aperture, also it would be better to measure at
the margin of the intraarticular aperture showing the shortest
tunnel length, because this gauge might be read as a diagonal
through the tunnel and measured a little longer. To increase
the accuracy of intraoperative measurement of the femoral
tunnel length in ACL reconstruction using an Endobutton
Indicator Selection Device, it would be better to perform
minimal soft tissue dissection to the cortex of the femur after
the stab incision to prevent soft tissue impingement and use
an accurate tunnel length measurement tool. Additionally, 70degree scope in measuring femoral tunnel length through AM
portal would be helpful to position accurately 2.7-mm drill tip
guide at over the anatomical footprint site for AM and PL
bundles. Sometimes it is difficult to hook the Endobutton
depth probe over the outer femoral cortex whereas an
additional small incision may be required in case of

Discussion
In our study we tried to compare the measurements of the
femoral tunnel using the two different devices used in ACL
reconstruction namely the Endobutton Indicator Selection
Device and the Endobutton Depth Probe. We found that both
the devices measure the tunnel length significantly higher
than the actual tunnel length as determined using the CT
scans. The measurements done for AM tunnel showed longer
lengths when Endobutton Indicator Selection Device was
used when compared with the Endobutton Depth Probe,
though the difference was just 0.7mm between the means of
the two. However not much of difference was seen for PL
tunnel measurements between the two devices. There are
many pitfalls in using Endobuttton depth probe for measuring
the femoral tunnel length, the margin of intra-articular
aperture of the femoral tunnel can be changed according to
the degree of knee flexion and rotation of ruler because of
elliptical shape of intra-articular aperture of the femoral
tunnel in ACL. The soft tissue around aperture such as
remnant ACL and poor visual field in through the lateral
portal can cause difficulty to exactly localise the margin of the
intra articular aperture. The technique for measuring the
tunnel length utilizing a hook probe type device like
Endobuttton depth gauge might be read as a diagonal through
the tunnel as the probe got hooked on an edge of one aperture
and pulled away from this edge to be read the other
intraarticular tunnel edge. This might cause longer
intraarticular femoral tunnel length measurement. Also the
Endobutton depth probe measures only a single tunnel wall
most frequently the anterior wall in 900 of knee flexion in
most of the cases, which is assumed to be the longer wall of
the femoral tunnel, however no supporting documents could
be found in this regards. Intraoperatively measured femoral
tunnel length using the Endobutton Indicator Selection Device
~8~
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Endobutton Indicator device to prevent the soft tissue
impingement but this incision can be used to confirm the
correct placement of the Endobutton device on the lateral
femoral cortex.

6.

Conclusion
The intraoperatively measured femoral tunnel length using
Endobutton indicator selection device as well as the
Endobutton depth probe were longer than that measured
postoperatively using CT. The mean femoral tunnel length
measured using the Endobutton Indicator Selection Device
was longer than the mean length measured using the
Endobutton depth probe but the actual mean difference was
just 0.7mm. To sum up the Endobutton Indicator Selection
Device can be an alternative to the Endobutton depth probe as
the difference of measurements obtained using either of the
device is very small added to the advantage that the
Endobutton indicator selection device is easy to use and give
measurements for selection of the correct size of Endobutton.

7.

8.
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