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Background and purpose — We aimed to calculate the
prevalence of patellar dislocation (PD) and trochlear dyspla-
sia (TD) in a national cohort aged 15-19 years in the Faroe
Island.

Patients and methods — All inhabitants in the Faroe
Islands aged 15-19 years were invited to answer an online
survey, including demographics and questions regarding
prior PD. Participants with prior PD were invited for radio-
graphs and MRI of both knees to be taken. Trochlear dyspla-
sia was defined as one of the following: Dejour type A—D on
radiographs, lateral trochlear inclination angle (LTI) < 11°,
or trochlear depth < 3 mm on MRI.

Results — 3,749 individuals were contacted, 41 were
excluded, and 1,638 (44%) completed the survey. 146
reported a prior PD (the PD cohort) and 100 accepted to par-
ticipate and have radiographs and MRI taken of both knees
(the clinical PD cohort), 76 of whom were diagnosed with
TD. The national prevalence of PD was 8.9%. The national
prevalence of symptomatic TD was 6.8%. The prevalence of
TD in the clinical PD cohort was 76%. TD was bilateral in
78% of TD patients, but only 27% of patients with bilateral
TD had PD in both knees.

Conclusion — The prevalence of PD in the Faroe Islands
is found to be very high. The national prevalence of TD and
the prevalence of TD in participants with prior PD is high,
indicating a potential genetic influence.

Patellar dislocation (PD) is a common injury constituting
3.3% of all knee injuries [1] and claimed to be more frequent
and disabling than anterior cruciate ligament tears [2,3].

National incidence rates of PD vary from 7-77/100,000
person-years [4,5] with the highest incidence found in patients
aged 10-17 years (108/100,000 person-years) [6]. The vary-
ing incidence rates could be due to differences in selected
cohorts, differences in study design, and the lack of generally
accepted definitions.

Although the etiology of patellar instability is multifacto-
rial, the most significant predisposing factor for PD is troch-
lear dysplasia (TD) [7]. The true prevalence of TD in the gen-
eral population is unknown. DeVries et al. [8] found a preva-
lence of approximately 10% by using ultrasound on skeletally
mature adolescents and parents of patients (< 50 years of age)
who presented to orthopedic clinic other than for knee prob-
lems. Dejour et al. [9] found the prevalence of TD in a cohort
of 143 patients who had undergone surgery for recurrent PD
to be 85%.

There is increasing evidence of a genetic contribution to PD
and TD, with small studies reporting a familial association as
a risk factor for the development of PD and TD [10], but no
conclusion or deeper elaboration of the familial association
has been described. The Faroe Islands form a geographically
and genetically isolated country in the Atlantic Ocean where
clinicians claim an abnormally high incidence of PD and TD.
An accumulation of PD and TD in a genetically isolated soci-
ety would argue for a genetic influence on the development of
PD and TD.

There are no prior prospective national cohort studies
reporting the prevalence of PD and TD in a general popula-
tion. We aimed to calculate the prevalence of PD and TD in a
national cohort in the Faroe Islands and compare with previ-
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- bilateral MRI, 79
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- displaying TD, 76

Figure 1. Flow diagram illustrating the establishment of the Faroese
Knee Cohort and sub-cohorts. The Faroese knee cohort, consisting of
all participants who answered the survey (n = 1,637), the PD cohort,
consisting of all patients with self-reported PD (n = 146), and the clini-
cal PD cohort, consisting of all patients with prior PD who underwent
a clinical examination, radiography, and MRI of the knees. 21 par-
ticipants in the clinical PD cohort had only unilateral MRI performed
because 5 participants did not give permission and 16 felt discomfort
during scanning, so the procedure was abandoned after scanning of
the affected knee.

ously reported rates in genetically heterogeneous populations,
and to investigate the demographic differences between the
background population and the PD cohort, as well as the PD
cohort with and without TD.

Patients and methods

Design and setting

The study was designed as a prospective national cohort study
conducted in the Faroe Islands, a geographically small and
genetically isolated country in the north of the Atlantic Ocean
with 54,081 inhabitants as at October 4, 2021 [11]. The study
report adheres to the Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) statement.

Study population

A national cohort was created by inviting all inhabitants of
the Faroe Islands aged from 15 to the end of the 19th year to
answer an online survey.

