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Thermographic patterns in migraine

by P. PERRONE,® D. PORAZZI,” P.L. CARNAGHI® and G. LANDI®
D Neurological Department, City Hospital, Busto Arsizio; @ Neurological Clinic Il, University of Milan, Milan (Italy)

Summary. The Authors performed a thermographic (T.) examination on 53 migrainous patients
both during and between attacks. Thirty-one patients (58.4%) had an abnormal T. during an
attack, and 8 of them (1 5.1%) showed persistent abnormalities between attacks, No correlation
was found between positive T. findings and clinical data. Besides T. asymmetry, the presence of
a warm spot at the internal orbital angle was observed, this sign occurring more frequently than

T. asymmetry.
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A) INTRODUCTION

Thermography (T.) has yielded useful infor-
mation concerning skin temperature and, by
inference, about skin blood flow. This techni-
que was used >’ to demonstrate a decrease in
skin temperature on the headache side of some
migraine patients The results suggested that
blood is shunted away from the skin during a
migraine attack. Thereafter, T. has been used
in the evaluation of orofacial pain’ and ice
cream headache.’ In the attempt to review the
incidence of T. abnormalities in migraine, 53
migrainous patients were examined. Mo-
reover, the patients' clinical data were correla-
ted with T. findings.

6) PATIENTS AND METHODS

Fifty three migrainous patients were
examined both during and between attacks.
Diagnosis was established on a clinica and
pharmacological field, using provocative tests
(with either histamine or reserpine) and ex-
tinction tests (ergotamine injection, common
carotid a. compression).

Forty one patients had common migraine,
whereas 12 suffered from classicad migraine.
The mean age was 34.2 yrs (range, 14-65 years).
There were 33 femaes and 20 males.

An AGA Thermovision equipment was
used. All patients were cooled for 10 mins be-

fore examination at a room temperature of 19-
21°C. T. were obtained both in frontal and
lateral view. Polaroid type 668 film was used
for recording the thermal image.

. Asymmetrical temperature was considered
to be present when there was a difference of at
least 1°C between the 2 sides (Fig. 1). The T.
pictures were analyzed aso for the presence of
awarm spot at the internal orbital angle, which
frequently occurred in these patients. A warm
spot was present when the internal orbital
angle was at least 1°C warmer than the con-
trolatera one (Fig. 2).

Fig. 1. Asymmetrical temperature during acute migraine
attack.
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Tab. 1. Frequency and duration of
migraine attacks (53 patients).

Frequency: 1 iwk 11153 :(20:8%)
1/month 26/53 (49.0%)
11yr 16/53 (30.2%)
Duration: 1240 29158 (547 )
longer than
24 h 24/53 (45.3%)

Fig. 2. Warm spot at the internal orbital angle.

C) RESULTS

Clinical features of headache are listed in
Tab. | and Tab. II. During an acute attack, T.
abnormalities were found in 8 out of 12
patients with classical migraine (66.7%), and in
23 out of 41 patients with common migraine
(56.1%). This difference is not statistically
significant. Between attacks, abnormalities &
persisted in 3 subjects with classical migraine |
(25.0%) and in 5 subjects with common mi-
graine (12.2%) (Fig. 3 and Fig. 4). These results
are summarized in Tab. Ill. No correlation was
found between T. abnormalities and the

Tab. I. Clinical features of migraine
(53 patients).

Preliminary visual

symptoms 16153 (30.2%)

Unilateral pain 29/53 (54.7%)

Throbbing headache 38153 (71.7%) L i

Nausea and vomiting 34153 (64.2%) ‘ 4 | B
Fig. 3 A-B. Same patient as Fig. 1. A) during the attacks,

Positive family history 19153 (35.8%) there is a warm spot at the internal orbital angle. B) Bet-

ween attacks, the warm spot is not observable.
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Fig. 4 A-B. Same patient as Fig. 2. A) during the attacks, there is asymmetry of the facial temperature. B) Between attacks,
there is persistence of symmetrical temperature.

Tab. 1ll. Thermographic findings during and between attacks (53 patients).

