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Article history: Introduction: Medial patellofemoral ligament (MPFL) reconstruction is performed for the recurrent
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€ ) graft at or within the 7-mm circle of Schottle point (acceptable position) over the femur. Most studies
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recommend the location of Schottle's point using intraoperative fluoroscopy or seldom by clinical
palpation. We conducted a clinical study to understand the accuracy of locating Schottle's point by
clinical palpation and its effect on outcome after MPFL reconstruction.
. Method: 30 patients with RPD were included in this retrospective study after MPFL reconstruction. Post-
Schottle point K R . . . o
Palpatory operative CTscan was performed to locate the position of the femoral tunnel using Servien grid criteria
Medial patellofemoral ligament and Schottle's point location. The clinical outcome was assessed using Lysholm and Kujala Scores at the
Reconstruction end of a minimum of two years.
Outcome Results: 30 patients (11 male, 19 female) with a mean age of 24.8 years (range, 16—45 years) were fol-
lowed for a mean of 42 months (range, 24—96 months). Mean Kujala score improved from 53.8 to 91.5
(p=0.0001), and Lysholm score improved from 59.0 to 93.3 (p=0.0001) in all 30 patients. Post-
operative CT assessment revealed 19 patients (63.3%) had a tunnel in an acceptable position and 11
patients (36.7%) in an unacceptable position. Eight of the eleven unacceptable tunnels were placed in the
anteroposterior direction, and three in superior-inferior direction. However, there was no significant
difference between the Lysholm and Kujala scores of patients with acceptable versus unacceptable
tunnels.
Conclusion: Placement of the femoral tunnel over the medial femoral condyle by the palpatory method is
accurate in close to 2/3rd of the cases only whereas rest 1/3rd may fall outside the acceptable position.
Hence, it is recommended to confirm the placement of femoral tunnel with intraoperative fluoroscopy at
the acceptable position to avoid error.
Level of study: Retrospective case series, level IV.
© 2018 Published by Elsevier, a division of RELX India, Pvt. Ltd on behalf of International Society for
Knowledge for Surgeons on Arthroscopy and Arthroplasty.
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1. Introduction reconstruction in 1992 for recurrent patella dislocation,' it is
increasingly performed to prevent such recurrences and improve
Since Ellera Gomes stressed the importance of MPFL the clinical outcome.> ® The clinical outcome after MPFL recon-
struction depends upon many factors such as the location of
femoral and patella tunnels,” trochlear dysplasia,®® static versus
_ _ , dynamic reconstruction,'® graft tension,'' flexion angle of graft
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; . . ) - fixation' ~ and associated cartilage lesions. A major factor which
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increased medial facet compressive forces and medial patella
arthrosis.”>'* Hence, one of the key factor to a successful MPFL
reconstruction lies with the restoration of the isometric property of
MPFL, and this goal is achieved by the anatomic placement of the
graft over the MFC.">~17

The optimal position of the femoral tunnel at the MFC is still
debatable as various studies suggest different landmark for
attachment of MPFL for isometry restoration such as over the
medial epicondyle,'®'® adductor tubercle’®~%? or anterior to the
medial epicondyle.?>** However, most authors conclude that it lies
over a dimple between the adductor tubercle and medial epi-
condyle more specifically proximal and posterior to ME and distal
and anterior to AT which is also known as ‘Nomura point'*>~>° and
it possesses the isometric properties.'®*!*?> However, Blatter et al.
suggested that the landmark for MPFL origin over MFC could be
patient specific.>®

The identification of such landmarks over the MFC during the
surgery could be done by fluoroscopy or clinical palpation. The
most common fluoroscopic method used to locate ‘anatomic,
native’ MPFL attachment over MFC is the one described by Schottle
et al. who concluded that the “MPFL insertion over MFC could be
reproducibly identified using intra-operative fluoroscopy at a point
1.3 mm anterior to the posterior cortical line extension, 2.5 mm
distal to a perpendicular line intersecting the origin of the posterior
medial femoral condyle, and 3 mm proximal to a perpendicular line
intersecting the posterior point of the Blumensaat line”, and all
these points were within a circle of 5 mm diameter.>* Servian et al.
expanded the ‘5-mm circle’ to ‘7-mm circle’ as “acceptable tunnel
position” over MFC because most tunnel diameters at MFC are of
7 mm.>

