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for this injury due to clinician-perceived need for carti-
lage debridement. MPFL injury severity was complete 
rupture (N = 69, 44%), partial (N = 67, 43%), and none 
(N = 19, 13%). MPFL injury location was isolated femo-
ral (N = 16, 10%), isolated patella (N = 26, 17%), isolated 
mid-substance (0%), multiple locations (N = 95, 61%), and 
none (N = 20, 13%). Chondral injury location was patella 
(N = 67, 43%), lateral femoral condyle (N = 11, 7%), mul-
tiple locations (N = 53, 34%), and none (N = 26, 17%). 
A majority (61%) of patellar chondral lesions were at its 
inferomedial aspect; all medial patellar retinacular partial 
injuries involved the inferomedial aspect of the patella, 
consistent with the insertion of the medial patellotibial liga-
ment (MPTL). Skeletally immature patients had a greater 
risk of isolated patellar MPFL and chondral injury. No 
clear relationship was found between/across the location 
and/or severity of bone bruising, MPFL, or chondral injury.
Clinical relevance Underlying anatomic patellar instabil-
ity risk factors defined by MRI, do not predict injury pat-
terns. MPFL and chondral injury, as well as bone bruising, 
are common following LPD. The medial patellotibial liga-
ment is torn in patellar-based medial retinacular injuries, 
based on MRI injury location. Skeletal immaturity plays a 
role in the location of the injury pattern with isolated patel-
lar-based MPFL/chondral injury being more common in 
the skeletally immature patient. Sex does not appear to be 
a factor in injury patterns after primary LPD. Knowledge 
of these injury trends will help focus the clinician in injury 
evaluation when managing primary patellar dislocations.
Level of evidence Case series, Level IV.

Keywords MRI · Lateral patellar dislocation · Bone 
bruising · Patellar instability

Abstract 
Purpose The primary goal was to describe the injury pat-
terns in a population of primary (first time) lateral patellar 
dislocators (LPD) to lend clarity to commonly held notions 
about injury patterns in this population.
Methods A prospective study identifying patients present-
ing with LPD between 2008 and 2012. Inclusion criteria 
were a history and physical exam consistent with primary 
LPD, and an MRI consistent with the diagnosis without 
other significant ligamentous injury. On MRI, location of 
cartilage, medial patellofemoral ligament (MPFL) injury, 
and bone bruising were noted. Severity was categorized as 
partial or complete for MPFL and cartilage lesions. Ana-
tomic patellar instability risk factors (patella alta, trochlear 
dysplasia, increased TT-TG, and lateral patella tilt) were 
recorded and compared to the injury patterns.
Results This study involved 157 patients; 107 patients 
were skeletally mature. Of the 157 patients, 26 had surgery 
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Introduction

Lateral patellar dislocation (LPD) often causes injury 
to structures within the patellofemoral joint [20, 31]. 
Key areas of injury include the medial patellofemoral 
ligament (MPFL), as well as cartilage and bone on the 
patella and/or trochlea [19, 37, 42]. Dysfunction of the 
knee can result from injury to these structures [39]. If 
the MPFL remains insufficient, recurrent patellar dislo-
cations are more likely [9, 14, 34]. With recurrent insta-
bility episodes, the risk of cartilage and bone injury 
increases [31, 33]. Damage to cartilage can lead to 
early-onset degenerative changes and, eventually, symp-
toms that coincide with arthritis [12, 24, 37, 39]. This 
can have significant impact on quality of life for young 
active patients, which is a major complaint of patellar 
instability patients. Managing primary (first-time) LPD 
to limit recurrence is important; part of managing these 
patients is understanding primary LPD injury patterns.

Previous studies evaluating injury patterns in patel-
lar instability patients have demonstrated that MPFL 
and osteochondral injury is common [1, 6, 15, 16, 20, 
36, 40]. More recently, studies have looked at the site of 
MPFL injury: patella, interstitial, femur, or a combina-
tion of those sites [3, 7, 17, 22, 23, 42, 43]. Knowing the 
location is important because the rate of redislocation is 
higher when there is an isolated femoral lesion [22, 35] 
and acute repair may fare better when the lesion is solely 
patella based [10, 11].

Injury patterns have been evaluated based on age. 
Most reports suggest the patella is the most common site 
of MPFL injury in children [3, 17, 23, 27, 32]. Studies 
have also evaluated the extent and location of osteochon-
dral injury [32, 37, 41–43]. Few studies, however, have 
evaluated the full injury pattern based on sex or by age, 
as defined by bony maturity.

The primary goal of this study was to describe the 
injury patterns in a population of primary (first time) lat-
eral patellar dislocators (PLPD) to evaluate the follow-
ing hypotheses reflective of commonly held notions:

•	 Patients with a greater number of underlying ana-
tomic risk factors for patellofemoral instability will 
have less chondral damage.