This age group was chosen to start at 15 years of age to
avoid ethical problems and to ensure that the participants
could answer the online survey independently. Also, most will
already have experienced their first PD, and most will have
mature bone morphology. Because many inhabitants leave the
country to study abroad at around the age of 20, this age was
chosen to be the upper age limit for the cohort.

The survey included basic demographics including age, sex,
weight, height, sports, and smoking. Participants were asked
if they had experienced PD, defined as an acute injury where
the kneecap was sitting on the lateral side of the knee, caus-
ing immense pain and immobilization. An invitation to a per-
sonal online survey was sent to the inhabitants by secure per-
sonal email through the civil registration system in the Faroe
Islands. If the email was not opened after 2 days, regular mail
containing a direct personal link and QR code was sent. Non-
responders received up to 3 invitations in the same manner
described, with a 2-month interval.

Both those with and without prior knee problems were
encouraged to answer the survey. Those who answered that
they had had a prior PD were invited for a clinical examina-
tion, radiography, and MRI of both knees.

The whole cohort of participants answering the question-
naire constitute “The Faroese Knee Cohort (FKC).” The FKC
is divided into 3 sub-cohorts: (1) the background cohort, con-
sisting of the participants with no prior PD, (2) the PD cohort,
consisting of participants with prior PD, (3) the clinical PD
cohort, consisting of participants with prior PD who partici-
pated in the clinical and radiological follow-up.

The National Registry of the Faroe Islands identified 3,749
inhabitants as at October 4, 2021 [11] in the age group 15-19
years old (19 included).

41 individuals were excluded as they had left the country,
leaving 3,708 eligible for inclusion in the cohort (Figure 1).
1,637 (44%) completed the survey, constituting the Faroese
Knee Cohort. 1,491 reported no prior PD, constituting the
Background Cohort. 146 reported prior PD, constituting the
PD cohort. 100 accepted to participate in the clinical and radio-
logical follow-up, constituting the Clinical PD cohort (Figure
1). In the Clinical PD cohort, 21 participants had unilateral
MRI of the affected knee and no scan of the contralateral knee
(5 participants did not give permission and 16 felt discom-
fort during scanning, thus the procedure was abandoned after
scanning of the affected knee).

Study data was collected and managed using Research Elec-
tronic Data Capture (REDCap; https://www.project-redcap.
org/) tools hosted at the National Hospital of the Faroe Islands
[12,13]. REDCap is a secure, web-based software platform
designed to support data capture for research.

Dropout analysis

To account for bias, a dropout analysis was conducted by con-
tacting 10% of the non-responders by phone. A random list of
10% of the non-responders was created. The non-responders
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Figure 2. A. Dejour classification. The classification is performed on
the true lateral radiographic projection of the knee. Type A is character-
ized by the crossing sign. Type B is characterized by the crossing sign
and the supra-trochlear spur. Type C is characterized by the crossing
sign and the double contour. Type D is characterized by the crossing
sign with the supra-trochlear spur and the double contour. Modified
from Creative Commons Attribution ©.

B. The lateral inclination angle is the angle between the most dorsal
aspect of the posterior femoral condyles and the most proximal chon-
dral surface of the lateral trochlear facet.

C. Trochlear depth is the outset depth of the trochlear groove (sulcus)
relative to the mean of the medial and lateral femoral condyle outsets.
Trochlear depth = (a+c)/2 — b.

were contacted by phone and asked if they had experienced
having a patellar dislocation as defined above.

Outcomes

PD was defined as already described. Participants were
informed of this definition before answering the survey.
During the visit to the outpatient clinic, all participants in the
clinical PD cohort were interviewed by an orthopedic surgeon
to validate the diagnosis.

TD should be seen as a continuum and the optimal measure-
ment method and thresholds are debated [14]. Ultimately, TD
depends on where one sets the threshold. In this study, TD was
defined as having one or more of the following: Dejour type
A-D, lateral trochlear inclination (LTI) < 11°, or a trochlear
depth < 3 mm [15].

The Dejour classification was evaluated as described by
Dejour et al. [16]. A true lateral projection radiograph was taken
of both knees with the knee in 30° of flexion and the posterior
aspects of the femoral condyles superimposed. To ensure high-
quality true lateral projections, this was done using continuous
radiographic imaging. If the crossing sign was present, the par-
ticipant was said to have TD. The crossing sign is reproducible
and simple to perform. The crossing sign has a sensitivity of
94% and a specificity of 56% [17] (Figure 2).