In comparison to radiographic landmarks, the clinical palpation
of designated anatomical landmarks for the placement of MPFL
over MFC depends upon the experience of the surgeon and how
well the palpation of Adductor tubercle (AT) and medial epicondyle
(ME) could be executed. Further, the bony landmarks are covered
with soft tissues making it difficult to palpate. This may lead to
inaccurate graft placement over the MFC.>® Whichever method,
fluoroscopy or palpatory, is used to locate the area over MFC to
attach graft for MPFL reconstruction; the good outcome is depen-
dent upon how close it is to the anatomical insertion of MPFL
restoring isometry.>”

We hypothesize that the accuracy of clinical palpation by an
experienced surgeon is similar to that of the fluoroscopic method
and it will lie within the acceptable limits described by Servian
et al.>> Secondly, the placement of the tunnel outside the accept-
able zone will affect the clinical outcome as compared to accurately
placed ones.

2. Material and method

This study was approved by institutional review board which
constituted the retrospective evaluation of patients with recurrent
patellar dislocation (RPD) who underwent MPFL reconstruction by
Christiansen patella dual tunnel technique.>® From 2010 to 2013, a
total of 38 patients were operated for MPFL reconstruction and
were included in the study. A total 30 patients were finally included
in the study with a minimum follow-up of two years. Eight patients
were excluded either due to lack of acceptable postoperative im-
aging, or they did not turn up for minimum follow-up period
required. Inclusion criteria were patients with recurrent patellar
dislocation who had magnetic resonance imaging (MRI) proven
MPFL tear and tibial tubercle-tibial tuberosity (TT-TG) distance less
than 20 mm. Patients with TT-TG interval greater than 20 mm,
those who underwent distalisation or medialization procedure of
tibial tuberosity, Dejour type 3 and 4 trochlear dysplasia,

patellofemoral arthritis, patients with open physis, patients with
multi-ligament injury and periarticular fractures were excluded
from the study.

Each patient had undergone a standard preoperative detailed
clinical evaluation to confirm the diagnosis of the RPD. MRI was
performed to confirm the tear in MPFL, type of trochlear dysplasia
and TT-TG interval assessment. Postoperatively, each patient un-
derwent plain radiograph (anteroposterior and true lateral) and
computed tomography (CT) scan with 3-dimensional reconstruc-
tion accurately locate the tunnel over the MFC.

Surgical technique: All the surgeries were performed by a single
senior surgeon who had experience in patella reconstructive sur-
gery for more than seven years. After appropriate anesthesia,
standard part preparation and draping, the diagnostic arthroscopy
was performed. The status of patellar cartilage was documented,
and the loose body was removed, if any. The meniscal and cartilage
lesions were treated as per standard protocol. After diagnostic
arthroscopy, the ipsilateral semitendinosus graft was harvested
with standard technique. The two ends of graft were prepared by
running baseball sutures using no.5 Ethibond sutures (Johnson and
Johnson, USA). The MPFL reconstruction was performed by the
technique described by Christiansen et al. using two transverse
patella tunnel.>® Then, a 2 cm long incision was made over the skin
of superior two-third of the lateral border of the patella. Subcu-
taneous tissue and deeper lateral retinaculum were incised linearly
to expose the lateral border of the patella. Then, two 4.5 mm par-
allel transverse patellar tunnels were drilled from lateral to the
medial border of the patella. Then, another incision was made over
the medial border of the patella to expose the medial ends of the
tunnels. Next, a one-inch long incision was made over the MFC
between ME and AT. Subcutaneous tissue and deep fascia were
sharply incised along the lines of skin incision. The ME and AT were
palpated, and its center point was felt and visually confirmed. A
2.0 mm guide wire was placed over the center point and was drilled
towards the superolateral direction to exit from the superolateral
cortex of the femur. Then, 7.0 mm cannulated femoral reamer was
used to drill the near cortex only.

