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ABSTRACT

Prior literature suggests that patellofemoral instability (PFI) is significantly more prevalent in women than in men. This higher prevalence is commonly attributed to
anatomical differences between sexes, particularly with patellofemoral alignment. These differences encompass a higher rate of trochlear dysplasia (TD), patella alta,
an increased Q angle, and soft tissue imbalances. In recent years, worse outcomes have been reported in female patients after patellofemoral stabilization surgery using
medial patellofemoral ligament reconstruction (MPFLr) alone or in combination with a tibial tubercle osteotomy (TTO), for this reason an “a la carte” plan (addressing
the individuals anatomical risk factors) could be more appropriate for female patients.

Current Concepts

e The high prevalence of patellofemoral instability in women is commonly attributed to anatomical differences between sexes, particularly with
patellofemoral alignment. These differences include higher incidence of trochlear dysplasia, patella alta, an increased Q angle, and soft tissue
imbalances.

o Ligamentous laxity is often considered a nonmodifiable anatomical risk factor; however, it has been demonstrated that having less lean muscle
mass throughout the lower body is associated with greater laxity. This finding suggests that strength training may have the ability to aid in
controlling laxity, which can contribute to dynamic joint stability during physical activity.

e Previous studies have demonstrated that female patients have a greater risk of any postoperative complications, higher risk of recurrent
dislocation or instability; and worse postoperative outcome scores after a medial patellofemoral ligament reconstruction.

e Isolated medial patellofemoral ligament reconstruction or, in combination with a tibial tubercle osteotomy, may be appropriate in most patients
with patellofemoral instability. However, more reconstruction procedures (coronal or rotational osteotomies, and trochleoplasty) may be
indicated in patients with additional risk factors. This individualized approach may improve clinical results in female patients.
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Future Perspectives

individual's risk factors.

Several authors have proposed that the reason for the gender disparity between results in patellofemoral stabilization surgery is the presence of
greater anatomical risk factors in female patients, and therefore surgery to only address one anatomical variant would be less effective. For this
reason, it could be theorized the threshold for performing surgery that adequately corrects the majority of the anatomical risk factors for recurrent
patellar dislocations may be lower in female than in male patients. This must be adequately proven in the literature with studies assessing gender
disaggregated data and comparing the results of standardized surgeries with “a la carte” bespoke surgery, taking into consideration the

INTRODUCTION

Patellofemoral instability (PFI) is a common injury of the knee, with
lateral patellar dislocations accounting for 2%-3% of all knee injuries [1].
Affected patients may sustain patellar subluxations, dislocations, subjective
feelings of patellar instability, or some combination thereof. The population
predominantly affected is young patients, with the vast majority of PFI
events occurring during the second decade of life [2-4]. PFI is associated
with persistent pain and disability, chondral and osteochondral shear in-
juries, and long-term degenerative joint disease [5].

Prior literature suggests that PFI is significantly more prevalent in
women than in men [3,5] with the highest risk population being females
between the ages of 10-17 years old [3]. An analysis of active-duty
military personnel by Hsiao et al. [6] revealed higher rates of patellar
dislocation in female service members. Similarly, Mitchell et al.[7] found
that in sex-comparable sports, women were at higher risk of PFL In a
descriptive study of a surgical PFI population of 492 patients [5], 70.5%
of them were female patients.

Contrarily, when the first episode of patellar dislocation occurred,
Ling et al. [8] showed that female sex is not a factor for further dislo-
cations. However, besides this, the rate of surgical management for
patellar instability is higher in female patients [9].

To better understand outcomes following treatment of PFI, there has
been a continued interest in the differences between male patients and
female patients. However, there is a paucity of information on the impact
of patient sex on outcomes after treatment for PFI.

The objective of this narrative review is to summarize the published
literature regarding sex differences in the treatment process of PFI and to
establish one author's recommendation on specific considerations when
treating female patients with PFL

ANATOMY

The high prevalence of PFI in women is commonly attributed to
anatomical differences between sexes, particularly in patellofemoral
alignment. These differences encompass a trochlear dysplasia (TD), patella
alta, an increased Q angle, and soft tissue imbalances. Nevertheless, there is
a lack of comprehensive literature on precise anatomical gender compari-
sons, and thus, sex-related differences remain poorly understood [10].

Trochlear dysplasia

TD is acknowledged as the major anatomical factor contributing to
patellar dislocation [11,12]. Dejour et al. found TD to be present in 96%
of patients with true patellar dislocations [13]. Even though their study
predominantly comprised female patients (75%), gender disaggregated
data were not provided. TD is primarily diagnosed based on radiological
findings, which indicate a smaller and shallower trochlea, increasing the
predisposition to patellar dislocation. Notably, in patients with a history
of previous dislocation, a higher prevalence of TD has been observed in
females compared to males [14].

Nevertheless, in the normal population (individuals without prior
dislocations), the female trochlea has been found to be significantly

458

smaller than males [15,16] and wider (approximately 8%), even after
adjusting for measurement ratios [16]. Gender differences are also
apparent in trochlear depth, assessed by the sulcus angle, with females
having a significantly shallower trochlea [16,17]. These gender differ-
ences may be crucial when considering sex-specific parameters for
establishing normal values when assessing risk factors for PFI and
determining intraoperative parameters.

In this context, Tanaka et al. recently endeavored to establish optimal
cutoff values for each measurement associated with TD using magnetic
resonance imaging (MRI), by comparing asymptomatic and symptomatic
patients for PFI (those with more than one documented episode of a
patellar dislocation) [14]. They found gender-related differences in all
trochlear measurements and cutoff values, except for cartilaginous
trochlear depth. In a recent study, a new parameter for TD, named
“trochlear extension length”, has been introduced, which also displayed
gender-related differences, measuring 10.6 mm and 12.6 mm for females
and males, respectively [18].

Patella alta

A more proximally based position of the patella relative to the femur
results in a delay in patellar engagement within the trochlear groove
during the initial flexion phase. Consequently, this increases the range of
motion the patella during which the patella tracks without bony re-
straints. This scenario can result in lateral dislocation due to the pre-
vailing dominance of lateral musculature forces over medial ones [11].
Dejour et al. have identified patella alta as the second major independent
risk factor for PFI, with a presence in 24% of patients with a confirmed
patellar dislocation [13]. Other authors have corroborated these findings
[11,12,18]. However, once again, gender disaggregated data were not
provided.

There is a scarce and conflicting body of literature concerning gender-
related differences in patellar height. Cadaveric morphometric analyses
have revealed a higher tendon length-to-patellar length ratio in females
compared to males [19-21]. However, in a study involving 1423 patients
(1071 females and 352 males) using MRI comparison, Hong et al. found
that although the Insall-Salvati (IS) ratio was significantly higher in fe-
males than in males, no difference in patellar alta and baja was observed
between genders based on two standard deviations and extreme 2.5%
value methods [22]. Furthermore, in a recent three-dimensional assess-
ment of patellofemoral anatomy, women were found to have an even
lower IS ratio than men [23]. The same lack of agreement is found when
different measurements, such as the Caton-Deschamps, Blumensaat's
line, and Blackburn Peel, are employed [24-27].

