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Combination of Trochleoplasty and High Tibial Osteotomy in Patellofemoral 
Instability Yielding Good Short-Term Results in terms of Pain Relief, 
Patella Stability and Knee Function 
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Abstract
Introduction: In many cases patellofemoral instability (PFI) presents a 
multifactorial issue that often requires a combination of different surgical 
procedures. In addition to re-balancing relevant soft tissue structures, 
osseous pathologies must also be addressed. Although, the combination of 
trochlear dysplasia, increased external tibial torsion or valgus deformity of 
the knee is rare, it is usually seen in young adolescents and could thus lead to 
early onset patellofemoral osteoarthritis or persisting PFI. We hypothesize 
that the combination of trochleoplasty and high tibial osteotomy (HTO) 
improves patellar stability and functional scores in patients who present 
with trochlear dysplasia and a tibial axis deviation (valgus deformity or 
increased external rotation) of a lower extremity.

Methods: 13 consecutive cases were included, where patients who 
presented with PFI were surgically treated by performing a trochleoplasty 
in addition to HTO. The following five inclusion criteria had to be met: 
(1) patients with PFI (2) trochlear dysplasia (Dejour type D), (3) tibial 
deformity (valgus or increased tibial torsion) of the ipsilateral limb and 
(4) failure of conservative treatment (5) simultaneous correction femoral 
and tibial. Preoperative imaging acquired consisted of conventional 
X-ray studies of the knee (a.p. and lateral) and full weight bearing long 
leg radiograph a.p. of the lower extremity, as well as a torsional CT scan 
of the lower extremities and a MRI of the affected knee joint. Surgical 
procedure consisted of trochleoplasty and HTO (tibial valgus or torsional 
correction) in addition to soft tissue rebalancing via lateral release. MPFL 
reconstruction was performed depending on patellar instability, tested 
intraoperatively. Subjects with previous surgical intervention, follow-up 
less than 6 months and femoral valgus deformity were excluded from this 
study. Visual analog scale (VAS), Tegner-score and the Kujala-score were 
compared pre- and postoperatively. Intra- and postoperative complications 
were registered.

Results: The study group consisted of 7 male and 6 female procedures 
with a mean of 20.8 years of age. 6 knees received a tibial varisation 
osteotomy, 7 knees a high tibial torsional osteotomy, 8 knees a primary 
MPFL-reconstruction. No intraoperative complication occured. During 
a mean follow-up time of 24.2 months one patient suffered a deep vein 
thrombosis and consequent pulmonary embolism. One patient who did 
not undergo primary MPFL-reconstruction suffered a single event of 
patella re-dislocation, which remained stable after secondary MPFL-
reconstruction. 2 patients without primary MPFL-reconstruction received 
MPFL-reconstruction secondary simultaneous with hardware removal due 
to patella subluxation after primary surgery. The Tegner score improved 
from 3.08 to 4.62, the Kujala score from 65.8 to 88.8, while the VAS 
decreased from 5.62 preoperatively to 1.77 postoperatively.
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et al. [15]. pathologies to be ruled out are a patella alta (type 
3b), lateralization of the tibial tuberosity (type 3c), valgus 
deformity of the knee (type 3d) and torsional deformity (type 
3e). A systematic approach is paramount, as it allows to detect 
and properly treat the rare combination of trochlear dysplasia 
(type 4) and tibial deformities (type 3d / 3e).

Treating patients suffering from PFI by performing a 
trochleoplasty with simultaneous osteotomy of the tibial 
tuberosity is a well-established treatment option [6, 12] 
however, no literature can be found on treating these patients 
with the combination of trochleoplasty and high tibial 
osteotomy (HTO) [31]. We therefore hypothesized that the 
combination of sulcus-deepening trochleoplasty in addition 
to HTO is able to properly stabilize the patellofemoral joint, 
reduce pain and improve knee function in patients with PFI 
due to severe trochlear dysplasia and tibial deformity.

Material and Methods
Inclusion criteria and imaging

In a retrospective data analysis, we recorded all patients 
who were surgically treated with simultaneous trochleoplasty 
and HTO (medial closed wedge and high tibial torsional 
osteotomy) during January 2018 and June 2021. Inclusion 
criteria consisted of unsatisfactory conservative treatment 
results in patients with PFI who also exhibited trochlear 
dysplasia Dejour type D, as well as tibial deformity (tibial 
valgus or increased external tibial torsion) [7]. Inclusion and 
exclusion criteria are summarized in table 1.

Keywords: Patellofemoral instability; Knee osteotomy; 
Trochleoplasty; High tibial osteotomy.