Then; the ST graft was looped around the two patellar tunnel,
and two free limbs of ST graft were passed between the second and
third layer of the knee on the medial aspect. Further, the two limbs
were passed via the femoral tunnel keeping the knee in 30° flexion,
and the graft was fixed in the femoral tunnel with a 7 x 25 mm
bioabsorbable interference screw. The knee was extended back to
check the adequacy of graft tension. An adequately tensioned MPFL
graft allows one to two quadrants of lateral patellar movement
possible. Then, the knee was moved passively to full range of
flexion to confirm that the graft fixation is not tight to prevent full
flexion. The wounds were closed in layers. Three patients under-
went lateral release too.

Rehabilitation: All patients underwent standard rehabilitation
in the form of gradual knee mobilization in hinge brace, quadriceps
strengthening exercises, and progressive weight bearing. Return to
sports was allowed after 5—6 months when patient achieved full
range of motion (ROM) and strength.

Postoperative radiographic assessment of femoral tunnel: Each
patient underwent postoperative plain radiograph (anteroposterior
and lateral) and a CT scan to assess the placement of tunnel on the
standard Schottles' point. Though Schottle stated that all the points
of MPFL attachment were within the circle of 5mm diameter, we
considered circle diameter as 7 mm as a reference because the
standard femoral tunnel diameter was 7 mm as described by Ser-
vian et al. method.>® All the tunnels lying within this range were
considered to be adequate (SPA). A mal-positioned tunnel was
considered anywhere outside this circle (SPU) of 7 mm diameter.
Fig.1 depicts the relationship of three landmarks (AT, ME, and MPFL
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Fig. 1. (AB): Figure 1A shows the landmarks on the medial femoral condyle of right cadaveric femur specimen where the centre of MPFL is attached in the middle of the AT and ME.
Figure 1B shows the lateral radiographic image of the same cadaveric femur with lines drawn to indicate Schottle’s point. The Schottle point is indicated by deep orange arrow while
AT and ME by yellow arrows. AT, Adductor tubercle; ME, Medial epicondyle; MPFL, Medial patellofemoral ligament.

center) over the cadaveric femur specimen and adjoining radio-
graph. All images were displayed on imaging software provided by
InstaRISPACS for assessment of various parameters. All the outliers
(SPU) were plotted on the standard X-ray and CT scan concerning
their distance from Schottle's point (Fig. 2). Further, the Servian grid
was 1 x 1 cm square was superimposed over the image with outlier
points (SPU) to assess how many were in an anteroposterior

Superior

Anterior

Fig. 2. Lateral radiographic image of the femur plotted with the all eleven outliers
(black circles). Yellow circle indicates AT, Blue circle indicates ME and green circle
shows Schottle’s point. The 7 mm wide brown circle indicates maximum permissible
acceptable position for a tunnel. Three lines (white, blue and yellow) used to draw
Schottle point. AT, adductor tubercle; ME, medial epicondyle.

Superior

Anterior Posterior

Fig. 3. Lateral radiographic image of the femur plotted with the all eleven outliers
(black circles) and a grid of 1x1 cm squares described by Servian et al. The squares
shaded in light yellow indicate anteroposterior plane. Yellow circle indicates AT, Blue
circle indicates ME and green circle shows Schottle point. The 7 mm wide brown circle
indicates maximum permissible acceptable position for a tunnel. AT, Adductor tuber-
cle; ME, Medial epicondyle.

direction or superior-inferior direction (Fig. 3). The horizontal
square row of D and E was considered to be anteroposterior in
direction, and any square lying elsewhere was superior or inferior.

The preoperative and postoperative data were analyzed using
chi-square and paired t-test.