. Asymmetrical )
Clinlcal patterns NO AT Warm spot temperdture
P and/or warm sppot
Classical migraine 12
during attacks 2112 (166%) 6/1 2 (50 0%) 8/1 2 (66 7%)
between attacks Oil 2 3112 (25 0%) 3/1 2 (25 0%)
Common migraine 41
during attacks 10141 (24 4%) 18141 (43 9%) 23141 (56 1%)
between attacks 3141 (7 3%) 2141 (4 9%) 5141 (12 2%)
Total 53
during attacks 12153 (22 6%) 24153 (45.2%) 31153 (58 4%)
between attacks 3153 (5 6%) 5153 (9 4%) 8153 (15 0%)

presence of preliminary visual symptoms, dings, in a greater number of patients, show a
unilateral or throbbing pain, nausea, frequency low er percentage of positive findings (58,4%),
and duration of attacks, positive family history. with better results in classical than in common

migraine. Thus, the vaue of T. in migraine

appears to be limited, even if it may be a useful

D) DISCUSSION diagnostic tool in atypical cases.
Lance’ found abnorma T. in 10/13 (76%) The presence of a warm spot at the internal
migraine patients during attacks. Personal fin- orbital angle in migraine has not been reported
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Thermography of stress fractures
in military personel

by K. MEURMAN,Y K. SOMER"¥ and J. SJOVALLY

@ Central Military Hospital 1, and @ Depaitment of Diagnostic Radiology, University Central Hospital,
Helsinki (Finland)

Summary. Lower leg and pelvis tele-thermography (T.) was performed on 66 military recruits
suspected of stress fractures at 84 various sites. Radiological (R.) signs of fractures were found
at 64 sites. In 29 of these the T. were positive and in 35 negative. The best correlation between R.
and T. was found in the metatarsals, but from 25 fractures in the tibial shaft, T. was positive only
in 9. T. brings no essential addition to the routine methods in diagnosis of stress fractures in

military personel.
Key words: stress fracture, thermography.

A) INTRODUCTION

March or stress fractures are relatively com-
mon among military recruits even today.*!%!4
There are reports of cases among civilians, too,
especially in athletes”® and occasionally in
children and older women. >!? The diagnosis is
usually revealed by the callus seen in radio-
grams (R.). The vascular hyperactivity of the
active callus tissue is well known and is a
source of heat emission. To date, there have
been relatively few reports on thermography
(T.) in the diagnosis of o0sseous processes,
especially fractures.»?%1° The use of contact
T. in the study of osseous consolidation was
just described.® No report of T. in stress frac-
tures has been found by the Authors. Aim of
this investigation was to study the value of T. in
stress fractures in military personel.
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B) PATIENTS AND METHODS

The subjects were 66 military recruits re-
ferred consecutively to the Central Military
Hospital, Helsinki, for clinically suspected
stress fractures. Six of the patients were
athletes, the others non-athletes. Their average
age was 20.6 yrs (range 17.8 - 26.5 yrs). The
mean body weight was 70 kg (range 52 - 86 kg)
and the mean height 180 cm (range 166 - 196
cm). The series consisted of 32 white-collar
workers and 34 labourers. They came from all
branches of the military, but the basic training
programme was practically the same for
everyone. Conventional R. were taken of all
the clinically suspected sites. T. (Aga-Ther-
movision 680 Medical) was performed for sus-
pected stress fracture in lower legs and pelvis.
The T. was taken from a mirror above the



patient. The examinations were carried out in
a supine position, legs elevated 15 - 20" above
the horizontal. With few exceptions, the pa
tients were aso examined in the prone posi-
tion. Before T. the patients were allowed to lie
a rest for about 10 mins. A temperature diffe-
rence of 1.0% was considered significant when
using a sensitivity setting of 10°C. Images were
recorded on Polaroid films.

ClI RESULTS

The symptoms were: pain during or after
marches or terrain exercises, progressively
increasing with continued stress and usualy
ceasing when a rest; limping; local tender-
ness, sometimes swelling at the easily palpable
sites. Symptoms were found at 84 various sites
in the 66 patients. According to R. there were
bilateral stress fractures in 9 patients. Tab. |
shows the correlation of the R. and T. findings.
These were divided into 4 groups (I - IV). In
groups Il and 1V follow-up R. were taken from
1 to 4 wks later, but they all remained negative.
Tab. Il shows the distribution of the sites of
suspected stress fractures and the correspond-
ing R. and T. findings. The average time from
the appearance of the symptoms to the R.
examination was 5 wks in group I, 4.5 wks in
group Il and 3.5 wks in groups Il and 1V. The
average time from the first medical
examination to the R. was 1.5 wks in group I,
3.5 wks in group Il and 2.5 wks in groups IlI
and 1V. Figs. 1, 2 and 3 show some typical
stress fractures with corresponding T.

