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Relationship to Disease-Specific Quality of Life
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Background: Medial patellofemoral ligament (MPFL) reconstruction is a procedure aimed to reestablish the checkrein to lateral
patellar translation in patients with symptomatic patellofemoral instability. Correct femoral tunnel position is thought to be crucial to
successful MPFL reconstruction, but the accuracy of this statement in terms of patient outcomes has not been tested.

Purpose: To assess the accuracy of femoral tunnel placement in an MPFL reconstruction cohort and to determine the correlation
between tunnel accuracy and a validated disease-specific, patient-reported quality-of-life outcome measure.

Study Design: Case series; Level of evidence, 4.

Methods: Between June 2008 and February 2014, a total of 206 subjects underwent an MPFL reconstruction. Lateral radiographs
were measured to determine the accuracy of the femoral tunnel by measuring the distance from the center of the femoral tunnel to
the Schöttle point. Banff Patella Instability Instrument (BPII) scores were collected a mean 24 months postoperatively.

Results: A total of 155 (79.5%) subjects had adequate postoperative lateral radiographs and complete BPII scores. The mean duration
of follow-up (±SD) was 24.4 ± 8.2 months (range, 12-74 months). Measurement from the center of the femoral tunnel to the Schöttle
point resulted in 143 (92.3%) tunnels being categorized as “good” or “ideal.” There were 8 failures in the cohort, none of which occurred
in malpositioned tunnels. The mean distance from the center of the MPFL tunnel to the center of the Schöttle point was 5.9 ± 4.2 mm
(range, 0.5-25.9 mm). The mean postoperative BPII score was 65.2 ± 22.5 (range, 9.2-100). Pearson r correlation demonstrated no
statistically significant relationship between accuracy of femoral tunnel position and BPII score (r ¼ –0.08; 95% CI, –0.24 to 0.08).

Conclusion: There was no evidence of a correlation between the accuracy of MPFL reconstruction femoral tunnel in relation to the
Schöttle point and disease-specific quality-of-life scores. Graft failure was not related to femoral tunnel placement. The patello-
femoral instability population is complex, and patients present with multiple risk factors that, in addition to the accuracy of femoral
tunnel position, contribute to quality of life and warrant further investigation.

Keywords: patellofemoral instability; patellofemoral stabilization; patellar dislocation; patellar instability; quality of life; MPFL
reconstruction

Patellofemoral instability is a common knee problem that is
frequently associated with pain, decreased activity,
reduced quality of life, and long-term osteoarthri-
tis.10,13,23,25 Medial patellofemoral ligament (MPFL) recon-
struction is an accepted procedure to stabilize the patella
and has demonstrated excellent results.8,9,17,21,29,42 Correct
femoral tunnel position is crucial to successful MPFL recon-
struction.4,27,34,43,44 Biomechanical studies have demon-
strated that the femoral tunnel position is the most
important factor affecting isometric behavior of the MPFL
ligament.{ These studies have demonstrated that malposi-
tioning of the femoral tunnel changes the isometry of the
ligament graft and increases patellofemoral contact
pressures.31,39,40
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In 2007, Schöttle et al33 described the fluoroscopic land-
marks for MPFL reconstruction femoral tunnel position
using a lateral view. In this study of 8 cadaveric specimens,
a radiopaque marker placed in the femoral insertion of the
MPFL was within a 5-mm area that is now widely known as
the ‘‘Schöttle point.’’ The Schöttle point is located 1.3 ±
1.7 mm anterior to the posterior cortical line and between
2 perpendicular lines to this extension line. Of these per-
pendicular lines, 1 intersects the contact of the posterior
femoral condyle with the posterior cortex and 1 intersects
the posterior point of the Blumensaat line. The Schöttle
point has been used as a reference standard to assess the
accuracy of MPFL femoral tunnel placement after recon-
structive surgery.2,11,18,22,28,46