The LTI [18] was measured on axial T1 MRI using the
2-image technique by Joseph et al. [19]. It measures the angle
between the most dorsal aspect of the posterior femoral con-
dyles and the most proximal chondral surface of the lateral
trochlear facet. The mean value of LTI is reported to be 16.9°
in knees without TD. Using a diagnostic threshold of 11°, the

measure has shown a sensitivity of 93% and a specificity of
87% for TD in both skeletally mature and immature patients
[18] (Figure 2).

The TD was measured on axial T1 MRI as defined by Pfir-
rmann et al. [20]. This measures the inset depth of the troch-
lear groove (sulcus) relative to the mean of the medial and
lateral femoral condyle outsets. The measurement was done
by drawing the tangent to the posterior aspect of both condyles
as a reference baseline 3 cm proximal to the joint line. Perpen-
dicular to this baseline, measurements were made to the most
anterior points of the medial and lateral facets, as well as to
the trochlear floor. The measurement was made relative to the
cartilaginous (not osseous) surface of the trochlea. To com-
pute the final metric, the floor measurement is subtracted from
the average of the two facet measurements. A trochlear depth
of < 3 mm is considered abnormal. The sensitivity is 100%
and specificity is 96% in both skeletally mature and immature
patients [21] (Figure 2).

The MRI scans were performed on a Siemens Magnetom
Aera 1.5 Tesla gradient system (Siemens, Munich, Germany)
with a TX/RX 15-channel knee coil. Measurements were done
on axial T1-weighted proton density turbo spin echo, fat-sup-
pressed (TR/TE 3390/32), field of view 16 cm, matrix size
256, number of excitations 2; slice thickness 3 mm sequences
were used for measurements. The axial slice was defined as
being perpendicular to the femoral axis in the frontal plane,
and parallel to the posterior condyle line in the transverse
plane.

Statistics

Normality of continuous data was checked by inspection of
QQ plots. Continuous data is reported as mean and standard
deviation (SD). Dichotomous data is reported as number
(percentage). National prevalence of PD was calculated
by number of cases (PD) divided by the proportion of total
survey answers. The assumption of TD being as frequent in
non-participants (those with prior PD but who did not wish
to participate further in the study) as in participants (the clini-
cal PD cohort) was made when calculating the national preva-
lence of TD. All patients investigated for TD had prior PD.
The proportion who had TD was therefore divided by the total
number of PD patients and then divided by the proportion
of total survey answers. A Venn diagram was calculated for
knees where both radiographs and MRI scans were available.
Analyses were performed using Stata version 17.0 (StataCorp,
College Station, TX, USA).

Ethics, registration, funding, data sharing, and disclo-
sures

This study has been approved by the National Data Protection
Agency of the Faroe Islands (Journal nr. 20/00178-6) and the
Ethical committee of the Faroe Islands. This study is regis-
tered at Clinicaltrials.gov (ID: NCT04607538). Anonymized
data is available upon request addressed to the first author if in
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Table 1. Demographic data for the background cohort and the PD
cohort. Values are number (%) unless otherwise specified

Table 2. Prevalence of trochlear dysplasia in any knee in the clinical
PD cohort (n = 100). Values are mean (standard deviation) unless
otherwise specified. Number of dislocations is in total

Background

Factor PD cohort cohort Total Factor Trochlear dysplasia@ No trochlear dysplasia
Number 146 (8.9) 1,491 (91) 1,637 (100) Number 76 24
Sex Height, cm 172 (9.5) 170 (6.8)

Female 83 (57) 738 (49) 821 (50) Weight, kg 73.7 (17.5) 70.7 (25.3)

Male 63 (43) 753 (51) 816 (50) Age at first dislocation 13.7 (2.5) 14.0 (2.4)
Age, mean (SD) 17.9 (1.4) 17.9 (1.4) 17.9 (1.4) Number of dislocations 4.5 (4.3) 3.3 (3.7)
Weight, mean (SD) 73.2(18.4) 70.4 (156.3) 70.7 (15.6) Prior knee injury, n (%) 11 (14) 5 (21)
Sports activity 2

Active 72 (50) 879 (59) 951 (58) 2 According to any definition.

