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Abstract
The knee is one of the most stressed joints of the human body, being susceptible to ligament injuries and degenerative dis-
eases. Due to the rising incidence of knee pathologies, the number of knee X-rays acquired is also increasing. Such X-rays 
are obtained for the diagnosis of knee injuries, the evaluation of the knee before and after surgery, and the monitoring of the 
knee joint’s stability. These types of diagnosis and monitoring of the knee usually involve radiography under physical stress. 
This widely used medical tool provides a more objective analysis of the measurement of the knee laxity than a physical 
examination does, involving knee stress tests, such as valgus, varus, and Lachman. Despite being an improvement to physical 
examination regarding the physician’s bias, stress radiography is still performed manually in a lot of healthcare facilities. To 
avoid exposing the physician to radiation and to decrease the number of X-ray images rejected due to inadequate positioning 
of the patient or the presence of artefacts, positioning systems for stress radiography of the knee have been developed. This 
review analyses knee positioning systems for X-ray environment, concluding that they have improved the objectivity and 
reproducibility during stress radiographs, but have failed to either be radiolucent or versatile with a simple ergonomic set-up.
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Introduction

Every year, worldwide, there are several injuries that affect 
the human knee joint, and its ligaments, originating joint 
instability. The assessment of this instability is not an easy 
process for physicians to quantify. Therefore, there is a grow-
ing need to have systems to automate an objective diagnosis.

The knee is the largest and, arguably, the most stressed 
joint of the human body [17, 25, 33]. It is a compound 
synovial joint that essentially serves as a hinge, meaning 

that it primarily allows movement along one axis in terms 
of flexion and extension of the knee in the sagittal plane, 
with limited motion along other planes [17, 19, 25, 33]. 
This type of motion makes the knee joint an essential 
component of efficient bipedal movements, such as walk-
ing, running, and jumping [17]. Since bipedal movements 
bring upon the knee considerable amounts of biome-
chanical stress, stability of this joint is provided by the 
arrangement of its ligaments and the extension of muscles 
that cross the joint [17, 25]. Having minimal side-to-side 
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motion, the knee is prone to injury, especially ligament 
injuries. The most common knee ligament injuries are in 
the anterior cruciate ligament (ACL) and the medial collat-
eral ligament (MCL), which are two important stabilising 
components of the knee joint. The ACL is usually injured 
during sports and fitness activities that can put stress on 
the knee, or by trauma victims who tear or sprain the ACL 
[3, 5]. The majority of MCL tears are isolated and occur 
in individuals that participate in sports activities involv-
ing knee flexion and/or contact [40, 46]. Apart from liga-
ment injuries, the knee joint is most commonly affected by 
knee osteoarthritis (KOA), which is a degenerative knee 
joint disease. KOA is typically the result of wear and tear 
and progressive loss of articular knee cartilage [11, 20]. 
The most common treatments for knee injuries depend on 
the severity of the injury. These treatments can either be 
non-operative or operative. The non-operative treatments 
involve medication and rehabilitation, whereas the opera-
tive treatments involve surgery that could go as far as total 
knee replacement [20].

Radiography is a widely used medical tool for the afore-
mentioned knee pathologies. It is a broad term that addresses 
different types of medical examinations that use an X-ray 
approach to visualise the internal structure of a patient’s 
body [9]. However, radiography is commonly used when 
referring to a plain X-ray—the first-line investigation for 
suspected orthopaedic pathology, even before other widely 
used imaging techniques, such as computed tomography 
(CT), and magnetic resonance imaging (MRI) [38]. X-ray 
is the gold standard and an accurate mean of evaluating not 
only the bone, but also its relationship to orthopaedic struc-
ture. Moreover, it is used for the diagnosis and treatment of 
patients by the passage of an X-ray beam through their body 
[9, 38]. A portion of the X-rays are absorbed or scattered by 
the body, whereas the remaining X-rays are transmitted to a 
detector creating a high-resolution two-dimensional image 
[9]. This is because different tissues will absorb different 
amounts of radiation leading to the well-known grey-scaled 
X-ray images [47]. In spite of the images generated by CT 
or MRI scans being in 3D and, therefore, more detailed, the 
X-ray is usually the first technique chosen, since it is a faster 
and cheaper way of diagnosis and monitoring that already 
shows indirect signs of ligament ruptures or KOA [14]. Fig-
ure 1 exemplifies an X-ray equipment, whereas Fig. 2 shows 
images of knee X-rays.

In 2020, 87 million of patients worldwide, over 20 years 
old, suffered from KOA [11]. In the United States alone 
there are between 100,000 and 200,000 ACL ruptures per 
year [3, 5], and around 74,000 MCL injuries per year [32, 
46]. These numbers are expected to increase since there has 
been a slow rise in the incidence of KOA due to the ageing 
of the population [34, 39, 45], and of knee ligament injuries 
in young people related to high-intensity sports with lack 

of injury prevention [1, 18, 49]. With the rising incidence 
of these pathologies, the number of X-rays for diagnosis of 
knee injuries, and for evaluation/monitoring of knee stability 
will increase.

In the reviewed use case, stress radiography provides a 
more objective analysis of the magnitude of the knee insta-
bility, when in comparison to a physical examination [16, 
22, 23, 28, 42]. Its applications cover diagnosing acute and 
chronic knee injuries, evaluating knee instability before and 
after surgery, and monitoring knee stability in non-operative 
treatments [22, 28, 42]. In relation to physical examination, 
the stress radiography of the knee may reduce the physi-
cian’s interpretation bias by providing a more reproducible 
and reliable examination, and giving a permanent visual 
record of the examination [16, 22, 23, 28, 42]. Despite stress 
radiography being an improvement to physical examination 
of knee injuries, it is still performed manually in a lot of 
healthcare facilities [36, 43], as shown in Fig. 3, 4, and 5. 
Since every manual stress radiograph exposes the physician 
to radiation, some physicians, like Sawant et al. [42], have 
created their own techniques for stress radiography to avoid 
exposure to radiation. However, these techniques still suf-
fer from subjectivity and lack of reproducibility, because 
they all depend on the operator and the patient. In addition, 
these types of stress radiography leave artefacts in the X-ray 
images, such as the hands of the operator (Fig. 6) [43], mate-
rials used by techniques created by physicians [42], or even 
the table where the examination was performed (Fig. 7).

