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Abstract

Purpose The purpose of this study was to evaluate pre- to postoperative changes in clinical and functional outcomes as well
as gait patterns in patients who underwent surgery for chronic patellofemoral instability (PFI).

Methods Patients who underwent surgery for the treatment of recurrent PFI according to an individual risk factor analysis
were included. Pre- and minimum 12 months postoperatively, patient-reported outcome measures (PROM; Kujala score,
Lysholm score, Tegner Activity Scale [TAS] and Visual Analog Scale for pain) as well as gait (dynamic Q-angle) and func-
tion (dynamic valgus and dynamic Trendelenburg during single-leg squat) via videography were evaluated. Subgroup analy-
sis was performed based on whether or not patients underwent concomitant distal femoral osteotomy (DFO) due to coronal
and/or torsional malalignment.

Results Twenty-three patients were included (follow-up: 12.5 [12.1-13.0] months), of which 60.9% patients underwent a
concomitant DFO. All PROM improved significantly (p<0.05). Overall, dynamic Q-angle (p=0.016) and dynamic valgus
(p=0.041) were observed significantly less frequently postoperatively when to compared to preoperatively. Subgroup analy-
sis showed that only the group that underwent DFO had a significant improvement of dynamic Q-angle (p=0.041). Dynamic
Trendelenburg did not improve (p>0.05). Regression analysis showed that the presence of a postoperative dynamic Q-angle
was associated with a worse postoperative Kujala score (p=0.042) and TAS (p=0.049).

Conclusion Patient-individualized surgery for PFI improved gait patterns and functional testing, especially in patients who
also underwent DFO. The presence of dynamic Q-angle postoperatively was associated with significantly worse functional
outcome and sporting ability.

Level of evidence Level III.
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Introduction

Patellofemoral instability (PFI) is a multifactorial pathol-
ogy that mostly affects young female patients [1]. If left
untreated, it may lead to persistent instability, pain,
impaired quality of life and early posttraumatic osteoar-
thritis [2, 3, 4].

Multiple static and dynamic stabilizers contribute to
patellofemoral stability [5, 6]. In patients with chronic
PFI, however, this complex system is disrupted which
may lead to altered lower extremity kinematics and gait
abnormalities such as, reduced gait speed, increased val-
gus moment and/or increased internal-rotation-adduction
moment - a so-called dynamic Q-angle [7, 8, 9, 10].
These abnormalities may be amplified in patients with
increased femoral antetorsion (femAT), which has also
been identified as a risk factor for PFI itself [8, 11] as
well as instability recurrence if left untreated [12, 13, 14].
For patients with PFI and increased femAT and/or valgus
malalignment, derotational and/or varus-producing distal
femoral osteotomy (DFO) may be a suitable treatment
option with favorable outcomes and low reported rates
of instability recurrence [15, 15, 16, 17, 18, 19, 20, 21,
22, 23]. While some studies have reported favorable out-
comes following isolated medial patellofemoral ligament
(MPFL) reconstruction regardless of elevated femAT,
other authors have observed inferior outcomes in patients
with increased femAT who underwent isolated MPFL
reconstruction compared to those who received concomi-
tant DFO [14, 24, 25]. Therefore, failure to treat elevated
femAT may have a negative impact on the postoperative
outcome.

Although changes in postoperative gait patterns have
been reported for patients who underwent surgery for
PFI without alignment-correcting procedures [26, 27,
28], comparable data for patients with malalignment who
underwent DFO are scarce.

Therefore, the purpose of the present study was to
evaluate pre- to postoperative changes in gait patterns
and functional strength in patients who underwent sur-
gery for PFI with or without alignment-correcting DFO.
It was hypothesized that the gait pattern and functional
strength would improve postoperatively, but that changes
during gait would predominantly be observed in patients
with concomitant DFO. Further, the postoperative pres-
ence of a pathological gait pattern would correlate with
inferior outcomes.
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Materials and methods

This prospective clinical study was approved by the
institutional review board of the Technical University
of Munich (reference number: 17/18S) and conducted
according to the Declaration of Helsinki. All patients
provided their written and informed consent.

