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Abstract: Persisting patellar maltracking following surgical realignment often remains unseen. The
aim of this study was to analyze the effects of realignment procedures on patellofemoral kinematics in
patients with patellofemoral instability (PFI) and patellofemoral maltracking (PM) by using dynamic
magnetic resonance imaging (MRI). Patients planned for surgical patellar realignment due to PFI and
a clinically and radiologically apparent PM between December 2019 and May 2022 were included.
Patients without PM, limited range of motion, joint effusion, or concomitant injuries were excluded.
Dynamic mediolateral translation (AMPT) and patella tilt (dPT) were measured preoperatively and
three months postoperatively. In 24 patients (7 men, 17 women; mean age 23.0 years), 10 tibial
tubercle transfers, 5 soft tissue patella tendon transfers, 6 trochleoplasties, 3 lateral lengthenings,
1 varizating distal femoral osteotomy (DFO), and 1 torsional DFO were performed. At final follow-
up, dMPT (from 10.95 % 5.93 mm to 4.89 £ 0.40 mm, p < 0.001) and dPT (from 14.50° + 10.33° to
8.44° £7.46°, p = 0.026) were significantly improved. All static radiological parameters were corrected
to physiological values. Surgical patellar realignment contributed to the significant improvement of
patellofemoral kinematics, with an approximation to normal values. The postoperative application of
dynamic MRI allowed for a quantification of the performed correction, allowing for a postoperative
control of success.

Keywords: patella; instability; maltracking; realignment procedure; dynamic MRI

1. Introduction

Patellofemoral instabilities are often associated with concomitant anatomical patholo-
gies, which contribute to an increased risk of recurring patellar dislocations [1-3]. Specific
risk stratification models have been developed to predict the subsequent risk of recur-
rence under nonoperative treatment following primary patellar dislocation [1,3,4]. Among
the risk factors, those associated with lateral patellar maltracking have been found to
be the most relevant [5]. This observation was confirmed by multiple biomechanical in-
vestigations that demonstrated direct alterations of patellar tracking when certain risk
factors were present [6-10]. On the basis of these findings, modern surgical approaches are
aimed at identifying and addressing all relevant pathologies in the affected knee [11-13].
In the recent literature, several clinical studies have examined the postoperative success
of individualized patellofemoral surgery, and most of these studies reported improved

Diagnostics 2022, 12, 2761. https://doi.org/10.3390/diagnostics12112761

https:/ /www.mdpi.com/journal /diagnostics


https://doi.org/10.3390/diagnostics12112761
https://doi.org/10.3390/diagnostics12112761
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/diagnostics
https://www.mdpi.com
https://orcid.org/0000-0001-5083-8301
https://orcid.org/0000-0001-9209-5833
https://orcid.org/0000-0002-7345-6506
https://orcid.org/0000-0002-4366-4582
https://doi.org/10.3390/diagnostics12112761
https://www.mdpi.com/journal/diagnostics
https://www.mdpi.com/article/10.3390/diagnostics12112761?type=check_update&version=2

Diagnostics 2022, 12, 2761

20f15

patient-reported outcome measures (PROMs) and low redislocation rates [14-21]. How-
ever, successful correction of the causative patellar maltracking remains unverifiable, as
neither static magnetic resonance (MR) imaging (MRI) nor clinical examination can provide
sufficient objective information [22]. With the implementation of dynamic MRI sequences,
patellofemoral diagnostics have been supplemented with direct visualization, and thus
patellar maltracking measurement [23-25]. While originally described to enhance preopera-
tive diagnostics, dynamic MRI may also serve its purpose in the postoperative course. This
is the first study to show that verification of a successfully corrected patellar maltracking
may be possible.

The purpose of this study was to test the postoperative application of dynamic MRI
after surgical treatment in patients with patellofemoral instability (PFI) and maltracking.
We hypothesized that the direct effects of patella-realigning surgical procedures on dynamic
patellar tracking can be visualized and verified radiologically. We further hypothesized that
the common parameters of dynamic patellar tracking will improve after surgical correction.

2. Materials and Methods
2.1. Study Population

Patients who presented with a history of PFI and clinically lateral patellar maltracking
between December 2019 and May 2022 were included in the study. The inclusion criteria
were symptoms of PFI, such as recurring patella dislocations; clinically apparent patellar
maltracking (increased mediolateral translation, positive [reversed] ] sign); planned surgical
realignment; and written consent to participate in the study (Table 1). Patients with a limited
range of motion (ROM), acute joint effusion, concomitant knee injuries, or isolated patellar
instability without signs of patellar maltracking were excluded from the study.