The X-ray is the primarily chosen radiographic exami-
nation by physicians, comprising over a half of the total 
ordered examinations, which also include CT and MRI 
scans. In 2018, 152.8 million X-rays out of 267.7 million 
imaging tests were made in hospitals in the USA [48], and 
22.9 million X-rays out of 42.7 million imaging tests were 
performed in the UK [35]. Nevertheless, a lot of these 

Fig. 1  X-ray equipment
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X-rays images end up being rejected by physicians. A 
study at a major metropolitan emergency medical imaging 
department in Australia analysed a total of 90,298 X-ray 
images, since June 2015 until April 2017, and achieved 
a 19% reject rate out of 4965 knee X-rays [4]. The most 
common reason for rejection was inadequate patient 
positioning with almost an half of the number of overall 
rejected images [4]. Other common reasons for rejection 
were artefacts, which can include clothing artefacts and 
patient movement [4]. Such a high amount of rejected knee 

X-rays will have a great economic impact in the health 
system of each country. Rejected knee X-rays also impact 
the health of the patient, who had to be exposed to more 
radiation than it was necessary, and of the physician, in 
case they performed several manual stress radiographs. 
Even though the exposure of the patient would be quite 
low and harmless, the exposure of the physicians to radia-
tion can put them at a greater risk of exceeding the annual 
radiation dose limits (0.05 Sv per year [31]), in case they 
do not practice proper radiation protection measures and 

Fig. 2  Left knee X-rays, where 
“E” is an indicator for “Left”: 
a normal anteroposterior view, 
and b lateral view

Fig. 3  Valgus stress test performed manually by a physician. The 
arrow indicates the movement of the hand on the tibia whilst the 
other hand fixes the femur

Fig. 4  Varus stress test performed manually by a physician. The 
arrow indicates the movement of the hand on the tibia whilst the 
other hand fixes the femur
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adhere to safety practices [8]. Even so, being exposed so 
closely to radiation on a daily basis, even with personal 
protective equipment (PPE), could put physicians at risk 
for long-term adverse health effects, such as loss of white 
blood cells, reduction in platelets, fertility problems, and 
changes in kidney function [2].

This paper focuses on the review of positioning sys-
tems for knee stress radiography, including the medical 

background about the human knee joint. The remainder of 
this paper is organised as follows.  “Background” section 
presents a brief explanation of the anatomy and stress radi-
ography of the knee. “Methodology” section presents the 
methodology used for this review work. In “Knee position-
ing systems for stressradiography” section, all the related 
work with positioning systems for knee stress radiography 
is presented and, in  “Discussion of the current knee posi-
tioningsystems for stress radiography” section, it is analysed. 
“Limitations of the presented study” section sums up the 
current work with conclusions, including some future work 
related to functionalities that might be interesting to add 
to the systems. To the best of our knowledge, the works 
mentioned in this paper are not covered by other review 
documents.

Background

This section will address some concepts that will serve as a 
background for this literature review. “Anatomy of the knee 
joint” section presents a brief analysis on the anatomy of 
the human knee joint, and “Stress radiography of the knee” 
section introduces stress radiography as a way of evaluating 
the knee.

Anatomy of the knee joint

The human knee joint is a synovial joint, meaning that the 
articulating surfaces of the bones are enclosed in a cap-
sule filled with synovial fluid that lubricates the movement 
between them [17, 25, 33]. Synovial joints are diarthrosis, 
since they allow freedom of movement, and can be sub-clas-
sified into various types of joints, depending on the shape 

Fig. 5  Lachman test performed manually by a physician. The arrow 
indicates the movement of the hand on the tibia whilst the other hand 
fixes the femur

Fig. 6  X-ray image with hands of a physician whilst performing the 
varus stress on the left knee (“E” is an indicator for “Left”).

Fig. 7  X-ray image with artefact left by the table of examination dur-
ing the performance of the varus stress test on the left knee (“E” is an 
indicator for “Left”)



49Physical and Engineering Sciences in Medicine (2023) 46:45–55 

1 3

of the articulating surfaces and the movement. Consider-
ing that the knee predominantly allows a rotational motion 
through flexion and extension of the leg, it is classified as an 
hinge joint [17, 19, 25, 33]. The knee joint links together the 
thigh bone (femur) and the shin bone (tibia). The femur has 
an additional articulating surface with the kneecap (patella) 
inside its joint capsule, while the tibia articulates with the 
fibula outside it [17, 19, 25, 33]. It is inside the joint cap-
sule that the synovial membrane produces the synovial fluid, 
lubricating the knee and reducing friction in motion [17, 
19, 24, 33]. Around the end of the bones, there is a white 
soft cartilage that helps the joint move smoothly, known 
as articular cartilage [24]. Furthermore, the knee joint has 
ligaments that are bands of tough elastic tissue responsible 
for stabilising and limiting the movement of the knee [30]. 
Ligaments are classified depending on whether they are 
enclosed by the knee joint capsule or surrounding it. There 
are two major extracapsular ligaments: the MCL, and the 
lateral collateral ligament (LCL); and two major intracapsu-
lar ligaments: the ACL, and the posterior cruciate ligament 
(PCL) [17, 19, 25, 30, 33].

Stress radiography of the knee

Due to the knee joint being one of the most stressed joints 
of the human body and having minimal side-to-side motion, 
it is susceptible to injuries and degenerative joint diseases 
[17, 24, 33]. The diagnosis of ACL and MCL injuries and of 
KOA, as well as the monitoring in non-operative treatments 
and evaluation before and after operative treatments, usually 
involves the application of stress radiography [22, 28, 42]. 
This medical image provides a more objective analysis of the 
measurement of the knee laxity than a physical examination 
does [16, 22, 23, 28, 42].

