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TD prevalence was 88.1%. TD was significantly more advanced in patients under 45 years of age at surgery (64.5% stage 2 or 3; p=0.019). Non-TD cases showed significantly more frequent valgus deformity (83.3%; p=0.042) and overweight (BMI, 32±4.1; p<0.001).

Conclusion

TD is a known risk factor for PFOA, present in almost 9 in 10 cases in the present series of ILPFOA. These findings reinforce the hypothesis that it plays a role in onset of ILPFOA. TD also induces early pain, leading to surgery. Overweight and valgus deformity are contributing factors for ILPFOA.

Introduction

Patellofemoral osteoarthritis (PFOA) is usually associated with femorotibial osteoarthritis; isolated forms involve several specific risk factors. Trochlear dysplasia (TD) alters stress patterns in the patellofemoral joint, inducing PFOA. The association of TD and isolated PFOA was analyzed without distinguishing medial facet, global and lateral facet involvement.

The study hypothesis was that TD prevalence is high in isolated lateral PFOA (ILPFOA). The aim of the study was to assess TD prevalence in a symptomatic ILPFOA population and identify risk factors.

Patients and methods

Eighty-four patients (101 knees) underwent lateral vertical patellectomy (LVP) for symptomatic ILPFOA between November 1998 and September 2019. Demographic, clinical and radiographic data were collected retrospectively from preoperative records. TD was analyzed by 2 blinded surgeons on lateral radiographs.

Results

Introduction

Patellofemoral osteoarthritis (PFOA) is usually associated with global or bicompartmental osteoarthritis of the knee, but may also be isolated, sometimes bilateral, with typical symptomatology, often emerging in young patients [START_REF] Dejour | Histoire naturelle de l'arthrose fémoro-patellaire isolée[END_REF].

Epidemiological studies from the 1990s, notably by McAlindon et al. [START_REF] Mcalindon | Radiographic patterns of osteoarthritis of the knee joint in the community: the importance of the patellofemoral joint[END_REF], reported high prevalence of PFOA in of knee pain, with a correlation between radiographic PFOA and severity of disability [START_REF] Mcalindon | Radiographic patterns of osteoarthritis of the knee joint in the community: the importance of the patellofemoral joint[END_REF][START_REF] Cicuttini | Association of pain with radiological changes in different compartments and views of the knee joint[END_REF][START_REF] Bourlez | Are modern knee outcomes scores appropriate for evaluating patellofemoral degeneration in osteoarthritis? Evaluation of the ceiling and floor effects in knee outcomes scores[END_REF], and PFOA commonly involved the lateral facet [START_REF] Iwano | Roentgenographic and clinical findings of patellofemoral osteoarthrosis. With special reference to its relationship to femorotibial osteoarthrosis and etiologic factors[END_REF]. These findings stimulated the search for risk factors other than classical chondrocalcinosis and patellar fracture [START_REF] Hansen | Radiological aspects of chondrocalcinosis[END_REF][START_REF] Carpenter | Fractures of the Patella[END_REF]. Dejour and Allain focused on a history of patellar dislocation, analyzing TD in PFOA and found 78% prevalence of TD, indicating a major role in onset of PFOA.

Trochlear morphology acts as a passive structure affecting extensor system alignment in flexion-extension [START_REF] Hinman | Patellofemoral joint osteoarthritis: an important subgroup of knee osteoarthritis[END_REF][START_REF] Chassaing | How tibial tubercle torsion impacts patellar stability: A biomechanics study[END_REF]. The combination of compression, shear stress and lateral overload makes the patella the prime cartilage lesion site in the whole body [START_REF] Hungerford | Biomechanics of the patellofemoral joint[END_REF]. In pathological situations, there is translation of forces acting on the patellofemoral joint that can lead to lateral hyperpressure [START_REF] Huberti | Patellofemoral contact pressures. The influence of q-angle and tendofemoral contact[END_REF][START_REF] Duparc | biomécanique et physiopathologie : données récentes[END_REF]. The lateral facet is then subject to considerable stress, inducing isolated lateral PFOA (ILPFOA).

