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Background: Patella alta is a risk factor for recurrent patellar instability. Differences in chondral injury in patients with patellar
instability between patella alta and patella norma have not been evaluated.

Purpose: To analyze whether preoperative cartilage damage differs in severity and location between patellar instability patients
with and without patella alta.

Study Design: Cohort study; Level of evidence, 3.

Methods: Patients with patellar instability who underwent patellar realignment surgery at a single institution with preoperative
magnetic resonance imaging (MRI) scans were included. After measurement of Caton-Deschamps index (CDI) on MRI, patients
were divided into patella alta (CDI �1.3) and patella norma groups. The area measurement and depth and underlying structures
(AMADEUS) score was used to quantify cartilage defect severity on MRI.

Results: A total of 121 patients were divided into patella alta (n ¼ 50) and patella norma (n ¼ 71) groups. The groups did not differ
significantly in sex ratio, age at MRI, body mass index, mean reported number of previous dislocations, or mean interval between
first reported dislocation and date of MRI. A total of 34 (68%) of the patella alta group and 44 (62%) of the patella norma group had
chondral defects (P¼ .625) with no significant between-group differences in defect size (P¼ .419). In both groups, chondral injuries
most affected the medial patellar facet (55% in patella alta vs 52% in patella norma), followed by the lateral facet (25% vs 18%),
and lateral femoral condyle (10% vs 14%). A smaller proportion of patients had full-thickness defects in the patella alta compared
with the patella norma group (60% vs 82%; P¼ .030). The overall AMADEUS score was higher for the patella alta versus the patella
norma group (68.9 vs 62.1; P ¼ .023), indicating superior articular cartilage status.

Conclusion: Patients with patella alta had less severe cartilage injury after patellar instability, including a lower proportion with full-
thickness defects and better overall cartilage grade. The location of injury when present was similar between alta and norma, with
most defects affecting the medial facet, lateral facet, and lateral femoral condyle in descending frequency.
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Patellar instability is estimated to affect approximately 150
out of 100,000 adolescents between the ages of 14 and
18 years - a rate that is expected to increase over time.14,16

Several risk factors have been associated with patellar
instability, such as younger age, tibial tubercle-trochlear
groove (TT-TG) distance, trochlear dysplasia, and patella
alta.3,6,9,21 Patella alta is defined as a superiorly positioned
patella, commonly determined using the Caton-Deschamps
index (CDI).4 Patients with patella alta are approximately

2.5 to 4.0 times more likely to sustain a recurrent patellar
dislocation,9 which is thought to be due to the changes in
biomechanics seen in patella alta. In these patients, the
patella does not enter the trochlear groove until a greater
degree of knee flexion. As such, there is greater reliance on
the soft tissue restraints, including the medial patellofe-
moral ligament (MPFL) and medial quadriceps tendon fem-
oral ligament.2,19,24 Patella alta is also associated with
further changes to patellofemoral joint (PFJ) biomechanics,
such as increased length of soft tissue lateral restraints and
changes in PFJ alignment.22,24

Given these changes in biomechanics, it is possible that
patella alta may alter cartilage injury patterns in
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patellofemoral instability. Stefanik et al18 investigated
cartilage damage patterns in patients with, or at risk of,
osteoarthritis of the knee by analyzing magnetic resonance
imaging (MRI) scans. They found that patients with patella
alta and knee osteoarthritis were 3 times more likely to
have lateral PFJ cartilage damage and 1.5 times more
likely to have medial PFJ cartilage damage in comparison
with those without patella alta. However, given this study
was conducted in older patients (aged 50-79 years) that
were at risk for or had knee osteoarthritis without previ-
ously documented patellar instability, these results cannot
be extrapolated to our population of interest: young, active
patients with patellar instability. This same group found in
a follow-up study that patella alta was also associated with
progression of cartilage damage and bone marrow lesions.8

Mehl et al13 found that trochlear dysplasia and patella
alta contributed to the development of chondral defects
when they compared those who had patellofemoral chon-
dral defects and those who did not after anterior cruciate
ligament injury. Ambra et al1 found that trochlear dyspla-
sia, lateral patellar tilt, and patella alta were associated
more commonly with full-thickness patellofemoral chon-
dral defects in their study. However, this study was con-
ducted in 2 groups without a history of patellar instability.
Articular damage has been found in as high as 76% of
patients after acute patellar dislocation.17,20 However, the
effect of predisposing factors such as patella alta on carti-
lage damage severity and characterization has not been
investigated.

