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Summary: Xanthomatous infiltration of tendons is a clinical
feature common to many cases of hyperlipidemia. The xan-
thomas can be detected and only grossly assessed by
palpation. This report describes a radiological technique
used to assess these lesions at the Achilles tendon level.
The "mammography technique" applied to the study of
Achilles tendons was used in 32 normolipemic subjects
and 32 hyperlipidemic patients. Both tendons could be
observed in their entire length and their thickness, greatly
increased in xanthomatosis, could be accurately measured.
The results of this survey suggest that the radiological ap¬
proach may provide a useful tool for the routine evaluation
and follow-up of tendon xanthomas.

Resume: MSthode radiologique amSliore'e pour I'6valuation
de la xanthomatose du tendon d'Achille.
L'infiltration xanthomateuse des tendons est un signe cli¬
nique courant en de nombreux cas d'hyperlipemie. Jusqu'a
present on ne pouvait deceler les xanthomes que par la
palpation et cette evaluation etait grossiere. Le present
article decrit une technique radiologique qui a ete employee
pour deceler et evaluer ces lesions sur le tendon d'Achille.
On a applique la "technique mammographique" a I'etude du
tendon d'Achille chez 32 sujets normolipemiques et 32
malades hyperlip6miques. Grace a ce moyen, on a pu
observer les deux tendons dans toute leur longueur et me-
surer avec precision leur epaisseur, qui est considerablement
augmentee dans la xanthomatose tendineuse. II ressort de
ces essais que la radiologie peut etre une arme utile pour
I'evaluation courante des xanthomes tendineux et pour les
observations ulterieures.
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In a preliminary report1 a rapid, simple and reliable
radiological method of assessing the extent of xantho¬
matous infiltration of the Achilles tendon has been
proposed. This paper describes the details of this
method and reports the results of its application to the
routine investigation of hyperlipidemia.

Tendon xanthomas are frequently present in hyper¬
lipidemic patients and may be the only clinical mani-
festation of hyperlipidemia. They are usually found
over the extensor tendons of the fingers and toes as
well as in the Achilles tendons. Their presence may
direct the diagnosis towards a specific type of hyper-
lipoproteinemia, for they are more likely to be found
in types II and III of Fredrickson's classification.*
Progression or regression in their size will reflect the
effectiveness of treatment. It is therefore important, for
evaluation and follow-up of hyperlipoproteinemia, to
be able to measure their size with some accuracy.
Clinical evaluation alone is rather unsatisfactory as
a reference index. Achilles tendon xanthomas, be¬
cause of their frequency and ease of access, provide
an ideal site for such precise measurements. We have
used a modification of the mammography technique to
study these lesions.8
Material and methods
The mammography technique was successfully applied
to soft tissue measurements and to the study of xantho¬
matous lesions of Achilles tendons.3 Each ankle was

radiographed by a single exposure in true lateral posi¬
tion with the lateral malleolus resting on the pack-film
holder and the foot flexed at 90°. To avoid motion
during exposure the patient was laid on the side being
radiographed with the knee semiflexed and resting
upon a couch. The 8 x 10-inch mammographic films
(Superay "AB" Sandwich Pak by General Aniline &
Film, Canada, Ltd.) easily included the lower third of the
leg and the back of the foot. Our mammographic unit
bears the trade name of Mammo-Rex (Picker X-Ray
Manufacturing Ltd., Canada). Its rotating molybdenum
anode provides a choice of two focuses, 0.5 and 1 mm.
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The large cone used for breast studies was found to
be satisfactory for field coverage and collimation. The
target-film distance is constant at 68 cm. The kilo-
voltage was set at 32, 35 or 40 according to the size
of the ankle (small, medium or large). A 150 mA
current was used. The time exposure varied from 1.25
sees. for a small ankle to 1.75 sees. for a large one.
The films were manually developed at 20°C. for
seven minutes. The radiographs thus obtained provide
a good contrast and excellent soft tissue detail, owing
to the small photographic grain size and the small
focal spot. The anterior outline of the Achilles tendon
is always well demarcated by its immediate apposition
to the radiolucent adipose tissue of the spacium sub-
tendinum calcaneare. Its posterior margin is usually
also well delineated by the subcutaneous fat, which
we found to be thicker in xanthomatosis. The antero¬
posterior diameter of both Achilles tendons was meas¬
ured at 8 cm. above the lowest point of the tuber
calcanei, using an accurate transparent ruler (Linex
Super 50 M., Denmark). This level corresponds ap¬
proximately to the most prominent part of the lateral
malleolus.