Some of the most frequent stress tests used during stress 
radiography to evaluate the knee laxity for KOA are the 
valgus and the varus stress tests [15, 23, 26]. The valgus 
stress test is also widely used to evaluate knee instability 
for injuries of the MCL [16, 27]. To obtain these types of 
X-ray images, the literature agrees that the patient should be 
positioned in supine position with a knee flexion of approxi-
mately 20 ◦–30◦ by placing a radiolucent cushion under the 
knee [16, 23, 26, 27]. For patients with a medium height 
(around 1.70 m), this cushion should be about 100 mm high 
[16]. For application of pressure at the level of the joint-line 
for both tests, physicians either (subjectively) apply pressure 
with their hands (Figs. 3, 4) [36, 43], or use a stress device 
to apply a standardised force that should not exceed 150 N 
(Fig. 8) [23, 26, 29]. For the valgus stress, the pressure is 
applied on the lateral epicondyle of the distal femur, whereas 
for the varus stress, it is applied on the medial epicondyle 
of the distal femur [16]. When performing these stress tests 

manually, the hand that is not applying the pressure should 
be placed on the distal extremity of the lower limb, as seen 
in Figs. 3 and 4 [16]. However, when using a stress device, 
two supports are placed medially on the femur and the tibia, 
as far away from each other as possible, as shown in Fig. 8 
[26].

The Lachman test is also a physical examination manoeu-
vre often performed in stress radiography. It is used to assess 
the integrity of the ACL when an injury is suspected [6, 10]. 
For this stress test, the patient is, once again, positioned 
supine with their injured knee flexed about 20◦–30◦, while 
also slightly rotating the injured leg externally [6, 10, 13]. A 
force is applied to the proximal tibia either subjectively with 
the hand of the examiner (Fig. 5), or with a stress device 
with a force below 150 N [6, 10, 13]. When applying the 
pressure manually, the other hand stabilises the distal femur, 
whereas with a stress device, the two supports are placed 
medially on the femur and the tibia [6, 10, 13].

Methodology

Two main steps are on the basis of this review: the search for 
recent related work using (knee stress radiography) as the 
main keywords; and the review and analysis of the collected 
work. During the search phase, multiple strings were created 
based on the main keywords to cover the largest number of 
papers and to prevent the exclusion of any relevant paper. 
The strings used were the following:

Fig. 8  Schematic valgus stress test performed on the knee with the 
Telos Stress Device, Adapted from [26]
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• (“knee” OR “knee joint”) AND (“stress” OR “radiogra-
phy” OR “stress radiography” OR “stress X-ray”) AND 
(“device” OR “system” OR “positioner” OR “positioning 
device” OR “positioning system”);

• (“knee” OR “knee joint”) AND (“valgus stress” OR 
“varus stress”) AND (“device” OR “system” OR “posi-
tioner” OR “positioning device” OR “positioning sys-
tem”);

• (“knee” OR “knee joint”) AND (“Lachman test” OR 
“Lachman stress test”) AND (“device” OR “system” OR 
“positioner” OR “positioning device” OR “positioning 
system”).

The collection of the related work was performed between 
October and November 2022, mainly resorting to the scien-
tific search engines Elsevier, Springer, PubMed, Web of Sci-
ence, Espacenet, and the existing websites of the positioning 
devices found. The search was open to any stress radiogra-
phy device that assessed the human knee joint in vivo with 
valgus, varus or Lachman test. From this search 7 articles, 
2 patents, 1 user manual and 1 website were retrieved. The 
assessment of the systems found and general information of 
the search are presented in Table 1, from the latest publica-
tion to the oldest. The analysis of the related work is lim-
ited to systems designed with the objective of performing 
stress radiography without the assistance of a physician or 
technician.

Knee positioning systems for stress 
radiography

Due to the lack of objectivity and reproducibility of manual 
stress radiography, stress radiography positioning systems 
have been developed. These devices help positioning the 

patient during the X-ray exam, whilst applying stress to a 
desired joint of the body.

There are several systems already in use capable of posi-
tioning the patient and applying stress to the injured joint. 
The Telos Stress Device is the standard device technique 
used for stress radiography of the knee joint. This device 
allows for an overall examination of the knee joint’s laxity 
[13], and it is capable of positioning the patient in supine 
position for valgus (Fig. 8) and varus stress, as well as for 
the Lachman test. The lower limb is secured by means of 
two extension arms with a counter support at the extremities 
of the device, which can be adjusted to the length of the leg 
[13]. The middle pressure part of the device has an elec-
tronic measuring equipment that is used to apply the chosen 
force on the joint, and to display it [13]. The device works 
on alkaline batteries, so the lifetime will be of approximately 
150–200 h without changing them [13]. However, a cush-
ion to flex the knee is still necessary [13]. The Telos Stress 
Device’s schematic patent can be found in [44]. This patent 
was approved in 1980, and was filed by Olaf Tulaszewski 
in Germany. It involves a “Leg positioning device for X-ray 
filming” that has a support that can fix the lower limb at two 
different spaced locations, a pressure part between those two 
locations that applies an incrementally variable pressure to 
the leg, and a device for the measurement of the applied 
force, so that it can be easily reproduced [44].

