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Abstract
This study evaluated the accuracy of tangential axial radiography of the patellofemoral joints using an
auxiliary device, which we named patellofemoral joint radiography (PJR). To compare the PJR and
conventional radiography methods such as the Laurin, Merchant, and Settegast, the images taken by
three methods were evaluated using a whole body phantom (PBU-31). Settegast was the radiographic
method that had the smallest inclination of the patella and showed the best half lateral image of the
patella, with a difference of 5.76% when compared with PJR (p = 0.001). PJR was the method that had the
largest distance between the patellar and femoral joint spaces, with a difference of 14.54% when
compared with the Merchant method (p = 0.001). PJR was the method in which the two bones were well
overlapped (i.e., measured by the distance between the femoral trochlear groove and the tibial tuberosity),
with a difference of 109.41% when compared with the Merchant method (p = 0.001). The Settegast
method has the image with the smallest inclination of the patella, but the PJR has the image that best
describes the patellofemoral joint and the least distortion of the image. when using PJR, bending the knee
by 40° degree and setting a 140° angle between the long axis of the femur and the long axis of the lower
leg were considered to be the most bene�cial conditions. We propose the use of PJR for tangential axial
radiography of the patellar and patellofemoral joints.

Introduction
In general, knee pain is caused by an imbalance in the patellar tracking control during knee �exion and
extension [1]. If the structures that cause the patella to travel past the femoral trochlear groove are not in
balance when the knee joint is extended, friction occurs on the patellar surface and prevents proper
movement of the patella; in severe cases, this may cause dislocation. The stress generated by this
abnormal movement route causes pain in the patellofemoral joint [2]. Examinations of the patellofemoral
joint are diverse and include physical examination, radiography, CT, MRI, and arthroscopy. Among these,
visual examination and radiography are the primary tests that are mainly performed to diagnose
problems, such as patellar fracture, dislocation, and subluxation and knee joint varus, valgus, and
malalignment. There are several radiographic methods to assess various diseases of the patellofemoral
joint. Patellofemoral joint tangential axial radiography and intercondyloid fossa radiography are mainly
performed [3, 4]. Tangential axial radiography is advantageous for evaluating wear on the patellofemoral
joint surface, identifying the half lateral image of the patella, and understanding the relationship between
the femur and tibia. Moreover, it is an important radiographic method for determining patellofemoral joint
structure, shape, and damage [5]. Existing radiography methods have caused distinct problems. The
Settegast and Hughston methods perform radiography in prone knee bending position. This method
cannot be used to patients with knee �exion contracture or patellar fractures and dislocations. The Laurin
method performs radiography by bending the knee in a sitting position. since a patient must directly hold
the detector (image receptor) in a sitting position and perform radiographic imaging, there is a risk of
shaking and falling from an unstable position When performing radiographs by Merchant method, the
legs should be placed in the Merchant-speci�c auxiliary device in the supine position. Both knees should
be radiographed twice each, and the position of the femur should be kept horizontal on the examination
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table. Therefore, the authors of this study developed a patellofemoral joint radiography (PJR) auxiliary
device (Fig. 1) to directly solve the problems encountered during conventional imaging. The biggest
advantage of the PJR method is that a patient can �ne-tune the angle of the knee after putting the leg into
an auxiliary device in the supine position. The purpose of this study was to compare the PJR method with
conventional radiographic methods for tangential axial radiography of the patellofemoral joints. In
addition, radiographic evaluation items were set and used to compare radiographic images and
determine the most suitable among the radiographic methods.

Materials And Methods
2.1. Experimental equipment

The X-ray imaging equipment used in this study was the Digital Radiography X-ray System (Innovision-SH
3D; DK Healthcare Co.). For the wireless detector type, a mobile �at panel detector [FXRD-1417NAW model
(CsI)] was used. The left leg, including the patellar and patellofemoral joints, of the whole body phantom
(PBU-31, Kyoto Kahaku Inc., Japan) was used.