These common radiological indexes have been questioned as they are
indirect methods for assessing patellar height (relating the patella to the
tibia) [12], and variations in knee positioning, quadriceps contraction,
and imaging modality can influence their measurements [11]. Direct
measurements have emerged to assess functional patello-trochlear
engagement [28,29]. Within the limited available evidence, regarding
gender differences, Grim et al. compared the MRIs from 23 males and 12
females, all first-time patellar dislocators, and found no statistical dif-
ferences based on sex [27].
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The literature predominantly does not show gender-related differ-
ences in patellar height. However, consensus is lacking, as evidence is
limited, and patellar height appears to depend on the assessment mea-
surement and modality.

Increased Q angle

An elevated quadriceps, or Q angle (the lateral vector of the extensor
mechanism acting on the patella), is another extensively studied
anatomical risk factor for PFI [11]. The Q angle exhibits a wide range of
values, typically varying from 8 to 20° [30]. Nonetheless, research
consistently agrees that females have a greater Q angle than males
[30-35], which is even higher in symptomatic PFI patients [36].
Although gender differences in Q angle values are well-established, the
causes of these are less understood [34,37]. Some authors have proposed
that women's wider pelvis provides a more laterally positioned proximal
reference point than men's [38-41]. However, this hypothesis has been
challenged as anatomical and trigonometric studies have shown that
mediolateral translations of the anterior superior iliac spine has a mini-
mal effect on the Q angle [31,42,43]. Therefore, these gender disparities
most likely arise from more distal anatomical structures, such as the
center of the patella and the tibial tuberosity (TT).

These distal anatomical structures represent the Q angle primarily as
the tibial tuberosity-trochlear groove (TT-TG) distance [11-13]. In fact,
radiological studies have found that women possess a higher TT-TG [23]
and a more laterally situated TT compared to men [37,44], which helps
explain the gender disparity in this predisposing factor for PFL This
lateral placement of the TT may be related to other established modifiers
of the Q angle (by altering the TT-TG), such as tibial rotation and valgus
knee coronal alignment [11,37,45]. Additionally, femoral rotation can
also predispose to an increased Q angle; greater femoral anteversion
results in internal rotation of the distal femoral epiphyses, increasing the
lateral vector and thus elevating the risk of patellar dislocation [11].
Females have been found to exhibit greater valgus alignment and femoral
anteversion compared to men [46-50], although not necessarily higher
external tibial torsion [49,50].

Considering that asymptomatic and symptomatic females possess
proven anatomical differences, predisposing them to a higher TT-TG, one
might expect a sex-related threshold for this parameter to exist. None-
theless, there is controversy regarding this specific difference in TT-TG,
as some studies have not found statistical differences between genders
[51,52]. Therefore, it is advisable to conduct a more comprehensive
analysis of individual factors influencing the Q angle (such as tibial/fe-
moral torsion and valgus alignment) rather than relying solely on the
TT-TG when making surgical decisions.

Soft tissue laxity and muscle imbalance

Hyperlaxity is commonly considered a risk factor for recurrent lateral
patellar dislocation [12]. Generalized joint laxity has been found to occur
in two-thirds of individuals with true patellar dislocations [53], and
women tend to exhibit greater joint laxity than men [54]. In a recent
systematic review, increased joint laxity was found to be statistically
significantly associated with patellar dislocation [55]. Even though knee
laxity is often considered a nonmodifiable anatomical risk factor, Shultz
et al. has demonstrated that having lower muscle mass in the lower ex-
tremity is associated with greater laxity and less stiffness in the frontal
and transverse planes of the lower extremity. This finding suggests that
strength training interventions may modify laxity and stiffness, which
can contribute to dynamic joint stability during physical activity [54].
However, this statement should be taken with caution since in patients
with extreme ligament laxity (for example Ehlers-Danlos syndrome) this
principle (greater muscle mass produces less laxity) may not necessarily
be applicable, and the muscle deficiency could be due to the laxity itself.

One of the key dynamic stabilizers of the patella is the vastus medialis
obliquus (VMO) [11], which has been found to be insufficient, being
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hypoplastic or even missing its oblique portion in patients with PFI [56,
57]. Neuromuscular imbalance of the VMO in relation to the vastus lat-
eralis (VL) muscle has also been found to contribute to PFI, leading to
patellar maltracking within the femoral trochlea [58]. Consequently,
gender differences in VMO and VL activity have been considered a po-
tential factor contributing to the higher prevalence of PFI in females [59].
Nevertheless, no consensus exists regarding sex-related differences in
VMO and VL activation. Some studies have found a higher VMO/VL ratio
in males compared to females in both isometric and weight-bearing ex-
ercises [60,61], while others have found no statistically significant
gender-based differences in the activation of the VMO/VL ratio during
both weight-bearing and non-weight-bearing activities [59,62,63]. These
conflicting findings have been attributed to limitations in sample size and
subject profile (including morbidity and activity levels), and variations in
the exercises used for assessment [59].

SURGICAL TREATMENTS
Medial patellofemoral ligament reconstruction (Table 1)

Since its introduction, medial patellofemoral ligament (MPFL) recon-
struction (MPFLr) has become one of the most common treatments of
patellar instability. One study [64] found that MPFLr constituted 75% of all
patella-stabilizing surgical procedures within the Danish health care system
in 2014. Previous studies [64-66] have demonstrated that female patients
have a greater risk of any postoperative complications (5.45 times higher
than male patients); female patients also have higher 1-, 5-, and 8-year risk
of recurrent dislocation or instability and worse postoperative outcome
scores after a MPFLr.

To date, most of the recent literature focusing on sex-specific out-
comes after MPFLr [67-71] for patellar instability has found no statisti-
cally significant differences when comparing postoperative functional
outcome scores between male and female patients. However, Howells
et al. [66] found statistically significant differences between males and
females when an atraumatic patellar instability event was present. It is
highly probable that for patients in this atraumatic injury group, anatomy
was the primary cause of their instability. This would then support the
idea that anatomic differences, and thus patient sex, plays an important
role in the patients’ response to MPFLr and ultimately the functional
outcome scores used to measure that response. This contrasts with the
traumatic group, in which it is less likely that anatomic differences
contributed to the initial injury and patient response to MPFLr. Hiemstra
et al. [72], in a study evaluating the effect of trochlear dysplasia on
outcomes after isolated soft tissue stabilization for PFI, noted a higher
proportion of females in the weak, atraumatic, risk anatomy, pain, and
subluxation (WARPS) instability subtype, which carries more risk,
including ligamentous laxity and rotational abnormalities that are less
amenable of resolving with an isolated MPFLr.

During the last year, new studies are starting to highlight the differ-
ences in outcomes between males and females after a MPFLr. A 10-year
follow-up cohort study by Shatrov et al. [73] showed that after isolated
MPFLr only female patients experienced recurrent dislocations.
Furthermore, patients with an unsatisfactory outcome were more likely
to be female; however, this was not statistically significant. Ryan et al.
[74] showed that male patients exhibited significantly lower rates of
revision surgery for knee stiffness within 1 and 2 years after the index
operation when compared with female patients.