A device similar to the Telos Stress Device, created by 
Said et al. [41], has the objective to perform valgus and varus 
stress tests in both X-ray and MRI environments, consisting 
of a loading and a connected control unit. The loading part 
of the system, composed of MRI-compatible materials, uses 
a pneumatic actuator placed at the centre of the device. The 
pressured air supplying the actuator will provide the force 
necessary to perform the stress test. On the opposite side 
of the central pressure applicator, there are two adaptable 
counter-bearings that fix the upper and lower limb, to ensure 

Table 1  Systems assessment and general information

*No brand name, **no articles associated, ***no year associated

Positioning system Article Publication year Publication venue Database

–* Said et al. [41] 2020 Magnetic Resonance Materials in Physics, Biology and Medicine Springer
Telos Stress Device Koppens et al. [26] 2018 Skeletal Radiology Springer
Laxmeter Beukes et al. [7] 2018 Frontiers in Biomedical Devices (BIOMED) ASME 

Digital 
Collection

–* de Aguiar et al. [12] 2017 Arthroscopy Techniques Elsevier
–* Eriksson et al. [15] 2010 Knee Surgery, Sports Traumatology, Arthroscopy Springer
–* Beldame et al. [6] 2010 Orthopaedics and Traumatology: Surgery and Research Elsevier
–* Sawant et al. [42] 2003 The Knee Elsevier
Innomed’s Self 

Stress Assembly 
Set

–** –*** Innomed Knee Instruments—patient positioners Innomed
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the reproducibility of the force application. These counter-
bearings and the actuator are padded with biocompatible 
materials, so as not to injure the skin of the patient. When it 
comes to the control unit, it consists of a digital-to-analogue 
converter and a proportional pressure valve, that is actuated 
electronically. These two components ensure the connection 
between the pneumatic actuator and the pressure outlets. 
Moreover, the digital-to-analogue converter is controlled by 
software routines that allow the pressure valve to go from 0 
to 4.69 bar. As calculated by Said et al. [41], this allows the 
pneumatic actuator to provide a maximum force of 230.2 N.

The Laxmeter is a radiolucent stress radiography device 
that was initially developed to facilitate the measurement 
of knee joint ligament laxity at various angles of joint flex-
ion [7]. It consists of two primary systems: an ergonomic 
patient support structure, and a load application system [7]. 
The acrylic ergonomic support structure allows the position-
ing of the patient at multiple degrees of knee joint flexion 
[37]. The respective patent was filed by the University of 
Cape Town, South Africa and accepted in 2015. It entails 
an “Anatomical support facilitating medical imaging of the 
hip, leg and knee” that is divided into an horizontal pelvis 
support panel, which is attached to an edge of a thigh sup-
porting panel, connected to an opposite edge of a shin/foot. 
All these panels are made of radiolucent material. Both the 
pelvis support panel and the thigh panel have anchorage 
attachments to restrain these parts of the body of the patient. 
Furthermore, there are locking sections in the shin/foot sup-
port panel to adjust the structure into different positions 
parallel to the pelvis support panel [37]. The Cast-Nylon 
electromechanical load applicator applies an incremental 
translational force necessary to perform various stress tests, 
including valgus, varus, and Lachman, and is complete with 
pressure sensing pads [7]. This load varies from 0 to 250 N 
in 25 N increments, being held for 30 s in each position to 
allow for X-ray image capturing, and assessing the anterior, 
posterior, medial, and lateral parts of the proximal lower leg 
[7]. The lower limb is supported by the ergonomic structure 
and by velcro straps. Since the Laxmeter is meant for laxity 
measurement via stress radiography, it has the integration 
of a stress radiography bone translation tracking system 
that gives real-time diagnostic information [7]. This track-
ing system involves a radiopaque scale embedded onto the 
ergonomic support that is visible on stress radiographs [7].

A varus/valgus stress device was developed by Eriksson 
et al. [15] to create a constant stress force on the knee joint 
without the need of an operator in the examination room. 
This system was capable of adjusting a force up to 10 kg 
to apply a valgus or varus stress test, whether in full exten-
sion of the leg or at 30◦ flexion [15]. Despite the literature 
not providing much information about the specifications of 
the device, by analysing [15] it is possible to assume the 

pressure is applied to the tibia and there is only one support 
that fixes the upper limb with the force of the patient’s foot.

Innomed’s Self Stress Assembly Set is a simple posi-
tioning system for stress radiography that is already on the 
market. It consists of a triangle positioner and a contoured 
cube, where the triangle positioner is used as an external 
cushion to flex the patient’s knees; and the contoured cube 
is positioned between the patient’s feet. The pressure for the 
stress tests is applied by the compression of the contoured 
cube by the patient’s feet [21].

Other systems in the literature provide simple and eco-
nomical solutions to avoid the exposure of the physician to 
radiation. It is the case of the valgus stress technique for 
stress radiography applied by Sawant et al. [42], where the 
knees are bound together using a firm 6-in. crepe bandage, 
a cassette is placed longitudinally under both knees, and the 
physician stands at the feet of the patient applying a force 
to both feet. Another example is a technique used to apply 
the valgus stress test during stress radiography by de Agu-
iar et al. [12]. This technique created by physicians uses a 
similar approach to the Sawant et al. [42] technique, bound-
ing the knees together using a velcro belt placed around the 
patellar level, and keeping the medial part of the upper limbs 
together. A wedged material made of ethylene vinyl acetate 
is placed with its larger side below the malleolar level of the 
ankle, much like it is done with the Innomed’s Self Stress 
Assembly Set, and the two opposing forces create a valgus 
stress to the knees. In case the physician decides to perform 
a valgus stress with the knee at 30◦ flexion, then a soft pad, 
also made of ethylene vinyl acetate, can be placed under 
the knee. Finally, there is a technique used for the Lach-
man test during stress radiography by Beldame et al. [6], 
where weights are wrapped around the patient’s foot whilst 
they are sitting on half of their lower limb. In this case, the 
patients have to keep themselves in the Lachman position 
and contract their own quadriceps to produce the anterior 
drawer of the tibia [6].