2.2. Experimental methods

Using PJR, the phantom knee was bent at 70° to 20° by varying the angle at 10° intervals, and the long
axes of the femur and lower leg were set at 110° to 160°. At this time, the angles of the X-ray tube and
detector were positioned to remain perpendicular to the angle of the patella with every change in during
knee bend at 10° (Figs. 2 and 3a). Each of the six radiography methods collected 30 images, and a total
of 180 images were compared and analyzed. The Houston method is advantageous for patients who
cannot bend the knee less than 45° to 55°, but it has a large disadvantage of causing distortion in the
radiographic image. Radiography in the prone position was performed only by the Settegast method, in
which the X-ray tube was set at an angle of 15° toward the patella by bending the phantom's knee to 105°
(Fig. 3b) [6–9]. 30 settegast images were collected. The Laurin method is a condition in which the knee is
bent by 20° and the long axis of the femur and the long axis of the tibia and �bula are set at an angle of
160° (Fig. 3c) [10, 11]. 30 Laurin images were collected. The Laurin method is contained within the
method using PJR. With the Merchant method, the knee was bent at 45°, each leg was placed in a
Merchant-speci�c assist device, the detector was positioned about 30 cm below the knee, and the X-ray
tube was positioned at an angle of 30° toward the patella (Fig. 3d) [12]. 30 Merchant images were
collected. The following radiographic settings were the same for all methods: 55 kV, 250 mA, 0.045
seconds of exposure time, and a source to image receptor distance (SID) of 110 cm (Fig. 4). The
radiographic evaluation items were:

a) the distance between the line connecting the medial and lateral sides of the patella and the lowest
point of the median ridge of the patella (DMLP), which was measured to evaluate patellar inclination. The
smaller the DMLP measurement result, the better.

b) the patellofemoral joint space distance (DPFG). The larger the DPFG measurement result, the better.
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c) the distance between the femoral trochlear groove and the tibial tuberosity (DFGT), which was
measured to evaluate the degree of overlap between the two bones. As a result of DFGT measurement,
values near the number 0 are superior (Fig. 5).

2.3. Statistical analysis

The quantitative values of the radiographic images were measured and evaluated using a Picture
Archiving Communication System program (Centricity, GE healthcare, Chicago, IL, USA). For each
measured variable, statistical signi�cance was veri�ed by one-way ANOVA using the Statistical Package
for the Social Sciences software (SPSS 20.0, IBM SPSS Statistics, Chicago, IL, USA). Using the PJR, the
phantom's knee �exion was changed six times at 10° intervals to �nd the most appropriate radiographic
conditions among the measured values, which were then compares with those by the Laurin, Merchant,
and Settegast methods using one-way ANOVA. The statistical signi�cance level was set to p < 0.05.

Results
3.1. Phantom experiment using the PJR

In all experiments, the X-ray tube angle and detector angle settings were made perpendicular to the
patellar angle. A summary of the measurement results are shown in Table 1 and Fig. 6a. The following
were the �ndings with each change in the angle of the phantom's knee for six times at 10° intervals using
PJR: a) the smallest inclination of the patella based on DMLP evaluation was when the knee was bend at
a 20° degree angle, the angle between the long axis of the femur and the lower leg was 160°; this was the
same method as the Laurin method; b) the largest patellofemoral joint spacing based on DPFG
evaluation was when the knee was bend at a 40 degree, the angle between the long axis of the femur and
the lower leg was 140°; and c) the most consistent value for the distance between the femoral trochlear
groove and the tibial tuberosity based on the DFGT evaluation was when the knee was bend at a 40
degree, the angle between the long axis of the femur and the lower leg was 140°.
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Table 1
Results of taking radiographic images at 160° to 110° by changing the knee �exion angle at 10° intervals

using Development of patellofemoral joint radiography auxiliary device (PJR)
PJR
used

