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Abstract

Purpose Medial patellofemoral ligament (MPFL) recon-
struction offers good clinical results with a very low rate of
instability recurrence. However, its in vivo effect on patel-
lar tracking is not clearly known. The aim of this study is to
investigate the effects of MPFL reconstruction on patellar
tracking using dynamic 320-detector-row CT.

Methods Ten patients with patellofemoral instabil-
ity referred to isolated MPFL reconstruction surgery
were selected and subjected to dynamic CT before and
>6 months after surgery. Patellar tilt angles and shift dis-
tance were analysed using computer software specifically
designed for this purpose. Kujala and Tegner scores were
applied, and the radiation of the CTs was recorded. Two
protocols for imaging acquisition were compared: a tube
potential of 80 kV and 50 mA versus a tube potential of
120 kV and 100 mA, both with a slice thickness of 0.5 mm
and an acquisition duration of 10 s.

Results There were no changes in patellar tracking after
MPFL reconstruction. There was no instability relapse.
Clinical scores improved from a mean of 51.9 (£15.6)—
74.2 (£20.9) on the Kujala scale (p = 0.011) and from a
median of 2 (range 0—4) to 4 (range 1-6) on the Tegner
scale (p = 0.017). The imaging protocols produced a dose-
length product (DLP) of 254 versus 1617 mGycm and a
radiation effective estimated dose of 0.2 versus 1.3 mSv,
respectively. Both protocols allowed the analysis of the
studied parameters without loss of precision.
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Conclusions Reconstruction of the MPFL produced no
improvement in patellar tilt or shift in the population
studied. The low-radiation protocol was equally effective
in measuring changes in patellar tracking and is recom-
mended. Although the procedure successfully stabilized
the patella, knee surgeons should not expect patellar shift
and tilt correction when performing isolated patellofemoral
ligament reconstruction in patients with recurrent patellar
instability.

Level of evidence 1V.
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Introduction

The medial patellofemoral ligament (MPFL) is the main
patellar stabilizer between 0° and 60° of knee flexion [31,
33, 48]. Normal patellar tracking is dependent on bone and
soft tissue balance, especially on trochlear anatomy, which
is the most important predictor of lateral maltracking [7,
46]. Reconstruction of the medial patellofemoral ligament
(MPFL) offers good clinical results [6, 10, 16, 19, 30, 32]
with a very low rate of instability recurrence. However,
its real in vivo effect on patellar tracking is still not fully
known. The anatomical complexity of the patellofemoral
joint makes it extremely difficult to isolate the result of
a single procedure, considering that trochlear dysplasia,
patellar height, and increased Q angle are fundamental to
defining patellar tracking and that most patellar instability
patients have combined abnormalities of varying degrees.
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Most studies that analysed the effect of MPFL recon-
struction on the movement of the patella relative to the
trochlea were performed on cadavers with normal anatomy
and without muscle action [2, 34]. Even in these studies,
there is evidence that patellar kinematics are not optimal
after MPFL reconstruction with tubular grafts in com-
parison with the native ligament [33]. The few studies that
describe in vivo analyses were conducted without muscle
contraction [24] or combined with other techniques such as
tibial tuberosity realignment [15]. Furthermore, dynamic
biomechanical evaluation is difficult because most imaging
is static even with muscle contraction [5, 22, 37].

There is, therefore, no widespread and accepted method
that can be used to evaluate the effect of surgical interven-
tion on patellar tracking. Although it is not yet widely used
for this purpose, coronary angiography multiple-detector-
row tomography [13, 38] allows continuous dynamic anal-
ysis of the patellofemoral joint [15].

With the hypothesis that isolated MPFL reconstruction
in vivo can improve patellar tracking in patients with recur-
rent patellar instability and considering that this answer has
clinical relevance because most related knowledge is based
on cadaveric studies, this work aimed to evaluate the effect
of this procedure on patellar kinematics utilizing a dynamic
computed tomography protocol for the patellofemoral joint.

