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Background: The use of imaging to diagnose patellofemoral instability is often limited by the inability to dynamically load the joint
during assessment. Therefore, the diagnosis is typically based on physical examination using the glide test to assess and quantify
lateral patellar translation. However, precise quantification with this technique remains difficult.

Purpose: To quantify patellar position using ultrasound imaging under dynamic loading conditions to distinguish between knees
with and without medial patellofemoral complex (MPFC) injury.

Study Design: Controlled laboratory study.

Methods: In 10 cadaveric knees, the medial patellofemoral distance was measured to quantify patellar position from 0� to 40� of
knee flexion at 10� increments. Knees were evaluated at each flexion angle under unloaded conditions and with 20 N of laterally
directed force on the patella to mimic the glide test. Patellar position measurements were made on ultrasound images obtained
before and after MPFC transection and compared for significant differences. To determine the ability of medial patellofemoral
measurements to differentiate between MPFC-intact and MPFC-deficient states, area under the receiver operating characteristic
(ROC) curve analysis and the Delong test were used. The optimal cutoff value to distinguish between the deficient and intact states
was determined using the Youden J statistic.

Results: A significant increase in medial patellofemoral distance was observed in the MPFC-deficient state as compared with the
intact state at all flexion angles (P ¼ .005 to P < .001). When compared with the intact state, MPFC deficiency increased medial
patellofemoral distance by 32.8% (6 mm) at 20� of knee flexion under 20-N load. Based on ROC analysis and the J statistic, the
optimal threshold for identifying MPFC injury was 19.2 mm of medial patellofemoral distance at 20� of flexion under dynamic
loading conditions (area under the ROC curve ¼ 0.93, sensitivity ¼ 77.8%, specificity ¼ 100%, accuracy ¼ 88.9%).

Conclusion: Using dynamic ultrasound assessment, we found that medial patellofemoral distance significantly increases with
disruption of the MPFC.

Clinical Relevance: Dynamic ultrasound measurements can be used to accurately detect the presence of complete MPFC injury.

Keywords: knee; medial patellofemoral ligament; medial patellofemoral complex; patellar instability; patellar dislocation; patel-
lofemoral; ultrasound; dynamic imaging; stress imaging

Patellar dislocation occurs at a rate of 5.8 to 29 per 100,000
persons and is a common reason for primary care office and
emergency department visits.7,29,37 Overall, 30% to 40% of
patients who sustain a patellar dislocation continue to have
recurrent instability events or functional limitation, which
can lead to significant long-term morbidity without surgical
stabilization.19,31 Injury or insufficiency of the medial
patellofemoral complex (MPFC), which consists of the
medial patellofemoral ligament (MPFL) and the medial
quadriceps tendon–femoral ligament, is the primary factor
leading to patellar instability, and assessment of its

integrity is crucial in determining the stability of the
patella and potential treatment options.5,8,12-14,20,32,35

Imaging modalities such as magnetic resonance imaging
(MRI) and computed tomography (CT) are commonly uti-
lized in the evaluation of patellar instability.2,25 MRI has
been argued to be the gold standard in evaluating for MPFC
injury5; however, as patellar instability is a dynamic pro-
cess, assessment of the appearance of the MPFC based on
static MRI can lead to high false-negative rates and has not
been shown to be a reliable predictor of functional patellar
instability.26 CT scanning allows for excellent visualization
of patellofemoral joint anatomy and alignment; however,
similar to MRI, it is limited by its static nature. While
dynamic CT imaging has been applied in the assessment
of patellar maltracking during knee range of motion, this
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imaging technology is not readily accessible at most
institutions.10,33

Currently, imaging techniques are limited in their
ability to definitively diagnose and quantify patellar
instability; therefore, the detection of MPFC insufficiency
relies primarily on dynamic assessment with clinical
examination.24 The patellar glide test allows for the assess-
ment of patellar translation based on a laterally directed
force on the patella,17,18 in which lateral patellar transla-
tion of >2 quadrants of patellar width is typically consid-
ered to suggest MPFC insufficiency. Increasing increments
of lateral translation have been associated with increased
risk of patellar instability.33 While prior studies have
attempted to accurately quantify patellar position during
the glide test, widespread clinical application of such tools
has been limited.6,9,15,30,36