D) DISCUSSION

A definitive diagnosis of stress fracture can
be made only with R. examination. Thus, if the

R. is negative and remains negative in the re-
examinations, a diagnosis of stress fracture
cannot be made (groups Il and 1V). Of course,
a positive T. without R. findings may represent
a stress fracture in situ, but may aso represent
some other heat emitting process.

In stress fractures (groups | and 1) the best
correlation between R. and T. was seen in the
metatarsals (Fig. 1). This was not surprising,
since the soft tissue in this area is very thin
(Tab. 11). However, in 1 case, with clinica
symptoms and R. evidence of stress fracture of
the first metatarsal, the T. was negative.

T. was aso norma in more than haf of the
stress fractures in the calcaneus, in most of the
fractures in the tibial condyles and in 1 of the 2
fibular shaft fractures (Tab. 11). Also in these
areas the soft tissue is thin. It is difficult to exa
plain the negative T. in these cases.

Of the 25 stress fractures in the tibial shaft T.
was, surprisingly, negative in 16 cases. An
analysis of the respective R. shows that in 1
case the calus was aready old (homogeneous
and sharp-lined) and that in 7 cases the damage
was relatively small with only a dight callus
formation. On the contrary, the periostal calus
was distinct in 8 cases and looked active. The
clinical symptoms were evidenf too. The
stress fracture in the tibial shaft occurs mostly
on the medio-dorsal aspect of this cross-sec-
tionaly triangular bone. The strong calf mus-
culature interfering with the heat emission
may be one explanation for the negative T.

Because the shaft of the tibia is one of the
most common sites of stress fractures,®”!' it
would appear that T. is not a very good means
of diagnosis unlike the results reported on
traumatic fractures.>'° On the other hand, the
0sseous damage in traumatic situations is fair-
ly extensive, and the calus as the source of

Tab. I. dorrelation between radiographic and thermographic findings.

. Thermography Pésitive Negative Total
Radiography

Positive Group | 29 Group Il 35 64

Negative Group HI 8 Group IV 12 20

Total 37 47 84
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Fig. 1 A-B. A) Stress fracture in the diaphysis of the second metatarsal of left foot. There is a moderate callus. B)
Hyperthermic area in the metatarsal region.

Fig. 2 A-B. A) An interapongeous calluS can be seen
dorsdlly in left calcaneus. B) In PA projection a hyper-
thermic area

heat emission is more pronounced. This can
perhaps explain the better correlation between
T. and R. findings. Prats et al."” recorded nd
increased heat emission until 8 days after the
trauma. At this point the R. usualy also shows
the first signs of callus formation. In stress frac-

tures, too, positive R. findings cannot usualy
be expected during the first wk after appearan-
ce of the symptoms.ﬂ

The average duration of symptoms in
groups | and Il was similar but the average time
from the first medica examination to the R.
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Fig. 3 A-B. A) Periostal stress fracture callus of the left
tibia shaft. B) Hyperthermic area in upper part.

radiographic and thermographic findings.

Tab. II. Distribution of sites of suspected stress fractures with the corresponding

Groups of T-R corrc-l.;'tlc:ns{
of Sess facture Group | St | Group I Group IV
(R+T+) (R+T— (R—T+) (R—T—)
Pubic arch 116 5x‘6|
Femoral shaft 1"
Distal end of femur 111
Tibial condyl 1/5 4/5
Tiblal shaft 9/40 16/40 4140 11/40
Flbular shaft 1/2 1/2
Calcaneus B/1 4| 8/14
Metatarsal 10/14 1/14 3/14
Cs Cum—::i‘O'mel 1;'1
Total 29/84 35/84 8184 12/84
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diagnosis was 2 wks longer in the group with
negative T. (group I1). It is possible that since
painful activities had been avoided on doctors
orders, the heat emission of the fracture had
decreased, and so the T. remained negative
although the R. was positive.