Patients with recurrent PFI (> 2 patellar subluxations or
dislocations) who were scheduled for surgery in a single
institution between March 2019 and January 2020 were
prospectively enrolled. Surgical treatment was tailored
based on an individual risk factor analysis and included
reconstruction of the MPFL, tibial tubercle osteotomy
(TTO), alignment-correcting osteotomy (specifically
defined as derotational DFO, varus-producing DFO or
high tibial osteotomy), trochleoplasty and treatment of
(osteo-)chondral lesions. Further, only patients that had
already participated in a pilot study, during which preop-
erative gait and functional strength of patients with PFI
were compared with healthy controls, were considered
for inclusion [8]. Patients with open growth plates, severe
pain and disability during walking without crutches, an
acute traumatic patellar dislocation and those with previ-
ous lower limb surgery, severe trauma, musculoskeletal
disorders or planned arthroplasty were excluded.

Preoperative assessment and surgical planning

All patients underwent a standardized clinical and radio-
logical assessment to evaluate the underlying risk fac-
tors for PFI. Physical examination was conducted to
assess patellar (mal)tracking, apprehension and range of
motion of the knee and hip. Weight-bearing whole-leg
anteroposterior radiographs were performed to evaluate
coronal limb alignment, including femorotibial angle,
mechanical lateral distal femoral angle, and mechani-
cal medial proximal tibial angle [29]. In patients with
coronal malalignment, preoperative planning was per-
formed using a digital planning software (mediCAD®
version 5.1, Hectec, Altdorf, Germany). Patellar height
was evaluated on lateral knee radiographs using the
Caton-Deschamps index (CDI) [30]. Trochlear dysplasia
was classified according to Dejour [31]. Further, lower
extremity magnetic resonance imaging was conducted
to obtain femAT, patellar tilt, tibial tuberosity-trochlear
groove (TT-TQG) distance and trochlear dysplasia. Femo-
ral antetorsion was measured as described by Schneider
etal. [32].

Derotational DFO was performed in cases with
increased femAT. The cut-off value for increased femAT
varied between >15° and >20° as different surgeons
were involved in clinical practice, and the threshold was
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lowered if a concomitant valgus deformity indicating sur-
gical correction was observed [18, 33]. A varus-produc-
ing, lateral opening-wedge DFO was performed where
valgus malalignment was present. The cut-off value was
typically>3°, but this may have been lower in patients in
which a concomitant correction of increased femAT was
indicated [3]. In cases with increased femAT and valgus
deformity, derotational and valgus-correcting DFO was
indicated simultaneously, as described previously [18].
Tibial tubercle osteotomy was indicated in patients with
a lateralized tibial tuberosity (TT-TG distance>20 mm)
or patella alta (CDI>1.2). Trochleoplasty was performed
in patients with a positive J-sign, apprehension at 60° of
knee flexion and trochlear dysplasia Type B/D on lateral
radiographs. Reconstruction of the MPFL was indicated
in cases of high lateralization tendency following the
abovementioned procedures or isolated when anatomic
risk factors were absent.

Surgical technique

In all cases, diagnostic arthroscopy was performed to
assess the cartilage, patellar tracking, and the medial
retinaculum complex. Biplanar derotational DFO with an
anterior closing wedge was performed via a standardized
lateral subvastus approach as previously reported by the
authors [18, 34]. Additional correction of valgus defor-
mity was performed concomitantly by adding a lateral
opening wedge with the aim of neutral alignment as pre-
viously described [18, 34]. Biplanar lateral open-wedge
DFO was performed to treat isolated valgus malalign-
ment without increased femAT as previously described
with the aim of neutral alignment [35]. To secure the
osteotomy, an internal plate fixation system with locking
screws was used (Tomofix distal femoral plate, DePuy
Synthes, Umkirch, Germany). Tibial tubercle osteotomy
was performed as described by Fulkerson [36]. Troch-
leoplasty was performed as described by Bereiter [37,
38]. Reconstruction of the MPFL was performed using
the ipsilateral gracilis tendon as described by Schéttle et
al. [39].

Postoperative rehabilitation

In cases of isolated MPFL reconstruction, weight-bearing
was limited to 20 kg for 2 weeks. Patients who under-
went DFO and/or trochleoplasty alone or in combination
with other procedures were restricted to 6 weeks of par-
tial weight-bearing. Weight-bearing was then gradually
increased. Physical therapy was started on the first post-
operative day, including passive mobilization and gait
training with crutches. Therapy was then continued 2-3

times a week,with active exercises added according to
the surgery performed and the weight bearing permitted.
In the case of MPFL reconstruction, flexion was limited
to 90° for 6 weeks. Range of motion was limited to 60°
of flexion and 20° of extension for 2 weeks and gradually
increased thereafter in patients who underwent trochleo-
plasty. For isolated DFO, range of motion was not lim-
ited postoperatively. For patients who underwent TTO,
flexion was limited to 20° for 2 weeks and then gradually
increased.