Portable ultrasound has been increasingly applied in the
diagnosis and imaging of musculoskeletal injuries, as it
allows for visualization under dynamic conditions.21 It
additionally has the benefit of low cost, no radiation, and
almost immediate availability at the point of care, thereby
allowing for increased access to diagnostic measures. Prior
studies have demonstrated that ultrasound is an accurate
and reliable tool for assessing the patellofemoral joint11 and
has been shown to be comparable with MRI in the assess-
ment of patellar tracking.26 However, these studies have
not evaluated its use in assessing patellar instability.

The primary aim of this study was to quantify patellar
position using ultrasound imaging under dynamic loading
conditions, comparing knees with and without injury to the
MPFC. The secondary aim was to establish ultrasound
imaging parameters to differentiate knees with MPFC
injury from those without injury. We hypothesized that the
ultrasound measurements of lateralized patellar position
would significantly increase in the MPFC-deficient state
when compared with the intact state.

METHODS

Specimen Preparation

Ten unpaired fresh-frozen human cadaveric knee speci-
mens were utilized in this study. Each knee had been
amputated at the mid- to proximal femur and included
the foot distally. Specimens were thawed at room temper-
ature for 24 hours before the start of the experiment.
Arthroscopic and fluoroscopic evaluation of the lower
extremities was performed to assess for osteoarthritis, bony

abnormalities, fractures, or evidence of prior surgery, and
those with positive findings were excluded.

A fellowship-trained orthopaedic surgeon (M.J.T.) car-
ried out the evaluation of each knee to exclude knees with
signs of pre-existing patellar instability, defined as having
>2 quadrants of patellar mobility in either direction. Addi-
tionally, each knee was assessed for the presence of
morphological risk factors that contribute to patellar insta-
bility. Fluoroscopic evaluation was performed on each knee
before the beginning of the study. Merchant views were
performed to assess the morphology of the trochlea, and
lateral trochlear inclination was measured as the angle
between the slope of the lateral anterior condyle and the
posterior condylar axis. On the lateral view, the Caton-
Deschamps index was measured using the ratio of the dis-
tance from the inferior articular pole to the anterior tibia
with the length of the patellar articular surface. Last, at the
completion of the study, all knees underwent dissection for
manual measurements of tibial tuberosity–trochlear
groove distance, using calipers to measure tuberosity offset
relative to the deepest point of the trochlear groove. To
isolate the effects of MPFC deficiency on patellar position,
knees that demonstrated �1 risk factors—including troch-
lear dysplasia (lateral trochlear inclination <11�), patella
alta (Caton-Deschamps index <1.2), or malalignment
(tibial tuberosity–trochlear groove distance >20 mm)—
were excluded from the analysis.

Each knee specimen was positioned with the femur
secured in a jig, with the knee joint and lower leg unre-
stricted to allow for full range of knee motion. To simulate
the resting tension of the quadriceps muscle, a traction
force of 10 N was placed on the rectus femoris muscle prox-
imally, in line with the muscle vector.4 A 2.5-mm eyelet
screw was placed along the lateral border of the patella at
its proximodistal midpoint, perpendicular to its longitudi-
nal axis. An electronic force gauge was attached to the eye-
let screw to designate a lateralizing force on the patella,
perpendicular to the axis of the extensor mechanism. Two
standardized loading conditions were created: unloaded
(0 N of force) and loaded with 20 N of laterally directed force
on the patella to mimic the patellar glide test, as described
in prior studies.3,4

MPFC Transection and Ultrasound Measurement

The patellofemoral joint was assessed using a portable
ultrasound device (2-dimensional grayscale B mode
complete ultrasound; Butterfly iQ, Butterfly Network)
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(Figure 1). The probe was positioned at the medial patella
at its widest portion and oriented parallel to the joint line to
visualize the medial patellar facet and the medial trochlear
facet on 1 image. Images were obtained in the unloaded and
loaded conditions from 0� to 40� of knee flexion in 10� incre-
ments, during which a handheld goniometer was used to
measure knee flexion. Ultrasonographic scanning was per-
formed by an orthopaedic surgeon (R.B.) experienced in
utilizing musculoskeletal ultrasound, and the images were
saved for analysis.

