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Abstract: Recurrent joint bleeds and silent bleeds are the most common clinical feature in patients
with hemophilia. Every bleed causes an immediate inflammatory response and is the leading cause
of chronic crippling arthropathy. With the help of infrared thermography we wanted to detect
early differences between a group of clinical non-symptomatic children with hemophilia (CWH)
with no history of clinically detected joint bleeds and a healthy age-matched group of children.
This could help to discover early inflammation and help implement early treatment and preventative
strategies. It could be demonstrated that infrared thermography is sensitive enough to detect more
signs of early inflammatory response in the CWH than in healthy children. It seems to detect more
side differences in temperature than clinical examination of silent symptoms detects tender points.
Silent symptoms/tender points seem to be combined with early local inflammation. Using such
a non-invasive and sensor-based early detection, prevention of overloading and bleeding might
be achieved.
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1. Introduction

Hemophilia is an inherited X chromosome-linked recessive disorder of coagulation that occurs
due to a deficiency of the coagulation factors VIII or IX, and affects 1 in 10,000 of the male population
in all ethnic groups [1]. Recurrent joint bleeds are the most common clinical feature in patients with
hemophilia and the leading cause of chronic crippling arthropathy. Bleeding episodes can be prevented
and arthropathy avoided thanks to replacement therapy with the missing coagulation factor given
on regular long-term prophylaxis since childhood [2]. Nonetheless, despite effective prophylaxis
and low bleeding rates, silent bleeds may still occur [2], triggering a vicious circle of biochemical
and biomechanical reactions that cause irreversible joint damage on the long-term [3]. There is a lot
of attention paid to the biochemical reactions, as blood-induced inflammation and damage of joint
tissues [4]. Less attention is paid to other means of examination like silent symptoms associated to
joints like tenderness of capsule or ligaments and functional disturbances during gait [3,5], which might
be caused by bleedings. Every bleed causes an immediate inflammatory response [4]. Inflammation
increases local blood flow and causes hyperthermia. Biochemical reactions are the first to occur
immediately after bleeding. The early alterations in body biochemistry are very often not detected
because the clinical scores usually adopted to examine joint status in patients with hemophilia are only
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able to detect late functional disturbances and inflammatory impairment like synovitis, joint effusion,
reddening and increasing heat of the joint-surrounding skin. At this late stage rehabilitation is more
difficult [6]. Therefore, early detection of inflammatory changes is crucial to implement very early
conservative preventative approaches.

Within this context, infrared thermography could be a simple tool to detect early inflammation of
joints and joint associated structures. Infrared thermography detects the emitted radiation of objects in
different bands, roughly from 9000-14,000 nm. The temperature information is shown in false color
images, known as thermograms. Every image pixel correlates with a temperature value, visualized
in intensity maps. Thermography has been already successfully applied for the detection of plant
diseases [7], in veterinary medicine for early detection of inflamed joints in horses [8] and in human
medicine for early discovery of breast cancer [9]. It measures inflammation activity in different settings
as prevention, rehabilitation and sports [10]. Painful muscle insertion of the extensor muscles at the
elbow is associated with hot areas on a thermogram [11]. Thermal imaging can detect persistent tendon
insertion problems of the elbow region in a similar way as isotope bone scanning [12]. Hot spots at
the elbow have also been described as having a high association with a low threshold for pain on
pressure [13]. The experience with thermography in patients with hemophilia is still limited, although
it can be safely used in this setting because it is non-invasive [14-16]. The aim of this study was to
demonstrate the use of thermography in identifying local rise in temperature in male children with
hemophilia who never reported a clinical detected joint bleed and compare it to a group of healthy age
matched boys. The second aim was to compare the two groups with their clinical results using the
clinical examination score HJHS and looking for silent symptoms/tender points.

2. Materials and Methods

2.1. Thermographic Image Acquisition and Clinical Investigation

Ten male children with severe hemophilia with a mean age of 10.3 years with no reported
joint bleeds and no clinically detectable symptoms and 12 healthy boys aged 11.8 years on average
were examined by infrared thermography. The body mass index showed no significant differences
with mean values of 17.1 and 19.3 for hemophilic and healthy children, respectively (student’s t-test
p = 0.127; Supplementary Material, Figure S1). Thermal images were obtained using a VARIOSCAN
3201 ST (Jenoptic Laser, Jena, Germany) Sterling-cooled IR scanning camera with a spectral sensitivity
ranging from 8 pm to 12 um and a geometric resolution of 1.5 mrad (240 x 360 pixels focal plane
array and a 30° x 20° field of view lens with a minimum focus distance of approximately 20 cm).
Thermal resolution was 0.03 K, and accuracy of absolute temperature measurement was <£2 K.
Emissivity was set to 0.98.