Clinical and functional outcome assessment

Pre- and minimum 12 months postoperatively, patient-
reported outcome measures (PROM) were obtained and
clinical examination as well as gait videography were
performed. Assessment of PROM included the Kujala
score, Lysholm score, Tegner Activity Scale (TAS) and
Visual Analog Scale (VAS) for pain at rest and during
activity. A goniometer was used to measure bilateral pas-
sive hip internal rotation (hipIR), hip external rotation
(hipER) [40], static Q-angle and tubercle-sulcus angle
(TS angle) [41, 42]. Further, rates of postoperative patel-
lar re-dislocation and complications that required revi-
sion surgery were collected. Patients who underwent
revision surgery were excluded from all analyses.

Gait and single-leg squat analyses

Gait analysis was performed in a standardized manner as
previously described, see Fig. 1 [8]. Five gait cycles of
normal walking were recorded and repeated three times.
Gait cycles were recorded using optical markers on ana-
tomical landmarks (anterior superior iliac spine, center
of the patella and tibial tuberosity) [43]. During walking,
the presence of a dynamic Q-angle, defined as an obvi-
ous internal-rotation-adduction moment of the knee, was
analyzed.

Further, single-leg squats were performed bilaterally
at approximately 60° of knee flexion over a 5-second
period. The presence of a dynamic valgus during the sin-
gle-leg squat, defined as a medial deviation of the center
of the knee on an imaginary line between the center of
the hip to the center of the ankle [44], and/or a dynamic
Trendelenburg, defined as pelvic tilting>10° or cork-
screwing during a single leg squat, were evaluated [45,
46]. The single-leg squat was not included in the analysis
if it was not possible for the patient to perform a single-
leg squat due to limited range of motion, apprehension
and/or pain.

Recordings were obtained as frontal view videog-
raphy via a steady mirrorless digital camera (camera:
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Fig. 1 Gait patterns defined for frontal plane gait analysis. A, dynamic
Q-angle, defined as an obvious internal-rotation-adduction moment of
the knee while walking; B, dynamic valgus during a single-leg squat;

FUIJIFILM X-T20, Fujifilm Holdings Corporation, Japan;
lens: FUJINON XF16-55 mm F2.8, Fujifilm Holdings
Corporation, Japan) mounted at a height of 80 cm above
floor level and perpendicular to the walking path. Post-
processing was performed via Final Cut Pro (Apple Inc.,
USA). All videos were analyzed by three independent
observers.

Statistical analysis

Statistical analysis was performed using RStudio (RStu-
dio Public Benefit Corporation, Boston, USA) and R
version 4.2.3 (R Foundation for Statistical Computing,
Vienna, Austria). Normality assessment of the data was
conducted using the Shapiro-Wilk test. Mean+SD was
used to report normally distributed data whereas median
(interquartile range) was used to report non-normally dis-
tributed data. The paired t-test was applied to compare
normally distributed data and the Wilcoxon signed rank
test was used for non-normally distributed data. McNe-
mar’s test was employed to compare the incidence of gait
patterns across time points. Logistic regression analy-
sis was performed to assess the relationship between
the presence of postoperative dynamic gait patterns and
clinical and functional outcome measurements. As this
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C, dynamic Trendelenburg, defined as pelvic tilting>10° or cork-
screwing during a single leg squat

study was performed as a continuation of a prior study,
an additional power analysis was not conducted [8].
Interrater reliability among three observers was assessed
using Light’s kappa [47] and interpreted according to
Landis and Koch (<0.20: slight agreement, 0.21 to 0.40:
fair agreement, 0.41 to 0.60: moderate agreement, 0.61
to 0.80: substantial agreement, and 0.81 to 1.0: almost
perfect or perfect agreement) [48]. A significance level
of <0.05 was chosen, and all p-values were two-tailed.

Results

Of 35 patients that participated in the initial study, three
patients (8.6%) underwent revision surgery during fol-
low-up and were excluded (1x valgus deformity after
derotational DFO, 1x infected pseudarthrosis following
valgus-correcting DFO, 1x delayed union after derota-
tional DFO).