It should be pointed out that stress fractures
often occur bilaterally;>*!* this fact must be
remembered when comparing the T. patterns
in both legs.

Although the T. in one pubic arch stress
fracture was posditive in this study (negative in4
cases), the best results are to be expected in
areas where the soft tissue is thin, e.g. foot and
wrist. On the other hand, in these areas pal-
pation and inspection alone often give the
same information, and T. aone is not accurate
enough for specific diagnosis. As a completly
non-invasive and simule method T. could be
used as a complementary diagnostic tool.

REFERENCES

1. ALBERT SM., GLICKMAN M.,KALLISH M.: Thermogra-
phy in orthopedics. Ann. N. Y. Acad. Sc., 121, 157-170,
1964.

2. BranD P.W.: Thermography in orthopedics and in
experimental stress. in Uematsu S. Ed.: Medical Ther-’

mography. Theory and clinical applications. Brentwood
Pol., Los Angeles, 1976.

. Devas M.: Stress Fractures. Churchill Livingstone Phl.
Edinbourrh, ,London, New York, 1975.

4. GILBERT R.S., JouNsoN H.A.: Stress fractures in mili-
tary recruits. Milit. Med., 131, 716-721, , 1966.

. GrouLER P., PortouT D., ToSELLO A., ALTSCHULER

G., AMALRIC R.: Study of fracture consolidation by te-

lethermography. Correlations with radio-clinical exa

minations. Acta Thermographica, 2, 103-110, 1977.

LeLik F., BiTaArR S., KonsBruck R., JAEGER J.H.,,

JENNY G., KeMPE 1.; Thermographie cholestérique et

consalidation. asseuse. . Utilisation. de la.thermagraphie

en orthopédie-traumatologie. Rev. Chir. orthoped., 63,

393-396, 1977.

. 0" DonoGHUE D.: Treatment of  injuries to athletes.
W.B. Saunders Co. Pbl., Philadelphia, 1976.

. Orava S., PURANEN J., ALa-KETOLA L.: Stress frac-
tures caused by physical excercise. 4dcta orthop. scand.,
49, 19-27, 1978.

. PraTHER J.L., NusyNowiTtz M.L., SNowpy H.A., Hu-
GHES A.D.,, McCarINEY W.H., BAace R.J... Scinti-
graphic findings in stress fractures. J. Bone Jt. Surg.,
59-A, 869-874, 1977.

10. PraTs M.. ARANDES JM.. PUIGDOMENECH L.: T&I&-
thermographie du cal osseix dans les fractures. Mhdi-
terranee Med., 36, 61-67, 1974.

11. ProtzMAN R.R., GRiFFIs C.G.: Stress fractures in men
and women undergoing military training. J. Bone Jt.
Surg., 59-A, 825, 1977.

12. ReiINHARDT K.: Arteriographiscer Befund bei einer
Schipperfraktur am Oberschekelschaft. Rontgen-Bl..
32, 564-572, 1979.

13. Sweer D.E., ALLman RM.: RCP of the month from
the AFIP. Radiology, 99, 687-693, 1971.

14. WiLson E.S., Katz F.N.: Stress fractures. An anaysis
of 250 consecutive cases. Radiology, 92,481-486, 1969.

w

wn

Laid

-

oo

O

Changes in muscle rest blood flow and superficial
temperature of the legs associated with
therapeutic defibrinogenation

by A.J. MEISSNER, M. KARPOWICZ, L. KONOPKA and W. RUDOWSKI
Department of Surgery and Medicine, Institute of Haematology, Warsaw (Poland)

Summary. Controlled pharmacological defibrinogenation was performed in 11 patients with
peripheral arterial occlusive disease (3rd and 4th stage of Fontaine’s classification). A **Xe
clearance technique and thermographic investigation were applied to evaluate the effect of de-
fibrinogenation on the peripheral blood flow in the affected and the non-affected legs. The
muscle rest blood flow and the skin temperature of the affected legs significantly increased dur-
ing the period of administration of defibrinogenating agent. The peripheral circulation seemed to
improve considerably within the course of defibrinogenation and in 9 patients the symptoms
were evidently alleviated at the end of the treatment.

