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Bony Procedures for surgical patellar stabilization 8 

Abstract 9 

Surgery for patellofemoral instability is usually considered in patients with recurrent 10 

patellar dislocation and after a first-time patellar dislocation in the presence of either an 11 

associated osteochondral fracture or high risk of recurrence due to the presence of 12 

several risk factors. Risk factors include demographics such as age, contralateral 13 

dislocation, as well as anatomic risk factors (ARF) such as abnormal coronal and 14 

rotational alignment, trochlear dysplasia, lateral quadriceps vector, and patella alta.  15 

Surgery with soft tissue procedures includes restoring the medial patellar restraints and 16 

balancing the lateral side of the joint and can be successful in most patients.  However, 17 

patients that have excessive and/or several ARF have a high risk of failure with isolated 18 

soft tissue stabilization procedures; associated surgical correction of select ARFs is 19 

recommended.   This article will discuss an approach to evaluate the risk-benefit of 20 

adding bony procedures which may decrease the changes of recurrence of patellar 21 

instability but can increase surgery-related complications. Approaching patellofemoral 22 

instability in a patient-specific approach and combining corrective osteotomies and 23 

trochleoplasties with a shared decision with the patient/family, guiding surgeons to  24 

deliver optimal care for the patellar instability patient. 25 

 26 
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Introduction 27 

As the understanding of the pathoanatomic variables that contribute to lateral patellar 28 

dislocations (LPD) mature, so are the techniques to address these anatomic contributors of 29 

instability.  The cornerstone of surgical patellar stabilization for treatment of LPD is Medial 30 

Patellofemoral Ligament Reconstruction (MPFL-R). Current evidence will be reviewed 31 

describing the indications and outcomes of bony procedures that are part of the current 32 

algorithm to address surgical patellar stabilization including coronal and axial plane osteotomy, 33 

tibial tubercle osteotomy (TTO), and trochleoplasty are part of current surgical treatment 34 

algorithms to best manage patients recurrent LPD.  35 

 36 

Varus Producing Distal Femoral osteotomy (DFO) 37 

 Coronal alignment of the femur has been shown to considerably alter patellar tracking[1]. 38 

Increasing degrees of distal femoral valgus result in an increasing lateral force vector across the 39 

patella. A few studies with small sample sizes have investigated the utility of performing a DFO 40 

for excessive valgus in patients with patellar instability, as well as anterior knee pain without 41 

instability.  The short-term outcomes of these studies are encouraging[2, 3].  However, many of 42 

these studies have a mixed population of anterior knee pain +/- patellar instability. No clear 43 

threshold has been defined as an excessively valgus mechanical axis contributing to patellar 44 

instability. However, Frings et al utilized ≥5º of mechanical axis valgus as their threshold to 45 

perform a varus DFO, especially in the setting of co-existing lateral compartment femorotibial 46 

degeneration[4].    A distal femoral lateral opening wedge osteotomy (Figure 1) or a medial 47 

closing wedge osteotomy (Figure 2) can be utilized.  Choice is surgeon dependent based on 48 

other factors including concomitant surgery, age, bone density, body mass index.  49 

Caution must be exercised to not generalize the femur as the sole culprit in a valgus 50 

mechanical axis. Eberbach et al demonstrated that combined femoral and tibial contributions to 51 

the overall mechanical valgus axis were more common than isolated femoral contributions. 52 
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Furthermore, the authors concluded in knees with ≥5º of mechanical axis valgus, 55.2% of ideal 53 

osteotomies would be performed in the tibia and 25.2% would be a double level (femur and 54 

tibia) osteotomy[5].   Complications derived from literature in which DFOs are performed for 55 

lateral femorotibial arthritis demonstrate a low complication rate, consisting of mostly hardware 56 

related issues, especially if a lateral plate is used[6, 7].  57 

In the setting of PF instability, as with other pathologic anatomic variances, a holistic 58 

approach should be taken and the pros and cons of correcting each contributing factor must be 59 

weighed.  Most authors agree to add a varus producing DFO when there are at risk issues with 60 

the lateral tibio-femoral compartment (chondrosis, lateral meniscus tear, osteochondral 61 

dissecans).   More research is needed to better define the contribution and significance of 62 

valgus plane coronal alignment to patellar instability and at what threshold surgical correction is 63 

desired for optimal outcomes.   64 

Though outside the scope of this review, in a child with valgus knee(s) with open physes, 65 

guided growth should be considered[8-10].  66 

Derotation Femoral osteotomy 67 

Maltorsion of the femur can impair joint moment generation, which can result in adverse 68 

effects on joint health and gait compensation. Under-detection and under-treatment of 69 

transverse plane deformity of the tibia and femur result from lack of clinical awareness, as well 70 

as challenges of the accuracy and reliability of both physical examination and imaging 71 

measurements[11]. The physician may become suspicious during the physical exam (e.g. in-72 

toeing and out-toeing gait; prone increased hip internal rotation with decreased hip external 73 

rotation), and plain films, femoral condyle/lateral tibial eminence superimposition, > 2mm or 74 

prominent lateral femoral condyle and a small and narrow medial femoral condyle)[12]. (Figure 75 

3.).   Torsional deformities are then verified by slice imaging (MRI or CT). (Figure 4)  76 
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The use of 3D data generated by stereo-radiographic system (EOS) (low dose 77 

biplanar radiography) holds promise for assessing biplanar limb alignment, which greatly  78 

reduced scan time and radiation exposure to the patient[11, 13].  79 

  Maltorsion of the femur and/or tibia can contribute to PF instability as well as pain. 80 

Several recent studies outline the effects of increased torsion, in particular excessive femoral 81 

anteversion, on patella instability[14-18]. Awareness of maltorsion is crucial, though surgical 82 

threshold for correction continues to be debated. In a cadaveric study, isolated Medial 83 