Abed et al. [75] in a study evaluating prolonged opioid use after
MPFLr found that female sex had a statistically significant association
with prolonged opioid use following MPFLr regardless of opioid famil-
iarity (being familiar to opioids before the surgery). Most importantly, in
a previous study, Khazi et al. [76] demonstrated that opioid use at 6
weeks after patellofemoral stabilization surgery was associated with
worse Knee injury and Osteoarthritis Outcome Score (KOOS) at 6 months
and 2 years postoperatively.
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Table 1
Studies evaluating outcomes after medial patellofemoral reconstruction.
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Lead author (Year) Level of evidence

Population (number of female patients)

Outcome summary

Howells (2012) IV (Prospective analysis)

193 Total
109 Females (56.4%)

- Women had significantly worse clinical outcomes
scores than men.
- Women reported significantly worse subjective
responses regarding rates of improvement,
willingness to repeat if the situation arose,
likelihood of recommending the procedure to
friends, rates of recurrent symptoms, presence of
residual symptoms and decreased rates of sports
resumption.
Female patients with atraumatic recurrent
dislocation had worse outcomes.

Hopper (2014) IV (Case series) 68 Total - No significant differences were found between
50 Female (73.5%) male and female patients.
Hiemstra (2019) 111 (Cohort study) 298 Total - There were 11 redislocations in the cohort, all in

225 Females (75.5%)

female patients.

Women were more frequently in the WARPS
(weak, atraumatic, risky anatomy, pain, and
subluxation) group.

The WARPS group was associated to worse
postoperative outcomes.

Neri (2019) IV (Case series) 112 Total - Sex did not significantly influence the evolution
59 Females (52.6%) of functional scores (Kujala, IKDC).
Bouras (2019) 1I (Cohort study) 56 Total - Female patients had lower scores at baseline and

35 Female (62.5%)

Ryan (2023) III (Retrospective, comparative prognostic trial)

Abed (2023)

III (Retrospective cohort study)

Shatrov (2023) IV (Case series)

4095 Total
2798 Females (68.3%)

23,249 Total
15,763 Females (67.8%)

54 Total
37 Female (68.5%)

follow-up, but gender did not impact the total

improvement from baseline.

Male patients were significantly less likely to

require procedures to correct knee stiffness at

both 1 year and 2 years postoperatively.

Female sex was found to have statistically

significant association with prolonged opioid use

following MPFLr.

All patients experiencing recurrence were female

patients.

- Patients with an unsatisfactory outcome were
more likely to be female (statistically not
significant).

IKDC: International Knee Documentation Committee; MPFLr: Medial Patellofemoral Ligament Reconstruction.

Tibial tubercle osteotomy (Table 2)

Tibial tubercle osteotomy (TTO) is a well-described technique to treat
a range of patellofemoral disorders, including patellofemoral instability.
In general, a TTO is considered in patients with an excessive lateral po-
sition of the tibial tubercle (measured by TT-TG >20 mm) or patellar
height abnormality (Caton-Deschamps index >1.2) [77]. Evidence
regarding TTO in female patients is scarce and controversial.

Bloom et al. [78] in a study evaluating sex-based differences in out-
comes of tibial tubercle anteromedialization (AMZ), where 60% of the
surgeries where performed to treat PFI showed that female patients un-
dergoing an AMZ TTO not only had good patient reported outcomes, but
more importantly, their patient-reported outcomes and postoperative
reduction in activity levels were not significantly different from that of
males despite the physiologic differences that are believed to exacerbate
patellofemoral pathologies among females.

Contrarily, in a cohort of 116 patients, where more than 65% had a
TTO as part of a PFI treatment, Zlak et al. [79] found that the post-
operative Tegner Activity Scale was inferior in female patients. The same
finding was supported by Allen et al. [80] who found that female was
associated with worse International Knee Documentation Committee
(IKDC) and Kujala scores in a cohort of patients that received MPFLr and
a TTO for recurrent lateral patellar instability. They theorized that this
result could be caused by the presence of more patients with high-grade
dysplasia in the female group. Similarly, Su et al. [81] in a study of MPFLr
combined with lateral release and TTO showed that female gender was a
risk factor for lower IKDC, Tegner, and Kujala scores.
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Other treatments

Whereas isolated MPFLr or MPFLr combined with a TTO may be
appropriate in most patients with PFI, more complex reconstruction
procedures may be indicated in patients with additional risk factors. In a
study evaluating combined MPFLr and bony corrections such as coronal
realignment (distal femoral and high tibial) osteotomies and troch-
leoplasty for complex PFI cases, Lutz et al. [82] showed that one third of
the female patients experienced restrictions on sexual activities due to
problems associated with chronic PFI preoperatively. However,
improved sexual activity was observed in 60% of the patients post-
operatively after undergoing these combined invasive procedures.

Similarly, Mengis et al. [83] in a study evaluating deepening troch-
leoplasty with concomitant patellar-stabilizing procedures found that
patients undergoing these procedures can expect good clinical results and
a high rate of return to sports participation, with two-thirds of the pa-
tients returning to their preoperative Tegner-level of activity or higher
and most importantly, without gender differences.

AUTHOR’S APPROACH

In recent years, there has been more literature highlighting worse
outcomes in female patients after patellofemoral stabilization surgery
using MPFLr alone or in combination with a TTO. Although the evidence
is scarce, several authors theorize that the reason for these worse results
is the presence of greater anatomical risk factors in female patients [66,
74,801, and therefore simpler surgeries would be subject to greater stress.
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Table 2
Studies evaluating outcomes after tibial tubercle osteotomy.
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Lead author (Year) Level of Evidence

Population (number of female patients)

Outcome summary

Allen (2018) IV (Therapeutic case series) 28 Total

14 Females (50%)

Zlak (2021) III (Retrospective cohort study) 138 Total

97 Females (70.2%)

Su (2021) IV (Case series) 108 Total

78 Females (72%)

Bloom (2022) III (Retrospective cohort study) 109 Total

79 Females (72.5%)

Female gender was associated with worse
outcomes (IKDC, Kujala, Tegner).

- Female gender is specifically associated with a
lower postoperatively Tegner activity scale.
Female gender as risk factor had a negative
impact for IKDC, Tegner and Kujala scores.

No statistically significant differences between
sexes in concomitant procedures, pain scores, or
patient-reported outcome scores.

No significant difference in outcomes between
sexes for TT AMZ overall.

AMZ: Anteromedialization; IKDC: International Knee Documentation Committee; TT: Tibial Tubercle.

This is why in our practice we recommend, when treating any patient
with PFI a thorough examination be performed including: limb torsion,
coronal axis, measurement of lateralization of the TT and patellar height,
and trochlear dysplasia evaluation, in order to offer to these patients the
most appropriate surgery, the so-called “a la carte” surgery [11,13].

Ensuring optimization of muscular conditioning is essential prior to
surgery, especially for female patients who are more likely to have less
muscle mass. Once optimized, we believe that in female patients, the
threshold for performing surgery that aims to adequately correct the risk
factors for recurrent patellar dislocations should be lower than in their
male counterparts. This is in order to avoid poor results that have been
seen in some recent series using more minimal surgeries and overlooking
anatomical factors that seem to be more frequent in women.

Contrarily, in cases of a first episode of patellar dislocation, as evi-
dence suggests that female sex is not a factor for recurrent dislocation [8],
we advocate for a conservative treatment (except in cases where an
osteochondral lesion that needs fixation or removal is present) focused on
lower body strength and conditioning to improve lower body muscle
mass as female patients are more likely to have more generalized joint
laxity. However, there are authors [84] that recommend stratifying pa-
tients after a first episode of patellar dislocation and those who have a
higher risk of recurrent dislocation (contact sports, very young, large
anatomical abnormalities) to undergo surgical management.

