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The patellofemoral joint (PFJ) is geometrically 
complex, asymmetric, and heavily influenced by 
kinematic forces about the knee. Patella engage-
ment and subsequent congruence of the patella 
within the trochlear groove provides stability and 
the dispersion of force across the articulating sur-
faces throughout the arc of movement. 

In 1976, Goodfellow et al1 described changes 
to the contact area that occur in the normal knee 
with movement, with the distal patella engaging in 
extension while the proximal patella articulating in 

flexion. In the unstable PFJ, the patella will move in 
an abnormal manner, potentially producing an une-
ven distribution of forces. This may present clini-
cally as subluxation and/or dislocation of the patella. 
Incongruency of the PFJ, even without patella insta-
bility, may lead to degenerative changes.2-7

Visualizing the congruency of the PFJ with 
imaging studies is useful for diagnosis, planning 
operative intervention, and evaluating postoper-
ative outcomes.8 Methods for assessing the PFJ 
include plain radiographs, ultrasound scanning, 
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Aims
The aim of this study was to determine and compare the congruency of the articular 
surface contact area of the patellofemoral joint (PFJ) during both active and passive 
movement of the knee with the use of an MRI mapping technique in both the stable and 
unstable PFJ.

Patients and Methods
A prospective case-control MRI imaging study of patients with a history of PFJ instability 
and a control group of volunteers without knee symptoms was performed. The PFJs were 
imaged with the use of an MRI scan during both passive and active movement from 0° 
through to 40° of flexion. The congruency through measurement of the contact surface 
area was mapped in 5-mm intervals on axial slices. In all, 40 patients were studied. The 
case group included 31 patients with symptomatic patellofemoral instability and the 
control group of nine asymptomatic volunteers. The ages were well matched between the 
case and control groups. The mean age was 25 years (16 to 42; sd 6.9) in the case group 
and 26 years (19 to 32; sd 5.1) in the control group. There were 19 female and 12 male 
patients in the case group.

Results
The unstable PFJs were demonstrably less congruent than the stable PFJs throughout 
the range of knee movement. The greatest mean differences in congruency between 
unstable and stable PFJ’s were observed between 11° and 20° flexion (1.73 cm2 vs 4.00 cm2; 
p < 0.005). 

Conclusion
The unstable PFJ is less congruent than the stable PFJ throughout the range of knee 
movement studied. This approach to mapping PFJ congruency produces a measurable 
outcome and will allow the assessment of pre- and postoperative results following surgical 
intervention. This may facilitate the design of new procedures for patients with PFJ 
instability. If a single axial series is to be obtained on MRI scan, the authors recommend 
11° to 20° of tibiofemoral flexion, as this was shown to have the greatest difference in 
contact surface area between the case and control groups.

Cite this article: Bone Joint J 2019;101-B:552–558.

 



 MAPPING THE CONTACT AREA OF THE PATELLOFEMORAL JOINT   553

VOL. 101-B, No. 5, MAY 2019

Fig. 1

Flowchart of case/patient inclusion and exclusion.

CT, MRI, and 3D computer navigation.8-12 Accurate assessment 
of the congruency of the PFJ is key in understanding the rela-
tionship of the bone and cartilage architecture, force vectors 
about the joint, and the soft-tissue restraints.

In order to improve objective MRI analysis of the unsta-
ble PFJ, we sought to map the contact area through a range of 
passive and active movement. Although this technique is not 
designed to be a routine investigation, we have undertaken this 
study to produce direct quantifiable measurements in patients 
with an unstable PFJ. We also performed this analysis in a con-
trol group of stable knees for comparison, in order to document 
the normal contact area throughout the range of movement 
under study. Our hypothesis was that the unstable PFJ will be 
less congruent than the stable joint through both a passive and 
an active range of movement with quadriceps contraction, when 
mapped on multiple sequence MRI scans.

The aims of the study were: 1) to describe the articulating 
surface area of the PFJ in both active and passive movement; 
and 2) to compare joint contact area using this method for stable 
and unstable PFJs.

Patients and Methods
This study was given ethical approval from NRES Committee 
South West – Frenchay, United Kingdom (12/SW/0155) and all 
participants gave written informed consent. A single-centre, pro-
spective case-control MRI imaging study of patients with PFJ 
instability (case group, n = 31) and volunteers with no PFJ symp-
toms (control group, n = 9) was performed. An MRI scan was 
used to capture and measure the PFJ articular cartilage contact 
area at varying degrees of knee flexion both in passive move-
ment and with active quadriceps contraction for both groups. 