Surgical realignment procedures were indicated and performed by three experienced
orthopedic surgeons (MK, KF, and JF) on the basis of the clinical and radiological findings,
following an algorithmic treatment approach (Figures 1 and 2) [12,26]. The first radiological
examination was performed prior to the planned surgery. The follow-up examination
was performed at least 3 months postoperatively to ensure sufficient rehabilitation and
an unrestricted ROM. The study design was approved by the local ethics committee
(ID PV7101), and the study was conducted in accordance with the Good Clinical Practice
Guidelines and the recommendations in the Declaration of Helsinki. Written consent was
obtained for each patient or parent, if underage.
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Figure 1. Algorithmic approach for the treatment of patellofemoral instabilities with or without
patellar maltracking according to Frings et al. [26]. While isolated patellofemoral instabilities without
patellar maltracking can be addressed by soft-tissue stabilizing techniques, a concomitant patellar
maltracking requires additional diagnostic and therapeutic measures. Although closely connected,
patellar instability and patellar maltracking should therefore be understood and treated as separate
conditions. Adapted with permission from Ref. [26]. Copyright 2018 Springer Nature. Reprinted
with permission.
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Figure 2. Lateral patellar maltracking in a left knee. Preoperative analysis revealed a TT-TG (tibial
tubercle to trochlear groove) distance of 18 mm, with no further risk factors (A). Intraoperative
arthroscopy (with low water pressure) confirmed a lateralized patellar tracking (B), reinforcing the
indication to perform a medializing osteotomy of the tibial tubercle (C,D). A comparison of pre-
and postoperative tangential radiographs of the patella showed a successful realignment of the
patella (E,F).

Table 1. Inclusion and exclusion criteria.

Inclusion Criteria Exclusion Criteria

recurring patellar dislocations limited range of motion

clinical signs for absence of patellar maltracking
patellar maltracking (absence of patellar maltracking)
planned surgical realignment concomitant knee injuries

written consent to participate acute joint effusion
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2.2. Surgical Techniques

The knees were placed in an electric leg holder which comprised a ready-to-use
tourniquet. Diagnostic arthroscopy was performed at the beginning of each procedure
to allow for the assessment patellofemoral maltracking and to check for any concomitant
(cartilaginous) injuries (Figure 3).

Figure 3. Patient set-up during surgery. The knees were placed in an electric leg holder with an
inactive, but ready-to-use tourniquet (A). A diagnostic arthroscopy was performed at the beginning
of surgery, in order to evaluate patellar tracking during passive range of motion, as well as the
patellofemoral cartilage (B-D).

After arthroscopy, surgical correction of patellar maltracking was performed in accor-
dance with the underlying pathology [12].

Lateralized tibial tubercles were addressed by either a medializing osteotomy in skele-
tally matured patients [14] or a soft tissue medialization of the patellar tendon insertion
in skeletally immature patients [27]. In both cases, a 3 to 4 cm longitudinal skin incision
was performed medial to the tibial tubercle to allow simultaneous harvesting of the gra-
cilis tendon. For the osteotomy, a bony fragment of 5 cm in length was created with an
oscillating saw, using the same skin incision. After longitudinal dissection of the distal
lateral retinaculum, the tubercle fragment was medialized until a physiological TT-TG
distance was achieved. It was then fixed with two K-wires, followed by osteosynthesis
with two or three 3.5 mm bicortical screws. Soft tissue medialization was performed by
sharp mobilization of the lateral periosteum, allowing the patella to shift medially during
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flexion [27]. The tendon insertion was then refixed to its new origin using two suture
anchors (FastAk, Arthrex, Naples, FL, USA).

One valgus deformity was treated with a medial closed-wedge distal femoral os-
teotomy (DFO) [26]. After the malalignment test (MAT) and planning of the correction, a
medial subvastus approach to the distal femur was developed. After careful preparation,
the osteotomy and height of the medial wedge were marked with two guide wires. The
osteotomy was performed with an oscillating saw. After removal of the wedge, the gap
was closed and fixed using angle-stable plate osteosynthesis (Loqgteq, aap Implants Inc.,
Berlin, Germany). The same surgical approach was used for one torsional DFO [16]. After
the height of the osteotomy was marked using two guide wires, two Schanz pins marked
the planned angle of the torsional correction. After the osteotomy was completed, rotation
was performed until the Schanz pins were arranged in a parallel manner and fixed with a
fixator clamp. Plate synthesis was performed as described earlier.