Of the remaining patients, 23 (71.9% follow-up) were
included in the present study at a median postoperative
follow-up of 12.5 (12.1-13.0) months, see Fig. 2. The
majority of patients (60.9%) underwent a concomitant
DFO, see Fig. 3. None of the patients suffered a patel-
lar re-dislocation during follow-up. Details on patient
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Fig. 2 Flowchart of patient
inclusion

the pilot study
(n=35)

Patients that participated in

Exclusion — patients
underwent revision

A\ 4

\ 4

surgery during follow-up
(n=23)

Patients eligible for

(n = 32)

inclusion in the study

Lost to follow-up

\ 4

\ 4

(n=9)

(n = 23)

Final study population

demographics and the procedures performed are reported
in Table 1.

Clinical and functional outcome

From pre- to postoperatively, knee function, sporting
ability and pain improved significantly, see Table 2;
Fig. 4. Further, patients who underwent an alignment-
correcting osteotomy exhibited a significant reduction in
the static Q-angle (14 [12, 13, 14, 15, 16, 17, 18, 19,
20] © preoperatively vs. 11 [10, 11, 12] ° postoperatively,
p=0.031), whereas no significant change was observed
in patients who did not undergo an alignment-correcting
osteotomy (p>0.05). Tubercle-sulcus angle was sig-
nificantly reduced postoperatively (p=0.001). Passive
hipIR decreased (p<0.001) whereas passive hipER did
not change significantly (p>0.05). Data on PROM, static
Q-angle, TS angle and hip range of motion are reported in
Tables 2 and 3. No significant difference was observed in
VAS (p=1), Kujala Score (p=0.088) and TAS (p=0.11)
between patients who underwent DFO and those who
did not. Patients who underwent DFO had a significantly
lower Lysholm score than patients without DFO (DFO:
77 [65-84], no DFO: 100 [95-100], p=0.049).

Gait and single-leg squat analysis

Overall, there was a significant reduction in the pres-
ence of dynamic Q-angle during gait (69.6% preop-
eratively vs. 30.4% postoperatively, p=0.016) Notably,
this reduction in dynamic Q-angle was significant in
the patient group that underwent an alignment-correct-
ing osteotomy (64.3% preoperatively vs. 21.4% post-
operatively, p=0.041) but not in patients who did not
undergo an alignment-correcting osteotomy (77.8% pre-
operatively vs. 44.4% postoperatively, p>0.05). Overall,
dynamic valgus during single-leg squat improved signifi-
cantly (65.2% preoperatively vs. 39.1% postoperatively,
p=0.041), but was not significant when the subgroups
were analyzed separately (p>0.05). Dynamic Trendelen-
burg did not decrease postoperatively (p>0.05).

Interrater reliability was “fair” (dynamic Q-angle dur-
ing [interrater kappa: 0.30], dynamic valgus [interrater
kappa: 0.38]) to “moderate” (dynamic Trendelenburg
[interrater kappa: 0.41]).

Correlation between postoperative gait and single-
leg squat and functional outcome

Patients with a postoperative dynamic Q-angle gait pat-

tern had a significantly lower Kujala score than patients
without, see Table 4. Further, logistic regression analysis

@ Springer
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Fig. 3 Postoperative whole-
leg and lateral radiograph of
concomitant derotational and
varus-producing biplanar distal
femoral osteotomy

showed a significant influence of the presence of a postop-
erative dynamic Q-angle on the Kujala score (p=0.042)
and TAS (»p=0.049), but not on the Lysholm score
(p>0.05). Additionally, dynamic valgus during single-
leg squat had a significant negative impact on the Kujala
score (p=0.021), but not on the Lysholm score (p>0.05)
or the TAS (p>0.05). Dynamic Trendelenburg did not
influence the Kujala score (p>0.05), TAS (p>0.05) or
the Lysholm score (p>0.05).