Patellofemoral Ligament (MPFL) reconstruction failure has been reported for increased femoral 84 

anteversion (internal femoral torsion) of >20º over normal[16]. However, a recent clinical cohort 85 

study on patients with lower limb torsion revealed that trochlear dysplasia but not torsion 86 

predicted lateral patellar instability[14].  87 

 When a “J sign” is present on clinical exam, femoral anteversion should be scrutinized 88 

and evaluated by slice imaging if suspected on clinical exam.   A recent retrospective study 89 

has shown that patients with an increased femoral anteversion angle (> 30°) had inferior 90 

postoperative clinical outcomes, including greater patellar laxity (as measured by patellar lateral 91 

translation), a higher rate of residual J-sign and lower patient-reported outcomes after medial 92 

patellofemoral ligament reconstruction and combined tibial tubercle osteotomy for the treatment 93 

of recurrent patellar instability[19].   Yang et al. found good clinical outcomes in patients with LPD 94 

treated with distal femora derotational osteotomy and medial retinaculum plasty for femoral 95 

anteversion > 25º[20].   A recent systematic review found that femoral internal torsion greater 96 

than 25º and/or external tibial torsion greater than 30º as measured by CT are threshold values 97 

for axial alignment correction in patellofemoral Instability[8]. 98 

Ideally the femoral osteotomy should be performed near the region of the deformity as 99 

an inter-trochanteric, diaphyseal, or supracondylar osteotomy, all of which have been shown to 100 

have favorable outcomes in restoring patellar stability[15], and redistributing PF contact 101 

pressures[21].  (Figure 5).   If a supracondylar derotation osteotomy is performed with an MPFL 102 
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reconstruction, care must be taken in planning for MPFL femoral fixation (Figure 6).   When 103 

preparing for a derotational femoral osteotomy, the surgeon must consider the resultant coronal 104 

angulation changes that will ensue after osteotomy, notably (potential) increased knee valgus. 105 

Increased valgus can lead to a greater lateral quadriceps vector, potentially worsening the 106 

patellar instability.   Several recent studies have demonstrated excellent outcomes in derotating 107 

excessively anteverted with significant decreases in VAS scores, increases in patient reported 108 

outcomes (PRO), and no recurrent dislocations[20, 22-24]. 109 

If the surgeon is confronted with both valgus and torsional femoral deformity, an oblique 110 

derotating DFO may be performed according to Imhoff et al.’s published calculation[25].   111 

Alternatively, an IM rod could treat a bi-plane correction (Figure 7)  112 

 113 

Derotation Tibial Osteotomy 114 

Maltorsion of the lower leg may contribute to patellofemoral instability, knee pain 115 

secondary to altered biomechanics, possible aesthetic issues and stumbling due to pathologic 116 

in- or out toeing [26]   117 

External tibial torsion has been associated with abnormal patellar contact pressures, dynamic 118 

knee moments, as well as decreased power generation of the foot/ankle complex resulting in 119 

lever arm dysfunction[27]. 120 

External tibial torsion may create an apparent lateral position of the patellar tendon 121 

insertion, and increased rotation between femur and tibia. It has been tempting for PF surgeons 122 

to try and solve this problem by medialization of the tibial tubercle, but this does not correct the 123 

out of plane foot position.  Medial tibial tubercle osteotomy may reduce an elevated Q angle 124 

vector but does not improve faulty body movement patterns[11].  One should be certain that the 125 

Q vector is due to laterization of the tibial tubercle if one plans on surgically medializing the tibial 126 

tuberosity. 127 
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 Similar to femoral maltorsion, the physical exam will show increased thigh-foot angle 128 

(effectively measured), which can be associated with increased quadriceps angle (Q-angle) and 129 

pathologic foot progression angle[11].  The suspicion from the physical exam is then verified by 130 

slice imaging. As with the femur, it is important for the clinician to be consistent with one’s 131 

measuring technique [28].  132 

Gait analysis (GA) is an alternative way to measure limb torsion; it provides dynamic, 133 

functional information that is lacking with static imaging methods.  GA shows good correlation 134 

with CT measurements for the tibia.  However, given the lower accuracy for hip rotation on gait 135 

analysis, combined CT and GA data may produce the most useful rotational assessment for the 136 

femur and/or limb at this time [11].   EOS holds great promise for skeletal radiography, given its 137 

advantages of transverse plane analysis with the patient standing and low radiation exposure[29] 138 

Recent publications reported mean external torsion values of approximately 30° in 139 

healthy individuals[30, 31].  Forward dynamic simulations show that tibial extorsion 30° above 140 

normal reduces the capacity of the soleus, posterior gluteus medius, and gluteus maximus to 141 

extend the hip and knee[32]. Although the role of excessive external tibial torsion and altered 142 

knee/limb biomechanics is well established, it role as a risk factor for patellar instability is less 143 

clear, especially when not accompanied by excessive femoral anteversion.  More research is 144 

needed to better define the significance of isolated external tibial torsion’s contribution to 145 

patellar instability, and at what threshold surgical correction is desired for optimal outcomes.   146 

If indication for derotation at the lower leg is determined, a variety of published 147 

osteotomy levels and techniques may be considered: a) at the level of the tubercle with an 148 

additional tubercle osteotomy (Figure 8),  b) at the level of the tubercle with an anterior 149 

ascending cut (bi-planar) (Figure 9), c) proximal to the tubercle monoplanar  d) just distal to the 150 

tubercle, e) mid-shaft, and f) supramalleolar [33-35].   (Figure 10).  Besides personal preferences 151 

in osteotomy level and fixation technique, one must consider that derotation above the tubercle 152 

alters lateralization of the tibial tuberosity and thus the Tibial tubercle-trochlear Groove (TT-TG) 153 
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distance and other such measurements, while derotation below the tubercle does not.   154 

Additionally, a supra-malleolar can be done with open phyes and therefore is the preferred 155 

technique in children. 156 

Another consideration is the question of a concomitant fibular osteotomy.  Based on the 157 

literature, the question of “if and when” a fibular osteotomy is needed is still unclear. Satisfactory 158 

results have been identified for each with relatively low risk. While it is not universally adopted, 159 

trends in the literature point to performing an isolated osteotomy of the tibia unless a full 160 

rotational correction cannot be achieved without a fibular osteotomy.  This is somewhat 161 

dependent on patient age (degree of plasticity), and degree of tibial osteotomy correction. 162 

Derotation tibial osteotomies for excessive external tibial torsion can be a surgical 163 

solution for both anterior knee pain (often with isolated excessive external tibial torsion), patellar 164 

instability (with either isolated excessive femoral anteversion, or combined with tibial 165 

maltorsion).  A recent systematic review of reasons for surgical derotation tibial osteotomies 166 

(DTO) identified 22 studies for inclusion, with 658 tibias in 477 patients. Of all included patients, 167 