The Banff Patella Instability Instrument (BPII) was
published in 2013 and is the only disease-specific, patient-
reported quality-of-life outcome measure validated specifi-
cally for patients with patellofemoral instability.12-14,19 It is
a 32-question, self-administered quality-of-life outcome
measure. Questions are answered on a 100-mm visual ana-
log scale, and the sum total of all items is converted to a
score out of 100. The BPII is designed to capture a holistic
view of the quality of life of patients with patellofemoral
instability by assessing a broad range of constructs, includ-
ing symptoms and physical complaints, work-related con-
cerns, recreation- and sport-related concerns, lifestyle
concerns, and social and emotional concerns. The BPII has
demonstrated content validity, strong internal consistency,
excellent reliability, and a statistically significant level of
construct validity in both unstable and surgically stabilized
patellofemoral instability patients.13,14

The purpose of this study was to assess the accuracy of
femoral tunnel placement in an MPFL reconstruction
cohort and to determine the correlation between femoral
tunnel accuracy and a validated disease-specific patient-
reported quality-of-life outcome measure.

METHODS

Between June 2008 and February 2014, a total of 206
patients underwent an MPFL reconstruction by a single
fellowship-trained sport medicine and arthroscopy knee
surgeon (L.A.H.). The diagnosis of patellar instability was
confirmed via subjective, clinical, and diagnostic imaging
assessment. The MPFL reconstruction procedures were
performed using a consistent surgical technique. After
appropriate anesthesia, the limb was prepped and draped
in a sterile fashion. A thorough examination under anes-
thesia was completed, and the diagnosis of patellofemoral
instability was confirmed. The semitendinosus or gracilis
tendon was harvested. A diagnostic and therapeutic knee
arthroscopy was performed. The graft was attached to the
superomedial border of the patella using two 3.3 Poplok
suture anchors (ConMed Linvatec) around a prepared
bleeding bone bed. The graft was passed to the femoral
insertion point through layer 2 of the knee, below the vas-
tus medialis fascia in an extra-articular position. Approxi-
mate femoral tunnel placement was assessed using the
palpation method to determine anatomic landmarks,32

placing the guide pin in the saddle between the medial
epicondyle and the adductor tubercle. Femoral tunnel
placement was then finalized by assessment of graft biome-
chanics using sutures from the suture anchors. The sutures
were required to be the most taut in full extension of the
knee and loosen with knee flexion. If this did not occur, the
guide pin was repositioned accordingly. The graft was then
docked into an appropriately sized tunnel at the femoral
attachment and fixed using a biocomposite screw (Genesys
Matrix; ConMed Linvatec or BioSure; Smith & Nephew).

Postoperative rehabilitation included early weightbear-
ing as tolerated, with crutches used to facilitate a normal
gait pattern. A short period of immobilization in a range of
motion knee brace (up to 48 hours postoperative) was fol-
lowed by unrestricted range of motion of the knee. The
phase-based rehabilitation protocol emphasized quadriceps
activation, including the use of electrical muscle stimula-
tion and functional exercises. In cases where a tibial tuber-
cle osteotomy (TTO) was performed in conjunction with the
MPFL reconstruction, knee range of motion was initiated
at 2 weeks postoperatively.

Lateral radiographs were taken postoperatively and
were measured to determine the accuracy of the femoral
tunnel in relation to the Schöttle point. Radiographs were
determined to be adequate by evaluating the overlap of the
medial and lateral condyles on the true lateral view. Rota-
tion in any direction of less than 7 mm was considered
acceptable.3 The femoral tunnel had to be readily identified
on the lateral radiograph to be considered for the study.
Radiographs were evaluated using IMPAX Software (Agfa
Healthcare). The posterior border of the cortex of the femur
was marked (line 1). The superior border of the notch was
marked perpendicular to line 1 (line 2). The superior bor-
der of the femoral condyle was marked parallel to line 2
(line 3). The anterior to posterior width of the femur was
measured at line 2. The Schöttle point was then marked
1.3 mm anterior to line 1, halfway between lines 2 and 3.
The center of the femoral tunnel (T) from the MPFL recon-
struction was then marked. The distance from the center
of the femoral tunnel to the Schöttle point (A) was then
determined (A-T distance) (Figure 1). Rating categories
and criteria for tunnel position were standardized and
defined a priori as ideal (0-6 mm), good (>6-12 mm), or
poor (>12 mm). An ideal or good femoral tunnel position
was considered accurate.

