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Stress Radiography for Multiligament Knee Injuries:
A Standardized, Step-by-Step Technique
José Leonardo Rocha de Faria, M.D., Igor Stefano Menescal Pedrinha, M.D.,
Douglas Mello Pavão, M.D., M.Sc., Rodrigo Pires e Albuquerque, M.D., M.Sc., Ph.D.,
Eduardo Branco de Sousa, M.D., M.Sc., Ph.D., Marcelo Mandarino, M.D., M.Sc., and

Alan de Paula Mozella, M.D., M.Sc.
Abstract: Physical examination in the presence of a multiligament knee injury can be complex and challenging. Hence,
stress radiography is a useful and inexpensive tool that is widely used in the assessment of this type of injury. It guarantees
an objective analysis of the magnitude of knee instability, which may reduce the observer’s interpretation bias in relation
to the physical examination. However, for the radiographic analysis to be reproducible, it is necessary to standardize the
technique to evaluate each of the main knee ligaments. This article aims to describe in detail how to perform stress
radiography to assess the sufficiency of the posterior cruciate ligament and collateral ligaments in the context of a
multiligament injury.
n the presence of a multiligament lesion, physical
Iexamination is sometimes inaccurate and barely
reproducible. The examiner’s experience, the patient’s
pain tolerance, and the concomitance of other lesions
are factors that alter the reliability and reproducibility of
the physical examination.1-3

Stress radiography is a very useful and inexpensive
complementary examination, capable of showing the
magnitude of knee instability in an objective and quanti-
fiableway, and can assist in preoperative decisionmaking;
it is also of great value in the postoperative follow-up of
multiligament injuries.4-8 Even magnetic resonance
imaging (MRI), which is capable of diagnosing acute and
chronic ligament injuries, may be interpreted
inaccurately and may be unable to indicate the degree of
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ligament instability. Thus, stress radiography remains
important, even in the faceofmoremodern technologies.9

Ideally, the interpretation of stress radiography should
always bebasedon the contralateral knee, as longas it does
not also present multiligament injury.10,11 Despite being a
widely used tool for the evaluation of knee ligament in-
juries,12,13 the radiologic protocol for posterior, varus, and
valgus displacement assessment lacks standardization in
relation to limb positioning and stress application.
Several studies have debated what method is best to

objectively measure the degree of instability, which in-
struments could be used to perform stress (manual or
computerized arthrometers, hydraulic or spring devices,
and evenmanual force), andwhich parameters should be
used to interpret the results (degree of openness and de-
gree of translation, aswell as fromwhich points).4,6,8,14-19

In the face of amultiligament injury, accurate diagnosis is
a difficult task for the surgeon,whomust seek all the tools
available for this purpose.9 This work aims to describe in
detail how to perform stress radiography to assess the
sufficiency of the cruciate and collateral ligaments in the
context of a multiligament injury and, in this way, to
make the performance and interpretation of the exami-
nation reproducible and reliable.

Technique

Varus and Valgus Stress at 20�

The patient must be dressed in shorts with the distal
third of the thigh fully exposed. First, we position the
(December), 2020: pp e1885-e1892 e1885
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patient at the end of the radiographic table to facilitate
stress maneuvers of the knee. Then, we tilt the x-ray
ampule 20� cephalic (Fig 1A), which is the same angle
at which the knee should be flexed.17,18

To obtain this flexion angle, we place a radio-
transparent cushion posteriorly to the knee. This
cushion should be approximately 10 cm high (Fig 1 B
and C) in patients of medium stature (around 1.70 m).
The knee flexion angle should be assessed to determine
whether the desired angle is correct. For this verifica-
tion, we recommend taking a lateral picture of the knee
and measuring the knee angle with the Bone Ninja
application (Sinai Hospital of Baltimore) (Fig 2A) or
using a traditional goniometer (Fig 2 B and C) applied
directly to the knee. Another precaution involves the
control of lower limb rotation, which can be obtained
by controlling the alignment of the patella to be directly
vertical (Fig 3A). In this way, any external or internal
rotation must be corrected before the varus and valgus
stress maneuvers (Fig 3B). After the aforementioned
steps are verified, we identify the joint line.
To obtain images under varus stress, the examiner

applies pressure with his or her ipsilateral fist over the
medial epicondyle of the distal femur, at the knee joint,
while placing his or her other hand on the distal ex-
tremity of the limb, at ankle level, and a maximum
varus stress maneuver is performed, aiming to increase
the lateral femorotibial space of the examined knee. A
radiographic image is obtained and evaluated.
Then, the valgus stress maneuver is performed by

pressing the contralateral hand on the lateral epi-
condyle of the distal femur, at the knee, while the other
hand is positioned on the distal extremity of the limb, at
the ankle, aiming to achieve maximum stress to obtain
opening of the medial femorotibial space. A radio-
graphic image is obtained and analyzed. Image quality
must be analyzed after each radiograph is taken (Fig 4).