The purpose of this study was to retrospectively analyze
whether preoperative cartilage damage differs in severity
and location between patellar instability patients with and
without patella alta. We hypothesized that persons with
patella alta, when controlling for the number of disloca-
tions, will sustain a greater degrees of cartilage damage
and that, when present, the location of defects would differ
compared with persons with patella norma.

METHODS

The current study was deemed exempt from institutional
review board approval. A list of all patients who underwent
patellar realignment surgery at our institution between Jan-
uary 1, 2014, and November 30, 2019, was obtained from the
institution’s database. Patellar realignment surgery included
MPFL reconstruction and/or tibial tubercle osteotomy as iden-
tified by the Current Procedural Terminology codes 27418,

27420, 27422, and 27427. Indications for patellar realignment
surgery included first-time dislocation with loose body, osteo-
chondral fracture, those who had failed nonoperative manage-
ment, or history of recurrent dislocation. Patients were
included if they had a proton-weighted MRI scan including
sagittal, axial, and coronal views from within 3 months of
injury on file and had a previous history of a patellar instabil-
ity event. Patients were excluded if they underwent previous
surgery to the ipsilateral knee, if they did not have a preop-
erative MRI, or if the preoperative MRI was undertaken more
than 3 months before injury. In addition, 2 patients whose
MRI scans were deemed to be of too poor quality to be accu-
rately assessed by the readers, due to motion artifact, were
excluded.

A total of 121 patients met the inclusion criteria (Figure 1).
For all included patients, the sex, age at MRI scan, body mass
index (BMI), date of earliest reported dislocation, and total
number of reported dislocations were recorded from the elec-
tronic medical record.

Figure 1. Flowchart of patient inclusion. CPT, Current Proce-
dural Terminology; MRI, magnetic resonance imaging.
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MRI Analysis

Available preoperative 3-T or 1.5-T MRI examinations with
adequate image quality and with standard MRI sequences
including intermediate-weighted images, usually with fat
saturation in at least 2 planes and a T1-weighted sequence
in at least 1 plane (sagittal or coronal) were analyzed by 2
sports medicine clinical fellows (M.P.C. and M.R). Imaging
parameters were used in accordance with Jungmann
et al.10 MRI scans were obtained in a standard fashion with
the patients in the supine position, with the knee in an 8-
channel knee coil, resulting in knee flexion of approxi-
mately 5�. To measure CDI on MRI, the technique
described by Askenberger et al3 was utilized. This tech-
nique determines CDI by using the sagittal slice showing
the greatest length of the patella to determine patellar
height (Figure 2). The readers individually selected the
slice that they felt met this criterion best.

The TT-TG distance was measured on axial images
where the center of the tibial tubercle and trochlear groove
were defined and the distance between the 2 was calcu-
lated.5 In addition, patient images were assessed for troch-
lear dysplasia and characterized according to the Dejour
classification.11

To quantify cartilage defect severity, we used the MRI-
based area measurement and depth and underlying struc-
tures (AMADEUS) score, first described by Jungmann

et al.10 The AMADEUS score characterizes cartilage defect
size, defect depth, presence of subchondral bone defects,
and bone marrow edema (BME). The scale is scored from
0 to 100, with 100 indicating no cartilage damage. In
patients with multiple cartilage defects on MRI images,
each defect was characterized and analyzed independently.

Statistical Analysis

Continuous variable data were reported as means with
standard deviations and categorical data reported as fre-
quencies with percentages. The distribution of data was
assessed with the Shapiro-Wilk test. Continuous data were
assessed with the Student’s t test and Mann-Whitney U
tests as appropriate. Categorical data were assessed with
chi-squared analysis. The threshold for significance was set
to P < .05. Multivariate analysis was conducted with defect
depth, bone edema, and AMADEUS score as the dependent
variables. Interrater reliability was assessed by calculating
intraclass correlation coefficients (ICCs) for continuous
data and kappa agreement tests for categorical data. The
ICC scores and kappa values were interpreted as follows: a
score of 0 to 0.50 indicates weak reliability, a score of 0.51 to
0.70 indicates moderate reliability, and a score of 0.71 to
1.00 indicates a strong reliability. Interrater reliability was
evaluated for CDI, each component of the AMADEUS clas-
sification, and total AMADEUS score. All statistical analy-
ses were performed with R Studio (Version 3.6.3, RStudio:
Integrated Development for R. RStudio, PBC, Boston, MA).