After ultrasound images were obtained from the intact
knees, the MPFC was then arthroscopically transected,
using a technique previously described by Tanaka et al.34

The superomedial border of the patella was visualized with
a 30� arthroscope (Synergy 4 K System; Arthrex) through a
standard anterolateral portal, and a synovectomy was per-
formed on the medial knee to reveal the MPFC fibers as
described by Siebold and Borbon.28 In each knee, the fibers
of the MPFC were visualized inserting on the patella and/or
quadriceps tendon. After the proximal and distal bound-
aries were marked, the fibers were transected using a
shaver and arthroscopic biter with care not to extend past
the marked boundaries. This was performed by a
fellowship-trained orthopaedic surgeon (M.J.T.) with
expertise in patellofemoral surgery. The ultrasound was
repeated after transecting the medial soft tissue restraints,
and images were again captured in the unloaded and
loaded states at each flexion angle.

The ultrasound images were imported into Image J
(National Institutes of Health) to perform the measure-
ments. The magnification scale embedded within the image
was used to calibrate each measurement. To quantify
patellar position, the distance between the most medial
aspect of the articular edge of the medial patellar facet and
the apex of the medial trochlear facet was measured on
each image and referred to as the medial patellofemoral

distance (Figure 2). All measurements were performed by
an orthopaedic surgeon trained to perform such measure-
ments (R.B.).

Intraclass correlation coefficients (ICCs) were cal-
culated to assess inter- and intrarater reliability. Three
observers—2 orthopaedic surgeons (R.B. and S.A.-E.) and
a bioengineering graduate student (K.M.)—performed each
measurement on 5 knee specimens to assess interrater reli-
ability. A single observer performed each measurement
3 times each on 5 knees to calculate intrarater reliability.
The absolute agreement determined how much a measure-
ment of 1 observer varied from that of the other observer.
The ICCs were interpreted according to the guidelines pro-
vided by Shrout and Fleiss,27 where values between 0 and
0.10 were considered virtually no agreement; 0.11 and 0.40,
slight; 0.41 and 0.60, fair; 0.61 and 0.80, moderate; and 0.81
and 1.0, substantial.

Sample-Size Calculation and Statistical Analysis

In a previous clinical study, Burke et al1 assessed dynamic
patellar position with MRI analysis using continuous real-
time radial gradient echo imaging in symptomatic patients
and asymptomatic healthy individuals. They found that the
lateral patellar position on dynamic MRI was a sensitive
measurement for detecting patellar instability. The mean ±
SD distance for the symptomatic patients and asymptom-
atic participants was 4.4 ± 3.7 and 1.5 ± 0.7 mm, respec-
tively. To test the current primary null hypothesis that
there was no difference in ultrasound measurements of the
lateral patellar position between the MPFC-deficient state
and the intact state, we used a paired t test. This paramet-
ric test compares 2 dependent samples. To achieve 80%
statistical power for detecting a difference of 2.9 mm in
lateral patellar tracking between the MPFC-deficient and

Figure 1. Experimental setup demonstrating probe place-
ment of the portable ultrasound on a left knee. (A) The probe
is positioned at the medial patella at its widest portion and
oriented parallel to the joint line to visualize the medial patellar
facet and the medial trochlear facet on 1 image. Ultrasound
images were obtained with and without 20 N of laterally
directed force. (B) Setup shown from a different angle.

Figure 2. Measurement on ultrasound images of the medial
patellofemoral distance, defined as the distance from the
apex of the medial trochlea (dashed yellow lines) to the
most medial aspect of the patellar articular surface (aster-
isks). (A) The medial patellofemoral distance between the
apex of the medial trochlea and the medial facet of the patella
under 0-N force. (B) Increased medial patellofemoral distance
under a standardized 20-N laterally directed force. MFC,
medial femoral condyle.
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intact states (4.4 ± 3.7 vs 1.5 ± 0.7 mm; 0.9 correlation) with
a 2-tailed type 1 error rate of 5%, we determined that 10
specimens would be needed. The sample-size calculation
was performed using G*Power Version 3.1.9.2.

