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Background: Lateral extra-articular tenodesis (LET) is being increasingly performed as an additional procedure in both primary and
revision anterior cruciate ligament reconstruction in patients with excessive anterolateral rotatory instability. Consistent guidelines for
femoral tunnel placement would aid in intraoperative reproducible graft placement and postoperative evaluation of LET procedures.
Purpose: To determine radiographic landmarks of a recently described isometric femoral attachment area in LET procedures with
reference to consistent radiographic reference lines.
Study Design: Descriptive laboratory study.
Methods: Ten fresh-frozen cadaveric knees were dissected. The footprints of the lateral femoral epicondyle (LFE) apex and the
deep aspects of the iliotibial tract, with its Kaplan fiber attachments (KFAs) on the distal femur, were marked with a 2.5-mm steel
ball. True lateral radiographic images were taken. Mean absolute LFE and KFA distances were measured from the posterior cortex line (anterior-posterior direction) and from the perpendicular line intersecting the contact of the posterior femoral condyle
(proximal-distal direction), respectively. Furthermore, positions were measured relative to the femur width. Finally, radiographic
descriptions of an isometric femoral attachment area were developed.
Results: The mean LFE and KFA positions were found to be 4 6 4 mm posterior and 4 6 3 mm anterior to the posterior cortex line,
and 6 6 4 mm distal and 20 6 5 mm proximal to the perpendicular line intersecting the posterior femoral condyle, respectively. The
mean LFE and KFA locations, relative to the femur width, were found at –12% and 11% (anterior-posterior) and –17% and 59% (proximal-distal), respectively. Femoral tunnel placement on or posterior to the femoral cortex line and proximal to the posterior femoral
condyle within a 10-mm distance ensures that the tunnel remains safely located in the isometric zone.
Conclusion: Radiographic landmarks for an isometric femoral tunnel placement in LET procedures were described.
Clinical Relevance: These findings may help to intraoperatively guide surgeons for an accurate, reproducible femoral tunnel
placement and to reduce the potential risk of tunnel misplacement, as well as to aid in the postoperative evaluation of LET procedures in patients with residual complaints.
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While lateral extra-articular tenodesis (LET) procedures
have historically been performed in isolated anterior cruciate ligament (ACL) injuries,3,5,10 the use of these procedures has experienced a recent resurgence in interest as
concomitant-modified procedures in improving the outcome of ACL reconstruction in primary cases displaying
excessive anterolateral rotatory instability, as well as in
ACL revision surgeries.2,7,16,21,22 Numerous LET techniques have been described and commonly include the
attachment of a redirected strip of the iliotibial tract to
the lateral femur.20
Although LET procedures are inherently nonanatomic as
they do not re-create a specific anatomic structure, they
have been shown to provide favorable effects in controlling
anterolateral rotatory instability compared with the use of
isolated intra-articular reconstruction techniques.3,6,8,23
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However, there is an ongoing debate regarding LET
procedures, as several other biomechanical studies have
displayed controversial results, including the overconstraint of internal tibial rotation or a failure to restore normal joint kinematics.4,9,15,20
Recently, Kittl et al11 compared the femoral attachment
sites of several previously described LET techniques in a biomechanical study and described a femoral isometric attachment area (IAA) for LET procedures. Thus, any LET
reconstruction combination that had a femoral insertion site
located proximal to the lateral femoral epicondyle (LFE)
and that coursed deep to the lateral collateral ligament
(LCL) displayed steady length change patterns during knee
motion and showed a significantly lower total strain range
compared with reconstructions that were located anterior
and distal to the LFE. While the femoral tunnel position of
the Lemaire reconstruction14 constituted the most distal femoral insertion point within the IAA, being just proximal and
posterior to the LFE, the femoral tunnel position of the MacIntosh reconstruction technique represented the most proximally edged insertion within the IAA, being posterior to the
femoral cortex and to the distal insertion of the Kaplan fiber
attachment (KFA) of the distal femur.10 Accordingly, it can be
assumed that any femoral tunnel position located between
the LFE and the distal insertion of the KFA results in isometric graft behavior.
In the absence of definite anatomic and radiographic
landmarks for guiding the tunnel placement in LET procedures, there is a certain risk of tunnel misplacement and
consequent nonisometric graft biomechanics. Although
limited evidence exists regarding the influence of tunnel
misplacement on clinical outcomes and failure rates in
LET procedures, it is likely that, as in other orthopaedic
reconstructive procedures, notable deviations from an isometric attachment site can compromise clinical outcomes,
including potential overconstraint of the knee, abnormal
joint kinematics, or a failure to restore rotational stability.
Therefore, reproducible surgical techniques for an accurate
tunnel positioning within the IAA are desirable.
The aim of this study was, first, to define the recently
described IAA on a lateral radiograph and, second, to
establish radiographic landmarks to assist in intraoperative femoral tunnel placement and aid in the postoperative
evaluation of LET procedures.
Furthermore, an additional purpose was to assess the
reproducibility of the identification of these landmarks by
using intra- and interclass correlation coefficients (ICCs).
We hypothesized that definable anatomic landmarks containing the IAA could be consistently identified on a lateral
radiograph and, further, that a standardized radiographic
protocol could reproducibly describe the radiographic positions of the IAA in relation to defined reference lines.

