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HIGHLIGHTS

« We reviewed the effectiveness of IR imaging in the diagnosis/monitoring of knee diseases.

« Good results were reported for the diagnosis of osteoarthritis, rheumatoid arthritis, ligaments and tendons problems.
« The best results were reported for monitoring of the patients after knee arthroplasty.

« IR imaging proved to be a sensitive diagnosis/monitoring method for these knee conditions.

ARTICLE INFO ABSTRACT
Article history: Background: Thermal infrared imaging is used in many world-wide medical centers as an alternative or
Received 19 September 2014 complementary diagnostic method for different disorders. The aim of this paper is to present the main

Available online 19 January 2015 clinical results reported in the literature concerning the effectiveness of thermal infrared imaging in

the diagnosis and evaluation of knee diseases.
Keywords: . Methods: A search of four databases was conducted using specific keywords and phrases and explicit
Osteoarthritis inclusion and exclusion criteria for the identification and analysis of the literature that presents date
Rheumatoid arthritis . . L. . . . .
. on the use of the thermal infrared imaging in the diagnosis and monitoring of knee diseases.

Ligaments . . . T . . . .
Tendons Results: Thermal infrared imaging proved to be a sensitive and reliable method for diagnosis, evaluation
Knee arthroplasty and monitoring of a number of knee conditions, including osteogrtt}ritis, rheumaFoid arthritis, ligaments
and tendons problems. The best results were reported for monitoring of the patients after knee arthro-
plasty; the values of sensitivity and specificity of this method were of 90% and 89% respectively. Good
results were also reported in the diagnosis of knee osteoarthritis with a sensitivity and specificity above
85%.
Conclusions: In conclusion, thermal infrared imaging proved to be effective in the diagnosis, evaluation
and monitoring of some knee pathologies and could be used as a complementary method in association
with classic medical imaging for the diagnosis, evaluation and monitoring of degenerative and inflamma-
tory knee pathology, but further studies are needed to improve its performances.
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1. Introduction

There is a variety of knee diseases that cause pain and gait
impairment for people of all ages. One of the most common dis-
eases of the knee is osteoarthritis that represents a degradation
of the articular cartilage and subchondral bone. As a result of the
progressive degradation of the cartilage, it can occur: joint pain,
swelling, tenderness, stiffness, and progressive decreasing of joint
mobility, especially decline of the functional movement angles,
with great impact on activities of daily living (ADLs) and on the
quality of life of these patients. Cartilage injuries and disorders fre-
quently affect the knee, because it is a weight-bearing joint and the
degradation of the cartilage is usage- and load-dependent. There
are described two main types of cartilage-related pathological con-
ditions of the knee: chondromalacia patellae and meniscal injuries.
Chondromalacia patellae occurs when the cartilage on the under-
surface of the patella progressively softens and deteriorates; it is
more common among young adults and athletic persons (as an
overuse injury or the so-called “runner knee”), but it may occur
in older people with knee arthritis. The meniscus can be easily
injured. It can undergo partial or complete tear when the knee is
twisted while bearing weight. Knee problems can be also caused
by the ligament injuries (medial collateral, anterior and posterior
cruciate ligament) consisting in stretching or tearing of the liga-
ment as a result of a sudden action. The tendon injuries (tendinitis
and ruptured tendons, Osgood-Schlatter disease, and iliotibial
band syndrome) can also lead to different degrees of dysfunction
of the knee. Other knee injuries such as osteochondritis dissecans
and plica syndrome may also lead to a reduced range of motion
of the knee.

The diagnosis of knee diseases initial involves a patient history
and preliminary physical examination followed by different other
tests including X-ray (radiography) and ultrasound [1], magnetic
resonance imaging [2], radionuclide bone scan [3], computed
tomography scan [4], arthroscopy [5] and biopsy [6] in order to
identify the etiology of the knee problem. In addition to these
methods, thermal infrared imaging (TII) has been used for several
years as an alternative and complementary method for the diagno-
sis of knee pathologies [7-11].

After a complex investigation of the knee pathology (based on
clinical evaluation and imaging results), the doctor can establishes
the certain etiologic diagnosis and the stage of the knee disease
and can decide a strategic management for the treatment plan,
based on realistic and reachable objectives. The main objectives
for knee pathologies are: pain management, decreasing of local
inflammation, improving the mobility and stability of the affected
knee, gait restoration, better quality of life for the patient, regain-
ing of the social and professional life. There are a lot of therapeutic
methods for reaching these goals and the therapist will choose the

best method for each patient (individualized treatment plan),
based on: the cause and stage of the knee disease, the presence
and the intensity of local inflammation, the presence of blood or
infection in the joint effusion, the presence of metallic implants
in the knee area and co-morbidities of the patient (diabetes, high
blood pressure, etc.) or medication (oral anticoagulants, etc.).

Therapy for knee pathology could consist of one or more of
treatment possibilities, such as: (1) drug therapy (oral, local or
intra-articular applications): anti-inflammatory products (non-ste-
roidal or steroidal), analgesics (local or general), muscular relax-
ants, antibiotics, etc. (2) RICE concept (Rest-Ice-Compression—
Elevation) as a simple method recommended for all inflamed
knees, (3) medical helping devices such as knee orthosis (fixed,
functional or soft models), crutches, sticks that must be prescribed
by the therapist and the patient must be learned how to use them
properly and how long, (4) physical therapy procedures based on
electrotherapy (low/continuous/medium intensity currents), ther-
motherapy (ultrasound, short waves), low level laser therapy, etc.
that must be prescribed by the physical and rehabilitation medi-
cine (PRM) specialist and could be adapted from patient to patient
and also, at the same patient during different phases of the disease
or of the treatment and (5) medical exercises (kinetic therapy) pre-
scribed by the PRM specialists and consisting in proper positioning
of the affected knee, passive or active movements for ROM restora-
tion, isometric/isotonic/resistive exercises for muscle strength and
resistance, gait and coordination training; these medical exercises
could be executed in bed, at home, in the gym hall or in the pool,
under direct supervision of the therapist and are permanently
adjusted to the actual clinical status of the patient, with progres-
sively increasing in intensity, time and complexity of the program.

At the beginning and on the course of the treatment, the patient
is permanently monitored by the therapist by periodically clinical
examinations and by imaging objective evaluations, which ideally
should be as less invasive, irradiant or painful as possible for the
patient; that is why soft-tissue ultrasound is the best choices. TII
can also play an important role by providing valuable information
about the ongoing healing process and about the rehabilitation
process of knee injuries that can help experts in making the right
decisions concerning the patient treatment.

Thermal infrared imaging also known as infrared imaging or
thermography is based on the physical phenomenon that all
bodies, at a temperature above absolute zero, generate heat radia-
tion in the infrared portion of the electromagnetic spectrum. The
intensity and spectral distribution of emitted radiation depend
on the body temperature. By detecting the infrared radiation emis-
sion from the body, it is possible to create a thermal map of tem-
perature distribution by remote sensing. The thermal map (IR
image) is usually created through the use of an infrared camera.
The first generation of infrared cameras raised some technical
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