To the best of authors knowledge, and after using the 
methodology mentioned in “Methodology” section, there 
are no other knee positioning systems in the literature that 
perform stress radiography using the valgus or varus stress, 
or Lachman test in vivo. From all of the positioning sys-
tems mentioned before, only the Telos Stress Device and 
the Innomed’s Self Stress Assembly Set are currently on 
the market, showing that there is a clear gap in this area of 
orthopaedics.
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Discussion of the current knee positioning 
systems for stress radiography

Although the Telos Stress Device is used worldwide for 
stress radiography of most human joints (e.g. knee, ankle, 
wrist, elbow), being able to perform stress tests, such as 
the valgus and varus stress, and Lachman test, it still has 
some limitations. This popular device is not radiolucent, 
leaving artefacts of the support and pressure parts in the 
X-ray images [6, 26]. These artefacts could make the X-ray 
image more difficult to read to the physician, since it is quite 
distracting and does not give the plain anatomy of the joint. 
Furthermore, the Telos Stress Device needs an external 
cushion to provide the flexion of the knee joint in order to 
perform the stress tests.

Despite being an objective and reproducible positioning 
system, that functions not only in a radiographic environ-
ment, but also in a MRI environment, the system proposed 
by Said et al. [41] does not have radiolucent materials, gen-
erating artefacts in the obtained X-ray images. Besides, it 
requires an external cushion in case the physician desires 
to provide flexion to the knee during the stress radiographs.

The Laxmeter already provides the flexion of the knee 
with its ergonomic support structure, not requiring an exter-
nal cushion. However, it is limited to the knee joint, not 
being able to assess other joints, and the force is given by 
increments, which makes it take longer if the operator wants 
to assess only one part of the knee. Moreover, it has a radio-
paque scale for laxity measurement, that is visible in stress 
radiographs. Even though this radiopaque scale would allow 
the physician to assess the injury in real time, most physi-
cians do not find this necessary for diagnosis, preferring a 
clean X-ray image. In addition, this device is a big, heavy-
weight, and unfoldable structure that could have a negative 
impact in health facilities, delaying the stress radiography 
set-up.

Furthermore, the varus/valgus stress device developed 
by Eriksson et al. [15] is able to assess the varus and val-
gus knee stress tests by using an objective and reproducible 
method, but it is not able to address the Lachman test nor 

other joints. In addition, it seems to need an external cushion 
for the flexion of the knee, and the support of the upper limb 
seems to be a radiopaque material [15].

Other stress radiography devices fail at providing the 
objectivity and reproducibility that are needed. The Self 
Stress Assembly Set requires the patients to perform the 
valgus stress themselves, giving subjectivity to the system, 
since an injured patient will not apply the pressure needed 
after they start to feel pain. In addition, this system can not 
support the extremities of the lower limb, which might lead 
to motion artefacts and incorrect positioning on the X-ray 
images. Some simpler and more economic solutions in lit-
erature avoid the physician to be in direct contact with radia-
tion, but still are based on subjective techniques that provide 
no fixed positioning of the patient.

A comparison between the features of all the mentioned 
knee positioning systems and their limitations is represented 
in Table 2. Despite the Telos Stress Device being the most 
well-established on the market, it fails to be radiolucent and 
ergonomic, since it is made of radiopaque materials and 
needs an external cushion to flex the knee. In addition, phy-
sicians have mentioned that this device is too confusing to 
set-up, ending up not utilising it in a clinical setting. The 
Laxmeter does not address more than one joint and it is a 
big heavy structure that ends up not being of simple use, 
nor radiolucent. The device created by Said et al. [41] and 
Eriksson et al. [15] are not radiolucent nor ergonomic, fail-
ing to assess more than one joint. The Self Stress Assembly 
Set does not have objectivity and reproducibility, and it is 
not able to assess more than one joint. Finally, the simple 
technique invented by Sawant et al. [42] has no benefits, 
whereas the ones used by de Aguiar et al. [12] and Beldame 
et al. [6] are radiolucent.

The methods of all the knee positioning systems men-
tioned in “Knee positioning systems for stressradiography” 
section are compared in Table 3. When setting up the device 
to perform the chosen stress test, only the Laxmeter has an 
automatic set-up, whereas the other devices require it to 
be done manually. The force is applied to the joint through 
automatic methods that do not require the presence of an 
operator in the examination room except for the Self Stress 

Table 2  Comparison of the features of the knee positioning systems and their limitations

Features Positioning system

(Said et al.) Telos Stress 
Device

Laxmeter (de Aguiar 
et al.)

(Eriksson 
et al.)

(Beldame 
et al.)

(Sawant 
et al.)

Self Stress 
Assembly 
Set

Objectivity/reproducibility ✓ ✓ ✓ × ✓ × × ×

Radiolucent × × × ✓ × ✓ × ✓

Ergonomic × × ✓ × × × × ✓

More than one joint × ✓ × × × × × ×
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Assembly Set, and the techniques used by Sawant et al. [42], 
de Aguiar et al. [12], and Beldame et al. [6], that require 
a manual force to be applied to/by the patient. Regarding 
whether the positioning device is equipped with sensors or 
not, the Self Stress Assembly Set, and the techniques used 
by Sawant et al. [42], de Aguiar et al. [12], and Beldame 
et al. [6] do not have any sensors, since these systems are 
manual. The existence of sensors in the technique created 
by Eriksson et al. [15] is uncertain. When it comes to the 
type of stress tests addressed by the positioning systems, 
only the Telos Stress Device and the Laxmeter are capable 
of performing the valgus, varus, and Lachman tests. The 
techniques created by Said et al. [41] and Eriksson et al. [15] 
perform both the valgus and the varus stress tests, whereas 
the remaining analysed systems can only perform one type 
of stress test.

After the analysis of Tables 2 and 3, it is clear that there 
is a need for a knee positioning system that has all of the 
features that physicians expect from one of these systems: 
objectivity/reproducibility, being radiolucent and ergonomic, 
and assessment of more than one joint, never forgetting this 
type of medical device needs to be safe, reliable, and of 
simple use. The device also needs sensors for the automatic 
set-up of the stress test and the automated force. Moreover, 
it is important that the system is capable of addressing more 
than one type of stress test, in order to be more efficient.