METHODS
Ten nonpaired, fresh-frozen cadaveric knees from donors
with a mean age of 68.5 6 7.5 years (7 left knees and 3
right knees) were obtained.
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One experienced orthopaedic knee surgeon (S.S.) performed all of the dissections. The skin and subcutaneous
fat were removed. Then, the iliotibial tract was dissected
and the deep aspects of the iliotibial tract, with its KFAs
on the distal femur, were exposed. A 2.4-mm drill guide
was positioned just distal of the femoral attachment of the
Kaplan fibers.
The knees were then completely dissected. The apex of
the LFE was detected and another drill guide was positioned there. The drill guides were then removed and
both tunnel entries were marked with a 2.5-mm steel ball.
Standardized true lateral radiographs were taken by
using an image intensifier (Ziehm vision R, Ziehm Imaging
GmbH), which showed overlapping condyles. A ruler was
positioned in the radiograph, which allowed for a correction
for magnification.

Radiological Measurement
Measurements of the LFE and KFA positions were performed with a professional computer-aided drawing and
measurement software (Canvas 9.0, ACD Systems).
For absolute measurement, in relation to the defined reference lines, an extension of the posterior femoral cortex
was drawn distally (line 1) (Figure 1), and the distance
between line 1 and the marked position was measured, to
determine the anterior-posterior direction (a#, positive
value, if the point was anterior to line 1). Then, 1 line perpendicular to this extension line was drawn by intersecting
the contact of the posterior femoral condyle with the posterior cortex (line 2). The distance between line 2 and the
marked position was measured to determine the proximaldistal direction (b#, positive value, if the point was proximal
to line 2).
Furthermore, for the comparable measurements of the
LFE and KFA positions in relation to the knee size, an additional extension of the anterior femoral cortex was drawn
distally (line 3) (Figure 1) and parallel to line 1, and the distance between line 1 and line 3 was measured and defined
as 100% (a). The length of a was then laid on line 1 to create
a square (b). The relative anterior-posterior and proximaldistal distances from the marked position in relation to a,
relative to b, were measured and expressed as a percentage
(a#/a, b#/b) (Figure 1).

Statistical Analysis
Two independent observers (V.J. and S.S.) measured each
of the distances on all of the radiographs on 2 different
occasions, to determine the interobserver and intraobserver ICCs by using SPSS Statistics Software version 21
(IBM Corp.). To qualify the ICC, the following commonly
used guidelines were set: \0.2, slight agreement; 0.210.40, fair agreement; 0.41-0.60, moderate agreement;
0.61-0.80, substantial agreement; and 0.81-1.00, almost
perfect agreement.13
Measurement results were analyzed using a statistical
analysis software (GraphPad Prism Software version 7 for
Mac). Mean positions, SDs, and ranges were calculated to
determine the variability of the LFE and KFA locations.
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TABLE 1
Measurement Results of the LFE and KFA
Positions in the Anterior-Posterior
and Proximal-Distal Directionsa
LFE

Mean
Min
Max
SD

Mean
Min
Max
SD

Figure 1. Measurements of the lateral femoral epicondyle
and Kaplan fiber attachment positions. An extension of the
posterior femoral cortex (line 1) and 1 perpendicular line intersecting the contact of the posterior femoral condyle with the
posterior cortex were drawn (line 2). An additional extension
of the anterior femoral cortex was drawn parallel to line 1
(line 3). The absolute (a#, b#; mm) and relative (a#/a, b#/b; %)
anterior-posterior and proximal-distal distances of the marked
positions from line 1, relative to line 2, were measured.