There have been no studies specifically on the association between TD and ILPFOA. This study hypothesized that TD prevalence is very high in ILPFOA.

The main aim of the study was to assess TD prevalence in patients undergoing lateral vertical patellectomy (LVP) for symptomatic ILPFOA. Secondary endpoints comprised the impact of TD on age at surgery and risk factors for ILPFOA.

Material and methods

Patients

This retrospective study included all patients undergoing LVP on native knee in our department between November 1998 and September 2019.

Exclusion criteria comprised: frontal lower-limb deformity requiring surgical correction, medial facet PFOA, history of patellar fracture, and postoperative pathologic diagnosis of any inflammatory pathology. All patients meeting the inclusion criteria were included. Cases of objective patellar instability or with history of instability were not excluded. Surgical indications were made by a senior surgeon. Surgery followed the procedure described by Neyret et al. [START_REF] Neyret | Données techniques du traitement chirurgical conservateur dans l'arthrose fémoro-patellaire[END_REF].

Clinical and radiographic analysis

Lower-limb axes were assessed by the surgeon in the preoperative consultation with the patient in bipedal weight-bearing. Demographic data were also collected then.

All radiographic measurements were made on the preoperative radiographs: AP knee view under standard weightbearing, lateral view under unipedal weight-bearing in 20° flexion as described by Dejour et al. [START_REF] Dejour | Dysplasia of the femoral trochlea[END_REF], schuss view in 30° flexion, and axial patella view following Merchant et al. [START_REF] Merchant | Roentgenographic analysis of patellofemoral congruence[END_REF]. TD grade was assessed on lateral view on the Dejour classification [START_REF] Dejour | Dysplasia of the femoral trochlea[END_REF][START_REF] Dejour | Factors of patellar instability: an anatomic radiographic study[END_REF]. Patellar height was measured on Caton-Deschamps index [START_REF] Caton | Patella infera. A propos of 128 cases[END_REF]. PFOA stage was assessed on axial patella view on the Iwano classification [START_REF] Iwano | Roentgenographic and clinical findings of patellofemoral osteoarthrosis. With special reference to its relationship to femorotibial osteoarthrosis and etiologic factors[END_REF]. All radiographs were analyzed by 2 blinded orthopedic surgeons, by consensus or with the opinion of a third surgeon.

Statistics

Demographic data were analyzed using descriptive statistics. Qualitative variables were reported as number and percentage, and quantitative variables as mean ± standard deviation.Chi-square and Fisher exact tests were used for comparison of qualitative variables.

Quantitative variable independence was assessed on Spearman correlation test. Mean values for non-matched groups were compared on Student t test. Interobserver concordance was assessed on weighted Kappa coefficient (linear system). The significance threshold was set at p <0.05. Analyses used R software version 3.6.1 (R Development Core Team, Vienna, Austria).

Results

Demographic data

Between November 1998 and September 2019, 127 patients (152 knees) underwent LVP on native knee. Sixteen knees undergoing concomitant osteotomy, 20 knees with history of patellar fracture, 9 diagnosed postoperatively with inflammatory arthropathy, and 6 with radiologic signs of medial facet PFOA were excluded (figure 1).

Eighty-four patients (101 knees) were analyzed: 46 women (55%) and 38 men (45%); mean age at surgery, 50±10 years (range, 28-71 years). TD prevalence was 88.1% (n=89 knees).

Twenty-six knees (25.7%) had history of objective patellar instability. Six knees (5.9%) had history of surgical patellar stabilization: anterior tibial tuberosity medialization [START_REF] Van Sambeeck | Complications of a self-centering sliding tibial tubercle osteotomy for patellofemoral complaints; low incidence of non-union and fracture[END_REF] or medial patellofemoral ligament reconstruction [START_REF] Servien | In vivo positioning analysis of medial patellofemoral ligament reconstruction[END_REF][START_REF] Roger | Axial patellar engagement index and patellar tilt after medial patello-femoral ligament reconstruction in children and adolescents[END_REF]. Table 1 shows demographic data. There was no significant correlation between PFOA stage and TD grade (p=0.863) (Table 2). There was a significant correlation between high TD grade and low age at surgery (p=0.009). Age at surgery also correlated with radiographic PFOA stage (p<0.001) (Table 3).