Introduction
Patellofemoral instability (PFI) is a multifactorial 

disorder influenced by a dysbalance of soft tissue structures 
as well as certain osseous pathologies [2, 8, 24, 25, 30]. In 
patients who suffer from recurrent dislocation of the patella, 
it is of utmost importance to analyze and detect any osseous 
pathologies, as it is common for affected individuals to exhibit 
a combination risk factors and deformities [1, 16, 27]. Frosch 
et al. introduced a classification that identifies several types of 
osseous disorders [15]. Surgical treatment is known to yield 
good results for each deformity [4, 10, 13, 19]. However, 
a small percentage of patients complaining of persisting 
PFI can be found within each subgroup. In a review study 
by Leclerc et al., patella re-dislocation after trochleoplasty 
occurred in 2.4% of subjects [18]. A meta-analysis including 
a total of 192 knees, shows that the combination of 
reconstruction of the medial patellofemoral ligament (MPFL) 
and simultaneous trochleoplasty yields a better outcome 
than merely carrying out a trochleoplasty [23]. Patients who 
have undergone sole MPFL-reconstruction and present with 
residual instability postoperatively, most commonly also 
display severe trochlear dysplasia [17]. With this is mind, 
additional surgical procedures must be considered in patients 
with PFI due to severe trochlear dysplasia and coexisting 
elevation of the tibial tuberosity trochlear groove (TTTG) 
distance. Additional tibial deformities must be excluded in 
patients with PFI and trochlear dysplasia. Trochleoplasty by 
itself may not sufficiently address other underlying, more 
complex deformities. As a first step, tibial deformities must 
be detected by systematically analyzing the frontal and 
rotational axes of the lower limbs during clinical examination. 
Should any abnormalities be observed (e.g., increased tibial 
external rotation, increased femoral internal rotation or valgus 
deformity of the knee) further diagnostics should consist 
of specific radiograph imaging studies (full-weight-bearing 
long leg ap of the lower extremities, as well as a torsional CT 
scan). Taking into consideration the classification of Frosch 

Conclusions: This multi-case study shows that the 
combined surgical procedure consisting of trochleoplasty 
and HTO improves patellofemoral stability and knee 
function while provoking a low rate of intra- and 
postoperative complications. The rare number of 
individuals suffering from PFI due to trochlear dysplasia 
and tibial valgus or increased external rotation deformity 
can be safely treated in a single surgical setting yielding 
good clinical results in terms of pain relief, functional 
scores, and patellar stability, while primary MPFL-
reconstruction yields a better patella stability.

Inclusion criteria Exclusion criteria
PFI History of previous operations
Failure of conservative treatment Follow-up less than 6 months
Dysplasia of trochlea type D Femoral valgus deformity
Tibial deformity
(Tibial valgus with mMPTA >92° or 
increased external torsion tibially 
with tibial torsion >43°)
Simultaneous correction femoral 
and tibial

Table 1: Inclusion and exclusion criteria.

Preoperative imaging consisted of conventional 
radiographs of the knee joint in 3 planes (antero-posterior, 
lateral, and tangential projection of the patella), full-weight-
bearing long leg ap. of the lower extremities and a torsional 
CT scan. Long leg analysis of the frontal plane was performed 
according to the method of Paley [22]. Torsional values were 
computed according to the method of Waidelich by utilization 
of digital planning software (Medicad Hectec GmbH, Altdorf, 
Germany) [29]. Recorded values included femoral and tibial 
torsion, as well as TTTG distance [22, 29]. MRI imaging 
studies were obtained in all cases in order to evaluate for 
cartilage lesions, determine trochlear shape, and to further rule 
out intraarticular pathologies. Mechanical femorotibial axis, 
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JLCA (joint line conversion angle), mMPTA (mechanical 
medial proximal tibial angle) and mLDFA (mechanical 
lateral distal femoral angle) were measured on full-weight-
bearing long leg a.p. radiographs. Femoral and tibial torsional 
values measured on CT scan were compared to physiological 
values according to Waidelich. HTO was indicated in tibial 
valgus deformity with a mechanical valgus axis of more than 
4 degrees and mMPTA greater than 92 degrees or a tibial 
external rotation deviation of more than 10 degrees. In the 
case of tibial varisation osteotomy, the surgeon aimed for 
a postoperative femorotibial mechanical axis 0 degree. In 
respect to high tibial torsional osteotomies, the postoperative 
goal was a torsional value of 33 degrees according to the 
normal value of Waidelich. Preoperative VAS, Tegner 
activity score and Kujala score were obtained. The study was 
approved by the institutional review board and all patients 
provided written informed consent.