KFAs

ap (%)

pd (%)

ap (%)

pd (%)

–12
–34
5
12

–17
–29
–3
9

11
–5
21
7

59
36
91
17

ap (mm)

pd (mm)

ap (mm)

pd (mm)

–4
–14
2
4

–6
–12
–1
4

4
–2
7
3

20
14
26
5

a
Values are expressed as percentages relative to the width of the
femur, as distances from the posterior cortex line (ap) and as distances from the perpendicular line intersecting the contact of the
posterior femoral condyle with the posterior cortex (pd). ap,
anterior-posterior; KFA, Kaplan fiber attachment; LFE, lateral
femoral epicondyle; pd, proximal-distal.

Anterior
30
25
20

Ethical Approval

KFA (mm)

10

Ethical approval was obtained from the ethics committee of
Witten/Herdecke University, Germany (IRB 164/2018).
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Distal

RESULTS

LFE (mm)

15

-30

-25

-20

-15

-10

-5

0

Proximal
0

5

10

15

20

25

30

-5
-10

Location of the Lateral Femoral Epicondyle
The LFE was located posterior to the posterior cortical extension (line 1) in 8 specimens, and on the line and anterior to
the posterior cortical extension (line 1) in 1 specimen each.
In the proximal-distal direction, the LFE was found distal
to the posterior femoral condyle (line 2) in all 10 specimens.
The mean anterior-posterior and proximal-distal positions were found –4 6 4 mm away (posteriorly) from line
1 and –6 6 4 mm away (distally) from line 2, respectively
(Table 1, Figure 2).
The mean anterior-posterior and proximal-distal positions relative to line a were found at –12% and –17%,
respectively (Table 1).

Location of the Kaplan Fiber Attachments
on the Distal Femur
The KFA was located anterior to line 1 in 9 cases and posterior to line 1 in another specimen. In all 10 specimens,
the KFAs were located proximal to line 2.

-15
-20
-25
-30

Posterior

Figure 2. Measurement results of the lateral femoral epicondyle (LFE) and the Kaplan fiber attachment (KFA) positions in
the anterior-posterior and proximal-distal directions. The
zero point represents the intersection of the posterior cortex
line and the perpendicular line of the posterior femoral
condyle.
The mean anterior-posterior and proximal-distal locations were found 4 6 3 mm away (anteriorly) from line 1
and 20 6 5 mm away (proximally) from line 2, respectively
(Table 1, Figure 2).
The mean anterior-posterior and proximal-distal positions relative to line a were found at 11% and 59%, respectively (Table 1).
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Figure 3. A lateral radiograph containing the radiographic
description of the isometric femoral lateral extra-articular
tenodesis attachment (green ellipse) between the lateral femoral epicondyle (LFE; distal position) and the Kaplan fiber
attachment (KFA; proximal position). The black points represent the mean locations of the LFE and the KFA origins within
a 95% CI (black circles). The red square displays the recommended area for a safe isometric femoral tunnel position.
The variability of the LFE and KFA positions on a lateral
radiograph, relative to the size of the femur, is depicted in
Figure 3. Given that the isometric femoral attachment site
has been described both proximal and posterior to any
LFE, as well as distal to any KFA position (green ellipse),
the placement of the femoral tunnel proximal to the posterior femoral condyle line (line 2) within a 10-mm distance
and orientating the tunnel on or below the posterior cortex
line (line 1) ensures the safe placement of the femoral tunnel within the isometric area (red square).
The interobserver ICCs were 0.878 and 0.935, and the
intraobserver ICCs were 0.913 and 0.954, at the time of
the first and second measurements, respectively, thus indicating almost perfect agreement.