For standardization of thermographic measurements, the Glamorgan protocol for recording and
evaluation of thermal images of the human body was adapted to the specific measurement situation
(looking at right/left differences) [17]. The measuring process and examples of obtained data are
visualized in Figure 1. Room temperature was 21.9 °C in average and humidity 62.3%. The distance
between the camera and the patients was around 90 cm for close up imaging, constantly. In addition
a full body image was measured from a distance of 250 cm. A time period of at least 20 min before
thermographic investigation was assured for adaption to room temperature for each patient. At first
elbows, knees, and ankle joints were examined using thermograms with 86.400 Pixel. Afterwards the
full body view was captured. Thermal images were taken from the front and from the rear view.
Digital RGB images (Olympus PEN, E-P3, Olympus, Tokio, Japan) were taken in same position for
anatomical comparison. In pre -tests with different patients we took side views as well of elbows,
knees and ankles. As all the structures were visible enough to calculate right/left side differences in
the front and back view from a defined region of interest, we decided to leave the Glamorgan protocol
to reduce examination time for the children.
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Figure 1. Workflow of thermographic image assessment and analysis of children with hemophilia (left)
and example images for a termographic overview and close up images (right). After adaption period of
20 min to ambient temperature, thermograms of the individual anatomic points were assessed in front
and rear view (right). According to anatomic reference points, right/left differences were calculated
and correlated to clinical examination. Afterwards a confusion matrix was used to assess the accuracy,
specificity and sensitivity of thermography compared to clinical examination.

The boys were routinely asked not to do any sports or workouts three days before measurement.
The examinations were routinely done between 10:00 and 12:00 on Saturdays (no school) after breakfast
before daily activities.

After infrared thermography, both groups were examined with the commonly used clinical
examination score (Hemophilia Joint Health Score (HJHS) which looks for joint swelling, joint pain,
motion restriction, joint crepitus and atrophy of muscles) [6] and searched for silent symptoms/tender
points (symptoms not felt by the patient but detectable by clinical examination such as tenderness
provoked by palpation of the joint capsule, ligaments and tendons) [18].

In the front view the following anatomic points were evaluated: (i) the ulnar and radial
epicondylus and elbow pitch; (ii) lateral and medial recessus, medial and lateral collateral ligament,
medial and lateral Hoffa, apex patellae and tibial tuberosity of the knee; (iii) medial and lateral capsule
on the ankle joint (Figure 1). Evaluation in the rear view included: (i) the radial and ulnar epicondylus,
medial and lateral capsule of the elbow; (ii) medial collateral and lateral collateral ligament, dorsal
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medial and lateral capsule for knee; (iii) achilles tendon, tibialis posterior and peroneal tendon around
the ankle joint (Figure 1).

Thermographic images were analyzed and temperature values of the joints and hot spots were
extracted using the software IRBIS control.

Temperature values of anatomical relevant regions were manually extracted by polygons.
These polygons had the same size at both corresponding regions. Temperature difference are defined
by more than 0.5 °C between the same anatomical regions on both sides [19]. Asymmetric rise of
temperature in the same anatomical regions of the left and right ankles, knees and elbows were
considered in detail. For individual visualization hot-spots are shown using a threshold value.
These values were not used for further analysis. An example data set of thermographic investigations
of a hemophilic child can be found in the Supplementary Material, Figure S2.

The study was carried out in accordance with good clinical practice and the Declaration of Helsinki.
All the used data were a part of a retrospective study case series derived from routine follow-up visits.
Data were anonymous in concordance with general data protection rules. Thermography is established
as a normal procedure in the German medical fee schedule. The healthy control group was gathered by
including male siblings of the patients that usually attend the practice appointments of their brothers
upon the request of their parents. Informed consent from the parents was given for their data to be
collected and used for comparison.