Limitations of the presented study

The presented review has its limitations. Even though there 
are more systems in the literature used for performing val-
gus/varus stress or the Lachman test, the majority of those 
systems are used for laxity measurements of the knee when 
a stress test is applied to the joint. With that in mind, the 
authors decided to focus on systems that were designed with 
the sole objective of positioning the knee for stress radiog-
raphy without the help of a physician or technician, in order 
to conclude whether there was a need for the healthcare sys-
tem for this type of device. Furthermore, there is little to no 

information about the systems presented in “Knee position-
ing systems for stressradiography” section, since the authors 
might not wish to disclose the specifications of the devices, 
in case they decide to put them out on the market.

Conclusions and future work

The knee is the human joint most prone to injuries, and 
physicians find it difficult to carry out an objective assess-
ment of its pathologies. Knee stress radiography provides 
a more objective analysis of the laxity of an injured knee 
joint. However, the devices available to perform different 
diagnosis of knee injuries, evaluation of knee instability 
before and after surgery, and monitoring of knee stability 
during non-operative treatments have limitations. In order 
to improve these medical devices, new knee positioning 
devices have been developed.

In spite of that, a radiolucent solution for positioning 
of the patient’s knee during stress radiographs without the 
assistance of a physician during the X-ray examination 
is in need for healthcare professionals. With such a tool, 
the number of knee X-rays rejected by physicians would 
decrease, since there would be less inadequate position-
ing and movement from the patient. With the decrease 
in X-rays there would be not only a decrease in costs for 
the healthcare system, but also a faster and more reliable 
examination of knee pathologies, allowing the workflow 
of healthcare facilities to run more smoothly. In addition, 
healthcare professionals would decrease their exposure to 
radiation and the X-ray image would not have artefacts of 
their hands, making it easier to be analysed. This solution 
should have objectivity/reproducibility, be radiolucent, 
ergonomic, of simple use, safe and reliable, and be able to 
assess more than one joint. Furthermore, the positioning 
system needs to have sensors to ensure that it is an objec-
tive/reproducible system that lacks dependency on the 
operator, and addresses more than one type of stress test.

Table 3  Comparison of the techniques of the knee positioning systems

Techniques Positioning system

(Said et al.) Telos Stress 
Device

Laxmeter (de Aguiar 
et al.)

(Eriksson et al.) (Beldame et al.) (Sawant et al.) Self Stress 
Assembly 
Set

Set-up of stress 
test

Manual Manual Automatic Manual Manual Manual Manual Manual

Type of force Automatic Automatic Automatic Manual Automatic Manual Manual Manual
Use of sensors ✓ ✓ ✓ × ? × × ×

Type of test Valgus/varus All All Valgus Valgus/varus Lachman Valgus Valgus



54 Physical and Engineering Sciences in Medicine (2023) 46:45–55

1 3

Author contributions All authors contributed to the study conception 
and design. Material preparation, data collection and analysis were 
performed by CL, AV and CR. The first draft of the manuscript was 
written by CL and all authors commented on previous versions of the 
manuscript. All authors read and approved the final manuscript.

Funding Open access funding provided by FCT|FCCN (b-on). The 
authors would like to acknowledge the support of FCT LAETA–
UIDB/50022/2020, UIDP/50022/2020.

Consent to publish The authors affirm that human research 
participants provided informed consent for publication of 
the images in Figs. 2a, b, 3, 4, 5, 6, and 7.

Declarations 

Conflict of interest All authors certify that they have no affiliations 
with or involvement in any organization or entity with any financial 
interest or non-financial interest in the subject matter or materials dis-
cussed in this manuscript.

Ethical approval This article does not contain any studies with human 
participants or animals performed by any of the authors.

Research involving human participants and/oranimals This article 
does not contain any studies with human participants or animals per-
formed by any of the authors.

Informed consent This article does not contain any studies with human 
participants performed by any of the authors. The authors affirm that 
human research participants provided informed consent for publication 
of the images in Figs. 2a, b, 3, 4, 5, 6, and 7.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Almaawi A, Awwad W, Bamugaddam A, Alasheikh M, Muaddi 
M, Almutair O, Alomar AZ (2020) Prevalence of knee injuries 
among male college students in Riyadh, Kingdom of Saudi Ara-
bia. J Orthop Surg Res 15(1):126

 2. American Cancer Society (N.D.) Do X-rays and gamma rays cause 
any other health problems? American Cancer Society. https:// 
www. cancer. org/ healt hy/ cancer- causes/ radia tion- expos ure/x- rays- 
gamma- rays/ other- health- probl ems. html. Accessed 29 Nov 2022

 3. Anterior cruciate ligament injury. https:// somep omed. org/ artic 
ulos/ conte nts/ mobip review. htm? 31/ 59/ 32689. Accessed 28 Nov 
2022

 4. Atkinson S, Neep M, Starkey D (2020) Reject rate analysis in 
digital radiography: an Australian Emergency Imaging Depart-
ment case study. J Med Radiat Sci 67(1):72–79

 5. Beaumont Health (N.D.) Sports injuries | anterior cruciate liga-
ment (ACL) tears. Beaumont Health. https:// www. beaum ont. org/ 
condi tions/ acl- tears. Accessed 28 Nov 2022

 6. Beldame J, Bertiaux S, Roussignol X, Lefebvre B, Adam J-M, 
Mouilhade F, Dujardin F (2011) Laxity measurements using stress 
radiography to assess anterior cruciate ligament tears. Orthop 
Traumatol Surg Res 97(1):34–43

 7. Beukes GL, Patnaik S, Sivarasu S (2018) In vitro functional veri-
fication of a novel laxity measurement stress radiography device. 
In: 2018 Design of medical devices conference, 2018. American 
Society of Mechanical Engineers, p V001T03A016

 8. Bryn Mawr Communications (N.D.). Radiation risk to radiogra-
phers: what we know. https:// evtod ay. com/ artic les/ 2016- aug/ radia 
tion- risk- to- radio graph ers- what- we- know. Accessed 29 Nov 2022