RESULTS

The 121 study patients were divided into patella alta (n ¼
50) and patella norma (n¼ 71) groups based on a CDI cutoff
of 1.3. The CDI measurements taken by each reviewer dem-
onstrated strong interrater reliability (ICC ¼ 0.76), so the
mean of the CDI value obtained by each reviewer was uti-
lized. The groups did not significantly differ in sex ratio,
age at MRI, BMI, proportion of primary and recurrent dis-
locators, mean reported number of previous dislocations, or
mean interval between first reported dislocation and date
of MRI (Table 1). In addition, other baseline radiographic
measurements including TT-TG and trochlear dysplasia
did not differ significantly between groups.

Upon analysis of MRIs for presence of chondral defect, 34
(68%) of the patella alta group and 44 (62%) of the patella
norma group had chondral defects (P ¼ .625). Defects iden-
tified on MRI images were further characterized via the
AMADEUS classification system for a total of 40
lesions in 34 patients in the patella alta group and 56 lesions
in 44 patients in the patella norma group. A total of 6 out of
34 patients (18%) in the patella alta group and 11 out of 44
patients (25%) in the patella norma group had multifocal
chondral lesions (P ¼ .435).

There were no significant differences between the groups
in terms of defect size or characterization of subchondral
bone defect. There were, however, differences in defect
depth, BME, and total AMADEUS score (Table 2). The
patella alta group had a smaller proportion of patients with

Figure 2. CDI measurement on a sagittal MRI image contain-
ing the greatest length of the patella. The CDI equals the
distance from the distal aspect of the patellar articular carti-
lage to the anterosuperior corner of the tibial joint surface (A,
blue line) divided by the length of the cartilaginous articular
surface (B, yellow line). CDI, Caton-Deschamps index; MRI,
magnetic resonance imaging.
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full-thickness defects in comparison with the patella norma
group (60% vs 82%; P ¼ .030). In addition, a smaller pro-
portion of patella alta patients had defect-associated BME

(38% vs 59%; P¼ .048). The overall AMADEUS score for the
patella alta group was higher (68.9 vs 62.1; P ¼ .023) com-
pared with the patella norma group. Data regarding defect
size (ICC ¼ 0.995), defect depth (k ¼ 0.853), subchondral
bone defect (k ¼ 0.851), and bone edema (k ¼ 0.980) dem-
onstrated strong agreement between the independent
reviewers.

There were no significant differences in the distribution
of chondral defect locations between the 2 groups (Table 3).

When looking at a multivariate regression using AMA-
DEUS score as the dependent outcome, female sex showed
an increase in AMADEUS score with a beta estimate of
11.96 (P < .001). Female sex also showed a higher proba-
bility of having no defect-associated BME (odds ratio ¼ 6.7;
P ¼ .010) and a higher probability of partial-thickness
defect rather than full-thickness (odds ratio ¼ 3.9; P ¼
.004). Age, BMI, interval between dislocation and MRI, and
reported number of dislocations were not found to be asso-
ciated with total AMADEUS score, probability of having
defect-associated BME, or defect depth.

DISCUSSION

Our hypothesis was rejected, as persons with patella alta
had similar location of cartilage defects compared with per-
sons with patella norma. This was in the setting of no sig-
nificant difference in proportion of primary versus
recurrent dislocators, TT-TG distance, or trochlear dyspla-
sia between groups. Interestingly, there was a smaller
proportion of patella alta patients with defect-associated
BME-like lesions and the overall AMADEUS score for the
patella alta group was higher compared with the patella
norma group, indicating less severe defects in the patella
alta group. Taken as a whole, these results indicate that
patients with patella alta experience less severe cartilage
damage after patellofemoral instability events, despite a
similar frequency.

Persons with patella alta are at increased risk of patellar
instability. Several factors have been identified that
increase the risk of recurrent patellar instability, including
younger age at initial dislocation, open physes, trochlear
dysplasia, elevated TT-TG distance, and patella alta.3 With
patella alta, the patella articulates with the trochlear
groove at greater flexion angle.7,12,23 This anatomic differ-
ence increases risk of recurrent patellar instability with
patella alta. The question of how this increased risk relates
to chondral injury had not been answered.