2.2. Statistical Analysis

The distribution of all continuous variables was tested by the Shapiro-Wilk test and equal variance
was tested on by the Brown-Forsythe test accordingly. Continuous variables were compared by the
Student’s t-test, in cases, equal variance was not given, the Mann-Whitney Rank Sum Test was applied.
A p value < 0.05 was considered as statistically significant. Analyses were performed by using IBM
SPSS Statistics software (release 21, IBM Corp., Armonk, New York, NY, USA). A confusion matrix
was used to assess the precision (positive predictive value PPV), sensitivity, specificity (true negative
value) accuracy and negative predictive value (NPV) comparing tender points and side differences in
infrared thermography. For all sites of tenderness, the rates of true and false positive or negative cases
was calculated in patients and controls. For each joint, the rates was summarised and then the rates for
the investigated samples were determined. Finally, sensitivity and specificity of increased temperature
for tenderness was calculated.

3. Results

Regarding the HJHS, no significant differences between children with severe hemophilia and
the group of healthy children were observed. The clinical scores of the HJHS were zero (0) in each
patient and all healthy boys. The examination for silent symptoms/tender points showed a significant
difference (Figure 2B): 2.1 silent symptoms per child in the healthy group, versus 6.9 silent symptoms in
the children with severe hemophilia were observed. There is a significant difference between children
with severe hemophilia with no clinical symptoms and healthy children concerning thermography.

Thermographic side differences (>0.5 °C) were found in both groups. Thermographic right/left
differences are exemplarily shown in Figures 2 and 3 In the healthy group the average was
2.6 (2.06 stdv.) per child. In the hemophilic group 8.3 (3.498 stdv.) relevant thermographic side
differences per child have been found. More temperature differences than silent symptoms were
observed in both groups.
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Figure 2. Thermographic side differences (>0.5 °C) (A) and corresponding silent symptoms/tender
points (B) found in the groups of hemophilic and healthy children. Significant differences in
temperature differences (A) were assessed by a student’s ¢-test. Significant differences in the amount of
silent symptoms (B) were analyzed using the Mann-Whitney Rank Sum Test. Asterisks marks indicate
significant differences with a p = <0.05.
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Figure 3. Example of a clinical examination of the antero-lateral and antero-medial capsule of the ankle
joint (upper part). The thermographic examination of right/left differences of the ankle joint in front
and rear view (below) showed marked right/left differences of 1.96 °C in the rear view on the tibialis
posterior tendon and of 1.23 °C in the front view on the antero-lateral capsule.

The distribution of silent symptoms and thermographic right/left differences were different for
the joints but similar in both groups (Figure 4). The elbows manifested 26.1% of all silent symptoms in
the hemophilic group and 16% of all silent symptoms in the healthy group. The thermography result
for the elbows was positive in 25.6% in the hemophilic group and 37.5% in the healthy group. From all



Sensors 2018, 18, 518 6 of 10

silent symptoms found in CWH the knees of the hemophilic group carried 23.2% and in the healthy
group 28%. The thermography of the knees showed 41.5% of the temperature differences >0.5 °C
in the hemophilic and 40.6% in the healthy group. The ankles carried most of the silent symptoms
with 50.7% for the hemophilic group and 56% for the healthy group. The thermography was positive
on the ankle joints in 32.9% of the hemophilic group and 21.9% of the healthy group. The absolute
number of temperature differences was 82 in the hemophilic group and much higher compared to the
healthy group with 32 (Figure 4A). A clear difference was found also in the number of investigated
silent symptoms, 69 silent symptoms were found in all CWH and 25 in all healthy children.

Additional results arise from the calculation of precision (positive predictive value), sensitivity,
specificity (true negative value) accuracy and negative predictive value (NPV) comparing tender
points and side differences in infrared thermography. After calculating the results for all investigated
structures the results were pooled for higher numbers. All results for CWH and healthy children were
added jointwise.

A Temperature Differences [absolute] B Silent Symptoms [absolute]

Knee Knee

n= 82 \ n=69
n=32 \ n=25

. Elbow

20 25 30 35 40

. Elbows
20 25 30 35 40

- CWH e C\WH
- Healthy O Healthy

Ankle joint Ankle joint
C Temperature Differences [relative] D Silent Symptoms [relative]
Knee Knee

Ankle joint Ankle joint

Figure 4. Absolute distribution of temperature differences (A) and silent symptoms (B) in children with
hemophilia and healthy children. The sum of temperature differences was in the hemophilic group 82
and in the healthy group 32. 69 silent symptoms appeared in hemophilic children and 25 in healthy
children. The relative appearance of temperature differences (C) and silent symptoms (D) among the
different joints for healthy children and children with hemophilia.