Key words: arteriosclerosis, defibrinogenation, thermography, '**Xe.

136



A) INTRODUCTION

In the past 10 yrs many Authors have sug-
gested that defibrinogenation with thrombin-
like enzymes may result in multi-factorial
improvement of the blood flow properties in
patients with diffuse peripheral arterial disea
se.*>%3 It has been known that reduction of
blood fibrinogen level results in diminution of
plasma and whole blood viscosity;*,”
moreover a significant increase in the leg
blood flow as measured by DorrLer perfusion
pressure and calf plethysmography was
demonstrated in patients with peripheral ar-
terial occlusive disease treated with defibrino-
genating agents.**® The aim of this study was
to investigate the effect of pharmacological de-
librinogenation on the muscle rest blood flow
and superficial temperature in patients with
the symptoms of «claudicatio intermittens»
and rest or night pain in the presence of arterial
occlusive disease.

B) PATIENTS AND METHODS

Eleven patients unsuitable for surgica re-
construction (Fontaine Stage 3rd and 4th)
with clinical symptoms of peripheral arterial
occlusive disease were studied before, during
and at the end of pharmacological delibrino-
genation. The age of the patients ranged from
52 to 71 yrs, the mean age being 57.5 yrs.

Pharmacological defibrinogenation was
achieved with intra-venous or subcutaneous
administration of defibrase (Bathroxobin, Pen-
tapharm, Basel). The initia dose of 2 units/kg
body weight was followed by daily injection of
1 unit’/kg over a period of 14 days. Plasma fi-
brinogen level was measured as a thrombin-
clottable protein before, and each 48 h of defi-
brase therapy.

1. Radio-isotopic examination

For the study of the rest muscle blood flow
33X e dissolved in sterile 0,9 per cent saline
was used. With the patient resting in the supine

AckNOWLEDGEMENT . The Authors express their
gratitude to Mr. 0. Steneerc and Mr. T. ErikssoN from
AGA Direct Exports AB, Sweden, for the skilful assistance
and help in performing this study.

position a dose of 50 u Ci of **Xe in a volume
of 0,15 ml was injected into the solal muscle of
each calf. Ten mins after injection the record-
ing of the disappearance of the indicator was
made by a collimated scintillation detector
placed above the depot. The scintillation crys-
tal was coupled to a ratemeter and a strip-chart
recorder. The decrease in the counting rate
was then recorded continuoudly for the next 15
mins. Recordings, every min of **Xe radioac-
tivity in CPM (counts per min) were obtained
from linear clearance curves plotted manually
against time on semi-logarithmic graph paper.
For calculation of muscle rest blood flow the
following equation was used:

D ml/min
MBFy, = 161 - — -
At 100 g

12

where 161 is a steady coefficient, D is the slope
of the tangent of the curve in decimal logarith-
mic units and A t is the time in min.

The rest muscle blood flow studies were
performed before, at the 7th and 14th day of
treatment with defibrase.

2. Thermographic examination

The patient was examined in the ward. The
room temperature at the time of thermo-
graphic study (T.) was between 20-21°C. The
patient was lying with the legs elevated 15" for
about 30 mins in order to achieve thermal
equilibration. The T. views of the dorsum of
both feet were simultaneously studied by
means of AGA Medical 680 equipment. The
highest temperature of the selected portion
from the displayed image of the dorsum of the
foot was measured each day for the whole
period of defibrase administration (14 days).
The different values of temperature of the
same point (values y) at different days (values
X) were plotted on the graph paper and the
relationship between x and y parameters was
expressed in the form of a straight line (cc the
least squares method))), which was calculated
according to the equation”:

y = mx +¢
where the values of m (expressing the slope of
the line) and c (the value in which the straight
line cuts the axis of y) are given from the fol-
lowing formula
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Symbols:

Zx = total of x values; Zy = total of y values;

%x? = total of squared x values; %xy = total of multi-
plyied x values by y values; n = number of days
The difference quotient% was calculated, where AT was

the difference temperature between the 1st (y;) and the 14th
(y14) day of defibrase administration, and At expressed the
time of treatment. :

C) RESULTS

1. In the group of 11 patients defibrase
administration resulted in a fall of plasma fi-
brinogen level (Graph 1) from 4.3x1.8 g/1
(initial values) to 0.97+0.4 g/1 (the mean of
values obtained at 3rd, 5th, 7th, 10th and 14th
day) and this fall was highly significant (p<<
0,005).