Varus and Valgus Stress at 0�

The posterior cushion is removed; the x-ray ampule is
positioned at 0�, and the joint line is identified. The
examiner applies pressure with his or her ipsilateral fist
Fig 1. (A) Thepatient is placed in the supinepositionwith thex-ray am
the degree of the angulation of the x-ray ampule. Red arrow simulates
thisflexion,we place a radiotransparent cushion posterior to the knee.
over the medial epicondyle of the distal femur, at the
knee, while placing his or her other hand on the distal
extremity of the limb, at the ankle, using maximum
stress force, aiming to increase the lateral femorotibial
space of the examined knee. Radiographic imaging is
performed and analyzed. Then, the valgus stress ma-
neuver is performed by supporting the contralateral
hand on the lateral epicondyle of the distal femur, at the
knee, while the other hand is on the distal extremity of
the limb, at the ankle, aiming to achieve maximum
stress by opening the medial femorotibial space (Fig 5).

Image Evaluation After Stress Maneuvers
The images are uploaded into the software mDi-

comViewer (Microdata Tecnologia), and the degree of
femorotibial space opening is measured and compared.
The opening measurements for both the varus and
valgus stress tests are obtained at the most distal point
of the femur and its corresponding point in the tibial
plateau (Figs 4 and 5).17,18

Assessment of Ligamentous Sufficiency of Lateral
Collateral Ligament. With the knee flexed at 20�, an
increase in lateral joint space greater than 2.7 mm in
relation to the contralateral knee indicates an isolated
lesion of the lateral collateral ligament. When the
opening is larger than 4.0 mm, an associated postero-
lateral corner lesion should be suspected.17

Assessment of Ligamentous Sufficiency of Medial
Collateral Ligament. Valgus stress is applied with
maximum stress by the examiner with the knee fully
extended, at 0�, and flexed at 20�. An opening of the
medial joint space greater than 1.7 mm at 0�, as
compared with the contralateral side, indicates a pos-
terior capsular lesion, whereas an opening greater than
3.2 mm at 20� indicates a lesion of the medial collateral
ligament,18 as shown in Fig 4B.

Kneeling-View Method
The patient is kept in the same kind of clothing

previously mentioned. To carry out the kneeling-view
pule angledat about 20� cephalic. Red rectangle showsa zoomof
the direction of the x-ray. (B) The knee is flexed at 20�. To obtain
(C) The cushion should be approximately 10 cmheight (red line).



Fig 2. The patient is lying in
the supine position. The knee
flexion angle is assessed by
evaluating whether the desired
angle is correct. For this veri-
fication, we recommend taking
a lateral photograph of the
knee and measuring the knee
angle with the Bone Ninja
application (A), or a traditional
goniometer can be used (B, C).
In panel A, the blue line rep-
resents the center of the long
axis of the femur viewed in
lateral view. The red line rep-
resents the center of the long
axis of the tibia viewed in
lateral view. In panel C, the
blue oval represents a zoom of
the numerical representation
of the measured angle.
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method, we require a thick, soft cushion; a 2- to 3-step
mobile ladder; and a straight support surface
(100� 550 cm) that can be fixed in the desired location,
serving as an anterior support (Fig 6A). These items are
positioned in front of the x-ray film. The x-ray light bulb
is positioned angled perpendicular to the film. The knee
to be evaluatedmust be as close as possible to thefilmand
flexed 90�, with the thigh fully supported by the afore-
mentioned straight support surface. The contralateral
limb must be inclined posteriorly with partial proprio-
ceptive load on the ground, aiming to leave the entire
body weight on the knee to be examined (Fig 6B).20

The patient must rotate his or her body 10� toward
the examined side, with the aim of the condyles being
Fig 3. The patient is lying in the supine position. (A) The lower lim
patella is aligned directly vertical. (B) Any external or internal r
maneuvers are performed. Red oval represents the patella.
superimposed in the image examination (Fig 6 C and
D). After verification of these steps, the radiograph is
obtained (Video 1). The procedure is repeated for the
contralateral knee, only inverting the ladder and the
local support surface.