In these preoperative cohorts, we found the groups to be
demographically similar, and we found the number of dis-
locations before surgery to be statistically similar, averag-
ing 2 previous dislocations, with a similar proportion of
primary dislocators in each group. There was no statisti-
cally significant difference in the size of the chondral
defects between the groups, with lesions most commonly
being less than 1 cm2. In addition, chondral injuries were
located mostly on the medial patellar facet (*50%), fol-
lowed by the lateral patellar facet, and lateral femoral con-
dyle, in descending frequency. Interestingly, there was a
higher likelihood of sustaining a full-thickness injury in the

TABLE 2
AMADEUS Chondral Defect Characterizationa

Patella Alta
(n ¼ 40)

Patella
Norma
(n ¼ 56) P

Defect size, cm2 .419
�1 25 (62.5%) 34 (61%)
>1 to �2 12 (30%) 15 (27%)
>2 to �4 2 (5%) 7 (12%)
>4 to �6 1 (2.5%) 0 (0%)

Defect depth .030
Partial-thickness 16 (40%) 10 (18%)
Full-thickness 24 (60%) 46 (82%)

Subchondral bone defect .474
No defect 29 (73%) 35 (63%)
Bony defect/cyst �5 mm depth 10 (25%) 15 (27%)
Bony defect/cyst >5 mm depth 1 (2%) 6 (11%)

BME .048
No defect ¼ associated BME 25 (52%) 23 (41%)
Defect-associated BME 15 (38%) 33 (59%)

AMADEUS total score (0 worst,
100 best), mean ± SD

68.9 ± 13.8 62.1 ± 14.6 .023

aGiven very strong agreement between reviewers, data from a
single reviewer are shown. Data are reported as n (%) unless oth-
erwise indicated. Boldface P values indicate statistically significant
difference between groups (P < .05). AMADEUS, area measure-
ment and depth and underlying structures; BME, bone marrow
edema ¼ like lesions.

TABLE 1
Characteristics of Study Patients (N ¼ 121)a

Patella
Alta

(n ¼ 50)

Patella
Norma
(n ¼ 71) P

Sex, male/female, n 23/27 36/35 .745
Age at MRI scan, years 23.3 ± 10.2 26.3 ± 10.9 .095
BMI 26.1 ± 5.9 26.9 ± 7.1 .707
Primary vs recurrent dislocators,

n (%)
.072

Primary 22 (44%) 20 (28%)
Recurrent 28 (56%) 51 (72%)

Reported number of previous
dislocations

2.0 ± 1.9 2.2 ± 1.9 .221

Interval between dislocation
and MRI, days

17.0 ± 38.0 11.3 ± 39.6 .082

TT-TG distance, mm 16.3 ± 4.9 14.6 ± 4.5 .053
Trochlear dysplasia, n (%) .901

Present 6 (12%) 8 (11%)
Absent 44 (88%) 63 (89%)

Dejour classification, n >.999
A 6 7
B 0 1
C 0 0
D 0 0

aData are reported as mean ± SD unless otherwise indicated. BMI,
body mass index; TT-TG, tibial tubercle-trochlear groove.
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patella norma group, as compared with persons with
patella alta. In addition, per the cartilage injury scoring
system utilized, AMADEUS, patients with patella norma
had a statistically significant more severe injury when eval-
uating lesion size, depth, and bony involvement in whole.
While we found that those with patella alta had fewer full-
thickness lesions and overall less severe cartilage damage
as characterized by the AMADEUS scoring system, it is
unclear whether this difference in severity of chondral
injury has clinical significance. Runer et al15 looked at
AMADEUS scores in preoperative patients undergoing
matrix-induced autologous chondrocyte implantation and
correlated these scores with preoperative International
Knee Documentation Committee, Lysholm, Short Form-
12, and Core Outcome Measures Index (COMI) scores. They
found a moderate correlation with COMI but no association
with any of the other patient-reported outcome measures.
Although the patient population in our current study dif-
fers from that of Runer et al,15 it demonstrates the chal-
lenges with correlating cartilage injury with patient
symptoms and function.