Surgical procedure
All surgical procedures were performed by two board-

certified orthopedic knee surgeons within our department. 
Trochleoplasties were performed according to the technique 
of Bereiter through a lateral approach to the knee joint [28]. 
Deepening of the trochlea was obtained by chisel and the 
osteochondral flap fixated by an absorbable 3 mm vicryl band 
fixated transosseously by three swivelock anchors (Arthrex 
Inc., Naples, Florida, USA) (figure 1). 

Fixation of the corrected axis was achieved by a manually 
bent 5-hole DC-Plate (DePuy Synthes, West Chester, 
Pennsylvania, USA). For varisation osteotomies we chose a 
medial approach to the tibial head, performed as a subtractive 
biplanar osteotomy with two oblique osteotomies meeting 
in projection to the proximal tibiofibular joint (according to 
the medial open wedge technique); a lateral hinge granting 
more stability and less risk of delayed union. The vertical 
osteotomy performed proximal to the tibial tuberosity  
(figure 3). 

 
Figure 1: Lateral approach to the knee joint with a type D trochlea 
dysplasia (A). Osteochondral flap is prepared with a chissel (B). 
Sulcus deepening of the trochlea is achieved with a chissel (C) and 
osteochondral flap is fixed with a V-shaped vicryl band (D).

For HTO we used either one of two techniques depending 
on the underlying pathology: In torsional HTO we used 
a lateral approach according to the technique of Strecker 
[26]. The osteotomy was carried out biplanar with the 
main osteotomy running parallel to the knee joint line and 
90 degrees to the mechanical axis of the tibia, as well as a 
vertical osteotomy above the tibial tuberosity (figure 2). 

 
Figure 2: (A) Dysplasia of the trochlea is shown by lateral radiograph 
of the knee and femoral “bump” is marked (red circle). Postoperative 
X-ray documents main osteotomy level (*) and vertical cut superior 
to tibial tubercle (**) on ap- view (B) and lateral view (C). Fixation 
is achieved by an individually bended 5-whole DC-Plate with the 
typical pattern of screws.

Figure 3: Full weight bearing radiograph is documenting 
preoperative femorotibial valgus deformity (A) and type D dysplasia 
of the femoral trochlea with a pathological trochlea inclination angle 
(B). Intraoperatively angle of tibial subtractive correction osteotomy 
is measured by k-wires (C). Fixation is obtained by angle stable 
internal plate fixateur (D). After correction and hardware removal 
on both sides full weight bearing radiograph shows straight legs on 
both sides (F).

Fixation was achieved by locking plate (Tomofix medial 
proximal tibia, DePuy Synthes, West Chester, Pennsylvania, 
USA). After completion of plate fixation, elongated anterior 
fibers of the medial collateral ligament (MCL) were shortened 
by sutures. All patients underwent arthroscopy of the knee 
joint prior to osseous correction [21]. In all cases osseous 
correction was combined with re-balancing of the soft 
tissue by release of the lateral retinaculum and if indicated, 
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reconstruction of the MPFL, which was performed according 
to the technique of Fink, using a quadriceps tendon autograft 
[11]. MPFL-reconstruction was performed depending on 
the surgeon’s intraoperative evaluation of patellofemoral 
stability. Subjects who presented with fourth degree cartilage 
lesions of the retropatellar surface (size of defect 1 - 2 cm2) 
received cartilage repair treatment during the same procedure 
by subchondral drilling combined with autologous matrix 
induced chondrogenesis (AMIC Chondro gide, Geistlich 
Biomaterials, Baden-Baden, Germany). Cartilage lesions 
were assessed in preoperative MRI studies and confirmed 
arthroscopically. VAS, Tegner activity score and Kuala 
score were obtained pre- and postoperatively at follow-up 
examination. Follow-up time was recorded.

Postoperative treatment
Prior to discharging the patient, we obtained postoperative 

AP and lateral radiographs of the knee, and a full-weight-
bearing long leg radiograph. Active flexion of the knee was 
limited to 60 degrees wearing a knee brace for 4 weeks, 
followed by a subsequent two weeks of 90-degree flexion 
limitation. Knee extension was limited at no point in time. 
All patients were restricted to partial weight bearing with 20 
kg for 6 weeks postoperatively. Patients were re-evaluated at 
6 weeks postoperatively for radiological control studies and 
permitted to gradually move to full weight bearing over the 
course of two weeks with no limits on range of motion. 