Inactive 73 (50) 611 (41) 684 (42)
Hours of sports activity per week

1—2 7(9.7) 48 (5.5) 55 (5.8) Dejour type?—D

2-5 21 (29) 224 (26) 245 (26) n =83 (46%)

5-10 23 (32) 382 (44) 405 (43) 49 (27%)

>10 21 (29) 221 (25) 242 (26)
Pivoting sports P 10 (6%)

No pivoting sport 39 (31) 372 (38) 411 (37)

Plv_otlng sport 86 (69) 607 (62) 693 (63) 8 (4%) 8 (4%)
Smoking status

Current/previous smoker 29 (20) 135 (9.1) 164 (10)

Never smoked 117 (80) 1,354 (91) 1,471 (90)

9 (5%) 16 (9%)
a Sports includes all answers. 22 (12%)
b Among those who do sports.
LTI <11° Trochlear depth < 3 mm
n = 96 (54%) n =103 (58%)

accordance with the rules of the hospital and data protection
legislation of the Faroe Islands. This research has been funded
by the Research Council of the Faroe Islands. The authors
have no conflict of interest to declare. Complete disclosure of
interest forms according to ICMIJE are available on the article
page, doi: 10.2340/17453674.2024.35229

Results

All participants in the clinical PD cohort (n = 100) had bilat-
eral radiographs of the knees. 79 had additional bilateral MRI
and 21 had unilateral MRI scans performed, totaling 200 knee
radiographs and 179 knee MRI scans for analysis (Figure 1).

Basic demographic data for the background cohort and the
PD cohort is given in Table 1.

The national prevalence of PD was 146/1,637 (8.9%, 95%
confidence interval [CI] 7.6-10.4). The prevalence of TD
in the clinical PD cohort was 76% (CI 66—84). The national
prevalence of symptomatic TD was 6.8% (CI 5.6-8.1).

Basic demographic data, age of first PD, number of PDs and
prior injury of the knee from participants with or without TD
in the clinical PD cohort is listed in Table 2.

78% (CI 67-86) of participants with TD had bilateral TD,
and of these 27% (CI 16-40) had bilateral PD.

The distribution of TD per knee according to Dejour, LTI,
and trochlear depth is illustrated in Figure 3. Of the 179 knees
available for all 3 measurements methods, 57 (32%) fulfilled
all diagnostic criteria.

Figure 3. Distribution of trochlear dysplasia in the clinical PD cohort
according to measurement per knee. Knees with both radiographs
and MRI were included. 49 knees (27%) did not have trochlear dys-
plasia according to any of the 3 applied definitions. N = 179.

Dropout analysis

200 individuals were contacted and 141 answered the ques-
tions, representing 7% of the non-responders. Mean age was
17.9 (CI 17.7-18.2), 82 (58%, CI 50—66) were male, and 3
(2.1%, CI 0.4-6.1) had prior self-reported ACL rupture. 11 in
all reported prior PD (7.9%, CI 4.0-14).

Discussion

We aimed to calculate the prevalence of patellar dislocation
(PD) and trochlear dysplasia (TD) in a national cohort aged
15-19 years in the Faroe Island. To the authors’ knowledge,
we found the highest reported prevalence of PD reported
in the literature to date. Further, the national prevalence of
symptomatic TD was 6.8%, and 76% of patients with PD were
diagnosed with TD.

Epidemiological studies in the Nordic countries report mean
incidences of PD ranging from 42 to 77/100,000 person-years
[4,6], with the highest incidence in young females (10—17
years) at 108/100,000 person-years [6]. A US military cohort
showed an incidence of 69/100,000 person-years [5]. While
these studies rely on ICD-code registrations, potentially lead-
ing to underestimation, our data, relying on self-reporting, is
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independent of registry accuracy. In comparison with the high
rates in young females reported by Gravesen et al. [6], our
study indicates an incidence approximately 7 times higher.

Reporting such a high prevalence of PD calls for reflection
on correctness of data in our study. The high prevalence could
indicate that the self-reported PD method either is better to
find the true prevalence of PD, or gives an over-estimation
due to misinterpretation of the question. However, partici-
pants in the clinical PD cohort were seen by an investigator in
the outpatient clinic and the diagnosis of PD was confirmed;
no participants were excluded due to misunderstanding of the
PD diagnosis. On the contrary, patients with fast spontaneous
reduction of the patella might not have reported prior PD.