3. Results

The final follow-up included 30 patients (11 males and 19 fe-
males) with a mean age of 24.8 years (range, 16—45 years). The
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mean follow-up was 42 months (range, 24—96 months). Eight had
right knee involvement, and 22 had left knee involvement.

At the final follow-up, the mean preoperative Kujala score
improved from 53.83 to 91.57 postoperatively (p =0.0001). The
mean Lysholm score improved from 59.0 to 93.37 (p =0.0001)
[Table 1]. No patient had any recurrence of dislocation or
subluxation.

The postoperative radiographic assessment revealed that 19
(63.3%) out of 30 patients had tunnels in the acceptable position
(SPA) whereas 11 (36.7%) patients had their tunnels located outside
the acceptable limit of Schottle's point (SPU). Fig. 2 demonstrates
the location of 11 tunnels which were outside the acceptable limit
(SPU). The mean distance of these 11 tunnels from Schottle's point
was 11.9 mm (range, 8—24 mm) or approximately 4 mm outside the
acceptable circle of 7 mm with Schottle point at center. On super-
imposing the Servian grid over the tunnels located over the MFC,
eight tunnels were mal-positioned in the anteroposterior direction
(in the block of D and E) whereas two were in superior and one in
an inferior direction (Fig. 3). Fig. 4 illustrates three cases of the
malpositioned tunnel on a 3-D CT scan.

However, the Kujala and Lysholm score of patients “within, SPA”
and “outside, SPU” did not show any significant difference (Table 2).

4. Discussion

The significant finding from our study states that even in the
experienced surgeon's hand, palpatory localization of Schottle's
point or anatomical insertion of MPFL is accurate only in two-third
cases and a third of tunnels are located outside the acceptable
limits. Derived from this study, fluoroscopic guidance is now
mandatorily used in our unit by default. However, the tunnels
outside the ‘currently defined’ acceptable limits do not affect the
clinical outcomes significantly."

The palpatory method in our series could place only 63.3%
tunnels over acceptable area whereas 36.7% cases were in outlier
group (SPU). By the palpatory method, Servian et al. reported 70%
accuracy in tunnel placement whereas McCarthy et al. reported
only 36% of tunnels placed in the acceptable position.>>* In a
cadaveric study wherein surgeons of varying experience located
accurate position by palpatory method; Hershel et al. reported that
29% of all the tunnels were in correct zone, another 47% in less than
5mm of correct zone and another 23% were complete outliers.®
Further, Hershel et al. did not find any difference in the tunnel
localization by surgeons with different level of expertise. So, in
most cases, a third of tunnel placement might remain out of the
acceptable zone using palpatory method.

Our series shows that most malpositioned tunnels are in the
anteroposterior direction (8 out of 11, 77%) where as only three in
the superior-inferior direction. Serivan et al. reported more outliers
in proximal (5 out of 10, 50%) in the proximal direction and less in
anterior direction (3 out of 10, 30%) on MRI assessment.>> The mean
distance erred in our series using palpatory method was 11.9 mm
(approximately 5 mm outside the acceptable circle of 7 mm diam-
eter) whereas McCarthy et al.>” reported an error of 13.25 mm from
Schottle point (approximately 6 mm outside the acceptable circle of

Table 1
Mean pre- and post-operative Lysholm and Kujala scores of patients. Cl, confidence
interval.

Mean Score 95% CI P value
Preoperative Lysholm score 59.0 54.11-63.9 0.0001
Postoperative Lysholm score 933 91.25-95.5
Preoperative Kujala score 53.83 41.8—59.86 0.0001
Postoperative Kujala score 91.5 89.96-93.18

7 mm diameter). This data suggests that the palpatory method re-
mains an inaccurate method to locate the exact tunnel position for
MPFL attachment and should be avoided.