All measurements were reported as percentage or mean
and standard deviation. The medial patellofemoral dis-
tance was described to the nearest 0.1 mm. The
Kolmogorov-Smirnov and Shapiro-Wilk tests were used to
test for normality of the data. The paired t test was used
to compare the difference in the ultrasound measurements
of the medial patellofemoral distance between the
MPFC-intact and MPFC-deficient states at each flexion
angle. Area under the receiver operating characteristic
(ROC) curve analysis and the Delong test were performed
to determine the ability of measurements to differentiate
between the MPFC-intact and MPFC-deficient states
under all testing conditions. An area under the curve (AUC)
of 1.0 represents a perfect test, and an area of 0.5 repre-
sents a worthless test. The Youden J statistic was calcu-
lated to determine the optimal cutoff value to distinguish
between the MPFC-intact and MPFC-deficient states. In
this study, P <.05 was considered statistically significant.
Data analyses were performed using SPSS Version 26.0
(IBM).

RESULTS

Of the 10 unpaired cadaveric knees in the study, 4 were
from men and 6 were from women. The mean age at the
time of death was 51 ± 11 years (range, 32-70). In all knees,
the MPFC was functionally intact upon manual evaluation
and anatomically identified during arthroscopy, with fibers
attaching to the patella and quadriceps tendon. In the stud-
ied knees, lateral trochlear inclination was 25.3� ± 8.2�,

Caton-Deschamps index was 0.9 ± 0.2, and tibial tuberos-
ity–trochlear groove distance was 12.2 ± 3.2 mm. The ICCs
for intra- and interrater reliability for medial patellofe-
moral distance were 0.99 (95% CI, 0.99-0.99) and 0.98
(95% CI, 0.94-0.99), respectively, indicating excellent
agreement among observers.

In the MPFC-intact and MPFC-deficient conditions, the
medial patellofemoral distance increased with knee flexion
from 0� to 40�. In the unloaded and loaded conditions,
medial patellofemoral distance significantly increased in
the MPFC-deficient state at all knee flexion angles when
compared with the intact state (P ¼ .005 to P < .001). The
results of medial patellofemoral distance measurements
are summarized in Table 1. The greatest increase was
found at 20� of knee flexion and 20 N of laterally directed
force, at which the medial patellofemoral distance increased
by 32.8% (an increase of 6 mm) from 18.3 ± 1.9 mm (95% CI,
16.7-19.5 mm) to 24.3 ± 2.7 mm (95% CI, 21.5-26.7 mm) after
MPFC transection (P < .001) (Figure 3).

The ROC curve analysis revealed that the AUC for pre-
dicting MPFC deficiency was greatest at 20� of knee flexion.
Results are summarized in Table 2. At 20� of knee flexion
without a laterally directed force, AUC was 0.89 (95% CI,
0.65-0.98), indicating a high accuracy of the diagnostic test.
Using the Youden J statistic, the optimal threshold of
medial patellofemoral distance to distinguish MPFC defi-
ciency from an intact knee in this condition was 14.8 mm
(sensitivity¼ 77.8%; specificity¼ 100%; accuracy¼ 88.9%).
When loaded with 20 N of laterally directed force at 20� of
knee flexion, the AUC for predicting MPFC insufficiency
had a score of 0.93 (95% CI, 0.70-0.99) in ROC curve anal-
ysis, indicating high accuracy of the diagnostic test. In this
condition, the threshold for identifying MPFC insufficiency
was a medial patellofemoral distance of 19.2 mm (sensitiv-
ity ¼ 77.8%; specificity ¼ 100%; accuracy ¼ 88.9%).