The high prevalence of PD is credible, as it reflects the
authors’ clinical experience of a proportional overrepresenta-
tion of patellar problems and total knee arthroplasties in Faroese
patients, indicating an overrepresentation of knee pathology.

The Faroe Islands is both geographically and genetically
isolated. Therefore, the risk of genetic inbreeding is high [26].
A high prevalence of any disease-causing phenotype, or skel-
etal abnormality, raises suspicion of a genetic etiology. There
are several studies [27-29] indicating a familial accumulation
of PD, but the studies have been undertaken with small popu-
lations, are of methodologically low and moderate quality, and
without further elaboration of the familial association. Further
studies are needed to determine whether familial association
is a risk factor for PD [10].

The true prevalence of TD is unknown. In 1994, Dejour et al.
[9] found trochlear dysplasia in 85% of 143 patients who had
undergone patella-stabilizing surgery. This was done by measur-
ing the crossing sign, the trochlear bump, and trochlear depth on
radiographs and CT scans. In comparison, in the present cohort
we found only 48% of patients with TD using the Dejour cross-
ing sign. Using the wider criteria for TD (Dejour crossing sign,
LTI, and trochlear depth), we found 76% with TD.

We investigated patients with a history of PD to determine
the national prevalence of symptomatic TD. Given the likeli-
hood of asymptomatic TD in the background population, the
overall prevalence (symptomatic and asymptomatic cases)
may exceed the numbers reported in this study. Comparisons
with the Onor or DeVries studies may be limited. Notably,
DeVries’s cohort includes individuals with severe clinical
symptoms who underwent patella-stabilizing surgery.

We used the 2-image technique to measure LTI on MRI, with
a diagnostic threshold of 11° [18], because it is most frequently
used in the literature. The 2-image technique was found to be
more reliable and sensitive by Joseph et al. [19], and this helped
to avoid underrepresentation of TD, although Cheng et al. [22]
suggested a threshold of 8.9° to achieve good discrimination
between patients with and without patellar instability.

We chose to use the crossing sign, LTI, and trochlear depth
measurements to avoid underestimation of the prevalence of
TD, and also to have a method applicable for the skeletally
immature population (LTT and trochlear depth). The 3 measure-

ment methods have not been combined in earlier studies and
could partially explain the high prevalence of TD in this study.

Finally, another interesting finding was that 78% of TD was
bilateral, but only 27% had bilateral PD. The TD was equally
severe according to the crossing sign on the dislocated side as
on the contralateral side. Even though TD is the biggest risk
factor for PD [7], this finding could be explained by the fact
that a triggering trauma in most patients is necessary before
the patella’knee becomes dysfunctional, reflecting the fact that
2/3 of primary acute PD occurs during pivoting sports [25].
This correlates to this cohort, as 2/3 of all participants reported
their primary PD occurred during pivoting sports.

Strengths and limitations

It is a strength of this study that it is a prospective national
cohort study with standardized radiography and MRI. It is the
authors’ belief that self-reporting PD is a strength in this study,
avoiding bias in the lack of hospital registration. However,
self-reporting PD could also constitute a bias.

It is a weakness of this study that only 44% answered the
survey. However, the dropout analysis found the average prev-
alence of PD among those who did not answer the survey to be
very close to the participants in the survey.

Conclusion

The prevalence of PD (8.9%) in our study population from the
Faroe Islands is markedly higher than reported in other studies
conducted in larger countries with genetically heterogeneous
populations, indicating that genetics may influence the devel-
opment of PD and TD. 76% of patients with PD had TD, giving
a national prevalence of TD of 6.8%. Most patients (78%) with
TD in one knee exhibited the same pathology in the opposite
knee, further indicating a genetic etiology to TD. A genealogi-
cal investigation of patients with PD and TD is warranted.

NHE was the primary investigator, establishing the cohort, seeing patients
in the outpatient clinic, and the author of the article. HCH was responsible
for data handling and statistics. EM made it possible to conduct the inves-
tigation, organized the cohort establishment, and further contributed to the
study by including patients in the outpatient clinic and being part of the
in-house review process. HCH, EM, LB, NHE, and participated in design
of the study and correction of the article. KB, the primary supervisor, was
active in the whole process from idea to project, supervising NHE and being
key factor in the in-house review process.
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