Lastly, but not less important, currently, gender disaggregated data is
not readily available, and there is no clear evidence as to why female
patients have recurrent dislocations or symptoms of PFI after MPFLr or
why they are less likely to be satisfied after surgery. It makes logical sense
that the anatomy is where the answer lies and therefore it is essential to
understand and be aware of variants in anatomy especially for female
patients who are more likely to have variants outside of normal values.
Satisfaction postsurgery is a complex and multifactorial issue; we have
tried to address variants in anatomy, but gender-related literature on
psychology, prehabilitation, and rehabilitation postoperatively is still
scarce or nonexistent, and further review of these areas could give us a
better explanation of the different outcomes in female patients after PFI

surgery.
CONCLUSION

PFI is significantly more prevalent in women than in men. There are
anatomical differences between males and females that must be consid-
ered both when treating conservatively and surgically. In recent years
there has been more published data reporting worse outcomes in female
patients after patellofemoral stabilization surgery using MPFLr alone or
in combination with a TTO.

Assessing the individual’s anatomical risk factors and a treatment-
based “a la carte” system that addresses all anatomical risk factors
seems logical however, we need more long-term studies with gender
disaggregated data to truly understand why females have a worse
outcome after surgery.

461

Declaration of competing interest
The authors declare that they have no known competing financial

interests or personal relationships that could have appeared to influence
the work reported in this paper.

References

[1

Casteleyn PP, Handelberg F. Arthroscopy in the diagnosis of occult dislocation of
the patella. Acta Orthop Belg 1989;55(3):381-3. PMID: 2603678.

Devereaux MD, Lachmann SM. Patello-femoral arthralgia in athletes attending a
sports injury clinic. Br J Sports Med 1984;18(1):18-21. https://doi.org/10.1136/
bjsm.18.1.18. PMID: 6722419; PMCID: PMC1858870.

Fithian DC, Paxton EW, Stone ML, Silva P, Davis DK, Elias DA, et al. Epidemiology
and natural history of acute patellar dislocation. Am J Sports Med 2004;32(5):
1114-21. https://doi.org/10.1177/0363546503260788. PMID: 15262631.
Waterman BR, Belmont Jr PJ, Owens BD. Patellar dislocation in the United States:
role of sex, age, race, and athletic participation. J Knee Surg 2012;25(1):51-7.
https://doi.org/10.1055/5-0031-1286199. PMID: 22624248.

Zheng ET, Kocher MS, Wilson BR, Hussain ZB, Nunally KD, Yen YM, et al.
Descriptive epidemiology of a surgical patellofemoral instability population of 492
patients. Orthop J Sports Med 2022;10(7):23259671221108174. https://doi.org/
10.1177/23259671221108174. PMID: 35859643; PMCID: PMC9289910.

Hsiao M, Owens BD, Burks R, Sturdivant RX, Cameron KL. Incidence of acute
traumatic patellar dislocation among active-duty United States military service
members. Am J Sports Med 2010;38(10):1997-2004. https://doi.org/10.1177/
0363546510371423. PMID: 20616375.

Mitchell J, Magnussen RA, Collins CL, Currie DW, Best TM, Comstock RD, et al.
Epidemiology of patellofemoral instability injuries among high school athletes in
the United States. Am J Sports Med 2015;43(7):1676-82. https://doi.org/10.1177/
0363546515577786. PMID: 25899431.

Ling DI, Brady JM, Arendt E, Tompkins M, Agel J, Askenberger M, et al.
Development of a multivariable model based on individual risk factors for recurrent
lateral patellar dislocation. J Bone Joint Surg Am 2021;103(7):586-92. https://
doi.org/10.2106/JBJS.20.00020. PMID: 33787553.

Arshi A, Cohen JR, Wang JC, Hame SL, McAllister DR, Jones KJ. Operative
management of patellar instability in the United States: an evaluation of National
practice patterns, surgical trends, and complications. Orthop J Sports Med 2016;
4(8):2325967116662873. https://doi.org/10.1177/2325967116662873. PMID:
27631015; PMCID: PMC5010099.

Fulkerson J. Sex-specific considerations and evaluation of trochlear dysplasia in the
treatment of patellofemoral instability. J Wom Sports Med 2023;3:25-6. https://
doi.org/10.53646/jwsm.v3il.37.

Dejour DH, Mesnard G, Giovannetti de Sanctis E. Updated treatment guidelines for
patellar instability: "un menu a la carte". J Exp Orthop 2021;8(1):109. https://
doi.org/10.1186/s40634-021-00430-2. PMID: 34837157; PMCID: PMC8626553.
Arendt EA, Donell ST, Sillanpad PJ, Feller JA. The management of lateral patellar
dislocation: state of the art. J ISAKOS 2017;2:205-12. https://doi.org/10.1136/
jisakos-2015-000011.

Dejour H, Walch G, Nove-Josserand L, Guier C. Factors of patellar instability: an
anatomic radiographic study. Knee Surg Sports Traumatol Arthrosc 1994;2(1):
19-26. https://doi.org/10.1007/BF01552649. PMID: 7584171.

Tanaka MJ, Sodhi A, Wadhavkar I, Kane K, Velasquez Hammerle MV, Mangudi
Varadarajan K, et al. Redefining trochlear dysplasia: normal thresholds vary by
measurement technique, landmarks, and sex. Am J Sports Med 2023;51(5):
1202-10. https://doi.org/10.1177/03635465231158099. PMID: 36942723.
Pinskerova V, Nemec K, Landor 1. Gender differences in the morphology of the
trochlea and the distal femur. Knee Surg Sports Traumatol Arthrosc 2014;22(10):
2342-9. https://doi.org/10.1007/500167-014-3186-z. PMID: 25095761.

Hsu CP, Lee PY, Wei HW, Lin SC, Lu YC, Lin JC, et al. Gender differences in femoral
trochlea morphology. Knee Surg Sports Traumatol Arthrosc 2021;29(2):563-72.
https://doi.org/10.1007/5s00167-020-05944-3. PMID: 32232538.

Koh YG, Nam JH, Chung HS, Lee HY, Kim HJ, Kim HJ, et al. Gender-related
morphological differences in sulcus angle and condylar height for the femoral

[2]

[3]

[4]

[5

[6]

[7

[8

[9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]


http://refhub.elsevier.com/S2059-7754(24)00068-3/sref1
http://refhub.elsevier.com/S2059-7754(24)00068-3/sref1
http://refhub.elsevier.com/S2059-7754(24)00068-3/sref1
https://doi.org/10.1136/bjsm.18.1.18
https://doi.org/10.1136/bjsm.18.1.18
https://doi.org/10.1177/0363546503260788
https://doi.org/10.1055/s-0031-1286199
https://doi.org/10.1177/23259671221108174
https://doi.org/10.1177/23259671221108174
https://doi.org/10.1177/0363546510371423
https://doi.org/10.1177/0363546510371423
https://doi.org/10.1177/0363546515577786
https://doi.org/10.1177/0363546515577786
https://doi.org/10.2106/JBJS.20.00020
https://doi.org/10.2106/JBJS.20.00020
https://doi.org/10.1177/2325967116662873
https://doi.org/10.53646/jwsm.v3i1.37
https://doi.org/10.53646/jwsm.v3i1.37
https://doi.org/10.1186/s40634-021-00430-2
https://doi.org/10.1186/s40634-021-00430-2
https://doi.org/10.1136/jisakos-2015-000011
https://doi.org/10.1136/jisakos-2015-000011
https://doi.org/10.1007/BF01552649
https://doi.org/10.1177/03635465231158099
https://doi.org/10.1007/s00167-014-3186-z
https://doi.org/10.1007/s00167-020-05944-3

F. Figueroa et al.

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

trochlea using magnetic resonance imaging. Knee Surg Sports Traumatol Arthrosc
2019;27(11):3560-6. https://doi.org/10.1007/s00167-019-05423-4. PMID:
30879109.