DISCUSSION
In this study, radiographic landmarks for femoral tunnel
placement in LET procedures were established, in relation
to a previously defined isometric femoral attachment site.
Based on the radiographic location of the lateral epicondyle
and the femoral attachment of the Kaplan fibers, the placement of the femoral tunnel on or posterior to the femoral cortex line and proximal to the posterior femoral condyle within
a 10-mm distance ensures that the tunnel remains safely
located in the isometric zone. Furthermore, a method of
determining the femoral tunnel position on a lateral radiograph has been described, with reference to fixed radiographic reference points. These findings may help to
intraoperatively guide surgeons for an accurate, reproducible
femoral tunnel placement and to aid in the postoperative
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evaluation of LET procedures in patients with postoperative
persistent complaints. In addition, high intra- and interclass
correlation coefficients indicate a reliable identification of
these landmarks.
As LET procedures do not reconstruct a particular anatomic structure, an intraoperative evaluation of whether
femoral tunnel positioning allows for isometric graft behavior constitutes a major challenge, especially as no anatomic
landmarks exist to identify an exact position. Therefore,
Kittl et al11 examined length change patterns of several previously described femoral attachment positions in a biomechanical cadaveric study and identified an IAA for a safe
tunnel placement. According to this study, grafts that
were attached between the LFE and the distal insertion of
the KFA and that ran deep to the LCL displayed steady
length change patterns and did not sustain excessive tightening or slackening during knee motion. Intraoperatively,
the method of palpating these anatomic landmarks may,
however, lead to a high variability of tunnel placement,
and consequent nonisometric graft biomechanics can be
assumed.
Given that the LFE on a lateral radiograph was located
distal to the posterior femoral condyle in all specimens and,
on average, 4 mm posterior to the posterior cortex line, staying proximal to the posterior femoral condyle and further orienting on the femoral cortex line regarding the anteriorposterior direction may serve as a feasible intraoperative
guidance maneuver for femoral tunnel placement. The range
of isometric tunnel positioning in the proximal direction (particularly in larger knee sizes) may be larger; however, by
remaining within a 10-mm distance proximal to the posterior
femoral condyle, the isometric placement of the femoral tunnel distal to any KFA is ensured.
Although limited evidence exists regarding the influence of tunnel misplacement in a clinical setting, biomechanical studies have demonstrated that a nonisometric
femoral attachment in LET procedures can lead to the
overconstraint of internal tibial rotation or a failure to
restore normal joint kinematics.4,9,15,20 Therefore, it may
be assumed that notable deviations from an isometric tunnel position may similarly affect the clinical outcome.
There has been a recent increase of cadaveric studies
that have identified radiographic landmarks of anatomic
structures in various other orthopaedic surgical procedures,
such as medial patellofemoral ligament, ACL, or LCL reconstructions, because the use of fluoroscopy has been shown to
reduce the variability of tunnel positions.12,17,19 Therefore,
radiographic landmarks in LET procedures may similarly
be useful in reducing the risk of tunnel misplacements, as
well as in creating consistent results.
In addition, these landmarks may help in comparing
postoperative tunnel positions in LET procedures with
clinical results, as well as in evaluating tunnel positions
in patients with recurrent rotatory instability or persisting
pain. In contrast to other studies describing radiographic
landmarks by using only absolute distances,17,18 the recommendations of this study can be used in a clinical setting independent of the size of the femur because
landmarks have been defined as absolute millimeter values, as well as distances relative to the height of the femur.
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Limitations
There are several limitations to this study. The radiographic
reference points represent the variability of 10 specimens,
which naturally includes anatomic interspecimen variations.
However, measurements were normalized in relation to the
sizes of the knees. Furthermore, the sample size is comparable with those in other radiographic studies that have been
previously performed.1,18 In addition, as definite anatomic
landmarks in LET procedures do not exist, the radiographic
references described in this study are based on the biomechanical results of 1 cadaveric study. Therefore, future
research may involve the performance of biomechanical studies of fluoroscopic controlled femoral tunnel placements in
LET procedures to compare which reconstructions optimally
reduce anterolateral rotatory instability, without providing
nonisometric overconstraint of the knee.

CONCLUSION
Radiographic landmarks for an isometric femoral tunnel
placement in LET procedures were described. These findings may help to intraoperatively guide surgeons for an
accurate, reproducible femoral tunnel placement and to
reduce the potential risk of tunnel misplacement, as well
as to aid in the postoperative evaluation of LET procedures
in patients with residual complaints.
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