48% underwent isolated DTO with the most common surgical indications for DTO being anterior 168 

knee pain (86%), patellar instability (59%), gait dysfunction (45%), and cosmetic deformity 169 

(18%), in isolation or combination.  All patients who underwent surgery had either anterior knee 170 

pain or patellar instability, even if other indications were present [36]. 171 

 172 

No “gold standard” in thresholds and/or indications for DTO surgery has been advanced, 173 

in part due to multiple variables including skeletal maturity, magnitude of correction, or need for 174 

concomitant procedures.  Oftentimes femoral and tibial maltorsion are combined with other 175 

anatomic issues in complex PF instability patients (Figure 11) 176 

 177 

Tibial tubercle osteotomy 178 
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Tibial tubercle osteotomy (TTO) offers a surgeon the ability to redirect patellar tracking 179 

and/or PF stresses by changing the quadricep vector, correcting for patella alta, and/or 180 

redistributing the load within the PF articulation. The customizability of the TTO is afforded by 181 

the direction the tibial tuberosity is translated, determined by the surgical objective. The most 182 

common goals include the use of medializing TTO to re-direct an increased lateral tibial tubercle 183 

causing an increased quadriceps vector, distalizing TTO for reduction of patella height, and 184 

anteromedializing TTO (AMZ-TTO) to off load the distal lateral patella. Less commonly utilized 185 

TTOs include an anterior transfer TTO to off load a focal cartilage lesion with normal PF 186 

alignment, anterolateralizing TTO in revision settings after an excessively medialized TTO, or a 187 

proximal transfer TTO for patella baja.  188 

When making the decision of whether a patient needs a TTO, and which TTO will 189 

provide optimal clinical outcomes, one should use a combination of focused physical 190 

examination and knee imaging.   Initially the physical exam focused on the “q angle’ or 191 

quadriceps vector.  Brattstrom[37] defined the Q-angle as a valgus angle formed by the 192 

‘‘quadriceps resultant + patella + ligamentum patellae’’.   H. Dejour and colleagues attempted to 193 

‘objectify’ the q-angle and popularized the tibial tubercle -trochlear groove distance, which is 194 

determined from axial slice imaging[38].   In their seminal article, they established this as 195 

anatomic risk factor for ‘objective’ recurrent lateral patellar dislocation (LPD). 196 

Historically, the most common surgical approaches for the treatment of LPD have been 197 

to reduce a ‘valgus’ Q-angle.   Biomechanical studies have suggested that the stabilization of 198 

the patella is not accomplished by medial tibial tubercle transfers[39].  Moving the tubercle may 199 

have negative long-term consequences.   Medial transfer of the tibial tuberosity can result in a 200 

increase in external tibial rotation[40, 41], and increase in medial tibiofemoral compartment 201 

pressure[42].  One helpful technical intra-operative pearl to prevent over-medialization of the tibial 202 

tubercle is to look at the tubercle sulcus angle (TSA), which some call the ‘sitting’ Q angle.  203 

(Figure 12). The TSA is a physical exam measurement that gives insight into the position of the 204 
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quadriceps vector in flexion, as the distal arm of the quadriceps vector may change as the tibia 205 

internally rotates during flexion[43, 44].  A normal TSA is zero at 90° of knee flexion. TSA can be 206 

used pre-op to evaluate the need for TTO medialization, or intra-op to assess final placement of 207 

the medialized tubercle[45].    208 

The role of increased quadriceps vector as a risk factor for lateral patella dislocation 209 

must be challenged in-light-of current-day knowledge. It is a linear measurement not a ratio as 210 

such size is not taken into account and can be a source of variability.  ‘Normative’ values differ 211 

between CT and MRI.  TT-TTG distance changes with chronologic age in the pediatric 212 

population[46].  The TT-TG measurement is a result of 3 separate measurement: lateralization of 213 

the tibial tubercle, rotation between the tibia and femur, and medialization of the trochlear 214 

groove (as in high grade trochlear dysplasia)[47].  (Figure 13a-c).  The TT-TG distance value 215 

should be scrutinized and not used as an isolated value. 216 

More focused patellar tracking examination should specifically assess for the presence 217 

of a J sign, seen with dynamic knee flexion and extension[48]. One proposed  classification for 218 

the J-sign is[49]: 1) normal patellar tracking:  patella is centralized in the groove at 90 degrees of 219 

flexion, and as the patient actively extends the knee, the patella remains central until full 220 

extension (physiologic mild lateral shift and external tilt can occur in some patients); 2) abnormal 221 

glide: the patella is centralized in the groove at 90 degrees of flexion, and as the patient actively 222 

extends the knee, there is a smooth glide towards excessive lateral shift of the patella 223 

(subluxation or dislocation in extension). Conversely, during active knee flexion, the excessively 224 

lateralized patella smoothly glides to the groove to a reduced position. 3) Abnormal 225 

clunk:  patella is centralized (reduced) in the groove at 90 degrees of flexion. As the patient 226 

actively extends the knee, there is an abrupt change in patellar tracking with sharp lateral 227 

shift of the patella (subluxation or dislocation in extension). Conversely, during active knee 228 

flexion, the lateralized patella sharply enters the groove to a reduced position. This distinction 229 

between a smooth lateral translation and an abrupt translation may signify the presence of a 230 
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bony prominence anteriorly from high grade trochlear dysplasia, causing a sharp lateral shift of 231 

the patella, and/ or excessive femoral anteversion.  A “type 3” or J sign ‘cluck’, typically signifies 232 

the need for a bony correction for optimal patellar stabilization, and not a soft tissue procedure 233 

alone.  234 

To help guide decision making whether and which type of TTO is appropriate, knee 235 

radiographs and knee slice imaging (typically MRI) should be carefully evaluated, in particular, 236 

analysis of patellar height, lateral tubercle offset, geographic location of patellofemoral 237 

chondrosis. 238 

Once this data has been collected, it should be synthesized with other patient specific 239 

factors such as activity level and age, to suggest the best plan of action. The rationale to include 240 