TABLE 1
Medial Patellofemoral Distance Between the MPFC-Intact and MPFC-Deficient States

as Measured Using Portable Ultrasounda

MPFC Distance, mm, Mean ± SD Difference, Intact vs Deficient

Testing Condition Intact Deficient Mean (95% CI), mm Change, % P Valueb

0� of flexion
0 N 13.5 ± 1.8 16.4 ± 1.7 2.9 (1.1-4.6) 21.5 .005
20 N 17.2 ± 1.4 21.2 ± 2.7 4.0 (1.7-6.2) 23.3 .004

10� of flexion
0 N 13.7 ± 2.2 17.3 ± 2.6 3.6 (1.5-5.7) 26.3 .005
20 N 17.7 ± 1.5 22.8 ± 3.6 5.1 (2.7-7.4) 28.8 .001

20� of flexion
0 N 13.7 ± 1.6 17.8 ± 1.8 4.1 (2.3-6.0) 29.9 .001
20 N 18.3 ± 1.9 24.3 ± 2.7 6.0 (4.1-7.8) 32.8 <.001

30� of flexion
0 N 14.6 ± 1.8 17.9 ± 1.6 3.3 (2.0-4.7) 22.6 <.001
20 N 18.9 ± 2.3 24.4 ± 1.9 5.5 (4.2-6.9) 29.1 <.001

40� of flexion
0 N 14.9 ± 2.2 18.8 ± 2.0 4.9 (2.9-6.9) 26.2 .001
20 N 19.1 ± 2.8 24.7 ± 2.7 5.8 (3.8-7.7) 30 <.001

aMPFC, medial patellofemoral complex.
bAll P values indicate statistically significant difference between the intact and deficient states (P < .05).
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DISCUSSION

This study demonstrates the utility of dynamic ultrasound
imaging to distinguish between intact and MPFC-deficient
knees and highlights its potential clinical utility in the eval-
uation of the patellofemoral joint. We found a significant
increase in medial patellofemoral distance when the MPFC
fibers were transected as compared with intact knees. Fur-
thermore, measurements of the medial patellofemoral dis-
tance could detect MPFC insufficiency with a high level of
accuracy.

The MPFC has been described as the primary medial sta-
bilizer to lateral patellar translation, and insufficiency of

this complex is associated with patellar dislocations.8,13,35

MPFC deficiency can be challenging to diagnose, and its
assessment requires quantification of patellar mobility dur-
ing applied stress. Hautamaa et al9 investigated the role of
the medial ligamentous stabilizers of the patella in restrain-
ing lateral displacement at 30� of knee flexion under 5 lb of
medial and laterally directed force, which is equivalent to
22 N. In their cadaveric study, the authors used a displace-
ment sensor to quantify lateral patellar displacement and
reported that the stressed lateral patellar position was 9.3
± 0.9, 13.8 ± 1.2, and 7.0 ± 1.0 mm in the intact state, after
transectioning, and after repair of the MPFL, respectively.
They reported a 50% increase in lateral patellar displace-
ment between the MPFL-intact and MPFL-deficient states.
In our study, when using a similar laterally directed force of
20 N at 30� of knee flexion, we also found an increase in
medial patellofemoral distance from 18.9 ± 2.3 to 24.4 ±
1.9 mm, with a 29.1% increase in lateral patellar position
in the MPFC-intact vs MPFC-deficient knees. However,
because we did not perform MPFC repair or reconstruction
in this study, we were unable to quantify lateral patellar
position after repair. In contrast to the use of displacement
sensors, ultrasound evaluation can provide a clinical,
dynamic, noninvasive tool to evaluate the patellofemoral
joint and can occur at the point of care with ease in obtaining
comparison images of the uninjured contralateral knee.