 9. Center for Devices and Radiological Health (2020) Radiography. 
FDA, Silver Spring

 10. Coffey R, Bordoni B (2021) Lachman test. StatPearls Publishing, 
Tampa

 11. Cui A, Li H, Wang D, Zhong J, Chen Y, Lu H (2020) Global, 
regional prevalence, incidence and risk factors of knee osteoarthri-
tis in population-based studies. EClinicalMedicine 29–30:100587

 12. De Aguiar MR, Horta Barbosa LB, Ferrari MB, Kennedy NI, 
de Castro JV, Ellera Gomes JL (2017) Simultaneous bilat-
eral knee valgus stress radiographic technique. Arthrosc Tech 
6(6):e2119–e2122

 13. Diagnostics—product overview—Telos (en). https:// www. telos- 
gmbh. com/ en/ produ cts/ diagn ostics. html. Accessed 30 Nov 2022

 14. Differences between X-rays, CT scans and MRI’s (15 May 
2019). https:// www. envrad. com/ diffe rence- betwe en-x- ray- ct- 
scan- and- mri/. Accessed 29 Nov 2022

 15. Eriksson K, Sadr-Azodi O, Singh C, Osti L, Bartlett J (2010) 
Stress radiography for osteoarthritis of the knee: a new tech-
nique. Knee Surg Sports Traumatol Arthrosc 18(10):1356–1359

 16. Faria JLR, Pedrinha ISM, Pavão DM, Albuquerque RP, Sousa 
EB, Mandarino M, Mozella AP (2020) Stress radiography for 
multiligament knee injuries: a standardized, step-by-step tech-
nique. Arthrosc Tech 9(12):e1885–e1892

 17. Gupton M, Imonugo O, Terreberry RR (2021) Anatomy, bony 
pelvis and lower limb, knee. StatPearls Publishing, Tampa

 18. Herzog MM, Marshall SW, Lund JL, Pate V, Mack CD, Spang 
JT (2018) Trends in incidence of ACL reconstruction and con-
comitant procedures among commercially insured individuals 
in the United States, 2002–2014. Sports Health 10(6):523–531

 19. Hinge joints: anatomical diagram, functions, examples, and 
injuries (9 Nov 2019). https:// www. medic alnew stoday. com/ 
artic les/ 326946. Accessed 28 Nov 2022

 20. Hsu H, Siwiec R (2021) Knee osteoarthritis. StatPearls, Tampa
 21. Innomed Knee Instruments (N.D.) Patient positioners. http:// 

www. innom ed. net/ knee_ posit ioners. htm# Patie ntSel fStre ssSet 
KnPos. Accessed 30 Nov 2022

 22. James EW, Williams BT, LaPrade RF (2014) Stress radiography 
for the diagnosis of knee ligament injuries: a systematic review. 
Clin Orthop Relat Res 472(9):2644–2657

 23. Kappel A, Mortensen FJ, Nielsen TP, Odgaard A, Laursen 
M (2020) Reliability of stress radiography in the assessment 
of coronal laxity following total knee arthroplasty. Knee 
27(1):221–228

 24. Knee articular cartilage damage/osteoarthritis (28 Aug 2018). 
https:// www. stone clinic. com/ artic ular- carti lage. Accessed 29: 
Nov 2022

 25. Knee joint. https:// www. kenhub. com/ en/ libra ry/ anato my/ the- 
knee- joint. Accessed 28 Nov 2022

http://creativecommons.org/licenses/by/4.0/
https://www.cancer.org/healthy/cancer-causes/radiation-exposure/x-rays-gamma-rays/other-health-problems.html
https://www.cancer.org/healthy/cancer-causes/radiation-exposure/x-rays-gamma-rays/other-health-problems.html
https://www.cancer.org/healthy/cancer-causes/radiation-exposure/x-rays-gamma-rays/other-health-problems.html
https://somepomed.org/articulos/contents/mobipreview.htm?31/59/32689
https://somepomed.org/articulos/contents/mobipreview.htm?31/59/32689
https://www.beaumont.org/conditions/acl-tears
https://www.beaumont.org/conditions/acl-tears
https://evtoday.com/articles/2016-aug/radiation-risk-to-radiographers-what-we-know
https://evtoday.com/articles/2016-aug/radiation-risk-to-radiographers-what-we-know
https://www.telos-gmbh.com/en/products/diagnostics.html
https://www.telos-gmbh.com/en/products/diagnostics.html
https://www.envrad.com/difference-between-x-ray-ct-scan-and-mri/
https://www.envrad.com/difference-between-x-ray-ct-scan-and-mri/
https://www.medicalnewstoday.com/articles/326946
https://www.medicalnewstoday.com/articles/326946
http://www.innomed.net/knee_positioners.htm#PatientSelfStressSetKnPos
http://www.innomed.net/knee_positioners.htm#PatientSelfStressSetKnPos
http://www.innomed.net/knee_positioners.htm#PatientSelfStressSetKnPos
https://www.stoneclinic.com/articular-cartilage
https://www.kenhub.com/en/library/anatomy/the-knee-joint
https://www.kenhub.com/en/library/anatomy/the-knee-joint


55Physical and Engineering Sciences in Medicine (2023) 46:45–55 

1 3

 26. Koppens D, Sørensen OG, Munk S, Rytter S, Larsen SKA, Still-
ing M, Hansen TB (2019) The lateral joint space width can be 
measured reliably with telos valgus stress radiography in medial 
knee osteoarthritis. Skelet Radiol 48(7):1069–1077

 27. LaPrade RF, Bernhardson AS, Griffith CJ, Macalena JA, 
Wijdicks CA (2010) Correlation of valgus stress radiographs 
with medial knee ligament injuries: an in vitro biomechanical 
study. Am J Sports Med 38(2):330–338

 28. LaPrade RF, Heikes C, Bakker AJ, Jakobsen RB (2008) The 
reproducibility and repeatability of varus stress radiographs in 
the assessment of isolated fibular collateral ligament and grade-
III posterolateral knee injuries: an in vitro biomechanical study. 
JBJS 90(10):2069–2076