To ensure the A-T measure was reliable, an intraclass
correlation coefficient, ICC(2,k), was employed to assess
interrater reliability. For the first 73 subjects, 2 orthopae-
dic surgeons measured the A-T distance on each radiograph
blinded to each other and to each patient’s identity. The
ICC(2,k) was chosen since the raters were considered ran-
dom and it is intended for the results of this research to be
generalizable to a wider population. The ICC was assessed
as 0.89 and confirmed the interrater reliability of this
method of measurement. The anterior to posterior diameter
of the distal femoral condyles was measured to normalize
the A-T distance (Schöttle point to femoral tunnel) to femur
size. To normalize the tunnel position, the A-T distance was
divided by the anterior to posterior diameter of the femoral
condyle (mm).
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The BPII was completed by patients preoperatively and
at the 1- and 2-year follow-up visits, as well as at any
subsequent appointments. Demographic information was
collected, including age at time of surgery, sex, body mass
index, side of surgery, and whether the patient had unilat-
eral or bilateral patellofemoral instability.

Statistical Considerations

The pre- and postoperative BPII scores were compared
using a paired t test to evaluate the responsiveness of the
BPII as well as the effectiveness of the surgical interven-
tion. A Pearson r correlation coefficient (95% CI) was cal-
culated to assess the relationship between the femoral
tunnel position and the quality-of-life measure (BPII). In
addition, Pearson r correlation was calculated for the fem-
oral tunnel rating category (ideal, good, poor) to the BPII
score. A Pearson r correlation coefficient was also calcu-
lated using the value of the A-T distance normalized to the
size of the femur. All data were analyzed using SPSS
version 22 (IBM Corp).

RESULTS

Of the 206 patients who underwent MPFL reconstruction
procedures, 11 were excluded from the cohort. Seven of
these patients had subsequent significant procedures

within 2 years such as a femoral or tibial osteotomy or fresh
osteochondral transplant of the patella, 1 patient had no
femoral tunnel as the procedure was performed with open
physes and therefore a different surgical technique was
employed, 2 patients were excluded due to significant psy-
chiatric or chronic pain issues, and 1 patient was excluded
due to a workers’ compensation claim. The remaining
cohort of 195 patients was evaluated. Six patients (3.1%)
were lost to follow-up and had no postoperative imaging
and no BPII score. Thirty-four patients (17.4%) had partial
data: 15 with no adequate postoperative imaging and 19
with no complete BPII score. Therefore 155 (79.5%)
patients were included in the correlation, with adequate
tunnel position radiographs and complete BPII scores a
minimum of 1 year postoperatively. Due to surgical timing
in relation to publication of the BPII, 133 patients had
both pre- and postoperative BPII scores for t test
comparison.

There were 36 male and 119 female patients. The mean
(±SD) duration of follow-up was 24.4 ± 8.2 months (range,
12-74 months), with 148 patients completing follow-up to at
least 2 years. There were 62 right knees and 93 left knees.
The mean patient age was 25.4 ± 8.9 years (range, 13.4-50.4
years), with a mean body mass index of 23.8 ± 3.7 kg/m2

(range, 16-38 kg/m2). At the time of final assessment, 90
patients had unilateral patellofemoral instability, and 65
patients had bilateral instability. High-grade trochlear dys-
plasia was present in 73 patients, low-grade trochlear dys-
plasia was present in 58 patients, and 24 patients had no
evidence of trochlear dysplasia. Patella alta, measured as a
Caton-Deschamps ratio �1.3, was positive in 21 patients.
Femoral anteversion was present in 34 patients. A tibial
tubercle–trochlear groove (TT-TG) distance of�15 mm was
present in 51 patients, with 23 patients demonstrating a
TT-TG of �20 mm. A TTO to correct alignment was per-
formed in 36 of 155 surgeries.