@ Springer
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Discussion

The most important findings of the present study were that
patients who underwent patient-individualized surgery
for PFI had a significant improvement of knee function,
sporting ability and pain. Overall, a significant reduction
of static Q-angle, lower incidence of dynamic Q-angle
during gait and dynamic valgus during single-leg squat
were observed. The findings regarding gait and single-leg
squat were statistically significant for the overall cohort
(dynamic Q-angle during gait, dynamic valgus during
single-leg squat) and for patients with alignment-cor-
recting osteotomies (static Q-angle and dynamic Q-angle
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Table 1 Patient demographics
and performed procedures. BMI,
body mass index; DFO, distal
femoral osteotomy; TTO, tibial
tubercle osteotomy; MPFL,
medial patellofemoral ligament

Patient demographics
Sex, female: male (% female)
Procedures performed

With DFO, n (%)
Varus-producing DFO

With concomitant procedures

MPFL reconstruction
Trochleoplasty
TTO

Trochleoplasty and MPFL reconstruction

Isolated
Isolated derotational DFO

Combined derotational and varus-producing DFO

Isolated
With MPFL reconstruction
Without DFO, n (%)
Isolated MPFL reconstruction

Trochleoplasty and MPFL reconstruction

Age at surgery, years * standard deviation

BMI, kg/m? + standard deviation

23.746.9
19:4 (82.6)
32.1+32
N(%)

14 (60.9)
6 (26.1)
521.7)
2(8.7)
1(4.3)
1(4.3)

1 (4.3)
1(4.3)
521.7)
3(13.0)
2(8.7)
1(4.3)

9 (39.1)
8 (34.8)
1(4.3)

during gait), but not for patients without alignment-cor-
recting osteotomies. It should be noted that the presence
of a dynamic Q-angle during gait and dynamic valgus
during single-leg squat was associated with significantly
inferior postoperative knee function and sporting ability.

Few studies have previously investigated postopera-
tive gait patterns in patients with PFI [26, 27, 28]. Car-
nesecchi et al. [28] reported that patients who underwent
MPFL reconstruction showed a postoperative gait pattern
that was similar to healthy controls during normal and
fast walking speeds. Notably, gait abnormalities were
observed in these patients during running. The degree
of improvement, however, could not be assessed as the
patients in their cohort were only assessed postopera-
tively. The gait pattern of patients who underwent MPFL
reconstruction improved to a comparable degree in the
present study without reaching statistical significance,
potentially due to the small sample size. Ammann et
al. [26] reported that patients who underwent bilateral
trochleoplasty for bilateral PFI showed gait patterns
similar to healthy controls. Patients with unilateral PFI
who underwent unilateral trochleoplasty, however, still
showed a pathological gait pattern postoperatively. Their
observations may indicate that chronic PFI may be con-
sidered a bilateral pathology even in patients with uni-
lateral instability. To the knowledge of the authors of
the present study, the present study was the first study to
conduct a pre- and postoperative gait analysis and func-
tional assessment in patients with PFI whereby patients
undergoing alignment-correcting procedures were also
included.

When patients with vs. without alignment-correction
were analyzed separately, only the group that underwent
a concomitant alignment-correcting procedure showed a
significant improvement of dynamic Q-angle. This may,
in part, be related to the close relation between the pres-
ence of increased femAT and compensatory gait mechan-
ics, which has also been observed in previous studies [8,
10, 49, 50]. A possible explanation for this observation
may be a compensation for an altered abduction moment
arm of the hip which may lead to increased mediolat-
eral contact forces in the patellofemoral joint [10, 49].
Further, patients who underwent a DFO also had a sig-
nificant decrease in static Q-angle. This has been shown
previously, specifically in the context of varization [51].
This decrease in static Q-angle may lead to a decrease
in dynamic Q-angle which may further explain why
patients who did not undergo an osteotomy did not have
a significant change in dynamic Q-angle. It should be
noted that other factors, including muscular, neurologi-
cal and psychological, may influence gait as well [7, 9,
10, 27, 52, 53]. This may explain why patients who did
not require alignment-correction also had pathological
gait patterns, why a physiological gait pattern was not
observed in all patients with an alignment-correction
postoperatively, and why dynamic Trendelenburg, as a
highly demanding test, did not improve. Consequently,
in patients with malalignment, specifically increased
femAT, alignment-correction should be considered as it
may improve not only functional outcome, but also gait.
When an alignment-correction is not performed in these
patients, inferior outcomes may be expected as the pres-
ence of a postoperative dynamic Q-angle was associated