Materials and methods

Ten patients with a diagnosis of recurrent patellar instabil-
ity with at least two dislocations and a history of at least
6 months were included following the subsequent criteria:

1. 10-35 years of age;

2. Non-pregnant and not lactating;

3. Presence of laxity of the medial ligamentous stabilizers
of the patella;

4. Lack of indication for distal realignment, patellar
height correction, trochleoplasty, or corrective osteoto-
mies of the mechanical axis;

5. Lack of prior knee surgeries; and.

6. Lack of patellofemoral arthritis.

The objective was to include only patients with indica-
tion for isolated MPFL reconstruction. The presence of
laxity of the medial stabilizers was confirmed by a positive
apprehension test and the lateralization of the patella rela-
tive to the trochlea of more than half of its width [43]. It
was especially important to rule out the need for associated
surgeries. The indication for distal realignment of the tibial
tuberosity (TT) was a tibial tuberosity—trochlear groove
distance (TTTG) >20 mm [12]. Trochleoplasty was con-
sidered whenever lateral radiography showed a Dejour type
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B or D trochlea [11, 44] with ventral prominence greater
than 6 mm [14, 28] and trochlear groove angle greater than
150° [29]. Patellar height correction was indicated when
the Caton—Deschamps index exceeded 1.3 [9]. Lateral reti-
nacular release was based on intraoperative impossibility of
medializing the patella more than 5 mm from its centred
position and the inability of raising its lateral edge [43].

Inclusion was sequentially determined from the hospi-
tal surgical waiting list, with nine females and one male by
chance. The ages of the patients had a mean of 21.1 and
median of 19 years (range 14-34). There were 6 left knees
and 4 right knees. Half of the patients had generalized liga-
mentous laxity according to the Beighton score [3]. All the
patients had positive apprehension tests, 7 had positive “J”
sign, and all had at least 3 dislocation episodes. The ana-
tomical characteristics of the patients are shown in Table 1
and indicate that most patients had altered patellar tilt and
tracking.

The study consisted of dynamic pre-operative CT, sur-
gery, and a second CT 6—12 months later.

MPFL reconstruction was performed according to the
method described by Camanho et al. [8] using as graft the
medial part of the patellar tendon and securing it to the
femur with an anchor, using the parameters described by
Schottle et al. [41]. The fixation of the graft was made by
removing its slack without tension with the knee between
30° and 45° of flexion and the patella centred in the
trochlea.

Kujala’s [25] and Tegner’s [45] scales were pre-oper-
atively applied and at the time of post-operative CT. The
mean follow-up was 10.2 months, with a median of
9 months (range 7-14). Instability recurrence was consid-
ered a failure.

The apparatus used was an Aquilion ONE Toshiba Med-
ical Systems CT scanner with 320-detector-row, 0.5-mm-
thick collimation, 350 ms X-ray tube rotation and 16 cm
z-axis coverage. No previously established image acquisi-
tion protocol existed for performing continuous dynamic
CT. To move a knee through its range of motion, patients
were placed in the supine position with the knee initially
flexed at 90° and the back of the thigh supported to form
a triangle of 31 x 31 x 36 cm with the knee, leg, and foot
free to move against gravity. Patients took 10 s to actively
move the knee from 90° of flexion to full extension, allow-
ing the capture of images in continuous motion.

Tomographic parameters were based on the values com-
monly used in standard knee CT. Due to concerns about
radiation in a continuous examination, an alternative pro-
tocol was created. The two acquisition protocols were allo-
cated by drawing sealed envelopes. Protocol 1 (higher radi-
ation dose and higher-resolution images) involved in 10 s
of acquisition time, 0.5 mm slice thickness, 120 kV tube
potential, and 100 mA tube current per slice. The lower
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radiation protocol 2 differed only in employing 80 kV tube
§ potential and 50 mA tube current per slice. The radiation
R analysis was performed comparing the effective radia-
S n tion dose (mSv), which was calculated using a correction
z = E factor specific to the anatomical region irradiated (knee,
S g o 0.0008 mSv/mGycm). These acquisition protocols gener-
£ 2 5 ated approximately 20 volumes of sequential images.
&= = Working with 3-dimensional images at different flexion
angles required a system for monitoring patellar tracking.
§ 2 A software program was designed to allow the evaluator to
g § _ manually set three planes on the femur, one plane on the
g =3 patella, and one point at the patellar centre and to measure
5 o fl) the angles and distances between them without the need for
Q .
= 2 _§ %" 3D reconstruction. The software allowed measurement of
E E|s~ the volume flexion angle using a digital goniometer. The
standardized planes and points were as follows (Fig. 1):
v
o
> g = e Pxz: the plane tangential to the posterior condyles of the
2 é’ er femur, defined on the axial cut in which the intercondy-
= 58 lar notch has a Roman arch appearance and identical to
E g o the one used for the TTTG measurement [12];
§ = 8 e Pzy: the plane perpendicular to Pxz, crossing the deep-
2 g
= = est point of the trochlea (trochlear plane) and identical
to the one used for the TTTG measurement [12];
- e Pxy: the axial plane of the femur perpendicular to the
}E g- Pxz and Pzy planes, tangential to the most distal point
E Se of the trochlea (distal trochlea limit);
g an e Ppl: defined by the transverse axis of the patella as per-
= S . .
% ] E o formed in the patellar tilt measurement [20].
E 3| 24 < e pl: the midpoint of the patella, defined as the intersec-
tion of the Ppl and its perpendicular passing through the
a 3 patellar apex. This point is situated at the centre of the
— — = . . .
8 S - g patella in both axial and sagittal cuts.
= Qo 3
= =7 0
=
2 Q § § The measurements taken between the planes and the pl
; g 2 ;D point were as follows (Fig. 2):
= S g
A = e e Alpha angle: angle exceeding 90° from alpha is depicted
. > in Fig. 2 between Ppl and Pzy (this alpha angle repre-
> a 5 sents patellar tilt);
5 | = § _ é Beta angle: between Ppl and Pxz;
S k| E h 7} Gamma angle: between Ppl and Pxy;
3 %_ SIS = dx distance: shortest distance between point pl (patella
Ele K §° 8 centre) and plane of the trochlea Pzy (this distance rep-
— = < . . .
8 g § = E resents patellar shift or the degree of lateralization of
5 #a’ the patella from the trochlear plane).
< , .8
2 XS E The institutional review board (IRB) of the Clinical
-? "N~ % Hospital of the School of Medicine at the University of
] R . .. . . ~
E N SZ A Sédo Paulo (Hospital das CLinicas da Universidade de Sao
- oS g Paulo) approved the study under the ID number 0357/11.
Q S 2 4 8
= |2 S8 3
=12 12713
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Statistical analysis