TTO is based on presence of anatomic abnormalities (increased quadriceps vector and patella 241 

alta) as well as location of cartilage lesions when present. Rotational malalignment (increased 242 

femoral anteversion, increased knee rotation and increased tibial external torsion) may present 243 

itself as an abnormal lateral quadriceps vector in extension and normal in flexion.  In those 244 

cases, the increased lateral quadriceps vector may be due to the rotational malalignment and 245 

not due to a laterally positioned tibial tuberosity, particularly in a varus knee[15, 50].  Careful 246 

consideration of coronal and rotational alignment of the knee must be taken, as medialization of 247 

the tibial tubercle in a knee with increased knee coronal alignment and/or axial rotational 248 

deformities may result an increase in TT-TG measurement not related to lateralization of the 249 

tibial tubercle, and can result in an over medialized tibial tuberosity.   250 

Historically, medialization TTO (Elmslie-Trillat Technique) was indicated for patients with 251 

recurrent LPD and increased lateral quadriceps vector (TT-TG/TT-PCL distance),  without any 252 

significant PF cartilage lesions[38].    In biomechanical cadaveric studies, medialization of the 253 

tibial tubercle reduced lateral PF contact forces with no excessive increase in medial patellar 254 

pressures or motion.  [50].   For what clinical PF condition and at what threshold of TT-TG 255 

distance medial TTO is necessary for optimal clinical outcomes is controversial, in particular 256 
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TTO medialization is used to stabilize the patella. This change in its use is largely dictated by 257 

the use of MPFL-R.   Current literature offers mixed results.  Franziozi, et al., demonstrated 258 

improved patient reported outcomes when TTO was performed with MPFL reconstruction in 259 

patients with borderline TT-TG measures of 17-20mm[51]. Similarly, in patients with TT-TG 260 

>20mm, Mulliez et al[52] and Neri et al[53] found improved PROs with adjunctive medial TTO to 261 

MPFL reconstruction. Others have found not change in re-dislocation or patient reported 262 

outcomes with isolated MPFL-Reconstruction and no medial TTO in patients with TT-TG >20 263 

mm by CT measurement[54]. 264 

The use of a medial or anteromedial TTO in most current algorithms is indicated for 265 

chondrosis of the inferior/lateral patellofemoral joint [55] due to the load shifting principles of this 266 

operation.  There is no consensus on the threshold of lateral quadriceps vector measures to 267 

suggest AMZ with a focal cartilage lesion.  Though studies have shown no association of TT-TG 268 

distance as a risk factor for PF cartilage lesions[56, 57], the offloading of the lesion is supported by 269 

clinical data[55, 58]. Using the intra-operative physical exam sign of a tubercle sulcus of zero, is a 270 

convenient way to avoid over-medialization of tibial tubercle[59].  It is important to highlight that 271 

medial patellar facet lesions can be a consequence of lateral patellar dislocations and would 272 

benefit from patellar stabilization, while medial sided patellar facet lesions may also be a 273 

consequence of medial patellar overload/idiopathic induced lesions (typically associated to 274 

varus knee), or iatrogenic due to overcorrection of medial TTO and or a too tight MPFL 275 

reconstruction.  276 

Blumensaat was one of the first to recognize patella position and its relationship to 277 

LPD[60]: the relationship of patella alta as a primary anatomic risk factor has been noted by 278 

numerous subsequent authors[38, 61, 62].   279 

   Methods of measuring patella height is elsewhere reported[63], though most measuring 280 

schemes relate the patella to the tibia.   Most measurements were initially analyzed on sagittal 281 

radiographs; the agreement between measurements on MR sagittal slice image and lateral 282 
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radiographs has been recently analyzed and found that MR imaging overestimates patellar 283 

height compared to radiographs[64, 65].  284 

The importance of measuring patella’s sagittal position in relation to the trochlear groove 285 

is a critical factor when combined with trochlear dysplasia, which often results in a flat but also 286 

shortened sulcus. This ‘‘functional engagement’’ of the patella with the trochlear is best defined 287 

by the relationship of the patella with the femoral groove.   A femoral based measuring method 288 

associating the patella to the groove on lateral radiographs was introduced in 1969 by 289 

Bernageau, a French radiologist[66].  The method was not widely accepted. Patella position in 290 

the sagittal plane was further analyzed by MR imaging, with thresholds for patella to femoral 291 

cartilage contact more precisely defined[67, 68]. (Figure 14) 292 

There is little evidence to support the accuracy and validity of any one method, and none 293 

has proved to be suitable for universal application. Establishing normal values and pathologic 294 

thresholds would require a very large population.   Measurement of patella height, along with 295 

patellotrochlear engagement, remains an important clinical entity.   Knowledge of when to 296 

surgically correct this risk factor remains a clinical challenge. A blended approach of patella 297 

height with functional engagement parameters should be used to help guide surgical 298 

algorithms[59].  299 

Distalizing TO is the most common surgical procedure to correct excessive patella alta.  300 

(Figure 15a-c) The goal of this osteotomy is to improve the engagement of the patella with the 301 

trochlea earlier in the flexion arc, thus increasing bony stabilization earlier in early flexion.  One 302 

clinical study reported on the outcomes of 211 patients with a 3 year follow up and found that a 303 

CDI > 1.3 has an odds-ratio (OR) of 5.5, as a risk factor for isolated MPFL failure[69]. However, 304 

when TTO is performed in conjunction with MPFL reconstruction (MPFL-R) for mild patella alta 305 

(CDI 1.2-1.4) the PROs have shown no difference.   Medial or anteromedial transfer of the tibial 306 

tubercle can be combined with distalization when indicated.   With the addition of MPFL-R to our 307 

surgical armentarium, the surgical threshold for patella height is changing, allowing greater 308 
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patellar height measurement to be treated without a distal TTO.  Clinical outcomes using a 309 

blended approach to patellar height measurement, using a C/D ratio > 1.4 or a patella-trochlear 310 

index (PTI) of <.20 has shown good objective outcomes[59, 70]. 311 

Special consideration for TTO may also be taken in the presence of a trochlear bump 312 

with or without a suggestive clunk J-sign. A TTO in this setting may be able to change the 313 

patellar tracking by ‘by-passing’ the trochlear bump thus avoiding articulation with the bump, 314 

especially in the presence of patella alta; possibly obviating the need for trochleoplasty[59].  315 