@ Springer
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Ta.bl.e 2 Pre- and postoperative Preoperative Postoperative p-value
clinical and fqnctlonz.ﬂ outcom ¢ Clinical and functional outcome
and preoperative radiographic .
measurements. Significant VAS for pain at rest
p-values are bolded. HipER, Overall (n=23) 2 (04) 0(0-1) 0.005
hip external rotation; HipIR, Patients with DFO (n= 14) 2 (0—3.5) 0 (071) n.s.
hip internal rotation; mLDFA, Patients without DFO (n=9) 4 (2-5) 0(0-1) 0.28
mechanical lateral distal .femoral VAS for pain during activity
angé?;lmMP,TAflftf_‘g?*iam“l’l_ Overall 5(4.5-7) 2 (0.5-6) 0.011
?ﬁsl,angrﬁi‘r‘ffﬁJi t;as:;iefs, Patiens with DFO 5(4-7) 3(1-6) ns.
tubercle-sulcus; VAS, visual ana- Patients without DFO 6 (5-7) 2 (0-6) 0.28
log scale, N.s., not significant Kujala score
Overall 57.9+13.2 76.5+18.0 <0.001
Patients with DFO 56.6+10.9 70.7+14.3 0.007
Patients without DFO 59.8+£16.6 85.2+20.4 0.01
TAS
Overall 3.0 (2.0-3.0) 4.0 (3.0-4.0) 0.002
Patients with DFO 3.0 (2.0-3.0) 3.0 (3.04.0) n.s.
Patients without DFO 3.0 (2.0-3.0) 4.0 (4.0-5.0) n.s.
Lysholm score
Overall 58 (48-68) 81 (69-100) <0.001
Patients with DFO 62 (51-59) 77 (65-84) 0.018
Patients without DFO 55 (46-67) 100 (95-100) 0.009
Preoperative radiographic measurements
Femorotibial axis, °©
Overall 2.8 (1.6-3.3)
Patients with DFO 32(2.2-4.5)
Patients without DFO 1.9 (1.5-2.6)
mLDFA, °
Overall 87.5 (86.2-88.7)
Patients with DFO 87.4 (86.3-88.7)
Patients without DFO 87.5 (86.1-88.5)
mMPTA, °
Overall 90.5 (88.6-90.9)
Patients with DFO 90.0 (88.1-91.0)
Patients without DFO 90.7 (90.3-90.8)
Patellar tilt, ©
Overall 19.5 (12.2-24.1)
Patients with DFO 19.9 (17.5-28.5)

Patients without DFO

15.4 (12.1-23.8)

with inferior outcomes. This aligns with the findings of
previous studies that showed that when an alignment-
correction is not performed in patients with increased
femAT, inferior clinical and functional outcomes may be
expected [11, 13, 14, 23, 25].

As aresult, the frontal plane gait analysis performed in
this study, particularly the dynamic Q-angle gait pattern,
should be incorporated into daily clinical practice as a
simpler, more accessible alternative to 3D gait analysis
that allows for timely assessment. While clinical evalu-
ations have demonstrated inconsistency in determining
the indication for (derotational) DFO, this gait pattern
could serve as a valuable tool for identifying patients
who would benefit from alignment-correcting osteotomy.
However, because alignment-correcting osteotomy was