  Measure      

Parameter 70° 60° 50° 40° 30° 20° p-
value

Degree of
�exion

Patellar
angle

18° 15° 12° 9° 6° 4° -

X-ray tube
angle

108° 105° 102° 99° 96° 94° -

Detector
angle

72° 75° 78° 81° 84° 86° -

a) DMLP 11.27 ± 
0.16

10.69 ± 
0.23

10.24 ± 
0.23

9.97 ± 
0.15

9.95 ± 
0.1

9.95 ± 0.1 0.001

b) DPFG 11.16 ± 
0.71

11.59 ± 
0.68

9.41 ± 
0.36

12.35 ± 
0.67

10.1 ± 
0.53

8.28 ± 0.65 0.001

c) DFGT -4.14 ± 
0.16

-5.47 ± 
0.2

-5.75 ± 
0.17

-0.37 ± 
0.36

2.5 ± 
0.32

4.87 ± 0.26 0.001

DMLP = The distance between the line connecting the medial and lateral sides of the patella and the
lowest point of the median ridge of the patella, which was measured to evaluate patellar inclination

DPFG = The patellofemoral joint space distance

DFGT = The distance between the femoral trochlear groove and the tibial tuberosity, which was
measured to evaluate the degree of overlap between the two bones

The difference in the DMLP values between knee �exion by 20° degree, 160° angle of the long axis of the
femur and lower leg and knee �exion by 40° degree, 140° angle of the long axis of the femur and lower
leg was not signi�cantly different at 0.24% (p = 1.000). In the DPFG evaluation, the largest patellofemoral
joint spacing was when the knee was bent at 40° degree, the angle between the long axis of the femur
and the lower leg was set to 140°. When the knee was bent at 20° degree, the angle between the long axis
of the femur and the lower leg was 160°, the change in the DPFG value was not signi�cant at 32.94% (p = 
1.000). In the DFGT evaluation, the most consistent value between the femoral trochlear groove and the
tibial tuberosity was when the knee was bent at 40° degree, the angle between the long axis of the femur
and the lower leg was set to 140°. When the knee was bent at 20° degree, the angle between the long axis
of the femur and the lower leg was 160°, the change in the DFGT value was signi�cantly different at
107.56% (p < 0.05) (Table 2).
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Table 2
Comparison of PJR images taken at 140° and 160° of knee �exion angles
Comparison between two groups Measure

Parameter 40° 20° p-value

Degree of �exion

Patellar angle 9° 4° -

X-ray tube angle 99° 94° -

Detector angle 81° 86° -

a) DMLP 9.97 ± 0.15 9.95 ± 0.1 1.000

b) DPFG 12.35 ± 0.68 8.28 ± 0.65 0.001

c) DFGT -0.37 ± 0.36 4.87 ± 0.22 0.001

3.2. Comparison of PJR with the Settegast and Merchant radiography methods

The measured values using PJR with the phantom's knee bent at 40° degree and the angle between the
long axis of the femur and the long axis of the lower leg set at 140° were compared with the values
measured by the Settegast and Merchant methods. The results of comparisons of all measurements are
shown in Table 3 and Fig. 6b.

Table 3
Comparison of the measured values by PJR with those of the Merchant and Settegast

methods
Comparison among three groups   Measure

Parameter PJR

40°

Merchant

45°

Settegast

105°

p-value

Degree of �exion

Patellar angle 9° 13° 14.5° -

X-ray tube angle 99° 60° 15° -

Detector angle 81° 45° 0° -

a) DMLP 9.97 ± 0.15 10.57 ± 0.47 9.40 ± 0.47 0.001

b) DPFG 12.35 ± 0.68 10.55 ± 0.43 8.54 ± 0.65 0.001

c) DFGT -0.37 ± 0.36 3.93 ± 0.23 5.42 ± 0.49 0.001

In the DMLP evaluation, the smallest patellar inclination and best display of the half lateral image of the
patella was with the Settegast method, followed by PJR and the Merchant method. The measured DMLP
values signi�cantly differed by 5.76% between the Settegast method and PJR; by 5.62% between PJR and



Page 7/18

the Merchant methods (p = 0.001). In the DPFG evaluation, the largest patellofemoral joint spacing was
seen with PJR, followed by the Merchant method and the Settegast method. The measured DPFG values
signi�cantly differed by 14.54% between PJR and the Merchant method; by 19.01% between the Settegast
and Merchant methods (p = 0.001). In the DFGT evaluation, the distance between the femoral trochlear
groove and the tibial tuberosity was the most consistent with PJR, followed by the Merchant method and
the Settegast method. The measured DFGT values signi�cantly differed by 109.41% between PJR and the
Merchant method; by 27.75% between the Settegast and Merchant methods (p = 0.001).