 29. Lewek MD, Rudolph KS, Snyder-Mackler L (2004) Con-
trol of frontal plane knee laxity during gait in patients with 
medial compartment knee osteoarthritis. Osteoarthr Cartil 
12(9):745–751

 30. Martin DS (N.D.) What are ligaments? https:// www. webmd. com/ 
pain- manag ement/ ligam ents- types- injur ies. Accessed 30 Nov 
2022

 31. Maximum permissible dose—an overview | ScienceDirect topics. 
https:// www. scien cedir ect. com/ topics/ bioch emist ry- genet ics- and- 
molec ular- biolo gy/ maxim um- permi ssible- dose. Accessed 29 Nov 
2022

 32. Medial and lateral collateral ligament injuries. PM&R Knowl-
edgeNow. https:// now. aapmr. org/ medial- and- later al- colla teral- 
ligam ent- injur ies/. Accessed 28 Nov 2022

 33. Meyler Z (N.D.) Knee anatomy. https:// www. arthr itis- health. com/ 
types/ joint- anato my/ knee- anato my. Accessed 28 Nov 2022

 34. Nguyen USDT, Zhang Y, Zhu Y, Niu J, Zhang B, Aliabadi P, 
Felson DT (2012) Increasing prevalence of knee pain and symp-
tomatic knee osteoarthritis. Ann Intern Med 155(11):16

 35. NHS (2018) Diagnostic imaging dataset annual statistical release 
2017/18. NHS, p 30

 36. Objective use of stress radiographs (16 June 2015). https:// drrob 
ertla prade md. com/ objec tive- use- of- stress- radio graphs/. Accessed 
28 Nov 2022

 37. Patnaik S, Sivarasu S (2015) Anatomical support facilitating 
medical imaging of the hip, leg and knee

 38. Radiography—an overview | ScienceDirect topics. https:// www. 
scien cedir ect. com/ topics/ medic ine- and- denti stry/ radio graphy. 
Accessed 27 Nov 2022

 39. Ren Y, Hu J, Tan J, Tang X, Li Q, Yang H, Liu C, He Q, Zou K, 
Sun X, Tan B (2020) Incidence and risk factors of symptomatic 
knee osteoarthritis among the Chinese population: analysis from 
a nationwide longitudinal study. BMC Public Health 20(1):1491

 40. Roach CJ, Haley CA, Cameron KL, Pallis M, Svoboda SJ, Owens 
BD (2014) The epidemiology of medial collateral ligament sprains 
in young athletes. Am J Sports Med 42(5):1103–1109

 41. Said O, Schock J, Krämer N, Thüring J, Hitpass L, Schad P, Kuhl 
C, Abrar D, Truhn D, Nebelung S (2020) An MRI-compatible 
varus-valgus loading device for whole-knee joint functionality 
assessment based on compartmental compression: a proof-of-
concept study. Magn Reson Mater Phys Biol Med 33(6):839–854

 42. Sawant M, Narasimha Murty A, Ireland J (2004) Valgus knee 
injuries: evaluation and documentation using a simple technique 
of stress radiography. Knee 11(1):25–28

 43. Stress radiographs of the knee (29 Dec 2019). https:// www. sport 
smedr eview. com/ blog/ stress- radio graphs- of- the- knee/. Accessed 
28 Nov 2022

 44. Tulaszewski O (1980) Leg positioning device for X-ray filming
 45. Wallace IJ, Worthington S, Felson DT, Jurmain RD, Wren KT, 

Maijanen H, Woods RJ, Lieberman DE (2017) Knee osteoarthritis 
has doubled in prevalence since the mid-20th century. Proc Natl 
Acad Sci USA 114(35):9332–9336

 46. Wijdicks CA, Griffith CJ, Steinar J, Lars E, LaPrade RF (2010) 
Injuries to the medial collateral ligament and associated medial 
structures of the knee. J Bone Jt Surg Am Vol 92(5):1266–1280

 47. X-rays. https:// www. physio- pedia. com/X- Rays. Accessed 27 Nov 
2022

 48. Young L (23 April 2019) Highlights from IMV 2019 X-ray/DR/
CR outlook report. https:// imvin fo. com/ highl ights- imv- 2019-x- 
ray- dr- cr- outlo ok- report/. Accessed 28 Nov 2022

 49. Zbrojkiewicz D, Vertullo C, Grayson JE (2018) Increasing rates 
of anterior cruciate ligament reconstruction in young Australians, 
2000–2015. Med J Aust 208(8):354–358

https://www.webmd.com/pain-management/ligaments-types-injuries
https://www.webmd.com/pain-management/ligaments-types-injuries
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/maximum-permissible-dose
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/maximum-permissible-dose
https://now.aapmr.org/medial-and-lateral-collateral-ligament-injuries/
https://now.aapmr.org/medial-and-lateral-collateral-ligament-injuries/
https://www.arthritis-health.com/types/joint-anatomy/knee-anatomy
https://www.arthritis-health.com/types/joint-anatomy/knee-anatomy
https://drrobertlaprademd.com/objective-use-of-stress-radiographs/
https://drrobertlaprademd.com/objective-use-of-stress-radiographs/
https://www.sciencedirect.com/topics/medicine-and-dentistry/radiography
https://www.sciencedirect.com/topics/medicine-and-dentistry/radiography
https://www.sportsmedreview.com/blog/stress-radiographs-of-the-knee/
https://www.sportsmedreview.com/blog/stress-radiographs-of-the-knee/
https://www.physio-pedia.com/X-Rays
https://imvinfo.com/highlights-imv-2019-x-ray-dr-cr-outlook-report/
https://imvinfo.com/highlights-imv-2019-x-ray-dr-cr-outlook-report/

	Knee positioning systems for X-ray environment: a literature review
	Abstract
	Introduction
	Background
	Anatomy of the knee joint
	Stress radiography of the knee

	Methodology
	Knee positioning systems for stress radiography
	Discussion of the current knee positioning systems for stress radiography
	Limitations of the presented study
	Conclusions and future work
	References