In each case the darker of the "sandwich pak" films
provided high contrast which was ideal for calculation
of the smallest diameter of the calcaneal neck and
for detection of vascular calcifications. The lighter of
the twin films was more suitable for precise measure¬

ment of the Achilles tendon. The size of the calcaneum
provides an excellent index of body frame size and
also is a reliable reference value for adults. It is used
in follow-up studies to verify the reproducibility of the
technique. This was assessed by submitting four sets
of two films taken three months later on four subjects
to four independent examiners. Measurements of both
the Achilles tendons and the calcaneum neck were
carried out. Treatment of the data by analysis of
variance did not disclose any significant difference
between the examiners nor between the films of the
same subject after the three-month period (a = 0.01).

This technique was used in a survey of 64 subjects.
Thirty-two men and women, evaluated for hyper¬
lipidemia at the Clinic of Nutrition, Metabolism and
Atherosclerosis of the Clinical Research Institute of
Montreal, were classified as having type II hyper-
cholesterolemia according to the criteria of Fredrickson,
Levy and Lees.2 They were paired with 32 individuals
of the same sex and comparable body build and age who
were classified as normolipemic (plasma cholesterol and
triglyceride < 240 and 140 mg./100 ml., respectively,
and a normal lipoprotein pattern on paper electro¬
phoresis). Table I summarizes the main characteristics of
the two groups studied: the normolipemic subjects and
hypercholesterolemic patients are comparable for age,
weight and height when males and females are studied
separately.

Table I
Characteristics of two groups of subjects

.Mean 4-95% confidence limits

FIG. 1A.Ankle of normal female, age
15, shown for comparison of Achilles
tendon and adipose triangle.
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FIG. IB.Ankle of a type II female,
age 19. Similar changes (see text) ob¬
served in opposite ankle.

FIG. 2.Calcareous deposits along the
walls of the posterior tibial artery of
type II male, age 24.



Results

Roentgenograms of the soft tissue of the ankle are
shown in Figs. 1A and IB. The Achilles tendon is
always sharply defined and well visualized along its
entire length. The tendon is easily recognized because
of the good contrast provided by the radiolucent
adipose tissue of the spacium subtendinum calcaneare
anterior to it and the overlying subcutaneous adipose
tissue layer posterior to it. In a normolipemic individual
(Fig. 1A) the tendon is rather thin and its outlines
are regular. The adipose triangle anterior to the tendon
is much wider and much more radiolucent than that of
Fig. IB. In this hyperlipidemic patient the pattern is
strikingly different: a significant increase in the antero¬
posterior diameter of the tendon is seen. The tendon
bulges into the nearby adipose tissue which in turn is
infiltrated by coarse connective tissue. Although in
most abnormal cases the tendon is diffusely involved,
localized xanthomas are frequently found at different
levels, as in Fig. IB in which a localized xanthoma is
seen on the posterior aspect of the tendon, directly
above the tuber calcanei. As shown in Fig. 2, in some

hyperlipidemic patients specks of calcium deposits may
be observed along the course of the tibial arteries.

Blankenhorn and Meyers4 have pointed out that
tendon thickness is symmetrical in non-xanthomatous
subjects but is often asymmetrical in those with xan¬
thomas. In 21 of the normolipemic subjects a dif¬
ference was observed between the two ankles; in eight
subjects the difference was 15% or more. In the type
II patients the tendons were asymmetrical in 30 cases
and the difference was 15% or more in 11. Soft tissue
roentgenograms of tendon nodules have been reported
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to show associated bone erosion.5'8 This was not ob¬
served in the osseous structures of the lower legs and
ankles in this survey.

Fig. 3 shows the mean and 95% confidence limits
for the radiological measurement of the Achilles tendon
thickness obtained in the survey. Variance analysis
of the data disclosed a significant difference in the
anteroposterior diameter of the Achilles tendon in
normolipemic subjects as opposed to hyperlipidemic
patients. This held true for both males (6.52 ± 0.37
and 9.48 ±2.8 mm. respectively) and females (5.38 ±
0.49 and 12.05 ±. 3.3 mm. respectively). Therefore
the suggested upper limit of normal is 6.9 mm. for
males and 5.9 mm. for females (mean plus 95% con¬
fidence limits), indicated by horizontal lines in Fig.
4. When an analysis of the relationship between the
main variables was carried out a highly significant
positive correlation was found between the Achilles
tendon thickness and the plasma cholesterol concentra¬
tion with a correlation coefficient of 0.854 for females
and 0.632 for males. A scattergram of this relationship
is shown in Fig. 4. The equation for the line of best
fit was computed with a linear least square program.
No relationship was found between the Achilles tendon
thickness and the diameter of the calcaneum for males
or for females. It is noteworthy that abnormal thicken-
ing of the tendons was picked up in a few subjects
by the roentgenological study after having been missed
on clinical examination.