For trochlea dysplasia, sulcus-deepening trochleoplasty was performed in accordance
with the technique described by Bereiter et al. [28]. Lateral arthrotomy was performed with
lengthening of the lateral retinaculum [29]. An osteochondral flap was prepared using
chisels, and excessive bone stock was carefully removed using PoweRasp (Arthrex, Naples,
Italy). The flap was carefully molded to form a novel sulcus, and the osteotomy was fixed
with a 3 mm Vicryl tape. In all cases, medial patellofemoral ligament (MPFL) reconstruction
was performed with a doubled free gracilis tendon graft using a suture-anchor patellar
fixation technique [30,31].

2.3. Examination Setup

For the radiological examination, a 3-Tesla MRI unit (Ingenia, Philips, Best,
The Netherlands) was used in all subjects. The patient was placed in the supine posi-
tion. First, a native MRI was performed using a standard 16-channel knee coil (Philips, Best,
The Netherlands), with the knee placed in 20° flexion. The standard knee protocol consisted
of fat-saturated PDw fast-spin echo (FSE) sequences in frontal, sagittal, and transverse
plane orientations, and a T1-weighted (T1w) FSE sequence in a coronal orientation. For
the acquisition of the FS Pdw sequence, the following parameters were chosen: repetition
time (TR), 2387 ms; echo time (TE), 27 ms; flip angle, 90°; slice thickness, 1.6 mm; matrix,
704 x 704; field of view (FOV), 142 x 142 mm; number of slices, 180. The scan time for
each knee was 11 min 47 s. The T1lw FSE sequence was performed in coronal orientation
(TR, 533 ms; TE, 8.7 ms; flip angle, 90°; slice thickness, 2.5 mm; matrix, 640 x 640; FOV,
180 x 180 mm; slices, 39; scan time, 2 min 24 s).

Dynamic MR examination was performed in accordance with a previously described
and validated dynamic MRI examination protocol [23,25]. The knees were placed in an
individually adjustable custom positioning device, using two ring coils (Philips, Best,
The Netherlands). In a resting position, the knee was kept in 40° flexion (Figure 4). Full
extension of the knees within the gantry was ensured prior to the examination. A multi-slice
spoiled gradient echo sequence was acquired with three slices in transverse orientation and
one sequence in sagittal plane orientation. The levels of the three planes were referenced to
the posterior femoral condyles, the deepest point of the trochlear groove, and the largest
diameter of the patella in full extension. To allow acquisition of all relevant landmarks,
the gap size was set to 12 mm, and a pulse angle of 8° was chosen for optimal contrast.
The SENSE factor was 2; TR, 8.3 ms; TE, 1.32 ms; and temporal solution, 0.6 s [23]. Within
a scanning time of 30 s, a total of 150 images were acquired. During this time frame, the
patient was asked to perform two repetitive cycles of active extension and flexion, within
the predefined ROM [23] (Figure 5).
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Figure 4. Examination set-up for dynamic magnetic resonance imaging (MRI). The patient’s knees
were stored in 40° of flexion, using a customized positioning device (A). Two ring coils (Philip, Best,
The Netherlands) were placed on either side of the knee. During image acquisition, the knees were
actively moved between 40° and full extension (B).
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Figure 5. Real-time dynamic MRI measurement of patellar maltracking in the left knee of a symp-
tomatic patient. In accordance with the technique described by Frings et al. [5], three slices in
transverse orientation were followed by one sequence in sagittal plane orientation. Four measure-
ment time points (t;—t4) are shown. During active repetition of knee flexion and extension, patellar
tracking could be measured in real time.
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3. Measurement and Analysis

MRI analysis was performed using Centricity RIS/PACS (GE, Boston, MA, USA).

Static MRI was used to examine the radiological parameters of anatomical PF risk
factors. Patella height was determined using the Canton-Deschamps Index (CDI), with the
knee placed in 20° flexion [32,33]. Furthermore, the distances between the tibial tubercule
and the medial border of the posterior cruciate ligament (TT-PCL) [34] and the trochlear
groove (TT-TG) [35] were measured. Trochlear geometry was assessed by measuring the
trochlea sulcus angle, lateral trochlear inclination, and trochlear depth in the most proximal
transversally oriented plane, showing the trochlea completely with cartilage [36-39].