Comparison according to age at surgery

Patients aged ≤45 years showed a significantly higher rate of TD than older patients: 100% vs. 82.9% (p=0.016), and a higher proportion of TD grade 2 or 3 (p=0.019). Conversely, PFOA was less advanced in under-45 year-olds (p=0.021) (Table 4).

Comparison according to presence of TD

Patients free of TD had significantly higher BMI (32±4.1 vs. 26.4±5.2; p<0.001) and a greater proportion of valgus deformity (83.3% vs. 48.3%; p=0.042). The 2 groups were comparable for gender and patellar height (Table 5).

Interobserver concordance

Radiographic analysis of the 101 knees was performed by 2 independent assessors. Twentythree cases required a third opinion. The weighted Kappa coefficient was 0.78 (95% CI, 0.70 -0.86) (p<0.0001). Interobserver concordance was excellent [START_REF] Fleiss | Statistical Methods for Rates and Proportions[END_REF].

Discussion

The present state of knowledge ranks TD ahead of trauma and inflammation as a prime risk factor for isolated PFOA [START_REF] Dejour | Histoire naturelle de l'arthrose fémoro-patellaire isolée[END_REF]. TD prevalence data mainly concern mixed lateral and medial PFOA with or without knee pain. To our knowledge, no studies have specifically analyzed TD prevalence in symptomatic ILPFOA.

The present study confirmed the hypothesis of a major role of TD in symptomatic ILPFOA, with a TD rate of 88.1%. Literature prevalence estimates come from series combining lateral and medial facets. Dejour and Allain [START_REF] Dejour | Histoire naturelle de l'arthrose fémoro-patellaire isolée[END_REF] reported a rate of 78% on X-ray and CT analysis of 367 cases of PFOA. Montserrat et al. [START_REF] Montserrat | Partial lateral facetectomy plus Insall's procedure for the treatment of isolated patellofemoral osteoarthritis: survival analysis[END_REF] reported 71.3% in 87 knees undergoing LVP associated to Insall's procedure; history of patellar dislocation was an exclusion criterion, which may have reduced TD prevalence; only 80.5% of cases focused on ILPFOA, 11.5% had other PFOA locations and 8% lacked data. Mofidi et al. [START_REF] Mofidi | Association and impact of patellofemoral dysplasia on patellofemoral arthropathy and arthroplasty[END_REF] analyzed preoperative CT scans in 17 patients undergoing patellofemoral arthroplasty, and found a 100% rate of TD. Yercan et al. [START_REF] Yercan | The Treatment of Patellofemoral Osteoarthritis with Partial Lateral Facetectomy[END_REF] reported a 55% rate in 11 patients on X-ray and CT analysis. This diversity of findings is mainly due to differences in sample size: smaller series, with less statistical power; were more subject to chance effects and recruitment bias. Patient selection also needs to be considered. The present 88.1% TD prevalence was higher than in series larger than 50 cases, and notably those of Dejour and Allain [START_REF] Dejour | Histoire naturelle de l'arthrose fémoro-patellaire isolée[END_REF] and Montserrat et al. [START_REF] Montserrat | Partial lateral facetectomy plus Insall's procedure for the treatment of isolated patellofemoral osteoarthritis: survival analysis[END_REF].

Exclusion of global and medial PFOA, and inclusion of patients with history of patellar dislocation and experiencing pain may explain this higher prevalence. The results support the hypothesis of a close relation between TD and exclusively lateral PFOA.

The present demographics was comparable to that in other LVP series [START_REF] Montserrat | Partial lateral facetectomy plus Insall's procedure for the treatment of isolated patellofemoral osteoarthritis: survival analysis[END_REF][START_REF] Paulos | Partial lateral patellar facetectomy for treatment of arthritis due to lateral patellar compression syndrome[END_REF][START_REF] Wetzels | Patellofemoral osteoarthritis treated by partial lateral facetectomy: results at long-term follow up[END_REF][START_REF] López-Franco | Evaluation of a minimally aggressive method of patellofemoral osteoarthritis treatment at 10 years minimum follow-up[END_REF][START_REF] Becker | Surgical treatment of isolated patellofemoral osteoarthritis[END_REF], except for a lower age at surgery which corresponded to our strategy in ILPFOA, with first-line conservative management (LVP) in younger patients.