@ Springer

often combined with other osseous and soft tissue proce-
dures in this study, the effect of DFO alone on postopera-
tive gait improvement could not be assessed fully.
Several limitations should be considered when inter-
preting the results of the present study. First, the patients
included in the pilot study represented a heterogenous
cohort including different pathogenetic factors that may
have caused PFI and consequently, led to different surgi-
cal procedures being performed. This does however rep-
resent clinical practice when treating patients with PFI.
Further, although only patients who underwent a DFO
showed a significant reduction in dynamic Q-angle, this
would likely also have been significant in patients with-
out DFO if the sample size were larger as a trend for a
reduction was observed in these patients. Additionally,
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Table 3 Inci.dence of gait pattqms Pre-operative Post-operative p-value
o e PRI Dy Gangle g 1 4
are bolded. HipER, hip external Ipsilateral
rotation; HipIR, hip internal Overall (n=23) 16 (69.6%) 7 (30.4%) 0.016
rotation; N.s., not signiﬁcant; TS, Patients with DFO (n= 14) 9 (64.3%) 3 (21.4%) 0.041
tubercle-sulcus Isolated derotational DFO (n=3) 2 (66.7%) 0 (0%)
Isolated varus-producing DFO (n=5) 5 (100%) 2 (40%)
Combined DFO (n=6) 3 (50%) 1 (16.7%)
Patients without DFO (n=9) 7 (77.8%) 4 (44.4%) n.s
Contralateral 12 (52.2%) 7 (30.4%) n.s.
Dynamic valgus during single-leg squat, n (%)
Ipsilateral
Overall 15 (65.2%) 9 (39.1%) 0.041
Patients with DFO 8 (57.1%) 4 (28.5%) n.s.
Patients without DFO 7 (77.8%) 5 (55.6%) n.s.
Contralateral 17 (73.9%) 13 (56.5%) n.s.
Dynamic Trendelenburg during single-leg squat, n (%)
Ipsilateral
Overall 9 (39.1%) 8 (34.8%) n.s.
Patients with DFO 6 (42.9%) 6 (42.9%) n.s.
Patients without DFO 3(33.3%) 2 (22.2%) n.s.
Contralateral 13 (56.5%) 7 (30.4%) n.s.
Static Q-angle, deg
Ipsilateral
Overall 13 (11-18) 11 (10-12) 0.026
Patients with DFO 14 (12-20) 12 (12-14) 0.031
Patients without DFO 11 (10-15) 10 (10-11) n.s.
Contralateral 12 (10-16) 11 (10-15]) n.s.
TS angle, deg
Ipsilateral
Overall 10 (8-12) 53-9) 0.001
Patients with DFO 10 (8-11) 7(5-9) 0.005
Patients without DFO 12 (8-12) 3(3-9) 0.040
Contralateral 8 (8-10) 5(3-9) 0.004
HiplIR, deg
Ipsilateral
Overall 46+12 36+7 <0.001
Patients with DFO 45+7 37+8 0.010
Patients without DFO 50+18 34+6 0.030
Contralateral 47+12 38+8 <0.001
HipER, deg
Ipsilateral
Overall 35 (27-50) 38 (32-41) n.s.
Patients with DFO 41 (31-50) 39 (33-43) n.s.
Patients without DFO 29 (20-37) 35 (32-40) ns.
Contralateral 40 (28-45) 38 (30-40) n.s.

the interrater analysis conducted by this study showed
a lower interrater reliability than in the pilot study [8].
This difference may be attributed to decreased postop-
erative femAT values which may have made the gait and
functional analysis more challenging. This observation
was also reflected in our pilot study where more extreme
values of femAT correlated with higher interobserver
agreement [8]. A more detailed gait analysis, including a

3-dimensional visualization of gait patterns, could have
provided more information regarding changes in gait
and may result in higher interrater reliability. In the pilot
study as well as the present study, the gait and function-
related outcomes were kept binary as means to improve
simplicity and consequently, its applicability during clin-
ical practice.

@ Springer
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Fig. 4 Functional outcome parameters at pre- and postoperative time point. * p<0.05. ** p<0.01. *** p<0.001. **** p<0.0001. Pre: pre-oper-

ative. Post: post-operative

Table 4 Patient-reported outcome

Kujala score  Tegner Activity Lysholm

measures according to the Scale score
ma('zgfrlllsc‘:lr?cf ?ﬁiégﬁir;tzztfalt Postoperative dynamic Q-angle during gait
gigniﬁcant p-values are bolded. Absent 72+16 434 86 (73-100)
N.s., not significant Present 46+11 4 (3-6) 75 (50-95)
p-value 0.041 n.s. n.s.
Postoperative dynamic valgus during single-leg squat
Absent 78+19 4(34) 90 (79-100)
Present 60+23 3(3-5) 69 (53-95)
p-value n.s. n.s. n.s.
Dynamic Trendelenburg during single-leg squat
Absent 80+14 4[3-4] 93 [74-100]
Present 63+19 3[3-3] 73 [68-81]
p-value n.s. n.s. n.s.

Conclusion

Patient-individualized surgery for PFI improved gait pat-
terns and functional testing, especially in patients who
also underwent DFO. The presence of dynamic Q-angle
postoperatively was associated with significant worse
functional outcome and sporting ability.

Abbreviations

BMI Body mass index

DFO Distal femoral osteotomy
femAT Femoral antetorsion
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mLDFA  Mechanical lateral distal femoral angle
mMPTA  Medial proximal tibial angle
MPFL Medial patellofemoral ligament

TAS Tegner Activity Scale

TS Tubercle-sulcus angle

TTO Tibial tubercle osteotomy
TT-TG Tibial tubercle-trochlear groove
VAS Visual Analog Scale
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