Tanaka MJ, LaPorte ZL, Perry NPJ, Velasquez Hammerle MV, Nukala V, Liu F.
Association of trochlear length on sagittal MRI to trochlear dysplasia in knees with
patellar instability. Orthop J Sports Med 2023;11(6):23259671231169730. https://
doi.org/10.1177/23259671231169730. PMID: 37347028; PMCID: PMC10280549.
Brian W, Kirsteen A, Kevin O, James K, Beda O. Gender difference in the modified
Insall-Salvati ratio in a black Kenyan population. Anat J Africa 2016;5(1):686-92.
Olateju Oladiran I, Philander Illke, Bidmos Mubarak A. Morphometric analysis of
the patella and patellar ligament of South Africans of European ancestry. S Afr J Sci
2013;109(9-10):1-6. https://doi.org/10.1590/sajs.2013/20130069.

Basso O, Johnson DP, Amis AA. The anatomy of the patellar tendon. Knee Surg
Sports Traumatol Arthrosc 2001;9(1):2-5. https://doi.org/10.1007/
s001670000133.

Hong H-T, Koh Y-G, Nam J-H, Kim PS, Kwak YH, Kang K-T. Gender differences in
patellar positions among the Korean population. Appl Sci 2020;10(24):8842.
https://doi.org/10.3390/app10248842.

Fiirmetz J, Daniel T, Sass J, BergstraBer M, Degen N, Suero E, et al. Three-
dimensional assessment of patellofemoral anatomy: Reliability and reference
ranges. Knee 2021;29:271-9. https://doi.org/10.1016/j.knee.2021.02.016. PMID:
33677151.

Degirmenci E, Yiicel I, Ozturan KE, Karaduman ZO, Karaca E. Evaluation of the age
and gender related changes in the Blumensaat line. Surg Radiol Anat 2020;42(6):
641-5. https://doi.org/10.1007/s00276-019-02336-2. PMID: 31529167.

Udoaka A, Bienonwu E. Assessment of the patellar height ratios in normal adult
Nigerians. Asian J Biomed Pharmaceut 2013;3(19):1-3.

Kaplanoglu V, Kaplanoglu H. Radiological evaluation of age- and gender-related
changes in the blumensaat line. Med J Bakirkéy 2021;17:125-9. https://doi.org/
10.4274/BMJ.galenos.2021.62634.

Grimm NL, Wooster BM, Tainter DM, Kildow BJ, Kim J, Taylor DC. Anatomic
magnetic resonance imaging measurements in first-time patellar dislocators by sex
and age. J Athl Train 2019;54(8):901-5. https://doi.org/10.4085/1062-6050-280-
18. PMID: 31355669; PMCID: PMC6756602.

Biedert RM, Albrecht S. The patellotrochlear index: a new index for assessing
patellar height. Knee Surg Sports Traumatol Arthrosc 2006;14(8):707-12. https://
doi.org/10.1007/s00167-005-0015-4. PMID: 16496126.

Dejour D, Ferrua P, Ntagiopoulos PG, Radier C, Hulet C, Rémy F, et al., French
Arthroscopy Society (SFA). The introduction of a new MRI index to evaluate sagittal
patellofemoral engagement. Orthop Traumatol Surg Res 2013;99(8 Suppl):S391-8.
https://doi.org/10.1016/j.0tsr.2013.10.008. PMID: 24246663.

Khasawneh RR, Allouh MZ, Abu-El-Rub E. Measurement of the quadriceps (Q) angle
with respect to various body parameters in young Arab population. PLoS One 2019;
14(6):€0218387. https://doi.org/10.1371/journal.pone.0218387. PMID:
31194851; PMCID: PMC6564690.

Pincivero DM, Salfetnikov Y, Campy RM, Coelho AJ. Angle- and gender-specific
quadriceps femoris muscle recruitment and knee extensor torque. J Biomech 2004;
37(11):1689-97. https://doi.org/10.1016/j.jbiomech.2004.02.005. PMID:
15388311.

Sanchez HM, Sanchez EG, Baratina MA, Canto RS. Evaluation of Q angle in
differents static postures. Acta Ortop Bras 2014;22(6):325-9. https://doi.org/
10.1590/1413-78522014220600451. PMID: 25538480; PMCID: PMC4273959.
Caylor D, Fites R, Worrell TW. The relationship between quadriceps angle and
anterior knee pain syndrome. J Orthop Sports Phys Ther 1993;17(1):11-6. https://
doi.org/10.2519/jospt.1993.17.1.11. PMID: 8467330.

Sharma R, Vaibhav V, Meshram R, Singh B, Khorwal G. A systematic review on
quadriceps angle in relation to knee abnormalities. Cureus 2023;15(1):e34355.
https://doi.org/10.7759/cureus.34355. PMID: 36874732; PMCID: PMC9974941.
Woodland LH, Francis RS. Parameters and comparisons of the quadriceps angle of
college-aged men and women in the supine and standing positions. Am J Sports
Med 1992;20(2):208-11. https://doi.org/10.1177/036354659202000220. PMID:
1558251.

Hvid I, Andersen LI. The quadriceps angle and its relation to femoral torsion. Acta
Orthop Scand 1982;53(4):577-9. https://doi.org/10.3109/17453678208992261.
PMID: 7102275.

Veeramani R, Shankar N, Narayanan S, Ranganath P, Rajagopalan R. Gender
differences in the mediolateral placement of the patella and tibial tuberosity: a
geometric analysis. Anatomy 2010;4(1):45-50.

Fulkerson JP, Arendt EA. Anterior knee pain in females. Clin Orthop Relat Res
2000;372:69-73. https://doi.org/10.1097/00003086-200003000-00009. PMID:
10738416.

Hilibrand MJ, Hammoud S, Bishop M, Woods D, Fredrick RW, Dodson CC. Common
injuries and ailments of the female athlete; pathophysiology, treatment and
prevention. Phys Sportsmed 2015;43(4):403-11. https://doi.org/10.1080/
00913847.2015.1092856. PMID: 26458108.

Tecklenburg K, Dejour D, Hoser C, Fink C. Bony and cartilaginous anatomy of the
patellofemoral joint. Knee Surg Sports Traumatol Arthrosc 2006;14(3):235-40.
https://doi.org/10.1007/s00167-005-0683-0. PMID: 16254736.

Esculier JF, Maggs K, Maggs E, Dubois B. A Contemporary approach to
patellofemoral pain in runners. J Athl Train 2020;55(12). https://doi.org/10.4085/
1062-6050-0535.19. PMID: 33196837; PMCID: PMC7740062.