Data acquisition
Demographic data of all patients were recorded. A 

follow-up visit at 6 months confirmed proper bone healing. 
The healing process was considered complete if the patient 
achieved full weight bearing, had no complaints of pain, 
and the osteotomy site was fully ossified on conventional 
radiographs. Patients who had undergone surgical treatment 
between 2018 and 2020 were invited for a follow-up interview 
and further clinical examination in the timeframe from July to 
December 2021. All surgical procedures were documented, 
and complications were recorded until the day of this last 

follow-up. Pain levels were recorded by visual analoge 
scale (VAS) preoperatively and postoperatively at the last 
follow-up. Tegner activity scale and Kuala score was used to 
monitor knee function. A reoccurring patella dislocation or 
subluxation was registered separately.

Statistical analysis
Microsoft Excel was used for data collection while 

statistical analyses were performed with SigmaStat software 
(SystatSoftware Inc., San Jose, CA, USA). Data were 
expressed as mean (range; standard deviation) and p-values 
< 0.05 were considered statistically significant. A Rank-sum 
test or t-test was used to determine the difference between pre- 
and postoperative values of VAS and knee scores (Tegner 
and Kuala activity scores), depending on normal distribution.

Results
13 procedures in 11 patients were recorded; a summary 

of the demographic data is shown in table 2. Complete data 
acquisition including the final follow-up investigation was 
achieved in all cases. During two procedures additional 
retropatellar cartilage repair (AMIC) was performed. In 
8 of the 13 procedures a primary MPFL-reconstruction 
was performed. There was no occurrence of intraoperative 
complications in all 13 procedures. All osteotomy sites 
showed complete bone healing after 6 months. Two major 
complications were identified: One patient who did not 
undergo primary MPFL-reconstruction suffered a re-
dislocation of the patella, while another suffered a deep 
vein thrombosis of the lower extremity with subsequent 
pulmonary embolism. At the time of follow-up, 6 knees had 
undergone hardware removal due to soft tissue irritation. Five 
of these six procedures were tibial varisation osteotomies 
where the locking plates caused soft tissue irritation. In 3 of 5 
cases without primary MPFL-reconstructions, patellofemoral 
instability persisted (one re-dislocation, 2 knees with 
subluxations). All three knees received secondary MPFL 
reconstruction as well as hardware removal and showed no 
further instability after revision surgery.

sex age
(MV, range; SD)

MPFL recon-
struction

tibial 
varisation

tibial torsional 
osteotomy

time of operation
in min (MV, range; SD)

follow-up time in months 
(MV, range; SD)

6 female, 7 
male

20.8 
(17-33; 4.5) n=8 n=6 n=7 148

 (120-224; 31.2)
24,2 

(6-47; 12.3)

Table 2: Distribution of age and gender, surgical technique, operation time and follow-up.

Mean overall follow-up time was 24.2 months (range 6 
– 47; SD 12.3). Mean value for VAS decreased from 5.62 
(range 1-8; SD 1.85) preoperatively to 1.77 (range 0-5; SD 
1.36) postoperatively. Kujala score improved from 65.3 
(range 40-82; SD 12.9) to 88.8 (range 71-96; SD 7.58) and 

Tegner activity scale from 3.08 (range 1-6; SD 1.44) to 4.62 
(range 3-6; SD 1.04). All P-values showed a statistically 
significant improvement from the time of preoperative to 
postoperative assessment; boxplots of the results are depicted 
in figure 4.
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Discussion
The most important finding of this study was the fact that 

patients suffering from PFI who are presented with femoral 
(trochlear dysplasia) as well as tibial deformity (valgus or 
increased external rotation) can be successfully treated in a 
single surgical session. In this case series of 13 surgically 
treated knees we witnessed a significant improvement in knee 
function (Kujala score and Tegner activity scale) and pain 
levels (VAS) while observing a few major complications. 
We observed one non-surgical (deep vein thrombosis 
with subsequent pulmonary embolism) and one surgical 
complication (re-dislocation of the patella). Patella dislocation 
(1 knee) or -subluxation (2 knees) only occurred in cases 
where primary MPFL-reconstruction was not performed. 
The patellofemoral joint remained stable after secondary 
MPFL-reconstruction. Hence, we conclude that osseous 
corrections should be accompanied by primary soft tissue 
balancing. This consists of a release of the lateral retinaculum 
and reconstruction of the MPFL. It is well documented that 
MPFL-reconstruction is an important factor in patients with 
PFI who undergo trochleoplasty [23]. Dividing the surgical 
procedures (trochleoplasty, HTO, MPFL-reconstruction) into 
two surgical sessions to shorten operating time and possibly 
preventing intraoperative complications can be considered. 
However, with no recorded intraoperative complications and 
a high rate of patella dislocation/-subluxation (3 of 5) when 
primary MPFL-reconstruction was not performed, our study 
supports an “all-in-one approach”. Further research into a 
higher number of cases is needed to verify this statement.