There were significant correlations between TD grade and age at surgery, and between PFOA stage and age at surgery: patients aged ≤45 years showed higher-grade TD and less advanced PFOA. Age at surgery was related to intensity and early onset of symptoms, and we believe there is a strong link between TD and the severity of clinical manifestations in ILPFOA.

Iwano 1 or 2 ILPFOA may be less well tolerated in case of high-grade TD.

The results reported by Dejour and Allain [START_REF] Dejour | Histoire naturelle de l'arthrose fémoro-patellaire isolée[END_REF], supported by the biomechanical study by Van Haver et al. [START_REF] Van Haver | The effect of trochlear dysplasia on patellofemoral biomechanics: a cadaveric study with simulated trochlear deformities[END_REF], showed an impact of TD grade on radiographic PFOA stage: using the classification of D. Dejour [START_REF] Dejour | Douleurs et instabilité rotulienne: essai de classification[END_REF], they showed that TD grades B, C and D correlated directly with PFOA stage. In the present study, there was no correlation between TD grade and radiographic ILPFOA stage at surgery. This difference may be due to our use of the older and strictly radiographic classification of H. Dejour [START_REF] Dejour | Dysplasia of the femoral trochlea[END_REF][START_REF] Dejour | Factors of patellar instability: an anatomic radiographic study[END_REF]. It seems more likely that the absence of correlation between TD grade and PFOA stage was due to age at surgery. Poorer clinical tolerance in case of severe TD casts doubt on the usefulness of analyzing the correlation between TD grade and PFOA stage in surgical series: the correlation would need to be studied in non-operated patients, taking age into account as a confounding factor.

Valgus morphotype and obesity are known risk factors for PFOA. McAlindon et al. reported a positive adjusted odds ratio for onset of PFOA in case of BMI in the top tercile [START_REF] Mcalindon | Are risk factors for patellofemoral and tibiofemoral knee osteoarthritis different?[END_REF]. In a transverse study, Elahi et al. [START_REF] Elahi | The association between varus-valgus alignment and patellofemoral osteoarthritis[END_REF] reported 63% valgus deformity in isolated PFOA, versus 26% in unicompartmental femorotibial osteoarthritis. Flury et al., using 3D models, found a linear relation between altered femoral axis and Q angle [START_REF] Flury | Linear influence of distal femur osteotomy on the Q-angle: one degree of varization alters the Q-angle by one degree[END_REF]; any variation in Q angle unbalances patellar pressure distribution, with increased maximum pressure [START_REF] Huberti | Patellofemoral contact pressures. The influence of q-angle and tendofemoral contact[END_REF]. Valgus deformity or altered Q angle may thus be risk factors for ILPFOA in the absence of TD, especially in cases of high BMI. This was analyzed in the present study in subgroups with and without TD; the TD groups showed significantly higher BMI (32±4.1) and a higher rate of valgus deformity (83.3%). These findings matched the literature, supporting the hypothesis that onset of ILPFOA is influenced by overweight and valgus deformity. Further analyses are required to demonstrate causality.

The present study had certain limitations due to its retrospective design without a control group. Secondly, exclusive recruitment of ILPFOA patients requiring surgery may have led to selection bias, not strictly reflecting the general ILPFOA population. Strict inclusion criteria were indispensable to avoid bias due to including global or medial PFOA. Thirdly, CT or MRI data, as recommended by Stäubli et al. [START_REF] Stäubli | Anatomy and surface geometry of the patellofemoral joint in the axial plane[END_REF], were not available in all cases, and X-ray does not allow fine analysis of TD, especially in case of deformities induced by severe PFOA; however, we used the classification of H. Dejour [START_REF] Dejour | Dysplasia of the femoral trochlea[END_REF][START_REF] Dejour | Factors of patellar instability: an anatomic radiographic study[END_REF], validated for radiographic use, with blinded double reading and excellent interobserver concordance. And lastly, the absence of multivariate analysis combined with the small size of the non-TD sample (n=12) prevented valgus deformity or BMI being demonstrated as risk factors for ILPFOA.