Nara G, Samukawa M, Oba K, Koshino Y, Ishida T, Kasahara S, et al. The deficits of
isometric knee flexor strength in lengthened hamstring position after hamstring
strain injury. Phys Ther Sport 2022;53:91-6. https://doi.org/10.1016/
j.ptsp.2021.11.011. PMID: 34890906.

462

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

Journal of ISAKOS 9 (2024) 457-463

Grelsamer RP, Dubey A, Weinstein CH. Men and women have similar Q angles: a
clinical and trigonometric evaluation. J Bone Joint Surg Br 2005;87(11):1498-501.
https://doi.org/10.1302/0301-620X.87B11.16485. PMID: 16260666.

Jha A, Raza HKT. Variation in Q-angle according to sex, height, weight &
Interspinous distance - a survey. Indian J Orthop 2000;34(2):99-101.

Geraghty L, Zordan R, Walker P, Chao TW, Talbot S. Patellar dislocation is
associated with increased tibial but not femoral rotational asymmetry. Knee Surg
Sports Traumatol Arthrosc 2022;30(7):2342-51. https://doi.org/10.1007/s00167-
021-06813-3. PMID: 34850247.

Nguyen AD, Shultz SJ. Sex differences in clinical measures of lower extremity
alignment. J Orthop Sports Phys Ther 2007;37(7):389-98. https://doi.org/
10.2519/jospt.2007.2487. PMID: 17710908.

Nguyen AD, Shultz SJ, Schmitz RJ, Luecht RM, Perrin DH. A preliminary
multifactorial approach describing the relationships among lower extremity
alignment, hip muscle activation, and lower extremity joint excursion. J Athl Train
2011;46(3):246-56. https://doi.org/10.4085/1062-6050-46.3.246. PMID:
21669093; PMCID: PMC3419552.

Medina McKeon JM, Hertel J. Sex differences and representative values for 6 lower
extremity alignment measures. J Athl Train 2009;44(3):249-55. https://doi.org/
10.4085/1062-6050-44.3.249. PMID: 19478840; PMCID: PMC2681213.

Degen N, Sass J, Jalali J, Kovacs L, Euler E, Prall WC, et al. Three-dimensional
assessment of lower limb alignment: reference values and sex-related differences.
Knee 2020;27(2):428-35. https://doi.org/10.1016/j.knee.2019.11.009. PMID:
31806504.

Shultz SJ, Nguyen AD, Schmitz RJ. Differences in lower extremity anatomical and
postural characteristics in males and females between maturation groups. J Orthop
Sports Phys Ther 2008;38(3):137-49. https://doi.org/10.2519/jospt.2008.2645.
PMID: 18383647.

Sobhanardekani M, Sobhan MR, Nafisi Moghadam R, Nabavinejad S, Razavi
Ratki SK. The normal value of tibial tubercle trochlear groove distance in patients
with normal knee examinations using MRI. Acta Med Iran 2017;55(9):573-7. PMID:
29202550.

Pandit S, Frampton C, Stoddart J, Lynskey T. Magnetic resonance imaging
assessment of tibial tuberosity-trochlear groove distance: normal values for males
and females. Int Orthop 2011;35(12):1799-803. https://doi.org/10.1007/s00264-
011-1240-8. PMID: 21394593; PMCID: PMC3224621.

Riinow A. The dislocating patella. Etiology and prognosis in relation to generalized
joint laxity and anatomy of the patellar articulation. Acta Orthop Scand Suppl 1983;
201:1-53. PMID: 6575577.

Shultz SJ, Pye ML, Montgomery MM, Schmitz RJ. Associations between lower
extremity muscle mass and multiplanar knee laxity and stiffness: a potential
explanation for sex differences in frontal and transverse plane knee laxity. Am J
Sports Med 2012;40(12):2836-44. https://doi.org/10.1177/0363546512461744.
PMID: 23065595.

Danielsen O, Poulsen TA, Eysturoy NH, Mortensen ES, Holmich P, Barfod KW.
Trochlea dysplasia, increased TT-TG distance and patella alta are risk factors for
developing first-time and recurrent patella dislocation: a systematic review. Knee
Surg Sports Traumatol Arthrosc 2023;31(9):3806-46. https://doi.org/10.1007/
500167-022-07255-1. PMID: 36854995.

Farahmand F, Senavongse W, Amis AA. Quantitative study of the quadriceps
muscles and trochlear groove geometry related to instability of the patellofemoral
joint. J Orthop Res 1998;16(1):136-43. https://doi.org/10.1002/jor.1100160123.
PMID: 9565086.

Goh JC, Lee PY, Bose K. A cadaver study of the function of the oblique part of vastus
medialis. J Bone Joint Surg Br 1995;77(2):225-31. PMID: 7706335.

Tang SF, Chen CK, Hsu R, Chou SW, Hong WH, Lew HL. Vastus medialis obliquus
and vastus lateralis activity in open and closed kinetic chain exercises in patients
with patellofemoral pain syndrome: an electromyographic study. Arch Phys Med
Rehabil 2001;82(10):1441-5. https://doi.org/10.1053/apmr.2001.26252. PMID:
11588751.

El Rheem Mohamed AA, Aljohani MM, Alshehri YS, Abdel Aziem AA, Khaled OA.
The effect of gender on vastus medialis oblique/vastus lateralis activation ratio
during weight and non-weight bearing activities in recreationally subjects. J Pak
Med Assoc 2023;73(Suppl 4):5267-73. https://doi.org/10.47391/JPMA.EGY-54-
53. PMID: 37482871.

Peng YL, Johnson AE, Griffin L. Sex differences in neuromuscular control of
quadriceps. Eur J Appl Physiol 2020;120(10):2193-202. https://doi.org/10.1007/
500421-020-04443-0. PMID: 32712701.

Kim M-H, Yoo W-G, Yi C-H. Gender differences in the activity and ratio of vastus
medialis oblique and vastus lateralis muscles during drop landing. J Phys Ther Sci
2009;21:325-9. https://doi.org/10.1589/jpts.21.325.

Herrington L, Blacker M, Enjuanes N, Smith P, Worthington D. The effect of limb
position, exercise mode and contraction type on overall activity of VMO and VL.
Phys Ther Sport 2006;7:87-92. https://doi.org/10.1016/j.ptsp.2006.01.003.
Bowyer D, Armstrong M, Dixon J, Smith TO. The vastus medialis oblique:vastus
lateralis electromyographic intensity ratio does not differ by gender in young
participants without knee pathology. Physiotherapy 2008;94:168-73. https://
doi.org/10.1016/j.physio.2007.08.007.

Gravesen KS, Kallemose T, Blgnd L, Troelsen A, Barfod KW. Persistent morbidity
after Medial Patellofemoral Ligament Reconstruction - a registry study with an
eight-year follow-up on a nationwide cohort from 1996 to 2014. Knee 2019;26(1):
20-5. https://doi.org/10.1016/j.knee.2018.10.013. PMID: 30502935.