•	 Skeletally immature patients have more MPFL patel-
lar-based lesions.

•	 Bone bruising infers higher forces and is associated 
with greater cartilage damage.

•	 Injury patterns in primary LPD are not different 
between the sexes.

Materials and methods

Approval was obtained from our institutional review board 
prior to initiation of this study. Consecutive patients with a 
history of LPD between 2008 and 2012 were prospectively 
identified from two musculoskeletal outpatient clinics.

Inclusion criteria for the study were:

•	 A history and physical exam consistent with primary 
LPD [2, 5, 18].

•	 An MRI consistent with this diagnosis obtained within 
6 weeks of the initial injury.

Exclusion criteria included previous instability event, 
injury to other ligaments of the knee beside the MPFL, and 
previous surgery in the index knee.

The injury location and severity for MPFL and chondral 
injury, as well as the bone bruising, were described for the 
entire patient cohort. Stratification was performed based 
on sex and skeletal maturity, defined as open vs. closed 
physes. It was also documented as to whether the patients 
underwent surgery for chondral debridement following 
their PLPD event.

In an attempt to further define injury patterns, injury 
location and severity was compared with underlying ana-
tomic risk factors as defined by patella alta, trochlear dys-
plasia, tibial tubercle-trochlear groove (TT-TG) distance, 
and patellar tilt. The measurement of these risk factors on 
MRI has been described in a previous study [2]. The thresh-
olds for surgical intervention as defined by Dejour et  al. 
were used to define “excessive” measurements (CD >1.2, 
TT–TG > 20  mm, tilt > 20°) [13]. Trochlear depth <3  mm 
was chosen to define trochlea dysplasia as reported by 
Pfirrmann et  al. [28]. The number of excessive measure-
ments within each of the four measurements was tabulated 
by individual patient to represent how many underlying 
anatomic risk factors for instability were present, a ‘four-
factor’ analysis. These numbers were then compared to the 
injury pattern data.

In addition, specific attention was given to MPFL imag-
ing injury patterns to assess:

1. Associated injury to the medial collateral ligament 
(MCL), and

2. The location of the medial retinacular injury on the 
patella

MRI interpretation

MRI was performed on either 1.5 or 3 T magnets. All MRIs 
were evaluated for injury to the MPFL, chondral injury, 
and bone bruising. Location of the MPFL injury was clas-
sified as either patella, femur, mid-substance, combination 
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lesion, or no lesion. Severity of MPFL injury was defined 
as no injury, partial rupture, or complete rupture [3]. Partial 
rupture by MRI was defined as extending less than 50% of 
the total vertical length of the medial retinaculum attach-
ment to the patella or <2 cm, as previously described [3, 4]. 
Location of chondral lesions were classified as patella, lat-
eral femoral condyle, combined lesion, or no lesion. Sever-
ity of chondral lesion was defined as full thickness, partial 
thickness, or none. As a marker of chondral injury severity, 
the need for surgical debridement was noted. Bone bruis-
ing was defined by location and divided into patella, lateral 
femoral condyle, combined lesion, no lesion, or other which 
included bruising in other locations of the knee. MRIs were 
also used to determine skeletal maturity; patients with open 
physes were classified as skeletally immature while patients 
with closing or closed physes were classified as skeletally 
mature [2, 4, 25].

A fellowship-trained musculoskeletal radiologist inter-
preted the injury patterns on all MRI. Consensus was 
arrived at to ensure that radiology and orthopaedic termi-
nology were aligned between the musculoskeletal fellow-
trained radiologist and the senior sports medicine fellow-
ship trained orthopaedic surgeon; in particular, partial 
‘MPFL’ tears were reviewed by the radiologist and ortho-
paedic surgeon with consensus on location and length of 
the patellar-based injury. Intra- and inter-observer method-
ology for each of the anatomic measurements taken from 
the MRI scan can be referred to in a previous paper [2].

Institutional Review Board (IRB) approval was obtained 
from the IRB (study number 1005E82296) prior to initia-
tion of this study.

Statistical analysis

Data were analysed using SPSS (version 21 IBM) for the 
descriptive statistics. Chi-square tests were used to com-
pare the injury factors based on sex, skeletal maturity, and 
the ‘four-factor’ analysis. Statistical significance was set at 
p < 0.05.

Results

This study involved 157 patients: 79 males and 78 females. 
A total of 107 patients were skeletally mature (46 M/61 F; 
mean age 23 years, SD ± 9.5, range 11–50) and 50 were 
skeletally immature (33  M/17  F; mean age 14.3 years, 
SD ± 1.4, range 10–17). Of the 157 patients, 26 (17%) had 
surgery for their injury due to clinician-perceived need for 
cartilage debridement.