Dynamic mediolateral patella translation (AMPT) and dynamic patellar tilt (dPT) were
used to define patellar tracking [23]. Both parameters were measured at two time points,
before and at least 3 months after surgery, by an experienced orthopedic surgeon and
a musculoskeletal radiologist (Figure 6). Results were referenced to the normal values
according to Frings et al. [25].

Figure 6. Preoperative and postoperative measurement of the proximal patella position in a fully ex-
tended right knee. Compared to the preoperative examination (A), the postoperative patellotrochlear
distance (PTD) (B), measured between the deepest point of the trochlea groove (TGL) and the
center-center position of the patella (CPL), was significantly reduced. Accordingly, the postoperative
patellar tilt (angle between the transpatellar line [TPL] and the posterior condylar line [PCL]) was
reduced significantly compared to the preoperative value (C,D). All measurements were performed
on transversely oriented MRI slides, in accordance with the technique described by Frings et al. [23].
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Statistical Calculations

All descriptive analyses were conducted using SPSS Statistics version 22.0.0
(SPSS, Inc., 2010, Chicago, IL, USA). Normal distribution was verified using the Kolmogorov-
Smirnov test. Differences between the mean values of the kinematic parameters were calcu-
lated using the paired f test to calculate p values and Cohen’s effect size (d).
A p value < 0.05 was considered statistically significant. Pearson’s correlation coefficient
was calculated to determine whether the radiological parameters correlated with dAMPT
and dPT. Interrater reliability was tested by calculating the intraclass correlation coefficients
(ICC) [40]. Correlation plots were built with Microsoft Excel version 16.47.1 (Microsoft,
Redmont, WA, USA).

4. Results

Twenty-four patients (7 men and 17 women; mean age, 23.0 £ 8.5 years [range,
1245 years]) who were surgically treated for patellar instability and maltracking between
December 2019 and May 2022 were enrolled in the study. The (combined) surgical realign-
ment procedures comprised bony tibial tubercle transfers (n = 10), soft tissue transfers of the
patella tendon insertion (n = 5), trochleoplasty (n = 6), torsional distal femoral osteotomy
(DFO; n = 1), lateral retinaculum lengthening (n = 3), and medially closing, varizating
DFO (n = 1). All patients received an additional MPFL reconstruction for patellar stabi-
lization. Table 2 presents the patient demographics and preoperative and postoperative
presentations of the radiological parameters.

Table 2. Mean descriptive data of the static and dynamic parameters for patellar tracking in the

study population.

Parameter Preoperative (n = 24) Postoperative (n = 24) p
Side
Left knee 12
Right knee 12
Sex
Male 7
Female 17
?ei'is(range) 23.0 (12-45)
TT-TG (£SD), mm 15.35 +5.18 10.17 £ 4.11 0.008
TT-PCL (£SD), mm 23.03 £ 4.50 16.30 £ 5.16 <0.001
Trochlear sulcus angle (£SD), degrees 143.80 & 12.65 139.35 + 8.80 0.678
Trochlear sulcus depth (£SD), mm 4.84 +1.49 529 +1.52 0.217
Lateral inclination angle (£SD), degrees 19.58 = 7.08 19.41 £ 5.99 0.482
Canton Deschamps Index (£SD) 1.33 £0.20 1.29 £0.18 0.158
Patellar position in flexion (+5SD), mm 5.75 £ 3.86 5.68 £ 4.20 0.661
Patellar position in extension (£SD), mm 16.74 + 6.32 10.83 + 5.59 <0.001
Dynamic mediolateral translation (£SD), mm 10.95 + 5.93 4.89 + 0.40 <0.001
Patellar tilt in flexion (+SD), degrees 8.65 £ 6.80 7.67 +4.19 0.719
Patellar tilt in extension (£SD), degrees 23.15 £ 11.03 16.11 £ 7.29 0.007
Dynamic patellar tilt (SD), degrees 14.50 % 10.33 to lateral 8.44 £ 7.46 to lateral 0.026

TT-TG: tibial tuberosity-trochlear groove distance, TT-PCL: tibial tuberosity-posterior cruciate ligament distance,
SD: standard deviation.
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The follow-up examination 3 months after surgery revealed significant changes of
the dynamic parameters for patellar tracking (Figure 7). Dynamic mediolateral patellar
translation (dMPT) was significantly reduced from 10.95 &+ 5.93 mm preoperatively to
4.89 £ 0.40 mm postoperatively (p < 0.001, d = 1.410) (Figure 8), while the patella was posi-
tioned significantly more medially in extension (from 16.74 £ 6.32 mm to 10.83 & 5.59 mm;
p < 0.001, d = 0.989). Furthermore, a significant reduction in the dynamic patellar tilt (dPT),
from 14.50° £ 10.33° to 8.44° + 7.46°, was observed (p = 0.026, d = 0.668). In this regard,
there were significant differences between the preoperative and postoperative patellar
position and tilt in the fully extended knee.