Sensors 2018, 18, 518 7 of 10

The elbow showed the following results: Precision (positive predictive value) = 0.59, sensitivity = 0.94,
specificity = 0.81, accuracy = 0.83, and NPV = 0.99. Knee joint: Precision (positive predictive value) = 0.16,
sensitivity = 0.8, specificity = 0.68, accuracy = 0.70 and NPV = 0.985. Ankle joint: Precision (positive
predictive value) = 0.51, sensitivity = 0.96, specificity = 0.71, accuracy = 0.77 and NPV = 0.98. All patients
and all joints combined: Precision (positive predictive value) = 0.33, sensitivity = 0.84, specificity = 0.73,
accuracy = 0.74 and NPV = (0.96.

4. Discussion

The latest study on arthrorrhagia in patients with haemophilia described infrared thermography
as a possible tool to detect joint bleeds. It was possible to discriminate between a mild bleeding
group and a moderate to severe bleeding group. [16] It is very important to have a sensitive tool for
diagnosing acute bleeding episodes. It is equally important to know if infrared thermography can be
used as a diagnostic tool at the onset of hemarthropathy as well.

The main focus of this study was to find a way to discover signs of inflammation in children with
hemophilia in a very early, pre-clinical stage. Therefore we looked for a group of CWH with no clinical
symptoms and no history of clinical joint bleeds and compared them with an age-matched group of
healthy children. Early detection of inflammation could help making treatment more effective and
prevent crippling deformation of the joints. Warmth is a cardinal feature of inflammation and may be
objectively measured by the use of infrared thermography. There are studies that show a significant
correlation between thermographic findings and disease activity in rheumatoid arthritis [15].

The normal degree of thermal asymmetry between opposite sides of the body is very small.
Reported differences for the forehead were 0.18 &= 0.18 °C, for the leg 0.27 &= 0.2 °C, and for the foot
0.38 £ 0.31 °C. The values were measured over a period of 5 years and were obtained from 40 matched
regions of the body surface of 90 asymptomatic normal individuals. These values could be used as a
standard and the degree of asymmetry is a quantifiable indicator of dysfunction [20].

Significant asymmetry of more than 0.5 °C is not physiologic [19]. Subclinical problems can be
diagnosed before clinical relevance can be seen [21]. Studies on horse tendons showed thermographic
hot spots two weeks before swelling, pain and laming occurred [8]. In sports medicine thermography
is used to discover pre-seasonal hot spots, for example in the tibial tuberosity of juvenile alpine
skiers [22]. In 35 women and 52 male athletes thermography was performed. In seven of them
the medium temperature difference on the tibial tuberosity was 1.4 °C recognized as hot spots.
The mean temperature difference in the not affected athletes was 0.3 °C. Only four of the seven
thermographically spotted patients reported symptoms like pain. The others were asymptomatic.
The physical examination showed, that the hyperthermia correlated with a tender point on the
tibial tuberosity.

The results indicate that thermography is a sensitive clinical diagnostic tool. It seems to detect
more side differences in temperature than clinical examination of silent symptoms detects tender
points in children with severe hemophilia and healthy children. Therefore it can be used to verify
early local inflammation. The literature shows that a hot spot is correlated with an increase of local
blood flow. An increase of local blood flow is used to identify inflammation or acute (silent) bleedings.
Within this study, it was demonstrated, that there is a significant difference between silent clinical
symptoms and thermographic right/left differences >0.5 °C in healthy children and a group of
children with severe hemophilia without manifest clinical symptoms and no clinical bleeding history.
Using only the HJHS score [6] for clinical examination none of the children would have shown any
pathologic findings and could not be differentiated from the healthy group. Infrared thermography and
examination for tender points can be used to describe early symptoms and then initiate preventative
treatment. Especially for hemophiliacs it is necessary to start a preventative treatment before manifest
hemarthropathy. The results in literature implicate, that silent bleeds occur [2,5]. It is known that even
small amount of blood could lead to structural changes in early adulthood. Not only for the knee but
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especially for the ankle joints. There is an increasing number of patients with first clinical symptoms
on their ankle joints in the mid-twenties [23].