MPFL injury severity was complete rupture (N = 69, 
43.9%), partial (N = 67, 42.7%), and no injury (N = 19, 
12.8%). All ‘partial’ patellar-based ruptures were located 

on the inferior medial patella (Fig.  1a–c). MPFL injury 
location was isolated femoral (N = 16, 10.2%), isolated 
patella (N = 26, 16.6%), isolated mid-substance (0%), 
multiple locations (N = 95, 60.5%), (Fig.  2) and no injury 
(N = 20, 12.7%). In the sub-group of open growth plates 
(N = 50), MPFL location involved the patella 78% of the 
time (28% isolated patellar injury, 50% combined with 
other locations). MPFL injury based on sex and skeletal 
maturity is displayed in Table 1.

Chondral injury location was patella (N = 67, 42.7%), 
lateral femoral condyle (N = 11, 7%), multiple locations 
(N = 53, 33.8%) (Fig. 3), and no injury (N = 26, 16.5%). A 
majority of lesions on the patella were at the inferomedial 
aspect of the patella (41/67 = 61%). Chondral injury sever-
ity was full thickness (N = 81, 51.6%), partial thickness 
(N = 50, 31.8%), and no injury (N = 26, 16.6%). When a 
patella and lateral femoral condyle location were both pre-
sent, there was a full thickness chondral defect at one or 
both locations 83% of the time. Chondral injury based on 
sex and skeletal maturity is displayed in Table 2.

Bone bruising injury location was patella (N = 4, 2.5%), 
lateral femoral condyle (N = 15, 9.6%), combination injury 
(N = 127, 80.9%), none (N = 5, 3.2%), and other (N = 6, 
3.8%). Bone bruises without chondral damage occurred in 
14% of patients with bone bruises. No clear relationship 
was found between or across the location and/or severity 
of bone bruising, MPFL or chondral injury. There were 
no statistically significant findings when location of bone 
bruising was analysed by sex or skeletal maturity.

When using the ‘four-factor’ analysis, there were no sig-
nificant findings to suggest there is a relationship between 
anatomic instability risk factors and MPFL injury location 
or severity. For severity of chondral injury, there were no 
significant differences in anatomic risk factors between 
patients with full thickness vs. patients with non-full thick-
ness cartilage lesions. Based on MRI analysis, no concomi-
tant MCL injury was identified.

Discussion

The most important finding in our paper is that underly-
ing anatomic patellar instability risk factors, as defined by 
MRI, did not predict injury patterns as defined by the loca-
tion and severity of MPFL injury, chondral damage, and/
or bone bruising. Considering the stated hypotheses, there 
was no evidence that a greater number of risk factors (more 
dysplastic anatomy) were associated with lower likelihood 
of chondral damage. Skeletally immature patients have 
more isolated MPFL patellar-based lesions than skeletally 
mature patients, although combined injuries of patella plus 
other ligament location was the most frequent ligament 
lesion in skeletally immature patients. There was also no 
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evidence that bone bruising is associated with greater carti-
lage damage as based on MRI. There was no clear relation-
ship between sex and injury findings.

There is a high incidence of both MPFL and chondral 
injury centred at the inferomedial aspect of the patella. 
When looking at the location of the MPFL and chondral 
injury together, the patellar-based MPFL lesions were 
always inferomedial on the patella. A detailed review of all 
patellar-based partial medial retinacular tears revealed an 
interesting finding. All ‘partial’ ruptures of the medial reti-
naculum were inferomedial patella, i.e., the retinacular/lig-
amentous injury began inferior in all lesions and extended 
proximal. The location of the medial retinacular injury at 

the inferomedial patella anatomically corresponds to the 
insertion of the medial patellotibial ligament (MPTL), with 
or without bony avulsion. For complete tears this injury 
extended proximally into the region typically defined as the 
MPFL patellar insertion. The medial retinaculum encom-
passes both the MPFL and the MPTL. Though the MPTL 
is defined anatomically [21, 26] and through imaging [38], 
the injury pattern noted from our study has not been rec-
ognized in the radiology literature in regard to the injury 
location on the patella. The potential role of the MPTL in 
patellar stabilization merits further investigation.