Discussion
This study was conducted to �nd the most suitable tangential axial radiography method for the patellar
and patellofemoral joints by comparing PJR with the conventional radiographic methods. Among the
radiographic conditions using PJR weres compared with the conventional imaging methods of Settegast
and Merchant. In the DMLP evaluation, when the knee of the phantom was bent at 70° to 20° at 10°
intervals using PJR, the DMLP value decreased as the angle of �exion was increased. This implied that
the inclination or tilt of the patella decreased when the knee was extended than when the knee was �exed
and that the half lateral image of the patella was more accurately displayed with the former. Laurin
method with a knee �exion angle of 20° had the smallest inclination of the patella and the half lateral
image of the patella showed the best results. But, based on the DFGT results, as the value representing
the distance between the femoral trochlear groove and the tibial tuberosity increased to a positive value,
the tibial tuberosity invaded the patellofemoral joint area and resulted in narrowing of the patellofemoral
joint space. On the other hand, as the distance between the femoral trochlear groove and the tibial
tuberosity was reduced to a negative value, the inclination of the patella became larger. In addition,
among the radiographic conditions using PJR, 20° knee �exion, which is similar to that in the Laurin
method, and 160° angle of the long axis of the femur to the long axis of the lower leg resulted in the
largest invasion of the tibial tuberosity to the patellofemoral joint and the narrowest patellofemoral joint
spacing (Fig. 6a). Although the Settegast method gave the smallest inclination of the patella on imaging,
it required the largest knee bending angle and may cause further discomfort to a patient with knee pain.
When the distance between the femoral trochlear groove and the tibial tuberosity was the largest and the
tibial surface invaded the patellofemoral joint space, the resulting image had the narrowest joint spacing.
The reason for the result of the smallest inclination of the patella with the Settegast method than with the
Merchant and PJR methods was thought to be close contact of the patella with the detector in the prone
position. The object to image receptor distance (OID) between the patella and the detector was the target
area for radiographic imaging. If the OID was short, distortion in the radiographic image was reduced. On
the other hand, if the OID was increased, the image was enlarged and had a degraded quality, resulting in
blurring and low contrast [13–15]. The Merchant method showed the greatest patellar inclination, and the
overlap between the patellofemoral joint space and the femoral trochlear groove and the tibial tuberosity
was not as good as the PJR method, but better than the Settegast method. With the results of the DMLP,
DPFG, and DFGT evaluations taken together, 40° knee �exion with 140° angle between the long axis of
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the femur and the long axis of the lower leg was the most bene�cial radiographic condition using PJR
(Fig. 6b).

Tangential axial radiography must be performed in order to detect patellar fracture and injury and
patellofemoral joint stenosis and wear and to determine the correlation between the femur and tibia.
However, conventional radiography methods have several disadvantages. First, although the Settegast
and Hughston methods are relatively frequent in the clinical setting because of the relatively short
procedure time, the required prone position and knee �exion may be di�cult in patients complaining of
pain from patellar fracture or dislocation [3, 16–18]. In the prone position, the patellar area comes into
contact with the examination table and a load is applied; this may worsen the pain in the area near the
knee and should be avoided [3, 17]. Second, the Laurin and Merchant methods are radiographic methods
that can be used to diagnose patellofemoral joint disease in a sitting or supine position without the need
to prone. The Laurin method mainly measures the lateral patellofemoral angle and checks whether
patellar is normally open to the outside. The Laurin method was said to require the smallest bending
angle of the knee and was the closest to the actual structure of the patellar [10, 11]. However, as the knee
bending angle decreases, the distance between the femoral trochlear groove and the tibial tuberosity
increases, the tibial surface invades the patellofemoral joint space, and the gap narrows. Therefore, this is
not suitable for viewing minute damages to the patellofemoral joint. Moreover, the Laurin method
necessitates postural instability, because the patient must bend the knee in a sitting position, directly hold
the detector, and perform radiography. In addition, in a sitting position, special care is required to avoid
radiation exposure of areas other than the patellofemoral joint [3].