Additional variables that may lower the threshold for TTO include the following: patients 316 

with knee hyperextension/ligamentous laxity (Beighton score), athletes engaged in high-risk 317 

sports (cutting/pivoting/contact), and PF pain from lateral/distal overload pathology (OA, 318 

cartilage lesions).   319 

TTO is typically avoided in the skeletally immature population due to risk of growth arrest 320 

of the tibial apophysis which can lead to pathologic anterior tibial slope[71].  In the case of closing 321 

tibial physes, there is less risk of pathologic anterior tibial slope when reaching bony maturity, 322 

especially if there is normal to moderate posterior tibial slope. 323 

The major concern when considering TTO is the associated morbidity and more complex 324 

postoperative rehabilitation[65]. Additionally, there is increased operative time associated with 325 

MPFL-R with TTO (122 ± 45 minutes) as compared to isolated MPFL-R (97 ± 55 minutes), or 326 

isolated TTO (89 ± 51 minutes). However, no difference was found with respect to hospital stay, 327 

30-day readmissions, or adverse events among these three cohorts[72].  328 

 329 

Soft tissue realignment procedures substitute for TTO 330 

If a distal realignment is indicated in a skeletally immature individual with appreciable 331 

increase in expected growth, apophyseal sparing alternatives may be used to alter the lateral 332 

quadriceps vector.  These include distal patella realignment procedures such as the Roux-333 

Goldthwait procedure [73], which redirects the patella tendon insertion by medalizing the lateral 334 
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half of the patellar tendon.  These physeal sparing techniques, taken collectively, are favorable, 335 

with improved Lysholm scores, subjective outcomes, and redislocation rates[58, 73-75],but are less 336 

commonly done currently due to  the utility of MPFL -R for recurrent lateral patellar dislocations, 337 

as well as the clinical debate over the necessity to medialize the tibial tubercle. Malecki and 338 

colleagues demonstrated equivalent outcomes (Lysholm/Kujala scores and redislocation rates) 339 

between Roux-Goldthwait procedures and isolated MPFL-R, however the MPFL-R had a lower 340 

incidence of pain[75]. Also, Silanpäa et al. conducted a comparative study between surgical 341 

patellar stabilization in adults utilizing MPFL -R using adductor magnus autograft, and distal 342 

realignment using Roux-Goldthwait.  The authors reported superior findings of the MPFL group 343 

in terms of recurrence rate and knee scores[76].   Thus, MPFL has been suggested to be the 344 

superior choice amongst the two.  One popular strategy is to due a MPFL-R to help stabilize the 345 

patella, with plans to do a more definitive bony procedure one growth plates have closed.    This 346 

strategy does have higher risk of failure in children with increased knee rotation, especially in 347 

the setting of severe trochlear dysplasia and increased lateral patellar tilt[77].    348 

When the surgeon is confronted with patella alta in an immature patient, patellar 349 

imbrication for patella alta, popularized by Jack Andrish and the Cleveland clinic, is one 350 

solution[71, 74].   This technique uses a split of the mid patellar tendon in the frontal plane (anterior 351 

and posterior sheet). The tendon is then shortened with suture-lifts similar to jalousies of a 352 

window dressing.(Figure 16 a-e) However, according to the authors’ own experiences, the 353 

shortened tendon may stretch out to a certain extend; therefore, initial overcorrection may be 354 

considered.    355 

As an alternative for the Cleveland clinic technique, a patella tendon advancement may 356 

be used when treating patellofemoral instability in immature patients with coexisting patella 357 

alta[78]. This technique has been used in patients with obligate patellar dislocation in flexion and 358 

in patients with cerebral palsy.  359 
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Currently, distal realignment procedures are utilized less frequency due to the clinical 360 

utility of MPFL-R in children and adults, and when used, are typically performed as adjuncts to 361 

MPFL reconstructions[59, 74].   362 

 363 

Deepening Trochleoplasty (Trochlea Osteotomy) 364 

Trochlear dysplasia is exceedingly recognized as a key risk factor for primary and 365 

recurrent patellar instability when considering the various anatomic contributors to patellar 366 

instability[38, 61, 79], and as such has become a major focus when deciding how to surgically 367 

restore patellar stability with the best outcomes.   There are several surgical procedures to 368 

reshape the trochlea. These procedures have demonstrated success in restoring patellar 369 

stability, however their associated steep learning curve, increased invasiveness, and potential 370 

for chondral damage have limited widespread use.  371 

Proper indications for a trochleoplasty are critical and require an understanding of the 372 

key underlying anatomic contributors to the patellar instability. This begins with a thorough 373 

history, focused physical exam, and imaging of the knee. During physical examination, 374 

particular attention is paid to the presence of an abnormal patellar tracking, in particular a type 3 375 

J-sign, or J-sign clunk. This abnormal J-sign suggests a trochlear spur that is acting as a ramp 376 

causing abrupt lateral translation to the patella during knee ROM. Additionally, using the Dejour 377 

classification[80] the trochlea may be classified into one of the four categories (A-D, with fair 378 

intra-observer reliability) or as low grade (A) vs. high grade dysplasia (B-D, with good intra-379 

observer reliability)[81]. However, the most important finding for operative decision making is the 380 

presence or absence of a (supra)trochlear spur/bump or trochlear prominence that prevents 381 

trochlear engagement of the patella. Suggested by the abnormal clunk J-sign, this 382 

(supra)trochlear bump is confirmed true lateral radiographs or axial/sagittal slice imaging (CT or 383 

MRI) studies. The bump/spur size can be measured from a line parallel to the anterior femoral 384 

cortex to the most anterior point of the trochlear spur (abnormal threshold, > 5-8 mm; so called 385 

Jo
urn

al 
Pre-

pro
of



anterior prominence or boss)[82, 83]. (Figure 17)   A lower threshold may be appropriate in the 386 

presence of an abnormal clunk J-sign or excessive patella alta (CDI >1.4). Contra-indications to 387 

trochleoplasty include full thickness cartilage loss on the trochlea and skeletal immaturity. 388 

However, Nelitz et al recently published a cohort of 18 skeletally immature patients with <2 389 

years of growth remaining in which a thin-flap trochleoplasty was performed. The authors 390 

reported no cases of growth disturbance or recurrent instability[84].  391 

As for the various technique options, current evidence has not proposed a clearly 392 

superior technique. The most common techniques include the classic sulcus deepening Dejour 393 