Flexion Flexion

Figure 7. Correction of patellar maltracking in a right knee, caused by a femoral torsional deformity
(—41° according to Waidelich et al. [41]). Preoperatively, the patellotrochlear distance (PTD) was
2.8 mm in 40° of flexion (A) and 16.6 mm in full extension (C), which resulted in a dynamic medi-
olateral patellar translation (AMPT) of 13.8 mm. Further, a dynamic patellar tilt (dPT) of 11° was
found. After, torsional distal femoral osteotomy (DFO) and MPFL reconstruction, the PTD in flex-
ion remained almost unchanged (B), but changed to 8 mm in full extension (D). Accordingly, a
postoperative dMPT of 5 mm and a dPT of 6° was observed.
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Figure 8. Boxplot illustration of preoperative vs. postoperative dynamic patellar tracking. After
surgical realignment, both measurable parameters for dynamic patellar tracking had significantly
improved, compared to the preoperative values. The dMPT had decreased from 10.95 + 5.93 mm to
4.89 & 0.40 mm (p < 0.001) (A). Accordingly, the dPT had changed from 14.50 £ 10.33° preoperatively
to 8.44 £ 7.46° postoperatively (p = 0.026) (B).

Preoperative TT-TG showed a moderate correlation with preoperative dMPT
(p = 0.013, r = 0.498) and a significant correlation with preoperative dPT (p = 0.012,
r = 0.505). For both examiners (TD and JM), an excellent intra-rater correlation was found
for the measurement of dMPT (ICC, 0.971; 95% confidence interval [CI], 0.941-0.983 and
ICC, 0.973; 95% CI, 0.925-0.987, respectively) and dPT (ICC, 0.991; 95% CI, 0.980-0.994 and
ICC, 0.992; 95% CI, 0.982-0.996, respectively). Between the two examiners, the inter-rater
reliability was excellent for the measurement of presurgical dAMPT (ICC, 0.977; 95% ClI,
0.946-0.988) and dPT (ICC, 0.983; 95% ClI, 0.960-0.993), and postsurgical dMPT (ICC, 0.955;
95% CI, 0.891-0.981) and dPT (ICC, 0.982; 95% CI, 0.956-0.992).

Clinically, all patients regained mobility and returned to an unrestricted level of
activity in daily life. No recurring patellar dislocations were reported at the time of the
postoperative follow-up examination.

5. Discussion and Conclusions

The most important finding of this study from using cinematic MRI was that surgical
patellar realignment in patients with patellar instability and maltracking significantly
improved the common dynamic parameters for patellofemoral tracking. For the first time,
the postoperative success of patella-realigning procedures was visualized and verified
radiologically in real patients.

With the development of algorithmic classification systems and a better understanding
of the individual pathogeneses, surgical treatment of patellofemoral instabilities has become
more precise [11,12]. Several clinical studies have outlined the effectiveness of procedures,
such as trochleoplasty [42,43], torsional DFO [16,44], varizating DFO [26,45], or tibial
tubercle transfer [14,46,47], in terms of redislocation rates, improvement of clinical scores,
or return to activity. Clinical parameters and PROMs allow for a good estimation of the
expected functional outcome. However, the true effect of an applied surgical procedure
on patellofemoral tracking itself has been shown in biomechanical in vitro or cadaveric
studies but remains invisible in clinical examination [7,22].

It is known that joint congruency, patellar tracking, contact pressure, and contact area
are significantly altered in unstable patellofemoral joints [10,23,48]. This becomes partic-
ularly important on two occasions: cartilage deterioration due to persistent maltracking
and revision surgery for failed patellar stabilization. Patellar maltracking is known to be
associated with early cartilage deterioration in young patient populations [7,10,14,26,49].
Furthermore, despite the absence of recurring dislocations, occult persistence of maltrack-
ing can be held accountable for progressing joint degeneration in the long term [7,50-52].
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Therefore, the goal of surgical therapy must be the best possible restoration of physiological
patellofemoral kinematics, in addition to sufficient medial soft tissue stabilization [52].