The distribution of silent symptoms and of thermographic side differences in the different joints
is rather similar between the two groups. Whereas the elbow and the knee together represent more or
less half of the silent symptoms, the ankle joint in both groups was responsible for the other half of
the silent symptoms. This could be due to a larger number of proprioceptive organs in the ankle joint
versus the knee and the elbow joint. It could be one explanation why the ankle joint is showing earlier
clinical signs of hemarthropathy than the other joints [23]. The knee joints show the highest number of
thermographic right/left differences in both groups and less silent symptoms. This could indicate that
it is not as sensitive to physical examination as the other joints. The knee might react to overloading
with an increased blood flow before inflammation increases the sensitivity of the structures. The joint
surrounding capsule and ligaments do carry proprioceptive sensors that are necessary for optimal
joint function [24]. Even slight inflammation can disturb this sensible task and lead to malfunction,
consecutively to repetitive stress, more overloading and finally structural damage [25].

Infrared thermography already proofed to be an early predictor of increased blood flow [8,15,22]
and act in a similar way as isotope bone scanning [12] That allows to correlate the presence of
tender points with the difference in temperature which reveals inflammation [13]. Overall more
thermographic side differences were measured than tender points. This decreased the precision
(positive predicting value) and indicates a medium to low reproducibility of the used test. But it
indicates as well that infrared thermography is able to detect right/left differences in blood flow earlier
than silent symptoms/tender points occur, particularly in the knee joints. Better values were found for
specificity (true negative value) and for negative predictive value (NPV). This indicates that the joints
and the neighboring structures can be predicted healthy with a good reliability, if no tender point
and no thermographic side differences were found. A good sensitivity (low false negative results)
and accuracy (describing accurately both true positive and true negative results) could recommend
infrared thermography and clinical examination of tender points as reliable diagnostic tools for early
interpretation of inflammatory response of the subcutaneous joint structures as capsule, ligaments
and tendons.

Physical therapy offers enough opportunity to treat preventatively and according to the findings.
In further studies the success of the treatment could be evaluated by the same two diagnostic tools
and can provide a quality control feedback. After the first paper on hemophilia and thermography
from 1975 by Forbes et al. [26] this is a new—and because of the improved accuracy of thermographic
cameras—a more successful attempt to implement it into clinical routine. The short comings of this
paper are the small number of retrospectively evaluated patients and control group. We have to
judge the interpretation of the data as preliminary. This is especially true for the calculated validity,
reproducibility, reliability and diagnostic ability of the used tests. More studies and higher numbers
are needed to get more reliable information.

5. Conclusions

Infrared thermography is a useful tool for early detection of inflammatory response differences of
the joints in CWH and a healthy group of age-matched children. It detects more side differences in
temperature than clinical examination of silent symptoms detects tender points in children with severe
hemophilia. Early detection of inflammation based on non-invasive sensor measurements in addition
with clinical examination of tender points could provide prevention of overloading and bleeding.

Supplementary Materials: The following are available online at www.mdpi.com/xxx/s1, Figure S1: Body mass
index of healthy children and children with hemophilia; Table S2: Example data set from region of interest extracted
from thermographic images; Table S3: Results from the calculation of accuracy, sensitivity and specificity.

Acknowledgments: The authors would like to express their gratitude to the patients involved in this study and
to Sabine von Tiedemann for proofreading and helpful comments, to Jan Behmann for statistical advises and
finally to the anonymous reviewers for their helpful comments and advises to improve this manuscript.


www.mdpi.com/xxx/s1

Sensors 2018, 18, 518 90f 10

Author Contributions: Axel Seuser, Karin Kurnik and Anne-Katrin Mahlein conceived and designed the
experiments; Axel Seuser and Anne-Katrin Mahlein performed the experiments and analyzed the data; Axel Seuser
and Anne-Katrin Mahlein wrote the paper. All authors read and approved the final manuscript.

Conflicts of Interest: The authors declare no conflict of interest. The founding sponsors had no role in the design
of the study; in the collection, analyses, or interpretation of data, in writing the manuscript, and in the decision to

publish the results.