‘thick-shell’ technique[44], the ‘thin-flap’ technique[85] (Figure 18a-e) and the Peterson 394 

grooveplasty[86].  Schottle et al has demonstrated that the articular cartilage overlying the 395 

removed bone remains viable in the short term, with some changes of undetermined 396 

significance in the calcified cartilage layer[87]. Furthermore, the proximal trochlea or grooveplasty 397 

technique has been shown to offer a lower risk of articular cartilage damage at the cost of 398 

conferring less patellar stability by ‘shortening’ the groove[88]. Complication profiles have been 399 

shown to be comparable between the Bereiter/Dejour trochleoplasty and other stabilization 400 

procedures (MPFL-R, TTO, etc)[89]. Several systematic reviews have been conducted 401 

comparing trochleoplasty with non-trochleoplasty for trochlear dysplasia induced patellar 402 

instability[90, 91]. Song et al. evaluated 17 studies consisting of 329 knees in which a 403 

trochleoplasty (Dejour V-shaped deepening trochleoplasty, Bereiter U-shaped deepening 404 

trochleoplasty, and Goutallier recession trochleoplasty) had been performed, and 257 knees 405 

that underwent other procedures (MPFL -R)[90]. The principal finding in this review and that of 406 

Testa et al, was a dramatic post-operative improvement in all included studies regardless of the 407 

specific procedures performed, including both trochleoplasty and non-trochleoplasty 408 

procedures. However, the trochleoplasty cohort demonstrated superior results in post-operative 409 

patellar stability and lower degenerative PF arthritis; these knees exhibited lower range of 410 

motion (ROM) and revision rate when compared to the non-trochleoplasty group. Furthermore, 411 
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Balcarek et al[92] in a ten study meta-analysis [6 trochleoplasty (n=186 knees) and 4 MPFL 412 

studies (n=221 knees] demonstrated that the addition of a trochleoplasty in conjunction with 413 

other procedures, including MPFL, lowered the rate of dislocation compared to isolated MPFL-R 414 

(2.1% vs. 7%, respectively). Taking a closer look, Zaffagnini et al, in a recent systematic review, 415 

showed that the addition of trochleoplasty to an MPFL-R confers a lower redislocation risk only 416 

in knees with severe trochlear dysplasia (Dejour C or D) but not in knees with mild dysplasia 417 

(Dejour A or B). In these mildly dysplastic knees, there was no difference in redislocation rates 418 

after MPFL-R +/- trochleoplasty, and there was a higher complication rate, most commonly 419 

restricted ROM/stiffness[93].  One study compared the Grooveplasty with Dejour trochleoplasty 420 

and concluded that both were viable option in the treatment of complex patellofemoral 421 

instability. The Grooveplasty patients showed less recurrent instability and similar PROs and 422 

reoperation rates compared with Dejour trochleoplasty. However, it’s important to note that even 423 

though the degree of dysplasia, was not significantly different between the 2 groups regarding 424 

the Dejour classification type, it is possible that the patients with “larger” bumps were selected to 425 

undergo the Dejour trochleoplasty because a that would lead to an unacceptable large 426 

resection. In addition, patients in the grooveplasty group had more severe cartilage lesions and 427 

underwent through more cartilage restoration procedures as well as concomitant TTO; all those 428 

factors could have influenced the outcomes.   429 

Trochleoplasty is a necessary procedure in the armamentarium of the surgeon treating 430 

complex PF deformities, and is often combined with other bony procedures with multifaceted 431 

dysplastic anatomy (Figure 19 a-c), it should be stressed that a shared decision making process 432 

should be taken, explaining the complications of trochleoplasty (cartilage damage, increase 433 

contact pressure from PF incongruence, arthrofibrosis and PF arthrosis[90]  greater technical 434 

demands, and high variability of PROs (67-95% satisfaction)[14, 85, 94-97].  435 

 436 

Conclusion 437 
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Lateral patellar instability is a complex problem with numerous players that may contribute to 438 

increased instability. With the use of a contemporary, evidence-based approach to 439 

pathomorphological variables that contribute to this instability, clinicians may more reliably treat 440 

PF instability.  (Figure 20- the algorithm).  Clinicians must approach PF instability in a case-by-441 

case fashion and not a ‘one-size fits all’ manner, by properly identifying the constellation of 442 

contributors to the instability and appropriately addressing them.  443 

 444 

 445 

 446 
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 801 

Fig. 1a-c: Varus producing right knee distal femoral osteotomy (DFO).  802 

a.  Intra-operative Coronal image of the distal knee undergoing a DFO 803 

 b.  Intra-operative photo of a right knee lateral open-wedge technique. The anterior aspect 804 

of the osteotomy is performed as ascending cut (bi-planar) technique.  805 

c.  Post op coronal view of the knee with plate and screws in place. 806 

 807 

Fig. 2a-b: Varus producing right knee distal femoral osteotomy (DFO).  808 

a. An intra-operative coronal image of right distal knee undergoing a medial closing-wedge 809 

DFO. 810 

b. Fixation is performed with an angle-stable plate. 811 

 812 

Fig. 3:  AP image of a right knee illustrating lateral femoral condyle (heavy black line)/lateral 813 

tibial eminence superimposition (heavy black dotted line) > 2mm (arrow), widened lateral 814 

femoral condyle with a narrow medial femoral condyle, suggesting limb version. 815 

 816 

Fig. 4: CT axial images showing asymmetric bilateral femoral anteversion 817 

 818 

Fig. 5a-c:  AP images of femurs illustraing varying levels to correct femoral antetorsion: 819 

a. at the inter-trochanteric level fixed with a blade plate 820 

b. at the diaphyseal fixed with an IM rod 821 

c. at the distal femur fixed with a lateral plate and screws 822 

 823 

The latter is the author’s (ML) preferred technique 824 

 825 

Fig. 6a-c:   826 

Jo
urn

al 
Pre-

pro
of



a. AP image of a left knee after a Derotational Distal Femoral Osteotomy with concomittant 827 

MPFL reconstruction. 828 

b. Sagittal CT slice of same knee with interference screw noted in pink. 829 

c. Axial CT slice of same knee. Note close vicinity of the femoral tunnel with interference 830 

screw fixation (pink) of the MPFL-reconstruction  831 

 832 

Fig. 7: AP radiograph of a femur s/p osteotomies fixed with IM rod techniques. 833 