One strong point of the study was the number of patients: few previous series included so many cases of ILPFOA. The size of the sample was all the more remarkable as selection criteria were very restrictive. Postoperative recruitment enabled cases of ILPFOA associated with inflammatory arthropathy, which is diagnosed on pathologic examination, to be excluded. The study population, comprising patients suffering from ILPFOA, without excluding those with history of patellar dislocation, was typical of that seen in orthopedic surgery consultations. All in all, large sample size and very strict selection enabled ILPFOA to be analyzed more effectively than in any previous studies.

In our clinical practice, the present findings have focused the surgeon's attention on the cause of ILPFOA in preoperative consultation. Valgus deformity is rigorously analyzed on the appropriate radiographic views. If necessary, osteotomy is performed according to the site of the deformity. In all cases, it is essential to make the patient understand that weight plays an essential role in degenerative patellar pathology. Despite its recognized efficacy [START_REF] Montserrat | Partial lateral facetectomy plus Insall's procedure for the treatment of isolated patellofemoral osteoarthritis: survival analysis[END_REF][START_REF] Mofidi | Association and impact of patellofemoral dysplasia on patellofemoral arthropathy and arthroplasty[END_REF][START_REF] Yercan | The Treatment of Patellofemoral Osteoarthritis with Partial Lateral Facetectomy[END_REF][START_REF] Paulos | Partial lateral patellar facetectomy for treatment of arthritis due to lateral patellar compression syndrome[END_REF][START_REF] Wetzels | Patellofemoral osteoarthritis treated by partial lateral facetectomy: results at long-term follow up[END_REF][START_REF] López-Franco | Evaluation of a minimally aggressive method of patellofemoral osteoarthritis treatment at 10 years minimum follow-up[END_REF][START_REF] Becker | Surgical treatment of isolated patellofemoral osteoarthritis[END_REF],

LVP is a symptomatic treatment for ILPFOA and does not treat the underlying cause. It is indicated in isolation in ILPFOA associated with TD, for which patellar stabilization surgery is often no longer feasible. 

Conclusion

FIGURE AND TABLE LEGENDS

  TD is found in almost 9 in 10 cases of ILPFOA. It alters the balance of stress within the patellofemoral joint, inducing osteoarthritis. Etiology should be carefully investigated in ILPFOA. Other contributing factors, and notably overweight and valgus deformity, are frequently found with no associated TD.Disclosure of interestTDL, SG, GK and CB have no conflicts of interest to disclose. SL: consultant for Smith and Nephew. ES: consultant for Corin. GK: data collection. SL: study design, correction. ES: study design, correction, supervision.
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	Figure 1	
	152 native knees underwent partial lateral
	facetectomy between Nov 1998 and Sept 2019
		16 knees underwent
	20 knees had history of	concomitant osteotomy
	patellar fracture	
		9 knees were diagnosed
	6 knees showed signs of medial patellofemoral	with inflammatory arthropathy
	osteoarthritis	
	101 knees available for analysis

Table 3 Total

 3 

		(n= 101)	p-value
		Mean age ±SD	Range
	PFOA stage			< 0.001*
	1	42.3 ± 6.8	(33.0 -62.0)
	2	46.9 ± 8.5	(30.0 -65.0)
	3	51.6 ± 10.9 (32.0 -71.0)
	4	53.9 ± 8.1	(28.0 -65.0)
	TD grade			0.009**
	None	52.7 ± 4.2	(47.0 -62.0)
	1	52.0 ± 10.6 (32.0 -71.0)
	2	49.8 ± 9.0	(32.0 -65.0)
	3	43.9 ± 9.9	(28.0 -61.0)
	PFOA=patellofemoral osteoarthritis, SD=standard deviation, TD=trochlear
	dysplasia, n=number		
	*Spearman's correlation, rho=0.38 **Spearman's correlation, rho=-0.26

Funding

None.

Author contributions TL: study design, data collection, statistical analysis, article writing. SG: study design, data collection, article writing, correction. CB: study design, correction.