The group size was calculated by a two-sample independent- 
samples Student’s t-test with a mean difference of 2 cm2 (sd 
1.75), power of 80%, type I error = 0.05, and a sampling ratio 
of 3:1 (case:control groups) yielding a minimum required sam-
ple size of 27 patients in the case group and nine patients in the 
control group. We recruited 31 patients in the case group and 
nine patients in the control group.

Inclusion criteria for the case group included patients with 
PFJ instability who were waiting for surgical treatment. The 
diagnosis of instability was based on history (which included 
at least two prior episodes of patella dislocation), examination, 
and imaging investigations. The control group was recruited 
from healthy volunteers, who reported no PFJ symptoms cur-
rently or previously and demonstrated normal knee examina-
tion with no clinical signs of instability.

The exclusion criteria included patients who were unable to 
provide valid consent, were unwilling to participate, were aged 
17 years or less, suffered from degenerative knee joint disease 
(including any evidence of osteoarthritis on radiographs in ante-
ro-posterior, lateral and skyline views), were pregnant, had a 
history of metal objects or the possibility of metal object in soft 
tissues (e.g. brain, eye, heart, or spinal cord), or if they were not 
contactable by telephone. 

The case subjects were recruited from the patient waiting list 
for surgery at a tertiary elective orthopaedic unit. In all, 91 con-
secutive patients were considered to be potentially eligible case 
subjects based on inclusion criteria. Of these, 72 were willing to 
discuss the study and 39 agreed to participate. There were eight 
patient withdrawals, leaving a group size of 31 (Fig. 1).

The ages were well matched between the case and control 
groups. The mean age was 25 years (16 to 42; sd 6.9) in the 
case group and 26 years (19 to 32; sd 5.1) in the control group  
(p = 0.690; Table I). There were 19 female and 12 male patients 
in the case group (p = 0.060; Table II).

Information regarding age, symptoms, previous dislocations, 
hypermobility, and imaging results (Tibial Tuberosity Trochlear 
Groove, Insall–Salvati Ratio, Biedert Patellotrochlear Index, 
Dejour grade) were obtained from patient notes and the Picture 
Archiving and Communications Systems (PACS).

The control group was used to define normal values and 
validate the study methodology. Nine healthy volunteers were 
recruited from the hospital staff and our knee research group 
who demonstrated normal knees and no history of PFJ symp-
toms. No formal imaging prior to the study MRI scans was 
organized for the volunteers in the control group.
MRI scanning protocol. MRI was performed with a GE Dis-
covery MR450 1.5 Tesla scanner (GE Healthcare, Waukesha, 
Wisconsin) and an eight-channel cardiac coil. The subject 
underwent a standard checklist, for which they were asked spe-
cific questions regarding comfort and safety in the MRI scanner. 
Patient position. The subject lay supine on the MRI table with 
a triangular wedge under the knee and a strap over the thighs in 
order to maintain the position of the femur during the examina-
tion (Fig. 2a). Data was captured in both passive and in active 
movement with quadriceps contraction.

The initial localizer MRI sequence performed was an ultra-
fast gradient echo 3 plane localizer. The localizer scan permit-
ted the technician to identify the boundaries of the trochlea and 
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a) The subject lay supine on the MRI table with a triangular wedge under the knee. b) Foam blocks were placed 
for passive range of movement at 0°, 20°, and 40° flexion. c) Deflating balloon against resistance with multiple 
sequence scans for active quadriceps contraction.

Fig. 2a Fig. 2b Fig. 2c

Fig. 3

A beach ball was placed anterior to the tibia to provide resistance and 
achieve quadriceps activation. The subject controlled a valve to control 
the rate of deflation.

plan the location of the definitive scan. The scan boundaries 
were placed beyond the boundaries of the trochlea in order 
to ensure full capture of the area of interest. Blocks of axial 
images were captured with one sagittal localizer sequence to 
calculate the precise knee flexion position. The axial image was 
centred over the trochlea and then the patella was visualized as 
the knee extended, maintaining at all times the same series of 
images of the trochlea.
Passive movement imaging. The patient was secured as above, 
and the knee was permitted to rest at 40° of flexion; a series of 
images were then captured. A further foam cushion was placed 
under the heel to attain a scan at 20° of flexion. Finally, a fur-
ther cushion was placed to attain a scan at 0° of flexion and the 
series was repeated (Fig. 2b). The angle of flexion was meas-
ured from the tibiofemoral angle on the sagittal localizer image 
as opposed to the thigh-calf angle used to position the patient.
Active quadriceps contraction imaging. The patient was posi-
tioned supine with a triangular foam pillow under the knee. A 
beach ball was placed anterior to the tibia with a valve under the 
control of the subject (Fig. 3). The subject was asked to extend 
the knee, pushing the lower leg against the balloon and causing 
it to deflate (Fig. 2c). Subjects were advised that it would be 
expected to take two minutes to achieve this. The MRI oper-
ator informed the subject that the scan was due to start so as 
to coincide this with the beginning of the scan. As the knee 
extended the scan was commenced and repeated while the sub-
ject deflated the balloon. 