Although the fluoroscopic methods described in the litera-
ture>4“ result in the reproducible and acceptable placement of the
femoral tunnel for MPFL reconstruction, but fluoroscopy is often
routinely not used due to practical reasons, and surgeons often feel
confident about their skills of the palpatory method. Further, the
accuracy of the palpatory method also depends upon that how well
these landmarks (AT or ME) can be palpated with ease. The
Adductor tubercle is often well palpated in comparison to medial
epicondyle as latter is often flat or like a groove.?° Also, the area
between the ME and AT is often covered with scar tissue due to
ruptured MPFL from femoral origin further blunting the palpatory
feeling of these landmarks especially ME.

The major factor deciding the outcome after MPFL reconstruc-
tion is accurate tunnel placement over the medial femoral
condyle?” and deviation as little as 5 mm from the designated point
of MPFL anatomic insertion leads to altered isometric behavior of
the graft affecting the outcome.'®?* Hence, it is our strong recom-
mendation that the positioning of the tunnel should always be
confirmed with the intraoperative fluoroscopic method to avoid
mal-positioning of tunnels and one should not rely on one's pal-
patory skills to locate the landmarks for tunnel placement.

The second observation arising out of our study is that although
there were 36% “anisometric outliers” but they did not influence
the outcome as compared to the 64% of “acceptable isometric po-
sition” ones. Similar observations were reported by McCarthy et al.
and Servian et al. who did not find any difference between the
patients who had mal-positioned tunnel compared to the anatomic
tunnel.>>>° Stephen et al. also suggested that tunnel placement in
proximal or distal direction results in a larger effect on isometry as
compared to anterior to posterior direction on anatomic MPFL
attachment point.'®

Further, this anomaly may be explained by the fact that still
there lies an ambiguity about the precise origin of MPFL and an
exact landmark for MPFL attachment on MFC which may contribute
to the isometric behavior of the graft.

Apart from the debate over the accurate anatomic location of
MPFL, there continues to have disagreement by various authors
over the isometric point for the MPFL attachment. Zhang et al.
suggested that the most isometric point is located in a triangular
area formed by joining the point forming the dome of the Blu-
mensaat line, the point 10 mm inferior to the AT and a midpoint
between the AT and ME.*! Gobbi et al. suggested that placement of
MPFL graft directly posterior or distal to ME is ‘risky’ and should be
avoided whereas Smirk and Morris have shown that worst iso-
metric position lies at the Adductor tubercle.?**! Blatter et al.
suggested that most isometric point showed a non-uniform dis-
tribution in subjects.>® Blatter further suggested that radiographic
points lead to worst isometric scores as compared to the surgeon
defined ones. Therefore, he suggested that careful intraoperative
assessment of isometric behavior of MPFL is important for each
patient rather than considering it as a fixed point in the entire
population.

Limitations: Although the mid-term results of our study
conclude that the clinical outcome is not affected if tunnels are
malpositioned in anterior or posterior direction but we do not
know the effect of the malpositioned tunnel over the increased
patellofemoral pressures in the long term. A longer follow-up may
reveal an increased incidence of patellofemoral arthritis.

5. Conclusion

Irrespective of their experience, the surgeons should avoid
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Fig. 4. (AB and C): 3-D reconstruction of CT scan showing three images with mal-positioned tunnel (black arrow) in posterior (4A), anterior (4B) and superior (4C) direction. Blue

circle indicates position of Schottle point.

Table 2

Comparison between postoperative Lysholm and Kujala scores of two groups (SPA and SPU) using Independent sample test. SPA, Schottle's position acceptable; SPU, Schottle's

position unacceptable.

Position of tunnel Number of patients (N) Mean Score + Standard deviation P value
Postoperative Lysholm score SPA 19 92.84 6.23 0.51
SPU 11 94.27 4.67
Postoperative Kujala score SPA 19 91.58 3.58 0.98
SPU 11 91.55 5.55

palpatory skills alone for the placement of femoral tunnel during
MPFL reconstruction as the chances of error in tunnel placement
can happen in one-third of all the cases. However, an error in
anteroposterior direction could be more forgiving and may not
affect the clinical outcome.
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