Note the 2 level correction axial alignment (proximal) and coronal alignment (distal lateral 834 

opening wedge) 835 

 836 

Fig. 8: AP/ lateral radiographs of the tibia illustraing a derotation tibial ostetomy at the level of 837 

the tubercle with an additional tubercle osteotomy. 838 

 839 

Fig. 9a-b:  Intraoperative pictures of tibial derotational osteotomy at that level of the tibial 840 

tubercle. 841 

a.   planing of the biplanar osteotomy with ascending part at the tubercle. 842 

b.   bi-planar osteotomy after external rotation of the distal segment. 843 

Fig. 10: AP/ lateral radiographs of the tibia illustraing a derotation tibial ostetomy at the level of 844 

the supramalleolar fixed with a plate and screws. 845 

 846 

Fig. 11a-c:  Postoperative images of a patient with patellar stabilization surgery including tibial 847 

derotational osteotomy, femoral derotational osteotomy, MPFL reconstruction and deepening 848 

trochleoplasty. 849 

a.  Lateral image of the proximal tibia with plate fixation 850 

b.  AP image showing screw and plate fixation after derotation at the distal femur and 851 

proximal tibial levels 852 
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c.  Axial image showing a located patella. 853 

 854 

Fig. 12:  Illustration of the Tubercle- Sulcus Angle: with the knee in 90° flexion. Reference line 855 

from center of femur through center of patella; project line down the tibial shaft. Second 856 

reference line from center of patella to tibial tubercle. Perpendicular to femoral line, measure 857 

distance (mm) or angular measurement (degrees) to center point of tibial tubercle. 858 

 859 

Fig. 13a-c:  The TT-TG measurement is a result of 3 separate measurement:  860 

a.  lateralization of the tibial tubercle = t/T (normal=0.65)  861 

b.  rotation between the tibia and femur groove (through knee rotation) measured on slice 862 

imaging between lines drawn on the posterior aspects of the most distal femoral 863 

bicondylar line (dFCL) and the most proximal tibial condylar line (dTCL) 864 

c.  medialization of the trochlear sulcus in high grade trochlear dysplasia 865 

 866 

Fig. 14:  Patellotrochlear Index (PTI):   Measure on sagittal cut with greatest patellar length.  867 

The index is measurement of the overlap of the patellar and trochlear cartilage surfaces on MR 868 

slice imaging. PTI = E ÷ D Patalla alta is defined as < 12.8% 869 

 870 

Fig. 15a-c:  871 

a.  Lateral radiograph of a knee after tibial tuberosity distalization.  The previously resection 872 

bone can be  transferred to the  proximal defect and  impacted, and acts as a buttress.  873 

b.   An intra-operative photo of a chevron style ostetomy which can enhance the healing 874 

area. 875 

c.  A lateral radiograph of the tibia after an isolated medial tibial tuberosity transfer leaving 876 

the distal cortical aspect of the cortical bone intact to work as a hinge. 877 

 878 
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Fig. 16a-e:  Intra-operative photos of a patellar tendon shortening technique 879 

a.    expsed patellar tendon [ a=desired shortening, b= 0.5 a] 880 

b. frontal plane tendon split 881 

c. beginning of shortening and suturing of the posterior sheet 882 

d. completed shortening and suturing of the posterior sheet 883 

e. fixation of the anterior sheet 884 

Fig. 17: ‘True’ Lateral radiograph of a distal femur. A line is drawn down the anterior femoral 885 

surface. The bone anterior to this line represents the boss or supra-trochlear spur.  886 

 887 

Fig. 18 a-e:  Surgical Steps of Deepening Trochleoplasty: 888 

a. exposure of the Trochlea, 889 

b. stepwise chisseling under the proximal trochlea, 890 

c. lifting the thin flap up to 90° in relation to the femoral longitudinal axis, 891 

d. removing bone stock underneath the flap with a chisel, refixation of the trochlea flap in 892 

the new bed with vicryl tape 893 

 894 

Fig. 19a-c:  Patient with recurrent lateral patella dislocation and severe trochlea dysplasia and 895 

maltorsion of the femur. Femoral maltorsion was determined as 35° (Yoshioka’s method) and 896 

43° (Waidelich’s method).  897 

a. long leg AP view 898 

b. CT axial slice imaging illustrating the lateralized patellar position pre op 899 

d. Post operative CT axial slice imaging of same patient after deepening trochleoplasty and 900 

distal femoral derotation had been performed. 901 

 902 

Fig. 20: A schematic diagram of treatment of Patellofemoral instability, including operative and 903 

non-operative pathways, and anatomic risk factors to consider in surgical planning.  904 
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*Authors preferred scores 
PROMs: patient reported outcomes measures 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Box 2 
Validated outcomes measures and classifications  
 
Patellofemoral joint specific 

 Banff Patellofemoral Instability Instrument (PROMs) * 

 Norwich Patellar Instability Score (PROMs) * 

 Comprehensive Aachen Knee Score (COMPACK) (PROMs) 

 Kujala Scoring System (PROMs) *  

 Patellofemoral Pain Syndrome Severity Scale (PSS) (PROMs) 

 Dejour’s trochlear morphology classification * 
 
 
Knee and general scales 

 Patient-Reported Outcome Measurement Information System (PROMIS) (PROMs)   

 International Knee Documentation Committee (IKDC) (PROMs) * 

 KOOS (PROMs) * 

 Short Form 12 or Short Form 36 (PROMs) 

 Tegner Activity-Level Scale (activity level scale) * 

 VAS: Visual Analog Score (pain scale)* 

 Single Assessment Numerical Evaluation (SANE) (subjective pain-function scale)* 

 International Cartilage Repair Society (ICRS) classification (cartilage lesions)* 
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TTTG: tibial tuberosity to trochlear groove distance 
 

Box 3 
Key issues of patient selection 
 

General considerations 

 Patellofemoral instability is a multifactorial condition, demanding a thorough 
evaluation of anatomic and demographic risk factors for treatment decisions. 

 When deciding on operative management, risks and benefits must individually 
weighed, with the history, physical examination and clinical signs,  being the most 
important factors when considering which surgical procedure. 

 It is not easy to predict the contribution of every correction to patellar tracking and 
stability, especially when combining these osteotomies. 

 
Femoral osteotomy for patellofemoral instability 

 Excessive valgus and rotational malignment should always be evaluated in PF 
instability. 

 Consider significant contribution to the instability if mechanical valgus  5o, femoral 

anteversion  30-35o and  40-45o of tibial external torsion. 

 Always determine the site of prevailing deformity and try to correct it in that level. 
 