Image Evaluation After Kneeling-View Method
For the correct evaluation of the images, the femoral

condyles must be completely overlapped. The images
are uploaded in the software mDicomViewer, and the
degree of posterior tibial translation is measured and
compared.
A line is drawn parallel to the posterior tibial cortex

(Fig 7A), identifying the most posterior point on the
b must be in neutral rotation, so we must observe whether the
otation must be corrected before the varus and valgus stress



Fig 4. (A) Radiographs with varus stress with the knee flexed at 20�, showing lateral femorotibial opening measurements of
1.38 cm on the right side and 1.53 cm on the left side. (B) Radiographs with valgus stress with the knee flexed at 20�, showing a
1.60-cm medial femorotibial opening in the right knee and 0.87-cm medial femorotibial opening in the left knee.
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Blumensaat line (Fig 7B), and the distance between this
line and this point is assessed (Fig 7C). Comparisons are
performed side to side. A difference in posterior tibial
translation of greater than 7 mm between the knees
indicates a complete lesion of the posterior cruciate
ligament,15,20-22 as observed in Fig 8.

Discussion
Multiligament injury is a rare and complex pathology,

with varied trauma mechanisms and different pre-
sentations, that represents a diagnostic challenge for the
knee surgeon. This type of injury presents with several
characteristics that must be diagnosed preoperatively.
Although clinical protocols are available for treating this
lesion, treatment must be individualized. We believe that
the contralateral knee is of paramount importance for
both surgical planning and evaluation of the final post-
operative results. During the clinical and radiographic
evaluation of the contralateral knee, we investigate pre-
vious ligament laxity and the degree of recurvatum, as
well as tibial plateau tilt. These are important parameters
that can compromise postoperative assessment. There-
fore, we corroborate the statement of Rios et al.,11 who
recommend requesting stress radiographs of both knees
postoperatively. According to these authors, images ob-
tained under stress help to provide evidence of whether
themultiligament reconstruction has restored the normal
knee ligament laxity.11
Fig 5. (A) Radiographs with varus stress with the knee at 0�, show
the right knee and 1.31 cm in the left knee. (B) Radiographs with
femorotibial opening in the right knee and 0.80-cm medial femo
Gwathmey et al.10 (2,012) showed that stress radio-
graphs are useful in defining the treatment of patients
with posterolateral corner injury in conjunction with
MRI. MRI is a complementary examination with high
sensitivity for the diagnosis of ligament injuries; how-
ever, it is a static examination that does not show the
functional consequences of these injuries.9 In contrast,
stress radiography is a dynamic examination showing
this functional laxity resulting from ligament defi-
ciency.9 In multiligament injuries, stress radiographs
complement the MRI study. Our experience supports
these claims. We believe that these 2 incidence exam-
inations facilitate a better understanding of the lesion
and, consequently, surgical planning.
Sekiya et al.23 performed stress radiography in

10 pairs of knees of human cadavers sequentially,
drying the posterior cruciate ligament and postero-
lateral corner, and showed that tibial translation over
10 mm corresponds to the presence of combined
injury of these 2 structures. LaPrade et al.17 observed
that varus stress radiography associated with the
history and physical examination findings can differ-
entiate an isolated lesion of the fibular collateral
ligament from a posterolateral corner injury. They
claimed that this complementary study is useful in the
diagnosis, treatment, and postoperative clinical
follow-up.17 We agree with that statement; as a result,
we standardized the mandatory stress radiographs in
ing lateral femorotibial opening measurements of 1.29 cm in
valgus stress with the knee at 0�, showing a 1.18-cm medial

rotibial opening in the left knee.



Fig 6. The patient is kneeling on the affected knee. (A) A thick, soft cushion is required (dotted red line), in addition to a 2- to 3-
step mobile ladder (dotted yellow line) and a straight support surface (dotted blue line) that can be fixed in the desired location,
serving as an anterior support; this structure must be approximately 1 m high and 50 cm wide. These items are positioned in front
of the x-ray film. The x-ray light bulb is positioned angled perpendicular to the film. (B) The knee to be evaluated must be the
one closest to the film, being flexed at 90�, with the thigh fully supported by the aforementioned straight support surface. The
contralateral limb must be inclined posteriorly with partial proprioceptive load on the ground, aiming to leave the entire body
weight on the knee to be examined. Red arrow indicates that the patient must let the body weight fall on the flexed member.
(C, D) The patient must lean his or her body 10� toward the examined side, with the aim of the condyles being superimposed in
the image examination. In panel D, the red arrow shows that the patient must lean sideways by about 10� to the affected side.
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patients with central pivot injuries associated with
peripheral structures.
Another study by LaPrade et al.18 concluded that in-

juries to the medial compartment of the knee can be
quantified through radiography performed under valgus
stress. In addition, itwas found that amedial openingwith
the knee extended evidences an isolated lesion of the
medial collateral ligament. Therefore, we believe that
stress radiographs represent a low-cost complementary
examination, providing valuable information that will
Fig 7. We draw a line parallel to the posterior tibial cortex (red
Blumensaat line (star) (B). (C) We then assess the distance betw
facilitate our surgical time. Exposure to ionizing radiation
is a negative point; however, the benefits are greater than
the harm.18 Among the various forms of assessment for
posterior stress radiographs, the kneeling-view method
was shown to be a reliable technique for assessing
posterior cruciate injury by Garofalo et al.12,22