The normality of the data was tested using the Kolmogo-
rov—Smirnov test. The analysis was performed using the
paired Student’s ¢ test for normally distributed data or the

Fig. 1 Reference planes and points marked on axial slices for the
measurement of the femur and the patella

Fig. 2 Angles and distances measured. The positions of the planes in
the image have been chosen to illustrate the measured angles and do
not correspond to those actually used for the measurements (depicted
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Wilcoxon test for non-parametric distribution. P < 0.05 was
considered statistically significant.

Because different patients actively and freely moved the
knee in varying patterns, each volume captured a different
flexion angle that varied according to the initial captured
knee position, the final extension obtained, and the speed of
movement. Because the image volumes generated for each
patient had different flexion angles, it was necessary to
summarize these measurements into paired intervals. Thus,
a mean value of each measure (alpha, beta, and gamma
angles and dx distance) was calculated at 10° flexion inter-
vals for each patient.

Although the anatomical referencing used is routine
for knee surgeons, the authors decided to analyse the con-
sistency of the data. To that end, the intraclass correlation
coefficient (ICC) was used before and after surgery with a
95 % confidence interval by comparing two sets of meas-
urements blindly performed at a 15 day interval. Pre- and
post-operatively, respectively, the ICCs were 0.978 and
0.992 for flexion angle, 0.936 and 0.97 for alpha angle,
0.967 and 0.986 for beta angle, 0.982 and 0.996 for gamma
angle, and 0.955 and 0.974 for dx distance measurement,
indicating excellent consistency.

The sample size was obtained by similarity with previ-
ous cadaveric and in vivo studies investigating patellar
tracking analysis; these studies typically use fewer than 10
knees to reach statistical significance [15, 33, 36, 48].

Results

One set of images could not be retrieved due to a hard-
ware malfunction, despite having the radiation calculation
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in Fig 1). The alpha angle described in the text is the angle exceeding
90° of the depicted alpha and represents patellar tilt
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Table 2 Alpha and beta angle results
Flexion angle Alpha results Beta results
Mean pre (°) £ SD Mean post (°) £ SD p alpha Mean pre (°) = SD Mean post (°) £ SD p beta

79-70° 12.8 £3.5 127+£2.4 Ns 50.4 £4.7 480+24 Ns
69-60° 13.3+£32 13.2£29 Ns 395+55 412+ 6.1 Ns
59-50° 12.1£5 12.7 £ 4.5 Ns 345+£3 31.1 £6.1 Ns
49-40° 12.8 £4.2 13.5+4.8 Ns 27.8 £3.1 263 +43 Ns
39-30° 134 £3.7 13.7 £ 4.9 Ns 22.8 £3.7 22 +6.1 Ns
29-20° 152 +4.38 155+ 6.1 Ns 21.1 £3.9 19.7 £ 6.3 Ns
19-10° 18.8+6 19+7.1 Ns 214 +5.6 205+74 Ns
9-0° 27.8 + 8.9 25.5+9.6 Ns 284 +9 25.6 +£9.7 Ns
SD standard deviation; p level of significance (Wilcoxon), n.s. non-significant
Table 3 Gamma angle and dx distance results
Flexion angle Gamma results Dx results