Rapid sequence axial images were captured while the ball 
was permitted to continue to deflate under the subject’s con-
trol. The deflation rate was dependent upon the exertion of 
the patient and was not externally controlled. Five to eight 
sequences were captured per deflation.
Imaging sequence. After the localizer scan identified the distal 
femur, the sequence placement was planned so that the entire 
trochlea could be imaged. In both the active and passive modes, 
the thigh did not move due to control by strapping and it was 
possible to attain adequate quality imaging of the trochlea, 
without movement artefact. In each sequence, images captured 
included one sagittal slice and 10 to 18 axial slices (dependent 
on patient size) at 5 mm intervals.

In any given scan, up to five images demonstrated contact 
between the patella and the trochlea and at any given moment, 
the entire trochlea was captured in order to ensure all the rele-
vant images along the path of the patella were captured.

Image interpretation. Using digital data supplied by the insti-
tutional PACS (GE Healthcare Centricity, Chicago, Illinois; 
Fujifilm Synapse, Tokyo, Japan), the operator manually identi-
fied boundaries of articular cartilage contact between the patella 
and femur on both sides of the trochlear sulcus on the axial 
view. These measurements were recorded as linear distances. 
Each slice is 5 mm wide and the surface area of each slice was 
calculated by multiplying the length by 5 mm. Each slice sur-
face is then summed to reach a measure of the surface area in 
contact between the articulating surfaces to give a measure of 
congruency in each measurement condition. This was recorded 
on a ‘flattened’ 2D coronal plane image for visual interpretation 
of contact area (Fig. 4).
Statistical analysis. The repeatability of the measurements of 
MRI congruity were assessed by Pearson’s correlation coeffi-
cient. The measurements were repeated by the primary investi-
gator at a second timepoint, to give a measure of intraobserver 
error. The measurements were repeated by second observer 
for assessment of interobserver error. Comparison between 
case and control variables was made with a Fisher’s exact test 
or chi-squared test for categorical variables depending upon 
number of groups or independent-samples Student’s t-tests for 
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continuous data. Two-tailed independent-samples Student’s 
t-tests were used to compare the mean joint congruence (cm2) 
between the case and control groups during the different phases 
of knee flexion during quadriceps activation (0°, 0° to 10°, 11° 
to 20°, 21° to 30°, 31° to 40°, > 40°, and combined). All statisti-
cal analyses were performed using SPSS (IBM Corp., Armonk,  
New York).

Results
Laterality (side studied) was also well matched, with 36% being 
left among the patients in the case group and 44% among the 
patients in control group (p = 0.705). The other covariates of 
interest that are associated with the pathology were more fre-
quent among the patients in the case group than those in the con-
trol group (Table III). All patients in the case group had sustained 
at least two dislocations, with 19 patients (61%) sustaining 
more than two dislocations. Seven patients (22.6%) in the case 
group had hypermobility with a Beighton score of four or more. 
Only six patients (19%) in the case group demonstrated a nor-
mal trochlear groove, with 14 patients (45%) displaying Dejour  

C abnormalities. Unsurprisingly, all control group patients 
demonstrated a normal trochlear groove.

The radiological measurements correlated strongly for intra-
observer error (0.985) and for interobserver error (0.910). The 
line diagram illustrates that effect of quadriceps activation on 
congruence is limited to full extension amongst the normal pop-
ulation (Fig. 5). The histogram illustrates the trend from incon-
gruence to congruency as the knee flexes (Fig. 6). The greatest 
differences in congruency between the case and control groups 
was seen in the active quadricep contraction group between the 
range of 0° and 20°. The greatest mean differences and greatest 
statistical significance was at the 11° to 20° range (p < 0.0001) 
(Fig. 6). The curves matched well between the case and control 
groups; the exception is at the 40+ range, where there only one 
case was recorded and the trend for increased congruence was 
not observed.

Discussion
The clinical relevance of this study was to establish a method 
for the direct measurement of PFJ contact area and congruency. 

Fig. 4

‘Flattening’ of axial imaging. Slices are at 5 mm intervals. The width of each slice in which there is 
contact between the femur and patella cartilage is multiplied by 5 mm. Each measurement is then 
summed to give a total area of congruence.