Most of the existing studies on patellofemoral joint observation determined patellar dislocation and
subluxation by measuring the congruence and sulcus angles [15, 19, 20]. To measure this in the Merchant
method, the long axis of the femur must be parallel to the surface of the examination table using an
auxiliary device. In the Merchant method, each knee is radiographed separately. When both legs are shot
simultaneously, one leg may not be �xed and the knee may be adducted or abducted; these may increase
the matching angle and distort the image [19]. In addition, when the distance from the source is doubled,
the radiation intensity is proportional to the inverse square of the distance, where the radiation level per
unit area decreases to 1/4 [22]. In the case of similar source to image receptor distance (SID), as the
distance from the source of the X-ray tube to the object part (SOD) increases, the entrance surface dose
decreases. Conversely, as the OID becomes closer, enlargement of the image is prevented [13, 23]. The set
OID was about 30 cm for the Merchant method and about 20 cm for PJR (Fig. 7). In this research,
because the tangential axial radiography method using PJR had 10-cm longer SOD and 10-cm shorter
OID, compared with those by the Merchant method, the latter will create more exposure to radiation doses.
Comparison of radiation doses in tangential axial radiography of the patellofemoral joint requires more
in-depth experiments. Nevertheless, radiographic imaging using PJR may be a good means of solving
some of the shortcomings of the conventional radiographic methods. Speci�cally, PJR may allow
patients to comfortably undergo radiographic imaging in a supine position and may enable a stable
position to prevent shaking or distortion of the image at the target site. Compared with the conventional
radiographic methods, PJR showed radiographic images in which the patellofemoral joint space was
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larger, the gap between the trochlear groove and the tibial tuberosity was consistent, and the half lateral
image of the patella was clearly shown (Fig. 8).

One limitation of this study was that comparison of different patellofemoral joints among humans was
not possible. However, by performing several patellofemoral joint radiography imaging on the phantom
knee joint, we were able to quantify the most optimal patellar and patellofemoral joint shapes. In the
future, studies that measure the shape of several patellofemoral joints in humans are needed.

Conclusions
We propose the use of PJR for tangential axial radiography of the patellar and patellofemoral joints. PJR
may provide convenience to patients and images of high diagnostic value. We look forward to its further
use in the clinical �eld in the future.
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Figures

Figure 1

Development of patellofemoral joint radiography auxiliary device (PJR) (a) Structure of the PJR (b) The
form of widening the angle of the PJR (c) The form of narrowing the angle of the PJR
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Figure 2

Set the X-ray tube and detector angles to be perpendicular to the angle of the patella
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Figure 3

Patellar tangential axial radiography imaging (a) Patellar tangential axial projection method using the
PJR (b) Settegast method (c) Laurin method (d) Merchant method
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Figure 4

A phantom was mounted on the developed body of the PJR, and radiographs were taken in the tangential
axial projection
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Figure 5

Measurement items (  patella,  lateral facet of patella,  medial facet of patella,  The lowest point of the
median ridge of the patella,  patellofemoral joint space,  femoral trochlear groove,  lateral trochlear
ridge,  medial trochlear ridge,  tibial tuberosity) (a) DMLP: The distance between the line connecting the
medial and lateral sides of the patella and the lowest point of the median ridge of the patella (b) DPFG:
Distance of the patellofemoral joint space distance (c) DFGT: Distance between the femoral trochlear
groove and the tibial tuberosity
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Figure 6

(a) Results of taking radiographic images at 160° to 110° using PJR and changing the knee �exion angle
at 10°, (b) A graph comparing the measurement results among PJR, Merchant method, and Settegast
method
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Figure 7

Fundamental concepts of source to image receptor distance (SID), source to object distance (SOD) and
object to image receptor distance (OID)
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Figure 8

Phantom X-ray images taken by each method (  DMLP,  DPFG,  DFGT) (a) Method using PJR (b)
Merchant method (c) Settegast method