The location of MPFL injury along its horizontal length 
is variable in the literature [6, 8, 20, 22, 29, 40]. Data 

Fig. 1  a An axial MRI (1.5 T) depicting a patellar-based medial ret-
inacular injury. b A coronal MRI (1.5  T) depicting a “partial” tear 
of the MPFL. Note the injury just medial to the patellar tendon on 
the distal–medial aspect of the patellar retinaculum. The solid lines 
represent patellar tendon; the dotted lines represent the retinacular 

injury. c. Schematic illustration of a partial medial retinacular tear 
(black tear line) and a complete medial retinacular tear (grey tear 
line). MPFL medial patellofemoral ligament, MPTL medial patelloti-
bial ligament
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from the current study suggest that the location of MPFL 
injury is most commonly a combination of locations. This 
has obvious implications for MPFL repair, suggesting that 
it may be difficult to successfully repair the ligament if it 
is injured at multiple sites. When considering skeletally 
immature patients, current literature suggests that MPFL 
injury is most often patella-based [3, 17, 23, 27, 32]. The 
present study supports the patellar-based lesion is most 
common in the skeletally immature patient both in isolation 
and as a combination location injury.

Chondral injuries are common, particularly off the 
medial or inferomedial aspect of the patella, which has 
been documented in multiple studies [16, 32, 37, 41]. This 
is consistent with the data in the current study suggesting 
the highest percentage of chondral injury is on the patella. 
Despite the high rate of chondral injury (84%), few were 

felt to be clinically significant enough to benefit from sur-
gery (17% of total). Skeletally immature patients were 
more likely to have chondral injury isolated to the patella, 
whereas skeletally mature patients were split between iso-
lated patella and combined lesion location.

The severity of the chondral lesion has been infrequently 
reported. The data from the current study demonstrate that 
skeletally immature patients were less likely to have severe 
(full-thickness) chondral lesions than the mature patients, 
perhaps due to greater plasticity of tissues in skeletally 
immature patients. Despite the high percentage of chondral 
damage in PLPD, few cases were judged clinically to need 
surgery to address the chondral damage (16.5%).

When evaluating anatomic patellar instability risk fac-
tors (‘four-factor’ analysis) and severity of injury, our 

Fig. 2  Common pattern of MPFL injury in primary LPD: isolated 
patella (17%), isolated femur (10%), multifocal (61%)

Table 1  MPFL injury location and severity based on sex and skeletal maturity

Location Severity

Patella Femur Both patella 
and femur

None P value Full lesion Partial lesion None P value

Male N, % 15
19.0%

5
6.3%

49
62.0%

10
12.7%

n.s 36
45.6%

33
41.8%

10
12.7%

n.s

Female N, % 11
14.1%

11
14.1%

46
59.0%

10
12.8%

33
42.3%

34
43.6%

9
14.1%

Skeletally mature N, % 12
11.2%

12
11.2%

70
65.4%

13
12.2%

n.s 52
48.6%

41
38.3%

14
13.0%

n.s

Skeletally immature N, % 14
28%

4
8%

25
50%

7
14%

17
34%

26
52%

7
14%

Fig. 3  Common pattern of chondral injury in primary LPD: isolated 
patella (43%), isolated femur (7%), multiple locations (34%)
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hypothesis was that patients who have an increased num-
ber of risk factors present would have less severe chondral 
injury damage. The data do not support this hypothesis; 
the number of underlying anatomic patellar instability risk 
factors in general does not seem to predict injury patterns. 
This finding is consistent with one other paper looking at a 
primary LPD population that found that MPFL tear loca-
tion (along its horizontal length) did not correlate with 
underlying anatomy [43].

MCL injury as a concomitant injury was not found in 
this population, which was previously reported to be as 
high as 50% in a population of 80 transient patellar disloca-
tion [30]. This study differs from ours in that the population 
was largely male (83%); additionally, the authors did not 
define the LPD injury as primary or recurrent.

The strengths of this study are the comprehensive nature 
of injury pattern analysis: MPFL injury location and sever-
ity, chondral injury location and severity, and location of 
bone bruising, with analysis based on sex and bony skeletal 
maturity.

Limitations of this descriptive study include the limi-
tations of an imaging-based study, as the description was 
based solely on MRI.

Knowledge of these injury trends will help focus the cli-
nician in injury evaluation when managing primary patellar 
dislocations. In particular, knowing the injury pattern and 
location is useful in the clinical consideration of a repair of 
the MPFL. Chondral damage as assessed by MRI is often 
present but not always necessary to treat clinically.

Conclusion

Underlying anatomic patellar instability risk factors, as 
defined by MRI, do not predict injury patterns. MPFL and 
chondral injury, as well as bone bruising, are common 
following PLPD. Skeletal immaturity plays a role in the 
location of the injury pattern with isolated patellar MPFL 

and chondral injury being more common in the skeletally 
immature patient. No clear relationship was found between 
or across the location and/or severity of bone bruising, 
MPFL or chondral injury. Sex does not appear to be a fac-
tor in PLPD injury patterns. The MPTL is torn in patellar-
based medial retinacular injuries, based on MRI injury 
location.
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