Tibial tuberosity osteotomy (TTO) 

 Effective in patellar realignment, correction of patellar height and shifting the load 
from lateral and distal patella to the medial and proximal patella. 

 Isolated medial transfer has seen a drop in popularity in recent years, however TTTG   

 15-20mm on MRI with a significant glide J-sign should probably be considered for 
correction. 

 Patellar alta with Caton-Deschamps index  1.3 should also be considered for 
distalization, especially if a significant glide J-sign is present. 

 Anteromedialization (AMZ) TTO can be considered in patient with severe lateral and 
distal patellar chondral damage, especially if symptomatic (pain and swelling). 

 
 
Trochleoplasty 

 High grade trochlear dysplasia is a very important predictor of instability recurrence, 
failure of MPFL reconstruction and limited clinical improvement. 

 Dejour types B and D with trochlear bump > 5-8 mm are the most common indications 
for trochleoplasty, especially if a significant clunk J-sign is present. 
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Box 4 
Essential features of imaging evaluation 
 

 
Femoral angular and rotational evaluation 

 Long limb standing view is the gold standard for varus-valgus alignment evaluation. 

 Computed Tomography (CT) is the gold standard for the evaluation of rotational 
malalignment including femoral and tibial torsions. Normal values vary depending on 
measurement methods. 

 EOS, a 3-D X-ray system, is a recent addition to alignment evaluation, but is often not 
available.  

 
Tibial tuberosity trochlear groove (TTTG) distance 

 Initially described for CT, but nowadays utilized on magnetic resonance (MRI) that is 
more frequently done is clinical practice 

 Values can vary between CT and MRI, especially because of knee positioning (slight 
flexion in MRI and full extension in CT). 

 Classic TTTG distance threshold of 20mm is somewhat controversial; values  15 mm 

on MRI are significantly abnormal ( 2 standard deviations from the population mean). 
 

Trochlear imaging 

 Gold standard is a true lateral view radiograph and Dejour’s classification, however CT 
and/or MRI, especially, the axial and true sagittal views are helpful in the assessment. 

 Dejour’s types B and D with the present of trochlear spur/bump are considered high 
grade trochlear dysplasia, however the size of the bump matters and is an indicative 
of severity. 

 Always consider trochlear spur/bump magnitude regarding the anterior off-set and 
length: the more anterior and longer (proximal-distal), the more abnormal the patella 
tracking. 
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Box 5 
Tips and tricks 

 
The medial patellofemoral ligament (MPFL) reconstruction is the workhorse of patellar 

stabilization procedures and should always be included in the surgical treatment 
 
Femoral osteotomy for patellofemoral instability 

 A lateral plate is more commonly used, preserving the medial side for ligamentous 
reconstructions. 

 In varus lateral femur opening wedge osteotomies, try to preserve the medial hinge. A 
K-wire introduced in the medial cortex can help prevent medial hinge fractures. 

 Biplanar osteotomy offers more stability and bone surface contact for healing. 

 Pre-operative planning is essential. Computer softwares with virtual planning can 
simulate the osteotomy as well as associated procedures. Associated procedures are 
very common, always plan a step-by-step approach and consider the interference one 
has on another. 

 Positioning parallel K-wires proximal and distal to the osteotomy site helps visualizing 
angular and rotational corrections. 

 Derrotational osteotomies are more frequently performed in the supracondylar region 
(distal) but can be performed in the hip or shaft as well.  

 When correcting simultaneous torsional and angular deformities, oblique osteotomies 
can correct both simultaneously with a single cut. 

 
Tibial tuberosity osteotomy 

 The osteotomy should be at least 5cm long, allowing fixation with at least two screws. 
One can consider a longer shingle to allow fixation with 3 screws for distalization. 

 Compression screw techniques are preferred on the osteotomy site. There is no need 
for screw washers. 

 Increased inclination angles (anteromedial to posterolateral) mean there is increased 
anteriorization and less medialization. 

 Avoid converting a patella alta to a patella baja. A CD index of 1.1 is probably a good 
goal for the correction. 

 Progressive weight bearing can be allowed after the procedure with the brace locked 
in extension. Single leg raises can be performed with the brace. Active resisted knee 
extension should be delayed until there are signs of healing, usually 6 weeks.  

 
Trochleoplasty 

 Is a technically demanding procedure. 

 Sulcus deepening trochleoplasty is favored over other techniques, either with a thin or 
thick flap. 

 Fixation is recommended, either with absorbable suture/tape and anchors or headless 
screws. 

 Aim is to bring the anterior trochlear in line to the anterior femoral cortex, eliminating 
the anterior spur/bump. 

 Remember that the new sulcus is positioned laterally, so the TTTG is decreased. Take 
this into account when considering other associated procedures. 

 Range of motion should be started immediately. 
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Box 6 
Major pitfalls of osteotomies for patellofemoral instability 

 

 Low evidence level of most studies about surgical procedures for patellofemoral 
instability. 

 Most of the times, osteotomies are not done as single procedure. Surgeries are 
complex and lengthy. 

 Tridimensional anatomy is difficulty to visualize and plan. 

 It is difficult to predict the effect of each realignment procedure in the patellofemoral. 

 There is a higher risk of arthrofibrosis with increased number of procedures, especially, 
if including intra-articular procedures and arthrotomy, including trochleoplasty and 
cartilage restoration procedures. 

 Cutoffs and surgical thresholds for corrections as well as goals for correction are 
controversial. 

 Two-stage procedures can be beneficial or necessary; specially if the rehabilitation 
restrictions and  goals differ regarding weight bearing status and allowed range of 
motion. 

 An experienced surgical team is very important; one cannot do it alone, you need more 
than 2 hands on.  

 Rehabilitation is of paramount importance and must be started as soon as possible.  
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PF: patellofemoral 

Box 7 
Future perspectives 

 

 Future clinical studies are needed to improve indication criteria for each procedure. 

 Surgical head-to-head trials are needed to standardize practice. 

 Improvements on anatomy description and treatment guiding classifications can help 
surgeons, especially when considering the trochlear evaluation and its 3D anatomy. 

 Long term follow-up or natural history studies are needed for most procedures. 

 Development of dynamic evaluation methods could help practitioners understand the 
dynamic relationship of the PF joint in action. 

 Development of tools to evaluate and improve the psychological profile; patient 
resilience, catastrophizing, anxiety and expectations play a role in patient outcomes. The 
knee lives in a patient.  
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