Mean pre (°) + SD Mean post (°) £ SD p gamma Mean pre (mm) £ SD Mean post (mm) £+ SD p dx
79-70° 427+52 449 +£2.8 Ns 04+12 —0.8+1.6 0.04
69-60° 53.8+64 521+£7 Ns 0.5+ 0.9 0.1 +1 Ns
59-50° 58.7 £ 4.1 62.7 £ 6.6 Ns 03=£0.38 03+14 Ns
49-40° 66.2 £ 3 68.7 £5.2 Ns 1+£1.2 05+14 Ns
39-30° 722 +2.5 73.7+5.2 Ns 1.6+1.3 0.7£1.8 0.01
29-20° 76.3+2 79+39 Ns 35+£22 3+£29 Ns
19-10° 80.8 £2.1 83.7+£39 Ns 7.6 £3.8 7+52 Ns
9-0° 855+ 1.7 88 +£2 Ns 126 £5.9 103 £4.7 Ns

SD standard deviation, p level of significance (Wilcoxon), ns non-significant, dx distance from patellar centre to throclear plane

Negative dx values indicate medial position of the pl point

available. Another patient, who missed the second CT and
clinical scoring, did not attend the follow-up after pre-
CT and surgery. Thus, the measurements presented in the
tables, and graphics refer to 8§ complete sets of images. The
clinical results refer to nine patients, and the radiation anal-
ysis refers to 19 CTs.

The first 12 CTs were analysed. Imaging protocol 1 had
a final effective radiation dose mean of 1.306 mSv, which
is approximately 6.5 times greater than the protocol 2 mean
of 0.203 mSv. Protocol 2 enabled adequate identification of
all reference points. We therefore decided to use protocol 2
in the eight remaining examinations.

The values for the alpha, beta, and gamma angles and
the dx distance, as well as the results of statistical tests
comparing the pre- and post-operative periods, are summa-
rized in Tables 2 and 3.

There were no differences in the angles or the dx dis-
tances between the pre- and post-operative periods with the
exception of the dx distance between 79° and 70° and that
between 39° and 30°.

Figures 3 and 4 describe the angles and dx distance in
relation to the flexion angle by comparing pre- and post-
operative measurements.

No lateral retinacular releases were performed because
in all cases, the patella could be medialized more than
5 mm from its centred position and its lateral edge could
be raised until medially tilted. No patient presented with
instability recurrence in the follow-up period. Clini-
cal scores improved from a mean of 51.9 (£15.6) —74.2
(£20.9) on the Kujala scale (p = 0.011) and from a
median of 2 (range 0—4) to 4 (range 1-6) on the Tegner
scale (p = 0.017).

Discussion
The most important finding of the present study was that
MPFL reconstruction, although successful for patellar sta-

bilization, showed no improvement in patellar tilt or shift in
the population studied.
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Fig. 3 Alpha and beta angle means (°) with standard deviation (vertical bars) in relation to the knee flexion angle (°) pre- (continuous line) and

post-operatively (dashed line)
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Fig. 4 Gamma angle (°) and dx distance (mm) means with standard deviation (vertical bars) in relation to the knee flexion angle (°) pre- (con-

tinuous line) and post-operatively (dashed line)

Only patients with isolated indication of MPFL recon-
struction were included. The parameters used to contrain-
dicate associated corrections were based on the clinical
experience of the authors reinforced by non-consensual
literature. It can be argued that there was diversity in the
anatomical profiles of the patients (Table 1), but this is a
characteristic of recurrent patellar instability patients. Most
patients had increased patellar tilt and altered tracking
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caused by a combination of several mild anatomical abnor-
malities without indication for individual surgical correc-
tion by the chosen criteria. Hence, the studied population is
typically referred for isolated MPFL reconstruction, and an
improvement in tracking could be expected after surgery.
Some studies in cadavers [31, 39] showed that patel-
lar behaviour is restored with MPFL reconstruction when
a lateralization force is applied to the patella. Zaffagnini
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et al. [48] showed that without lateral load, MPFL resec-
tion did not alter patellar tilt and shift, reinforcing the idea
that the ligament probably has only a passive function in
restraining lateralization. However, it cannot be assumed
from these cadaver models with normal anatomy that the
patellar tracking during active movement is modified by
in vivo surgery in patients with abnormal anatomy, nor can
possible loosening of the graft that may occur over time be
ignored. Few studies have evaluated the effect of this sur-
gery in vivo. Kita et al. [24] investigated the persistence of
patellar centralization achieved with MPFL reconstruction
after at least 6 months; in agreement with the findings of
the present study, in 16 out 25 knees the patella shifted lat-
erally upon knee extension. Of note, the study had no mus-
cle contraction, which could result in underestimation of
lateralization.