Graph 1. Plasma fibrinogen (A) and haematocrit level
(B) during pharmacological defibrinogenation.

2. The muscle blood flow (MBF) values
in 17 affected legs during defibrase therapy
were significantly greater then those seen in
the pre-treatment period (Graph 2). The MBF

ml/min/l 100g

[(—=——

P<O.'OO1]
]

2.0+

1.5

1.0

0.5-

0

Graph 2. Muscle blood flow during pharmacological de-

fibrinogenation. A: before the treatment. B: after 7 days

defibrase administration. C: after 14 days defibrase ad-
ministration.

initial values were 1.1510.44 ml/min/100 g,
then at the 7th day of treatment 2.11+0.71 ml/-
min/100 g and at the 14th day 1.9030.69 ml/-
min/100 g. The MBF values obtained during
defibrase treatment in the 4 non-affected legs
did not differ statistically from basal data

3. During the 2 wks therapy with defibrase
the significant increase of the superficial
temperature of the dorsum of the feet affec-
ted by peripheral arterial disease was noted.
This increase was in relation to the increase of
the rest muscle blood flow shown by the iso-
topic technique. At the beginning of defibrase
administration the mean temperature of the
dorsum in the 17 affected feet was 30.53
°C=£1.96°C and 33.81°C=+1.55°C in the non-
affected legs. A 14 day period of defibrase
treatment resulted in increase of the dorsal
temperature of the studied legs. At the end of
defibrase administration the mean tem-
perature of the selected portion in the affected
feet was 33.76°C+1.21°C and 35.51°C+1.06°C
in 4 non-affected legs.

The observed increase of the temperature of
the affected legs was significant (p<<0,005) and
the temperature difference of the same point
recorded at the 1st and 14th day of defibrase
administration was 3.23°C=%1.40°C. The dif-

ference quotient 41 was 0.2307. There was
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no significant increase of the superficial tem-
perature of the feet in non-affected legs at the
end of defibrase treatment.

D) DISCUSSION

The effect of defibrinogenation on the
blood flow properties in patients with
peripheral arterial occlusive disease has been
studied in several Centres in Europe, however
only indirect methods of flow measurements
such as plethysmography and '**Xe clearance
from the skin were used.’’Blood flow
measurements with the use of **Xe technique
have been introduced into the clinical practice
by LasseN.” The value of this method has been
stressed by several Investigators particularly in
cases where the effect of sympatectomy or
vasodilators had to be established.’

The present study, based on the direct
measurements of the muscle blood flow with
the use of *Xe technique and T.
examination, has clearly shown the beneficia
effect of defibrinogenation on the capillary
blood flow in patients suffering from
peripheral arterial occlusion disease. It has
been known that the flow resistance within the
circulation is determined by the geometry of
the vessel on the one hand and by the viscosity
of the blood on the other’ hand. The most
important determinants of the whole blood vis-
cosity are red cell concentration, plasma fi-
brinogen level and red cell deformibility. It
may be then suggested that the decrease of
plasma fibrinogen level produced by defibrase
resulted in reduction of plasma viscosity and
consequently in diminution of flow resistance
within the capillary network of the studied
muscles.

According to this study it may be suggested
that the longterm follow-up of T. of the legs in
patients suffering from peripheral arterial
disease seems to be worthy of clinical tria. The
non-invasive character of T. examination,
enables daily measurement of the temperature
distribution over the lower extremities. The
changes of the local temperature of the dorsum

of the feet may provide information about the
sub-clinical improvement or decrease of the
peripheral blood flow resulting in recording
of higher or lower temperatures respective-
Iy.>%*1 It should be noted that the results
obtained from these methods for monitoring
the peripheral blood circulation corresponded
to the improvement of the clinical status of the
treated patients. On the basis of the clinica
symptoms of the peripheral arteria disease al
but 2 patients were verified to stage 2nd of
FonTaine Classification at the end of defibrase

therapy.
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