Parikh SN, Nathan ST, Wall EJ, Eismann EA. Complications of medial
patellofemoral ligament reconstruction in young patients. Am J Sports Med 2013;
41(5):1030-8. https://doi.org/10.1177/0363546513482085. PMID: 23539043.


https://doi.org/10.1007/s00167-019-05423-4
https://doi.org/10.1177/23259671231169730
https://doi.org/10.1177/23259671231169730
http://refhub.elsevier.com/S2059-7754(24)00068-3/sref19
http://refhub.elsevier.com/S2059-7754(24)00068-3/sref19
http://refhub.elsevier.com/S2059-7754(24)00068-3/sref19
https://doi.org/10.1590/sajs.2013/20130069
https://doi.org/10.1007/s001670000133
https://doi.org/10.1007/s001670000133
https://doi.org/10.3390/app10248842
https://doi.org/10.1016/j.knee.2021.02.016
https://doi.org/10.1007/s00276-019-02336-2
http://refhub.elsevier.com/S2059-7754(24)00068-3/sref25
http://refhub.elsevier.com/S2059-7754(24)00068-3/sref25
http://refhub.elsevier.com/S2059-7754(24)00068-3/sref25
https://doi.org/10.4274/BMJ.galenos.2021.62634
https://doi.org/10.4274/BMJ.galenos.2021.62634
https://doi.org/10.4085/1062-6050-280-18
https://doi.org/10.4085/1062-6050-280-18
https://doi.org/10.1007/s00167-005-0015-4
https://doi.org/10.1007/s00167-005-0015-4
https://doi.org/10.1016/j.otsr.2013.10.008
https://doi.org/10.1371/journal.pone.0218387
https://doi.org/10.1016/j.jbiomech.2004.02.005
https://doi.org/10.1590/1413-78522014220600451
https://doi.org/10.1590/1413-78522014220600451
https://doi.org/10.2519/jospt.1993.17.1.11
https://doi.org/10.2519/jospt.1993.17.1.11
https://doi.org/10.7759/cureus.34355
https://doi.org/10.1177/036354659202000220
https://doi.org/10.3109/17453678208992261
http://refhub.elsevier.com/S2059-7754(24)00068-3/sref37
http://refhub.elsevier.com/S2059-7754(24)00068-3/sref37
http://refhub.elsevier.com/S2059-7754(24)00068-3/sref37
http://refhub.elsevier.com/S2059-7754(24)00068-3/sref37
https://doi.org/10.1097/00003086-200003000-00009
https://doi.org/10.1080/00913847.2015.1092856
https://doi.org/10.1080/00913847.2015.1092856
https://doi.org/10.1007/s00167-005-0683-0
https://doi.org/10.4085/1062-6050-0535.19
https://doi.org/10.4085/1062-6050-0535.19
https://doi.org/10.1016/j.ptsp.2021.11.011
https://doi.org/10.1016/j.ptsp.2021.11.011
https://doi.org/10.1302/0301-620X.87B11.16485
http://refhub.elsevier.com/S2059-7754(24)00068-3/sref44
http://refhub.elsevier.com/S2059-7754(24)00068-3/sref44
http://refhub.elsevier.com/S2059-7754(24)00068-3/sref44
https://doi.org/10.1007/s00167-021-06813-3
https://doi.org/10.1007/s00167-021-06813-3
https://doi.org/10.2519/jospt.2007.2487
https://doi.org/10.2519/jospt.2007.2487
https://doi.org/10.4085/1062-6050-46.3.246
https://doi.org/10.4085/1062-6050-44.3.249
https://doi.org/10.4085/1062-6050-44.3.249
https://doi.org/10.1016/j.knee.2019.11.009
https://doi.org/10.2519/jospt.2008.2645
http://refhub.elsevier.com/S2059-7754(24)00068-3/sref51
http://refhub.elsevier.com/S2059-7754(24)00068-3/sref51
http://refhub.elsevier.com/S2059-7754(24)00068-3/sref51
http://refhub.elsevier.com/S2059-7754(24)00068-3/sref51
http://refhub.elsevier.com/S2059-7754(24)00068-3/sref51
https://doi.org/10.1007/s00264-011-1240-8
https://doi.org/10.1007/s00264-011-1240-8
http://refhub.elsevier.com/S2059-7754(24)00068-3/sref53
http://refhub.elsevier.com/S2059-7754(24)00068-3/sref53
http://refhub.elsevier.com/S2059-7754(24)00068-3/sref53
http://refhub.elsevier.com/S2059-7754(24)00068-3/sref53
https://doi.org/10.1177/0363546512461744
https://doi.org/10.1007/s00167-022-07255-1
https://doi.org/10.1007/s00167-022-07255-1
https://doi.org/10.1002/jor.1100160123
http://refhub.elsevier.com/S2059-7754(24)00068-3/sref57
http://refhub.elsevier.com/S2059-7754(24)00068-3/sref57
http://refhub.elsevier.com/S2059-7754(24)00068-3/sref57
https://doi.org/10.1053/apmr.2001.26252
https://doi.org/10.47391/JPMA.EGY-S4-53
https://doi.org/10.47391/JPMA.EGY-S4-53
https://doi.org/10.1007/s00421-020-04443-0
https://doi.org/10.1007/s00421-020-04443-0
https://doi.org/10.1589/jpts.21.325
https://doi.org/10.1016/j.ptsp.2006.01.003
https://doi.org/10.1016/j.physio.2007.08.007
https://doi.org/10.1016/j.physio.2007.08.007
https://doi.org/10.1016/j.knee.2018.10.013
https://doi.org/10.1177/0363546513482085

F. Figueroa et al.

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

Howells NR, Barnett AJ, Ahearn N, Ansari A, Eldridge JD. Medial patellofemoral
ligament reconstruction: a prospective outcome assessment of a large single centre
series. J Bone Joint Surg Br 2012;94(9):1202-8. https://doi.org/10.1302/0301-
620X.94B9.28738. PMID: 22933491.

Fancher AJ, Hinkle AJ, Vopat ML, Templeton K, Tarakemeh A, Vopat BG, et al.
Comparing sex-specific outcomes after medial patellofemoral ligament
reconstruction for patellar instability: a systematic review. Orthop J Sports Med
2021;9(11):23259671211058170. https://doi.org/10.1177/23259671211058170.
PMID: 34881344; PMCID: PMC8647247.

Hopper GP, Leach WJ, Rooney BP, Walker CR, Blyth MJ. Does degree of trochlear
dysplasia and position of femoral tunnel influence outcome after medial
patellofemoral ligament reconstruction? Am J Sports Med 2014;42(3):716-22.
https://doi.org/10.1177/0363546513518413. PMID: 24458241.

Hiemstra LA, Kerslake S, Loewen M, Lafave M. Effect of trochlear dysplasia on
outcomes after isolated soft tissue stabilization for patellar instability. Am J Sports
Med 2016;44(6):1515-23. https://doi.org/10.1177/0363546516635626. PMID:
27217524.

Bouras T, U E, Brown A, Gallacher P, Barnett A. Isolated medial patellofemoral
ligament reconstruction significantly improved quality of life in patients with
recurrent patella dislocation. Knee Surg Sports Traumatol Arthrosc 2019;27(11):
3513-7. https://doi.org/10.1007/s00167-019-05447-w. PMID: 30820603.