Table I. Age, tibial tuberosity trochlear groove (TTTG) distance (mm), Insall–Salvati Ratio (ISR), and 
Biedert Patellotrochlear Index (BPI)

Variable Case group n Control group n p-value*

Mean age, yrs (sd) 25 (6.9) 31 26 (5.1) 9 0.690

Mean TTTG (sd) 13.3 (4.6) 31 11.9 (3.2) 9 0.400

Mean ISR (sd) 1.37 (0.2) 31 1.19 (0.09) 9 0.013

Mean BPI (sd) 32.5 (23) 31 38.2 (3.3) 9 0.470

Mean age at first dislocation, yrs (sd) 14.9 (3.8) 21 N/A N/A N/A

*Independent-samples Student’s t-test
N/A, not applicable
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Table II. Clinical comparison between case and control groups

Variable Case group, n (%) Control group, n (%) p-value*

Sex, female:male 19:12 (61:39) 2:7 (22:78) 0.060

Laterality, left:right 11:20 (36:64) 4:5 (44:56) 0.705

Dejour grade
Normal 6 (19) 9 (100) 0.001

A 3 (10) 0 (0) N/A

B 5 (16) 0 (0) N/A

C 14 (45) 0 (0) N/A

D 3 (10) 0 (0) N/A

Hypermobile (Beighton Score of 4+) 7/31 (22.6) 0/9 (0) 0.175

Previous surgery 7/31 (22.6) 0/9 (0) 0.175

Subjects with > 2 dislocations 19/31 (61) 0/9 (0) 0.001

*Fisher’s exact test or chi-squared test
N/A, not applicable

Table III. Comparison of mean joint congruence between the case and control groups during quadri-
ceps active knee movement

Active quadriceps 
contraction: knee 
position, °

Case/control  
group

n Mean joint  
congruence,  
cm2 (sd)

Mean  
difference

95% CI p-value*

< 0 Case 7 0.029 (0.76) 0.029 -0.10 to 0.16 0.626

Control 2 0.00 (0)

0 to 10 Case 26 0.59 (0.86) -1.09 -1.80 to -0.38 0.004

Control 11 1.68 (1.20)

11 to 20 Case 26 1.73 (1.24) -2.22 -3.16 to -1.27 < 0.001

Control 9 4.00 (1.069)

21 to 30 Case 24 3.13 (1.33) -1.57 -2.64 to -0.49 0.006

Control 8 4.70 (1.15)

31 to 40 Case 18 3.85 (1.16) -1.44 2.58 to -0.30 0.016

Control 5 5.29 (0.65)

40 + Case 9 3.77 (1.51) -0.83 -4.51 to 2.85 0.618

Control 1 4.60 (N/A)

Combined Case 110 2.17 (1.76) -1.24 -1.91 to -0.55 < 0.001

Control 36 3.40 (1.90)

*Independent-samples Student’s t-test
CI, confidence interval; N/A, not applicable

With the ability to quantify congruency, the authors intend to 
use this technique to compare preoperative and postoperative 
contact areas in cases where stabilization surgery has been 
performed.

The results from this study will allow comparison of surgi-
cal cases to a baseline group of patients with stable knees. The 
range 11° to 20° (tibiofemoral angle) appears to be the most 
sensitive. Clinicians may use the routine MRI performed in this 
position to evaluate congruence by this technique.
The PFJ is a complex articulation for which accurate assess-
ment of congruence and morphology may remain elusive using 
single imaging modalities or if viewed in a single plane.13,14 
Our sequential MRI scans demonstrated a close correlation 
between the measured contact area in the groups for both active 
and passive range of movement of the knee. When the case 
and control groups are compared, the mean contact area was 
greater in the control group through all ranges of movement, 
both in passive and with active quadriceps contraction, with the 
exception of quadriceps contraction in extension. This may be 
secondary to an abnormal articulation of the unstable patella 

within the trochlear by activation of the quadriceps muscles in 
this position.