The utility of ultrasound in assessing the patellofemoral
joint was initially described by Shih et al.26 In this study,
the authors utilized a modified functional knee brace with
an ultrasound transducer mounted lateral to the femur in
individuals without symptoms of patellar instability. Med-
iolateral patellar translation was quantified from 0� to 90�

of knee flexion while the participants performed sitting,
squatting, and stepping tests. The authors reported a linear
increase in lateral patellar position with increasing knee
flexion from 0� to 50� during activities of standing and step-
ping. The authors reported this method of ultrasound

TABLE 2
Cutoff Values for Medial Patellofemoral Distance in Each Testing Condition and Their Corresponding

Sensitivities and Specificities for the Detection of MPFC Deficiencya

Testing Condition Cutoff, mm AUC (95% CI) Sensitivity, % Specificity, % Accuracy, % PPV, % NPV, %

0� of flexion
0 N 13.8 0.83 (0.58-0.96) 88.9 77.8 83.4 80 87.5
20 N 17.6 0.78 (0.52-0.94) 100 55.6 77.8 69.3 100

10� of flexion
0 N 14.4 0.69 (0.43-0.88) 100 44.4 72.2 64.3 100
20 N 18.4 0.62 (0.36-0.83) 88.9 55.6 72.3 66.7 83.4

20� of flexion
0 N 14.8 0.89 (0.65-0.98) 77.8 100 88.9 100 81.8
20 N 19.2 0.93 (0.70-0.99) 77.8 100 88.9 100 81.8

30� of flexion
0 N 14.9 0.59 (0.34-0.81) 66.7 66.7 66.7 66.7 66.7
20 N 20.0 0.76 (0.51-0.93) 77.8 77.8 77.8 77.8 77.8

40� of flexion
0 N 15.6 0.77 (0.51-0.93) 66.7 88.9 77.8 85.7 72.8
20 N 20.7 0.87 (0.64-0.98) 77.8 100 88.9 100 81.8

aAUC, area under the curve; MPFC, medial patellofemoral complex; NPV, negative predictive value; PPV, positive predictive value.

Figure 3. Ultrasound images demonstrating the medial patel-
lofemoral distance between the apex of the medial trochlea
(dashed yellow lines) and the medial facet of the patella
(asterisks) in MPFC-intact and MPFC-deficient states at 20�

of knee flexion under a 20-N load. Ultrasound images show-
ing (A) the medial patellofemoral distance in the intact state
and (B) the increased medial patellofemoral distance in the
MPFC-deficient state. MFC, medial femoral condyle; MPFC,
medial patellofemoral complex.
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measurement to have good reproducibility, and the mean
error for the accuracy of ultrasound measurements closely
matched measurements derived from static MRI, with devi-
ation of only 0.6 ± 1.9 mm. In our study, we similarly iden-
tified an increase in lateral patellar position from extension
to 40� of flexion, and this pattern was present in the intact
and MPFC-deficient states.

Herrington and Pearson11 described the use of patellofe-
moral ultrasound by placing the probe on the lateral edge of
the superior border of the patella to assess patellar tracking
in healthy individuals. They incorporated electrical stimu-
lation of the vastus medialis obliquus and vastus lateralis
muscles with the knee in 20� of flexion. They found that
contraction of the vastus medialis obliquus resulted in a
mean medial displacement of 6.8 ± 2.9 mm at the patella
and that contraction of the vastus lateralis resulted in a
mean lateral displacement of 5.6 ± 2.7 mm. Therefore, they
determined that ultrasound assessment was a reliable
technique for dynamically assessing patellar position dur-
ing muscle contraction. In our study, we placed the ultra-
sound probe on the medial aspect of the joint, which we
found to be not only applicable in assessing greater patellar
lateralization in knees that are MPFC deficient but also
reproducible in terms of technique (ICCs for intra- and
interrater reliability were 0.99 and 0.98, respectively). In
addition, we performed dynamic assessment based on an
external, laterally directed force of 20 N, which led to a
mean medial patellofemoral distance of 18.3 ± 1.9 mm at
20� of flexion in knees with MPFC deficiency. As our in vitro
study aimed to find a reproducible method of quantifying
patellar motion, further clinical studies are needed to com-
pare the utility and applicability of our ultrasound imaging
technique in the clinical setting.