Neri T, Parker DA, Putnis S, Klasan A, Trombert-Paviot B, Farizon F, et al. Clinical and
radiological predictors of functional outcome after isolated medial patellofemoral
ligament reconstruction at Midterm follow-up. Am J Sports Med 2019;47(6):
1338-45. https://doi.org/10.1177/0363546519831294. PMID: 30943374.
Hiemstra LA, Kerslake S. Age at time of surgery but not sex is related to outcomes
after medial patellofemoral ligament reconstruction. Am J Sports Med 2019;47(7):
1638-44. https://doi.org/10.1177/0363546519841371. PMID: 31063706.
Shatrov J, Vialla T, Sappey-Marinier E, Schmidt A, Batailler C, Lustig S, et al. At 10-
year minimum follow-up, one-third of patients have patellofemoral arthritis after
isolated medial patellofemoral ligament reconstruction using Gracilis tendon
autograft. Arthroscopy 2023;39(2):349-57. https://doi.org/10.1016/
j.arthro.2022.07.021. PMID: 35988794.

Ryan PC, Ross BJ, Stamm MA, Sherman WF, Heard WMR, Mulcahey MK.
Concomitant tibial tubercle osteotomy reduces the risk of revision surgery after
medial patellofemoral ligament reconstruction for the treatment of patellar
instability. Arthroscopy 2023;39(9):2037-2045.el. https://doi.org/10.1016/
j.arthro.2023.02.006. PMID: 36804459.

Abed V, Khalily CD, Hawk GS, Conley C, Landy DC, Stone AV. Older age, female
sex, anxiety, substance use disorder, osteoarthritis, tibial tubercle osteotomy, and
opioid familiarity are risk factors for prolonged opioid use following medial

463

[76]

771

[78]

[79]

[80]

[81]

[82]

[83]

[84]

Journal of ISAKOS 9 (2024) 457-463

patellofemoral ligament reconstruction. Arthrosc Sports Med Rehabil 2023;5(3):
e637-47. https://doi.org/10.1016/j.asmr.2023.03.003. PMID: 37388870; PMCID:
PMC10300534.

Khazi ZM, Shamrock AG, Hajewski C, Glass N, Wolf BR, Duchman KR, et al.
Preoperative opioid use is associated with inferior outcomes after patellofemoral
stabilization surgery. Knee Surg Sports Traumatol Arthrosc 2020;28(2):599-605.
https://doi.org/10.1007/s00167-019-05738-2. PMID: 31650313.

Gardner EC, Molho DA, Fulkerson JP. Coronal malalignment-when and how to
perform a tibial tubercle osteotomy. Clin Sports Med 2022;41(1):15-26. https://
doi.org/10.1016/j.csm.2021.07.008. PMID: 34782071.

Bloom DA, Gonzalez M, Hurley ET, Kingery MT, Carter CW, Jazrawi LM, et al. Sex-
based differences in outcomes of tibial tubercle anteromedialization. Bull Hosp Jt
Dis 2022;80(4):252—-6. PMID: 36403954.

Zlak N, Kacin A, Martinéi¢ D, Drobni¢ M. Age, body mass index, female gender, and
patellofemoral cartilage degeneration predict worse patient outcome after
patellofemoral instability surgery. Knee Surg Sports Traumatol Arthrosc 2022;
30(11):3751-9. https://doi.org/10.1007/s00167-022-06986-5. PMID: 35524797.
Allen MM, Krych AJ, Johnson NR, Mohan R, Stuart MJ, Dahm DL. Combined tibial
tubercle osteotomy and medial patellofemoral ligament reconstruction for recurrent
lateral patellar instability in patients with multiple anatomic risk factors.
Arthroscopy 2018;34(8):2420-2426.e3. https://doi.org/10.1016/
j.arthro.2018.02.049. PMID: 29789255.

Su P, Liu X, Jian N, Li J, Fu W. Clinical outcomes and predictive factors for failure
with MPFL reconstruction combined with tibial tubercle osteotomy and lateral
retinacular release for recurrent patellar instability. BMC Musculoskelet Disord
2021;22(1):632. https://doi.org/10.1186,/512891-021-04508-x. PMID: 34289826;
PMCID: PMC8296593.

Lutz PM, Winkler PW, Rupp MC, Geyer S, Imhoff AB, Feucht MJ. Complex
patellofemoral reconstruction leads to improved physical and sexual activity in
female patients suffering from chronic patellofemoral instability. Knee Surg Sports
Traumatol Arthrosc 2021;29(9):3017-24. https://doi.org/10.1007/s00167-020-
06340-7. PMID: 33119832; PMCID: PMC8384801.

Mengis N, Zimmermann F, Schemel L, Rippke JN, Milinkovic DD, Balcarek P.
Return to sports and patients' rehabilitation continuum after deepening
trochleoplasty and concomitant patellar-stabilizing procedures: a case series of 111
patients at 2 to 4 years of follow-up. Am J Sports Med 2022;50(3):674-80. https://
doi.org/10.1177/03635465211063914. PMID: 35144479.

D'Ambrosi R, Migliorini F, Cerciello S, Guerra G, Corona K, Mangiavini L, et al.
Management of the first episode of traumatic patellar dislocation: an international
survey. Knee Surg Sports Traumatol Arthrosc 2023;31(6):2257-65. https://doi.org/
10.1007/500167-022-07273-z. PMID: 36477349.


https://doi.org/10.1302/0301-620X.94B9.28738
https://doi.org/10.1302/0301-620X.94B9.28738
https://doi.org/10.1177/23259671211058170
https://doi.org/10.1177/0363546513518413
https://doi.org/10.1177/0363546516635626
https://doi.org/10.1007/s00167-019-05447-w
https://doi.org/10.1177/0363546519831294
https://doi.org/10.1177/0363546519841371
https://doi.org/10.1016/j.arthro.2022.07.021
https://doi.org/10.1016/j.arthro.2022.07.021
https://doi.org/10.1016/j.arthro.2023.02.006
https://doi.org/10.1016/j.arthro.2023.02.006
https://doi.org/10.1016/j.asmr.2023.03.003
https://doi.org/10.1007/s00167-019-05738-2
https://doi.org/10.1016/j.csm.2021.07.008
https://doi.org/10.1016/j.csm.2021.07.008
http://refhub.elsevier.com/S2059-7754(24)00068-3/sref78
http://refhub.elsevier.com/S2059-7754(24)00068-3/sref78
http://refhub.elsevier.com/S2059-7754(24)00068-3/sref78
http://refhub.elsevier.com/S2059-7754(24)00068-3/sref78
https://doi.org/10.1007/s00167-022-06986-5
https://doi.org/10.1016/j.arthro.2018.02.049
https://doi.org/10.1016/j.arthro.2018.02.049
https://doi.org/10.1186/s12891-021-04508-x
https://doi.org/10.1007/s00167-020-06340-7
https://doi.org/10.1007/s00167-020-06340-7
https://doi.org/10.1177/03635465211063914
https://doi.org/10.1177/03635465211063914
https://doi.org/10.1007/s00167-022-07273-z
https://doi.org/10.1007/s00167-022-07273-z

	Specific considerations in female patients with patellar instability: current concepts
	Current Concepts
	ANATOMY
	Trochlear dysplasia
	Patella alta

	Future Perspectives
	Increased Q angle
	Soft tissue laxity and muscle imbalance

	SURGICAL TREATMENTS
	Medial patellofemoral ligament reconstruction (Table 1)
	Tibial tubercle osteotomy (Table 2)
	Other treatments

	AUTHOR’S APPROACH
	CONCLUSION
	Declaration of competing interest
	References