The greatest mean differences between unstable and stable 
PFJ congruency during active quadriceps muscle contraction 
were observed between 11° and 20° (mean 1.73 cm2 vs 4.00 
cm2; p < 0.001). This finding is important as lateral patellar dis-
placement has been shown to occur, with the lowest displacing 
forces required, at 20° of knee flexion.15

Understanding articular contact area with different imaging 
modalities is problematic with significant mismatch between 
bony landmarks observed in radiographs or CT scans com-
pared to the articular cartilage of the patella and trochlea land-
marks seen on an MRI.16 Patella position has been evaluated 
with the use of many different measures or indices such as the 
Insall– Salvati,17 the modified Insall–Salvati,18 the Blackburne–
Peel,19 the Caton–Deschamps,20 and the Sagittal Patellofemoral 
Engagement Index.21 Radiological classifications have been also 
reproduced with MRI.22 While patellar height and engagement 
can be assessed in the sagittal plane, an appreciation of congru-
ency especially through a range of movement is not possible.
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Axial imaging provides information on the position of the 
patella within the trochlear groove; however, static knee posi-
tion images provide little information toward the congruency 
or tracking through the range of movement. Skyline plain radi-
ographs have been found to be unreliable,23,24 as they can be 
difficult to obtain at degrees of knee flexion less than 30° where 
subluxation is most prevalent. It is for these reasons that we 
sought to evaluate the PFJ by means of measuring the contact 
area or congruence through axial MRI imaging during active 
movement, as cartilage contact is the functional basis of force 
transmission. Several other authors have previously given 
attention to activation of the quadriceps mechanism during cap-
ture of axial imaging.24-26

Brossmann et al25 used dynamic MRI to analyze patella 
tracking in healthy volunteers and patients with maltracking. 
They reported significantly different patellar tracking patterns 
between the two groups and statistically significant tracking 
differences between static and dynamic scanning of the PFJ, 
although the contact surface area was not a measured outcome. 
While McNally et al26 described the morphological traits of 
instability with dynamic axial MRI, there was no measurement 
of congruency or contact area. They demonstrated that patella 
subluxation was present in 40% of patients with anterior knee 
pain and challenged the clinical relevance of mild subluxation 
of the PFJ. Martinez et al27 utilized CT scans at set intervals of 
0°, 20°, and 45° of flexion to establish the effect of activation 
of the quadriceps on the centralization and tilt of the patella. 
The individuals assessed had asymptomatic knees and were 
considered healthy. They concluded that quadriceps contraction 
had little influence on the patellar centralization and did not 
affect patellar tilt unless in full extension. The effect of active 

quadriceps contraction on unstable PFJs was not explored by 
these authors.

We have sought to quantify the congruency of the PFJ 
through dynamic MRI mapping and using a 2D representation 
of the contact surface area. We have documented the difference 
in contact surface area between the stable and unstable PFJ. 
The potential of this MRI mapping method to establish and 
measure change in congruency for pre- and post-surgical inter-
vention will allow for a more objective evaluation of treatment  
methods.

Our investigation has some limitations. Despite the small 
sample size in this study, there were significant differences 
in the contact area between 0° and 40° of knee flexion, when 
comparing the case and control groups. The imbalance of male 
patients (n = 7) to female patients (n = 2) in the control group 
is a weakness, as the majority of PFJ instability cases are seen 
in the female population. The addition of a dynamic element 
to MRI imaging has the potential for producing movement 
artefact, increasing the potential for difficulty in interpret-
ing the data. Movement artefact was minimized by the use of 
rapid sequence MRI scanning, coupled with stabilization of 
the femur, and resulted in our study achieving clear and accu-
rate images. Despite the risk of movement artefact, we believe 
dynamic imaging of the PFJ may be more representative of the 
conditions that are present during walking. The range of move-
ment open to analysis was limited to 40° of flexion, due to the 
physical constraints of the MRI scanner.

The articulation of the PFJ, if accurately measured in terms 
of contact area, may provide useful information in determining 
the effectiveness of surgical treatment aimed at increasing joint 
congruency. We plan future studies, using this technique, to 

Fig. 5

Chart showing the control versus instability group in passive and 
active movement.

Fig. 6

Histogram showing quadriceps active movement, control, and instability.
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compare patients pre- and post-surgical intervention, to quan-
tify the effects of surgery on PFJ congruence.

In conclusion, the unstable PFJ is less congruent than the sta-
ble PFJ throughout knee movement. The unstable PFJ has 
reduced contact surface area and potentially increased contact 
pressure for a given force with an increased risk of degeneration 
of the joint. Mapping the contact area of the PFJ should allow a 
better understanding of joint congruence following surgical 
treatment and a measurement of the effectiveness of surgical 
intervention. If a single axial series is to be obtained on MRI 
scan, the authors recommend 10° to 20° of tibiofemoral flexion, 
as this was shown to have the greatest difference in contact sur-
face area between the case and control groups.

Take home message
- The unstable patellofemoral joint (PFJ) is less congruent 
than the stable PFJ throughout range of knee movement.
- If a single axial series is to be obtained on MRI scan, the 
authors recommend 11° to 20° of tibiofemoral flexion.
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