Measurement from the center of the femoral tunnel to
the center of the Schöttle point resulted in 143 (92.3%) tun-
nels being categorized as ‘‘ideal’’ or ‘‘good.’’ The mean A-T
distance for the cohort was 5.9 ± 4.1 mm (range, 0.5-25.9
mm) from the center of the MPFL tunnel to the center of the
Schöttle point. The mean preoperative BPII score was 23.1
± 12.6 (range, 0.72-86.8; n ¼ 132), and the mean postoper-
ative BPII score was 65.2 ± 22.5 (range, 9.2-100; n ¼ 155).
For the 34 cases with partial data, the 19 patients with
adequate radiographs but no BPII score demonstrated a
mean A-T distance of 5.8 mm, and the 15 patients with no
adequate postoperative imaging demonstrated a mean
BPII score of 70.8. The mean BPII score was 61.8 ± 23.6
(range, 9.2-100; n ¼ 102) for the tunnels categorized as
‘‘ideal,’’ 63.4 ± 21.4 (range, 26.3-98.9; n ¼ 40) for tunnels
categorized as ‘‘good,’’ and 62.1 ± 17.2 (range, 33.1-92.1; n¼
13) for tunnels categorized as ‘‘poor.’’ There was a signifi-
cant difference between the preoperative (mean ± SD, 23.5
± 12.5) and postoperative (65.2 ± 22.5) BPII scores, t(131) ¼
19.7, P < .001. The effect size of this difference (r ¼ 0.86)
was classified as large.

High-grade trochlear dysplasia was present in 48 of 102
(47%) patients with ideal tunnels, 19 of 40 (48%) patients
with good tunnels, and 6 of 13 (46%) patients with poor

Figure 1. Identification of the femoral tunnel. Line 1, posterior
border of the cortex of the femur; line 2, superior border of the
notch, perpendicular to line 1; line 3, superior border of the
femoral condyle, parallel to line 2; T, center of the femoral
tunnel. The Schöttle point (A) is centered 1.3 mm anterior to
line 1 and midway between lines 2 and 3.
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tunnels. In the group assessed as having ideal tunnels, 27
of 102 (26.5%) patients had a TTO performed in addition to
their MPFL reconstruction. A TTO was performed in 7 of 40
(17.5%) patients in the good tunnel group and 2 of 13
(15.4%) patients in the poor tunnel group.

Pearson r correlation demonstrated no statistically sig-
nificant relationship between accuracy of tunnel position
(A-T distance) and BPII score (r ¼ –0.08; 95% CI, –0.24 to
0.08). The Pearson r correlation coefficient between the
BPII score and tunnel category (ideal, good, or poor) was
also not significant (r ¼ 0.02; 95% CI, –0.14 to 0.18). The
Pearson r correlation demonstrated no significant correla-
tion between the normalized femoral tunnel position based
on femoral diameter and the A-T distance (femoral tunnel
accuracy) (r ¼ –0.08; 95% CI, –0.24 to 0.08).

There were 8 failures in the cohort (4.1%). Four failures
occurred in patients with an ideal tunnel position and 4
occurred in patients with good tunnel position. The mean
A-T distance for the failed MPFL reconstructions was 5.4
mm (range, 1.6-9.3 mm).

DISCUSSION

In this patient cohort, accurate femoral tunnels were placed
greater than 92% of the time in relation to the Schöttle
point during MPFL reconstruction. The assessment of tun-
nel position on the lateral radiographs demonstrated a very
high level of interrater reliability. There was no difference
in mean postoperative BPII scores for ideal, good, and poor
tunnels. There was no evidence of a correlation between the
accuracy of the femoral tunnel in relation to the Schöttle
point and the disease-specific quality-of-life score. The fail-
ures in this cohort were not related to the femoral tunnel
position.