References

1.  Giangrande, P. Haemophilia B: Christmas disease. Expert Opin. Pharmacother. 2005, 6, 1517-1524. [CrossRef]
[PubMed]

2. Manco-Johnson, M.].; Abshire, T.C.; Shapiro, A.D.; Riske, B.; Hacker, M.R.; Kilcoyne, R.; Ingram, ].D.;
Manco-Johnson, M.L.; Funk, S.; Jacobson, L.; et al. Prophylaxis versus episodic treatment to prevent joint
disease in boys with severe hemophilia. N. Engl. ]. Med. 2007, 357, 535-544. [CrossRef] [PubMed]

3.  Lobet, S.; Detrembleur, C.; Francq, B.; Hermans, C. Natural progression of blood-induced joint damage
in patients with haemophilia: Clinical relevants and reproducibility of three dimensional gate analysis.
Haemophilia 2010, 16, 813-821. [CrossRef] [PubMed]

4. Van Meegeren, M. Update on pathogenesis of the bleeding joint: An interplay between flammatory and
degenerative pathways. Haemophilia 2010, 16, 121-123. [CrossRef] [PubMed]

5. Seuser, A.; Boehm, P.; Kurme, A.; Schumpe, G.; Kurnik, K. Orthopedic issues in sports for persons with
haemophilia. Haemophilia 2007, 13, 47-52. [CrossRef] [PubMed]

6. Feldman, B.M.; Funk, S.M.; Bergstrom, B.M.; Zourikian, N.; Hilliard, P; van der Net, J.; Engelbert, R.;
Petrini, P.; van den Berg, H.M.; Manco-Johnson, M.].; et al. Validation of a new pediatric joint scoring system
from the International Hemophilia Prophylaxis Study Group: Validity of the hemophilia joint health score.
Arthritis Care Res. (Hoboken) 2011, 63, 223-230. [CrossRef] [PubMed]

7. Mahlein, A.-K. Plant disease detection by imaging sensors—Parallels and specific demands for precision
agriculture and plant phenotyping. Plant Dis. 2016, 100, 241-251. [CrossRef]

8.  Eddy, A.L.; Van Hoogmoed, L.M.; Snyder, ].R. The role of thermography on the management of equine
lameness. Vet. J. 2001, 162, 172-181. [CrossRef] [PubMed]

9. Gautherie, M.; Gros, C.M. Breast thermography and cancer risk prediction. Cancer 1980, 45, 51-56. [CrossRef]

10. Hildebrandt, C.; Raschner, C.; Ammer, K. An overview of recent application of medical infrared
thermography in sports medicine in Austria. Sensors 2010, 10, 4700-4715. [CrossRef] [PubMed]

11. Binder, A.; Parr, G.; Page, T.D.P.; Hazleman, B. A clinical and thermographic study of lateral epicondylitis.
Br. J. Rheumatol. 1983, 22, 77-81. [CrossRef] [PubMed]

12. Thomas, D.; Savage, ].P. Persistent tennis elbow: Evaluation by infrared thermography and nuclear medicine
isotope scanning. Thermology 1989, 3, 132-136.

13.  Ammer, K. Thermal evaluation of tennis elbow. In The Thermal Image in Medicine and Biology; Ammer, K.,
Ring, E.E]., Eds.; Uhlen: Wien, Austria, 1995; pp. 214-219.

14. Hildebrandt, C.; Raschner, C. An intra-examiner reliability study of knee temperature patterns with medical
infrared thermal imaging. Therm. Int. 2009, 19, 73-77.

15. Deveraux, M.D.; Parr, G.R.; Thomas, D.P.; Hazleman, B.L. Disease activity indexes in rheumatoid arthritis;
a prospective, comparative study with thermography. Ann. Rheum. Dis. 1985, 44, 434—437. [CrossRef]

16. Zhou, X; Sun, X,; Liu, Z; Zhuang, J.; Ye, J.; Liu, Q.; Sun, J. Infrared thermal imaging maybe an available tool
to detect arthrorrhagia in patients with hemophilia. Blood 2017, 130, 4887.

17.  Ammer, K. The Glamorgan Protocol for recording an evaluation of thermal images of the human body.
Thermol. Int. 2008, 18, 125-129.

18. Seuser, A.; Bohm, P.; Wermes, C. Early orthopaedic challenges in haemophilia patients and therapeutic
approach. Thromb. Res. 2013, 134, S61-567. [CrossRef] [PubMed]

19. Selfe, ].; Whitaker, J.; Hardaker, N. A narrative literature review identifying the minimum clinically important
difference for skin temperature asymmetry at the knee. Thermol. Int. 2008, 18, 41-44.