Current literature does not provide any information on 
the simultaneous procedure of trochleoplasty and HTO. 
The combination of trochleoplasty and femoral derotation 
osteotomy was described by Biedert et al. [5]. In his one-
session approach he documented good results in a series of 9 

cases. He found a significant improvement in knee function 
and patella stability with a mean follow-up period of 2.1 years. 
In a meta-analysis Balcarek et al. found that trochleoplasty in 
addition to extensor apparatus balancing is superior to sole 
MPFL-reconstruction regarding the rate of re-dislocation in 
patients with PFI [3]. In terms of knee function, both groups 
showed comparable results with an improvement of 26.4 and 
26.2 points with respect to the Kujala score. These scores are 
in line with the score improvement of 23.5 points within this 
study.

Surgical therapy aims to achieve two goals in patients 
suffering from PFI: 1) stabilization of the patellofemoral 
joint and 2) improvement of patellofemoral malalignement 
in order to relief pressure and pain within the patellofemoral 
joint, as well as prevent cartilage damage and patellofemoral 
osteoarthritis (PFOA). The first goal is easily achieved and 
evaluated, while the second goal is much more difficult to 
attain. In an extensive review of 1000 cases during a follow-
up time from 1-25 years Leclerc et al. found 27 % to display 
signs of PFOA after having undergone trochleoplasty [18]. 
Tibiofemoral malalignment and pathological trochlea 
morphology are known to be associated with PFOA [20, 
32]. Femorotibial valgus deformity, increased tibial external 
rotation and sever trochlear dysplasia are well-documented 
causes of patellofemoral malalignment and known risk 
factors for development of PFOA [9, 10, 14]. The authors of 
this study recommend treating all underlying pathologies in 
patients with PFI in order to prevent further damage to the 
patellofemoral cartilage, even though PFOA may not yet be 
present in adolescents. A strong argument for the combination 
of several surgical procedures performed during one surgical 
session is the fact that postoperative management essentially 
needs no amendment; consequently, the patient undergoes 
only one period of partial weight baring and limitation of 
range of motion and their associated drawbacks (loss of 
muscle strength, incapacity to work, etc). Longer follow-up 
investigation is necessary to monitor the time of onset and 
development of PFOA within this patient group. 

Hardware removal was considered as a minor complication 
within this study. In none of the six knees, where hardware 
was removed, a severe soft tissue problem could be observed 
clinically. All patients showed complete bone healing at 
the osteotomy site. One female patient (22 years of age) 
suffered a deep vein thrombosis with subsequent pulmonary 
embolism, which was treated successfully by therapeutic-
dose anticoagulation and compression stockings. In this 
patient we detected the following risk factors: obesity (BMI 
32), smoking, usage of an oral contraceptive and an operating 
time of 113 minutes. Such risk factors must be assessed in 
advance and addressed when possible.

Limitations
Due to lack of comparison with a control group, this 

 

Figure 4: Values for VAS scale, Kujala score and Tegner activity 
pre- (pre) and postoperatively (post) including p-values are depicted.
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study is not able to show the outcome with trochleoplasty in 
absence of HTO. Further research is necessary with greater 
case numbers and a control group for direct comparison of 
different combinations of surgical treatments. Our study 
includes two different types of HTO due to an overall low 
number of cases. Future studies must investigate whether 
there is any significant difference performing a varisation 
HTO opposed to a derotational HTO. With our present case 
numbers, no such comparison was carried out. 

Conclusion
The results of this multi-case series show that simultaneous 

trochleoplasty and HTO within one surgical session is a 
safe approach in treating patients with PFI and coexisting 
trochlear dysplasia and deformity of the proximal tibia 
(valgus- or external rotational deformity). Due to the high rate 
of patella re-dislocation/-subluxation when primary MPFL-
reconstruction was not performed, an osseous correction 
should be accompanied by primary MPFL-reconstruction 
during that same surgical session. Significant improvement 
of knee function (Kujala score and Tegner activity scale) and 
pain level (VAS) can be achieved within this rare group of 
patients suffering from PFI with combined femoral and tibial 
deformity. A thorough clinical examination and specific 
radiographic analysis must be implemented and obtained 
in patients presenting with PFI. Detailed knowledge of the 
underlying pathologies is essential to plan and perform 
adequate surgical measures, especially in these complex 
cases.
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