A number of studies have assessed MPFL reconstruction
femoral tunnel position and have reported mixed results
with respect to clinical outcomes. Servien et al34 were the
first to analyze femoral tunnel position after MPFL recon-
struction. This study assessed 29 patients using plain radi-
ography and magnetic resonance imaging as well as clinical
results, including the subjective International Knee Docu-
mentation Committee (IKDC) score, knee range of motion,
apprehension test, and joint hypermobility. These authors
found no correlation between the femoral tunnel position
and the subjective IKDC score or range of motion. As noted
by these authors, this study comprised a small cohort, mak-
ing it difficult to draw concrete conclusions between MPFL
tunnel accuracy and outcomes. Some more recent studies
have reported an association between inaccurate femoral
tunnel placement and outcomes after surgery.16,20 In addi-
tion, 2 case series publications have described complica-
tions after MPFL reconstruction and ascribed these to
poor femoral tunnel position.24,26 Unfortunately, all these
studies contained a limited number of patients, which lim-
its the ability to draw robust conclusions regarding the
influence of tunnel position on patient-reported outcome.

Multiple biomechanical studies have demonstrated that
the femoral tunnel position for MPFL reconstruction is the
most important factor that affects the isometric behavior of

the ligament.# Given the detrimental effect that poor tun-
nel position has on patellofemoral force production in the
laboratory, the lack of clinical studies corroborating these
findings is concerning. The inability of clinical studies to
confirm the results of biomechanical studies may be due
to small sample sizes in both fields of literature. In addi-
tion, the published clinical studies have a relatively short
duration of follow-up, and poor femoral tunnel position
may have a greater effect on longer term outcomes. If
excessive patellofemoral forces occur as a result of poor
tunnel position, then it may require longer follow-up to
demonstrate the sequelae of this overload. If cartilage
overload is the result of poor tunnel position, it could take
many years for the clinical repercussions to develop suf-
ficiently to be measurable.

Another reason that clinical study outcomes may not
align with biomechanical studies is because the primary
outcome measure used may not be sufficiently robust or
sensitive to detect a clinically important change. Multiple
studies have been conducted to ascertain the clinical out-
comes after MPFL reconstruction for patellofemoral insta-
bility.8,9,17,21,37 These studies were performed prior to the
development of any disease-specific outcome measure
designed for patellofemoral instability. The majority of
these studies utilize the Kujala, IKDC, or Lysholm score
as the outcome, and none of these measures have been
extensively assessed for clinimetric and psychometric
soundness in patients with patellofemoral instability.36

The current study is the first to utilize a disease-specific
patient-reported outcome measure to assess the influence
of femoral tunnel position after MPFL reconstruction. As a
quality-of-life measure, the BPII assesses a broad range of
constructs including symptoms and physical complaints,
work-related concerns, recreation- and sport-related con-
cerns, lifestyle concerns, and social and emotional concerns.
By including these domains, the BPII is designed to capture
a more holistic view of the quality of life of patients with
patellofemoral instability. The significant improvement in
BPII score from pre- to postoperative in this cohort also
indicates the responsiveness to change of this outcome mea-
sure. The BPII has demonstrated validity, reliability, and
responsiveness to change, providing a patient-reported out-
come measure that can be used for correlation to clinical
and functional outcomes in this challenging patient
population.12,13,19

Variability in measuring the ideal femoral tunnel posi-
tion radiologically may be a reason that the literature has
been unable to demonstrate a relationship between femoral
tunnel position and clinical outcomes. The Schöttle point is
the most frequently employed reference standard for fem-
oral tunnel position in MPFL reconstruction. The study by
Schöttle et al33 was performed on 8 normal knees and
therefore may not reflect the anatomic insertion point of
the MPFL in knees with a dysplastic distal femur. This
concept is consistent with recent research demonstrating
that the Schöttle point did not correlate with the anatomic
insertion of the MPFL in dysplastic femurs relative to the