Stephen et al. [7] analyzed the change in pressure distribution in the patellofemoral
joint following tibial tubercle medialization in cadaveric knees. They found a significant
reduction in lateral peak pressure, without adverse medial-sided effects [7]. In another
biomechanical study, internal torsional deformities of the femur were related to an in-
creased lateral patellar shift and tilt [6]. Another computational study identified trochlear
dysplasia as a direct cause of lateral patellar maltracking [53]. Accordingly, trochleoplasty
was found to decrease lateral patellar shift [54] and restore patellofemoral congruency [55].
Despite the consistent findings of these in vitro studies, they are only partially transfer-
able to real patients [56-58]. In clinical practice, a measurable postoperative verification
of restored patellar tracking could be beneficial and may help to predict and prevent
patellofemoral osteoarthritis.

In the patient collective of the present study, both parameters for dynamic patellar
tracking (AMPT and dPT) had significantly improved at follow-up 3 months after surgical
correction. While the dPT was reduced by 42%, dMPT was found to be 45% of its preopera-
tive distance (Figure 8). Correspondingly, the static radiological parameters for PFI and
PM were corrected to physiological values. On closer inspection, it became apparent that
the postoperative changes of dynamic patellar tracking were mainly caused by the signifi-
cant changes in patellar position in extension, while the patellar position in flexion barely
changed. Accordingly, surgical realignment was found to reduce the extent of proximal
lateralization, thus correcting proximal patellar maltracking.

Nevertheless, compared with the normal values observed in healthy individuals, both
dynamic parameters remained slightly increased and stayed outside of the defined normal
range [25]. One possible explanation for this observation could be the postoperative impair-
ment of quadriceps muscle function. Especially in postoperative conditions, quadriceps
muscle (QM) hypotrophy has been shown to persist up to 6 months after even minor
arthroscopic procedures [59,60]. The vastus medialis obliquus has a relevant influence on
patellar tracking, so further potential for improvement may be presumed depending on
muscular rehabilitation [56,61-63]. Regarding this, considerable discrepancies have been
found between measured patellar tracking with and without active QM contribution [23,64].
On the other hand, this is the first study to evaluate and quantify postoperative patellar
tracking. Consequently, no benchmark values have been established to define postoperative
success in terms of dynamic realignment, even in the presence of an asymptomatic clinical
condition. Whether successfully restored patella tracking should match with the normal
values observed in the healthy population and to which extent this might affect the PF
cartilage in the long term remain unclear.

In failed patellofemoral stabilization, however, substantial deviations of postoperative
patellar tracking in the mid-term follow-up should be indicative for revision surgery [65].
In addition to the assessment of potentially disregarded risk factors, an additional dy-
namic evaluation will refine failure analysis and contribute to improved postoperative
expectations [18].

This study has some limitations. The number of included cases was comparably
small and several surgical techniques for patella realignment were included. Therefore,
no subgroup analyses were performed to differentiate between the individual effects of
each technique. However, all patients presented with PFI and measurable maltracking,
which was the primary subject of this study, regardless of the predominantly underlying
pathology. Furthermore, the primary purpose of this study was to test for the feasibility
of the applied examination technique. In addition, the follow-up period of 3 months was
comparably short and thus did not allow researchers to perform a functional analysis or
reliable assessment of PROMs. In consideration of the study objective to gain immediate
insight and a prompt postoperative control of success, however, the additional assessment
of functional outcome measures was irrelevant for the confirmation of the hypothesis.
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Future studies should attempt to include larger numbers of cases, thereby allowing
for a reliable subgroup analysis. In this regard, the individual influences of different
anatomic risk factors on patellar tracking and the correction potentials of according surgical
procedures could be of interest. Furthermore, a longer follow-up period might help to
understand the persisting differences between postoperative and “normal” patellar track-
ing, especially if combined with clinical PROMs. Subsequently, an increase of statistical
power will help to define benchmark values for successful realignment of patellar tracking.
With ongoing technological advances, a cinematic three-dimensional acquisition of patellar
tracking could further improve the understanding of patellofemoral kinematics by allowing
synchronized multi-plane measurements.

6. Conclusions

Surgical patellar realignment contributed to the significant improvement of
patellofemoral kinematics, with an approximation to normal values. The postoperative
application of dynamic MRI allowed for a quantification of the performed correction.

This may in turn allow for a postoperative control of success and provide the basis for
failure analysis in cases of failed patellofemoral stabilization.
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