Orthopaedics dynamic studies in vivo have always
been a challenge. Because most of the imaging is static,
it is often difficult to draw conclusions regarding how a
joint behaves during gait and normal or pathological mus-
cle contraction. Skin motion capture sensors [26], biplane
radiography [1, 4, 21, 27], MRI, and 3D computer recon-
struction models with muscle contraction [7, 17, 18, 35,
42, 47] have all been used to study patellar tracking, but
these methods are methodologically complex and are not
commercially available. Several studies have reported the
dynamic use of CT in the analysis of the PF joint, but the
method comprises sequential static slices with or without
quadriceps contraction [5, 22, 37].

A truly continuous dynamic CT analysis is a very recent
achievement. In 2014, Elias et al. [15] published a study
comparing the pre- and post-operative patellar tracking of
six patients with patellar instability undergoing TT medial
transfer, associated with MPFL reconstruction in five cases.
The study used an imaging method similar to that used in
the current study, but patellar tracking analysis used com-
plex and less available computer modelling. The authors
found a statistically significant improvement of 7° in patel-
lar tilt and of 7 mm in patellar lateralization at the 5° flex-
ion angle, probably because of TT realignment.

Regarding the margin of error of the measurements, the
minimum sensitivity of a linear measurement in the soft-
ware was limited by slice thickness (0.5 mm). The software
had a maximum approximation error of 2 pixels (0.78 mm).
Therefore, with a maximum error of up to 1.3 mm and the
excellent intraclass correlation found, the method can be
considered quite accurate and reproducible.

The results of this work show that no patellar tracking
parameters changed due to MPFL reconstruction. Even
so, none of the patients had instability recurrence in the
follow-up. Viewing the plots, it is clear that below 30° of
flexion, there was an acceleration of patellar shift (3 to

over 16 mm) and lateral tilt (15° to more than 32°) both
pre- and post-operatively (Figs. 3, 4). The only significant
differences found (mean dx distance between 79°-70° and
39°-30° of flexion) had a magnitude lacking clinical sig-
nificance and were in the range of the error of the method
(<1.3 mm).

With regard to the clinical results, the population had an
overall score improvement inferior to that usually observed
in the literature [23, 40], probably because of the chronic
presentation of instability in the sample, which led to long-
term withdrawal from sports activities and poor muscular
performance that could not be completely reverted during
the follow-up. Patient JCS had worsening of the Kujala
score due to worsening anterior knee pain not related to
surgery issues; she had previous patellar cartilage degener-
ation not addressed, without indication for tibial tuberosity
transfer.

One limitation of the method is that movement is per-
formed in a non-standing open kinematic chain, against
gravity. Nevertheless, most studies citing imaging under
load use muscular contraction in a closed kinematic chain
with the patient lying down [17].

Another initial potential limitation of the method was
radiation exposure. This was solved using protocol 2.
Mammography can generate 0.4 mSv, double the effective
radiation of the presented protocol. Therefore, this method
is not limited by radiation.

It is essential to emphasize that the alpha, beta, and
gamma angles and the dx distance allow patellar tracking
analysis but are not meant to be compared to traditional
measures used in conventional radiography or CT. There is
difficulty in making the data comprehensible to the reader
because of its complexity and unfamiliarity; this is another
limitation of the study.

This study is one of the first studies to consistently
assess in vivo active patellar tracking after isolated MPFL
reconstruction in a population with recurrent patellar insta-
bility. The results, as a whole, reinforce the idea that MPFL
reconstruction should not be considered a proximal rea-
lignment but instead a stabilizing surgery and are of clini-
cal relevance to the surgeon planning this procedure in the
presence of altered lateral tracking. This study alone cannot
suggest how to correct the tracking in patients with border-
line deformities that are usually referred to isolated MPFL
reconstruction, but surgeons should probably be more
inclined to perform associated procedures such as trochleo-
plasty and patellar height correction in this clinical setting.

Finally, this form of in vivo evaluation of patellar track-
ing may be reproduced in a consistent manner and with low
radiation exposure in any centre with a 320-detector-row
CT scanner, opening new possibilities for investigating the
kinematic results of patellofemoral interventions.
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Conclusions

Although successfully stabilizing the patella and improv-
ing clinical scores, MPFL reconstruction resulted in no
improvement in patellar tilt or shift in the population stud-
ied. A low-radiation protocol for patellofemoral dynamic
CT was described for measuring changes in patellar
tracking.
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