Cartilage injury after patellar dislocation has been eval-
uated previously. Zhang et al26 studied 49 patients that
underwent ultrasonography after acute lateral patellar dis-
location. The rates of chondral and osteochondral injury to
the inferomedial facet were approximately 35% and 25%.
Our study found a higher rate of chondral injury to the
medial facet, over 50%, which could be due to MRI having
a higher sensitivity for identifying cartilage injury. In a
follow-up study, Zhang et al25 evaluated 121 consecutive
adults with lateral patellar dislocation to identify the loca-
tion of MPFL injury and lateral femoral condyle cartilage
injury. MPFL injury occurred more commonly at the fem-
oral insertion, with chondral and osteochondral injury
rates of 4.2% and 6.3%, respectively. In patellar-sided
MPFL injuries, there was a 19.4% and 22.2% rate of chon-
dral and osteochondral injuries of the lateral femoral con-
dyle, respectively. The incidence of lateral femoral condyle
lesions in our study is similar to the findings of Zhang
et al,25 at 10% for the patella alta group and 14% for the
patella norma group.

The effect of patella alta on cartilage injury has been
studied previously in patients without a history of patello-
femoral instability. Mehl et al13 compared 43 patients with

patellar cartilage defects with a cohort of patients with
anterior cruciate ligament injury without patellofemoral
chondral defects to determine whether there were anatomic
features associated with risk of patellofemoral cartilage
disease. They found that a flat and shallow trochlea, troch-
lea dysplasia, and patella alta contributed to the develop-
ment of chondral defects. Ambra et al1 compared a group of
135 patients undergoing cartilage restoration for patellofe-
moral chondral defects, without a history of instability,
with a control group without chondral defects. They found
trochlear dysplasia, patella alta, and lateral patellar tilt
associated more commonly with full-thickness patellofe-
moral chondral defects. There does appear to be an associ-
ation between patella alta and more severe patellofemoral
disease in patients without a history of patellar instability.

With patella alta, there may be a component of ligamen-
tous laxity that is protective in the setting of patellar insta-
bility. This would explain a lower proportion of our patients
with full-thickness chondral defects in the patella alta
group. Yanke et al24 studied varying degrees of patella alta,
and different attachment sites of the MPFL to the extensor
mechanism, in 8 cadavers. They found that patella alta
affects length changes of the proximal MPFC, especially
with a CDI of over 1.6. It is possible that reduced soft tissue
constraints dampen chondral injury in patients with patel-
lar alta and instability. Further, patients with patella alta
may have dislocation when the patella is less engaged in
the trochlea, as a result of altered biomechanics. Thus, this
may lead to less bone-to-bone and cartilage-to-cartilage
shear forces occurring as well.

Limitations

There are limitations to this study. First, it is retrospective
in nature. In addition, we did not have patient-reported
outcomes to evaluate whether the differences in cartilage
severity correlated with symptoms. Further, MRI image
quality may have differed between patients, as they were
not performed at the same facility and may have been per-
formed with varying field strength and machine type. How-
ever, any MRI scan that did not meet criteria for analysis
was excluded. This study included patients who underwent
surgical intervention for patellar instability. It is unclear
whether these results would hold true for patients who
were successfully managed conservatively. Whereas we
used regression analysis to look for confounding variables,
the overall low mean number of previous dislocations may
limit our ability to find significant association. Further
study is warranted to determine the biomechanics of carti-
lage injury and patellar height as well as clinical implica-
tions of these differences in cartilage injury in pain,
function, and treatment options for patients with patellar
instability.

CONCLUSION

In this study, there was a high percentage of cartilage
injury in patients with a history of patellar instability, with
over 60% of patients showing cartilage damage on MRI

TABLE 3
Location of Chondral Defecta

Variable
Patella Alta

(n ¼ 40)
Patella Norma

(n ¼ 56) P

Location .859
Medial femoral condyle 1 (2.5%) 1 (2%)
Lateral femoral condyle 4 (10%) 8 (14%)
Patella, lateral facet 10 (25%) 10 (18%)
Patella, medial facet 22 (55%) 29 (52%)
Patella, inferior pole 1 (2.5%) 1 (2%)
Lateral trochlea 1 (2.5%) 5 (9%)
Lateral tibia plateau 1 (2.5%) 2 (4%)

aData are reported as n (%).
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images. Patients with normal patellar height had a higher
frequency of full-thickness cartilage defects and more
severe injury compared with those with patella alta. The
location of cartilage injury between alta and norma was
similar, with most defects affecting the medial facet, lateral
facet, and lateral femoral condyle in descending frequency.
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