Dynamic imaging of the patellofemoral joint is not rou-
tinely utilized to evaluate patellar translation in the setting
of MPFC-deficient knees,11,26 although several prior stud-
ies have done so using other imaging modalities, such as
radiographs, CT, and MRI.1,22,23,33,38 Teitge et al36 investi-
gated lateral patellar translation in patients with unilat-
eral patellar instability using stress radiographs. In this
study, the authors performed bilateral axial knee radio-
graphs at 35� of knee flexion under 71 N of laterally
directed force. The lateral patellar position was measured
by quantifying the distance between the peak of the medial
femoral condyle and the medial border of the patella. The
authors reported that the stressed lateral patellar position
was 21.9 ± 6.20 and 14.4 ± 4.45 mm on the injured and
uninjured sides, respectively. In our study, we used similar
landmarks for measurement using ultrasound evaluation,
and despite using a smaller laterally directed force of 20 N,
our findings were similar with 24.4 ± 1.9 and 18.9 ± 2.3 mm
in the MPFC-deficient vs MPFC-intact knees at 30� of knee
flexion.

Leal et al16 introduced the Porto Patellofemoral Testing
Device (PPTD) and performed MRI-based stress testing of
the bilateral patellofemoral joints using PPTD at 0� and 30�

of knee flexion. Lateral patellar position was calculated as
the distance between a line through the deepest point of the
trochlear groove and a line through the center of the patel-
lar ridge, along the axis of the posterior condylar line. The

authors reported the device to have a reproducible stress-
force application with excellent intrarater agreement on
measurements. They also found that PPTD resulted in
greater lateral patellar translation with more accurate
measurements than manual translation under maximum
force, which averaged 30 N of laterally directed force. In
our study, we utilized a smaller force of 20 N, which was
standardized with a force gauge. Further studies are
needed to identify the optimal stress placed on the patella
during examination for reproducibility and diagnostic sen-
sitivity while maintaining patient comfort.

Dynamic imaging evaluation of the patellofemoral joint
has been shown to be valuable in assessing for patellar
instability without the application of an external force.
Burke et al1 dynamically evaluated patellar position on
MRI between 0� and 30� of knee flexion, using continuous
real-time radial gradient echo in patients with and without
patellar instability. They highlighted that lateral patellar
maltracking, as defined by >2 mm of patellar lateraliza-
tion, was the most sensitive parameter to detect patellar
instability. They demonstrated that lateral patellar track-
ing was significantly greater in the symptomatic group
(4.4 mm) as compared with healthy volunteers (1.5 mm).
Using another modality, Tanaka et al33 evaluated the util-
ity of dynamic kinetic CT by quantifying patellar laterali-
zation and its correlation with symptoms of patellar
instability. They found that severity of patellar lateraliza-
tion in knee extension correlated with the presence of patel-
lar instability and that >3 quadrants of patellar
lateralization in extension had a sensitivity of 93% in
detecting patellar instability. While our study was based
on cadaveric specimens and did not involve active knee
extension, we similarly found that the medial patellofe-
moral distance, without imparting a lateralizing force, also
significantly increased with MPFC injury at all flexion
angles and could be used to predict the presence of insta-
bility at 20� of knee flexion with a high degree of accuracy.

Limitations

This study has several limitations. First, the cadaveric knees
were normal knees that did not have abnormal anatomic risk
factors for patellar instability. While this allowed for isola-
tion of the effect of MPFC deficiency on patellar position, our
findings may not reflect the measurements of symptomatic
knees with this condition that have anatomic risk factors.
Second, while resting tension was placed on the rectus
femoris muscle, this force may not reflect that of a patient
who may have guarding or muscle activation during clinical
examination; further evaluation of this measurement in the
clinical setting is needed. Finally, although each specimen
was evaluated for evidence of previous trauma and arthritic
changes, the orthopaedic and clinical history regarding prior
knee injury was unavailable for each knee.

CONCLUSION

Using dynamic ultrasound assessment, we found that
medial patellofemoral distance significantly increases with

6 Bhimani et al The Orthopaedic Journal of Sports Medicine



disruption of the MPFC, and such measurements can be
used to accurately detect the presence of complete MPFC
injury. Dynamic ultrasound allows quantitative assess-
ment of MPFC insufficiency in multiple clinical settings.
Future clinical studies are recommended to assess the util-
ity of measurement thresholds in diagnosing and treating
patellar instability.
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