#References 1, 7, 15, 35, 38, 39, 41, 45, 47, 49.
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adductor tubercle.32 Despite the widespread use of the
Schöttle point, the radiographic parameters for the ana-
tomic insertion points of the MPFL have not been entirely
consistent in the literature. Although the work by Schöttle
et al33 is widely quoted, other studies have shown there
may be more variability in the radiographic insertion point
of the MPFL.3,6,30,48

The current study attempted to mitigate the challenges
of assessing femoral tunnel position by assessing interrater
reliability of the femoral tunnel accuracy measurement
technique and by also using normalization of femur size
as an alternate method to assess the relationship between
tunnel accuracy and outcomes. Normalization was per-
formed to adjust for the fact that a tunnel that is 10 mm
from the Schöttle point in a large femur may have less
influence on patient-reported outcomes than the same dis-
tance in a small femur. This calculation did not yield any
significant correlation between femoral tunnel accuracy
and patient-reported quality of life.

Limitations of this study include the relatively short
follow-up time, with a mean of 24.4 months postoperative.
Based on this follow-up timeline, all sequelae secondary
to femoral tunnel positioning may not yet be evident in
terms of affecting disease-specific outcome scores, and
further long-term follow-up of this patient cohort will be
required. This consecutive cohort of patients is a con-
venience sample of patients with patellofemoral insta-
bility that presented to a tertiary orthopaedic sports
medicine clinic. Therefore, the sample may not represent
the entire spectrum of patients with this disorder. The lack
of objective outcome measures in this population could be
considered a limitation; however, given the paucity of
information on the natural history of poor tunnel position
after MPFL reconstruction, selecting an appropriate
measure is difficult.

The currently accepted gold standard of the Schöttle
point may not represent a true gold standard for the ideal
tunnel position for MPFL reconstruction. It remains, how-
ever, the most widely used and reproducible radiographic
landmark, and therefore, it was adopted as the most appro-
priate reference standard for this study. The use of lateral
radiographs may also be considered a limitation of this
study, especially given recent criticism of the use of radio-
logic measures due to their inherent risk of error.50

Although 3-dimensional imaging may provide a more accu-
rate measure of the exact location of the femoral tunnel,
this was not a feasible test on this large clinical cohort, and
valid and reliable measurement methods have not been
reported. The low number of poor tunnels assessed in the
cohort may influence the statistical power of this group’s
correlation to the BPII. However, it should also be noted
that no graft failures occurred in the group of patients with
poor tunnels. Finally, the heterogeneity of this cohort with
respect to the different pathoanatomies could be considered
a limitation. However, the surgical correction of significant
pathoanatomies using an à la carte approach attempts to
create homogeneity in this complex population by correct-
ing anatomic or biomechanical pathologies.5 The entire
cohort was treated according to presenting pathologies,
and the placement of the femoral tunnel was independent

of these comorbidities. Patients with patellofemoral insta-
bility are a diverse group. Given the paucity of information
on the contribution of pathoanatomic risk factors on the
results of MPFL reconstruction, the analysis of the entire
patient cohort was a logical initial step to identify patterns
with respect to outcomes.

This study represents a large patellofemoral instability
cohort with assessment of femoral tunnel accuracy and
clinical outcomes after MPFL reconstruction. The study
analysis did not identify an association between femoral
tunnel position and patient-reported quality-of-life out-
come. The study was methodologically sound and has
reported confidence intervals or effect size in the statistical
analysis, and therefore, the influence of sample size on the
results. This is also the only study to use a disease-specific,
patient-reported quality-of-life measure to assess clinical
outcome. This study also included a range of tunnel position
placements and a strong degree of follow-up to allow for
accurate correlation assessment.

CONCLUSION

In this study, there was no evidence of a correlation
between the accuracy of the MPFL reconstruction femoral
tunnel in relation to the Schöttle point and disease-specific
quality-of-life scores. Graft failure was not related to
femoral tunnel placement. The patellofemoral instability
population is complex, and patients present with multiple
risk factors that, in addition to the accuracy of femoral
tunnel position, contribute to quality of life and warrant
further investigation.
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