MRI is an inaccurate test to analyze a chronic poste-
rior cruciate ligament injury.20 In our opinion, MRI
may show healing of the posterior cruciate ligament but
with a nonfunctional status. Thus, radiography with
dotted line) (A) and identify the most posterior point on the
een this line and this point (red bracket).



Fig 8. Side-by-side compari-
son is performed. A clear dif-
ference is observed between
the knees, with posterioriza-
tion of the tibia on the right
side compared with the left
side. In panel A, the red line is
parallel to posterior cortical. In
panel B, the red star shows the
most posterior point of the
Blumensaat line. The distance
between the line and red star
was measured.
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knee stress is a greater tool for analyzing the injury. The
positioning of the patient, the radiographic technique,
and the anatomic landmarks can alter radiographs
obtained under stress.20

Beukes et al.24 performed a cadaveric study evaluating
a new device to perform stress radiography without the
need for a doctor or radiology technician to apply
manual stress. They found results that were similar to
those of manual stress, but adjustments would still be
necessary to improve the method. In the same line of
thought, trying to avoid exposure to radiation by doctors
and technicians in radiology, Ellera Gomes et al.25 pub-
lished a technique to perform radiography with stress in
external rotation to assess whether rotational instability
is present in posterolateral corner injuries. Although
Table 1. Advantages, Disadvantages, Risks, and Limitations Asso

Advantages Disadvantages

The technique has a low cost. Radiation is emitted to the patient
and the examiner who
performs the examination.

R

The technique is simple to
perform.

The examiner must know how to
perform the technique, paying
attention to the correct degree
of knee flexion, as well as the
rotation of the limb.

P

The technique requires simple
items found in clinics and
hospitals that perform
radiography (e.g., thick, soft
cushion and 2- to 3-step
ladder).

Eventually, radiography should be
repeated if the technique has
not been applied correctly.

The cushion used can hinder
image interpretation. In our
study, the cushion decreased
the radiotransparency but
without affecting the
interpretation of the
examination.
several researchers are looking for new alternatives to
radiography with traditional manual stress, it remains as
easily accessible and inexpensive method for the correct
diagnosis of multiligament knee injuries.
Burrus et al.9 performed a literature review with

critical analysis on the topic of multiligament injuries.
They concluded that stress radiographs are more accu-
rate than MRI in functional assessment, although this
statement has a low level of evidence.9 We believe that
the multiligament lesion is an extremely complex
lesion. Therefore, we should associate the maximum of
complementary imaging exams, optimizing our surgical
procedure.
We present advantages, disadvantages, risks, and lim-

itations of the stress radiography technique in Table 1
ciated With Using Stress Radiography

Risks Limitations

adiation Only 1 knee can have a ligament
injury.

ain when performing
examination

Digital radiography is
recommended.

Lead cloaks and lead gloves must
be available to protect the
examiner.

In acute injuries, stress
radiography may not be
possible because of edema and
pain in the affected knee.



Table 2. Pearls and Pitfalls

Pearls Pitfalls

The examiner should ensure that a position of 20� of knee flexion is
maintained during varus and valgus maneuvers with the knee
flexed, aiming to standardize evaluations and comparisons.

Flexing the knee more than the recommended 20� can yield
unreliable results.

When obtaining kneeling radiographs of the affected knee, the
examiner should make sure that the thigh of the examined knee is
tilted 10� toward the x-ray film so that the femoral condyles are
superimposed, facilitating the interpretation of the examination
findings. It is important that the knee being examined is the one
closest to the x-ray film.

If the femoral condyles are not superimposed on the kneeling
radiograph, it is impossible to precisely measure the posteriorization
of the tibia in relation to the femur.

The examiner must simulate the positioning of the kneeling
radiograph, showing the patient how he or she should position
himself or herself; this will facilitate the patient’s understanding of
the examination and speed up the procedure.

The examiner should make sure that the cushion used to obtain the
kneeling radiograph is comfortable for the patient, preventing him
or her from feeling pain during the examination and not staying in
the desired position.
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and tips and pitfalls in Table 2. Detailing the technique
for performing stress radiography will allow this tool to
assist in decision making in the face of complex ligament
injuries, becoming a more reproducible technique.
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