20. Uematsu, S.; Edwin, D.H.; William, D.; Jankel, R.; Kozikowski, J.; Trattner, M. Quantification of thermal
asymmetry: Part 1: Normal values and reproducibility. J. Neurosurg. 1988, 69, 552-555. [CrossRef] [PubMed]

21. Kolosovas-Machuca, E.S.; Gonzalez, FJ. Distribution of skin temperature in Mexican children.

Skin Res. Technol. 2011, 17, 326-331. [CrossRef] [PubMed]


http://dx.doi.org/10.1517/14656566.6.9.1517
http://www.ncbi.nlm.nih.gov/pubmed/16086639
http://dx.doi.org/10.1056/NEJMoa067659
http://www.ncbi.nlm.nih.gov/pubmed/17687129
http://dx.doi.org/10.1111/j.1365-2516.2010.02245.x
http://www.ncbi.nlm.nih.gov/pubmed/20398067
http://dx.doi.org/10.1111/j.1365-2516.2010.02309_2.x
http://www.ncbi.nlm.nih.gov/pubmed/20590867
http://dx.doi.org/10.1111/j.1365-2516.2007.01507.x
http://www.ncbi.nlm.nih.gov/pubmed/17685925
http://dx.doi.org/10.1002/acr.20353
http://www.ncbi.nlm.nih.gov/pubmed/20862683
http://dx.doi.org/10.1094/PDIS-03-15-0340-FE
http://dx.doi.org/10.1053/tvjl.2001.0618
http://www.ncbi.nlm.nih.gov/pubmed/11681868
http://dx.doi.org/10.1002/1097-0142(19800101)45:1&lt;51::AID-CNCR2820450110&gt;3.0.CO;2-L
http://dx.doi.org/10.3390/s100504700
http://www.ncbi.nlm.nih.gov/pubmed/22399901
http://dx.doi.org/10.1093/rheumatology/22.2.77
http://www.ncbi.nlm.nih.gov/pubmed/6682688
http://dx.doi.org/10.1136/ard.44.7.434
http://dx.doi.org/10.1016/j.thromres.2013.10.022
http://www.ncbi.nlm.nih.gov/pubmed/24726553
http://dx.doi.org/10.3171/jns.1988.69.4.0552
http://www.ncbi.nlm.nih.gov/pubmed/3418388
http://dx.doi.org/10.1111/j.1600-0846.2011.00501.x
http://www.ncbi.nlm.nih.gov/pubmed/21338404

Sensors 2018, 18, 518 10 of 10

22.

23.

24.

25.

26.

Kohle, M.S.; Lloyd-Smith, R.; Taunton, J.E. Alpine Ski Injuries and their prevention. Sports Med. 2002,
32,785-793. [CrossRef]

Ling, M.; Eysen, ]. P.H.; Duncan, EM.; Rodgers, S.E.; Lloyd, ].V. High incidence of ankle arthropathy in mild
and moderate haemophilia. Thromb. Haemost. 2011, 105, 261-268. [CrossRef] [PubMed]

Barrack, R.L.; Skinner, H.B. The sensory function of knee ligaments. In Knee Ligaments: Structure, Function,
Injury and Repair; Daniel, D.D., Akeson, W.H., O’Connor, ].J., Eds.; Raven Press: New York, NY, USA, 1990;
pp- 95-114.

Thornton, G.M.; Shrive, N.G.; Frank, C.B. Altering ligament water content affects ligament pre-stress and
creep behavior. . Orthop. Res. 2001, 20, 845-851. [CrossRef]

Forbes, C.D.; James, W.; Prentice, C.R.M.; Greig, W.R. A comparison of thermography, radioisotope scanning
and clinical assessment of the knee joints in haemophilia. Clin. Radiol. 1975, 26, 41-45. [CrossRef]

® © 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.2165/00007256-200232120-00003
http://dx.doi.org/10.1160/TH10-07-0492
http://www.ncbi.nlm.nih.gov/pubmed/21057696
http://dx.doi.org/10.1016/S0736-0266(01)00005-5
http://dx.doi.org/10.1016/S0009-9260(75)80008-0
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Thermographic Image Acquisition and Clinical Investigation 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