Discussion
Xanthomatosis has long been recognized as the most
common and one of the most readily detectable signs
of hyperlipidemia. However, current evidence suggests
that xanthomas are far more frequent than formerly
thought and that one should not rely on clinical exam¬
ination alone for their detection. In 1957 March, Gilbert
and Kain7 reported using soft tissue roentgenograms
of Achilles tendon xanthomas in three cases of hyper-
cholesterolemic tendon xanthomatosis. However, this
technique was not practical because of lack of stand-
ardization. In 1969 Blankenhorn and Meyers4 described
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FIG. 3.Thickness of Achilles tendon.
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FIG. 4.Scattergram of the relationship between Achilles
tendon thickness and plasma cholesterol level. The dotted
lines indicate the upper limit of normal for cholesterol (verti¬
cal), for tendon thickness in males (upper horizontal) and for
tendon thickness in females (lower horizontal).
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a "table-top soft tissue radiological technique" to
detect and measure Achilles tendon xanthomas. Al-
though this method achieved some standardization,
the outcome seems rather unpredictable since the
authors reported that "several films with differing ex-
posure factors may be required to outline some xan-
thomas completely". Furthermore, it appears that it
was not always possible to visualize completely the
tendon, since measurement was performed only where
both the anterior and posterior borders of the tendon
were sharply outlined. The radiological approach,
using the mammography technique as described, allows
one to visualize the tendon in its entire length, to
measure it at a fixed point (8 cm. above the lowest
point of tuber calcanei) and to analyse its morphological
features. The results of this survey indicate that this
improved technique is suitable for detection of sub-
clinical Achilles tendon xanthomas. Standardization
was achieved in such a way that duplicate tendon
measurements did not differ by more than 0.5 mm.

It has been claimed that tendon xanthomas do not
occur until an advanced age and that they generally
do not develop extensively. However, few clinical
reports indicate at what age they appear and
at what rate they grow. According to Thanhauser'
and Bornie' they occur in about 50% of cases
of hypercholesterolemia. In reviewing 700 cases
from the literature, Shettler" found xanthomatosis
in one third to one half of patients of all ages with
hypercholesterolemia. According to this author the
rate may approach 100% in some severely affected
families. In 36 patients with hypercholesterolemia
Leonard"1 described 14 with tendon xanthomas. Piper
and Orrild'1 found 42 cases of xanthomas in 112 hyper-
cholesterolemic patients. In this survey of 32 hyper-
cholesterolemic patients 22 (66.6%) were found to
have a significant increase in the anteroposterior
diameter of the Achilles tendon as measured on the
roentgenograms. We believe this to indicate xantho-
matous infiltration of the tendon. The higher prevalence
observed in this series may be the result of a better
means of detection as provided by our technique.
The difficulty or impossibility of inducing a regres-

sion in tendon xanthomas has been repeatedly com-
mented upon in the literature. Hood and Angervall"
reported a 50-year-old hyperlipidemic man who re-
sponded, after 13 months on a combined regimen of
fat-poor diet, intravenous heparin and ethinyl estradiol,
by a disappearance of xanthomas in both dorsal tendons
of the hands and Achilles tendons. Reduction in size
of tendon xanthomas has also been reported by Scott
and Hurley"4 but the change has not been documented
by measurement. It is our view that this more refined
technique may be suitable for assessing reduction of
xanthoma size where it would otherwise escape clinical
evaluation alone. Repeated attempts have been made
to relate the degree of hypercholesterolemia to the
development of xanthomas.11-1,15-1T According to these
studies only 1 of 20 patients less than 50 years of age
exchibited xanthomas when plasma cholesterol level
was between 300 and 350 mg./100 ml. Conversely,
when cholesterol concentration was between 400 and
450 mg./100 ml., xanthomas were observed in three
of five patients in the third decade and five of six in
the fourth decade. In this survey of 32 type II hyper-

cholesterolemic patients a good correlation was found
between the high serum concentrations and the radio-
logical index. However the small size of the sample
and the wide range of ages studied did not
permit us to draw any conclusion about the distribu-
tion of abnormal tendons in relation to specific age
groups. As expected, cholesterol concentration was
not related to the radiological index in the normocho-
lesterolemic subjects. The radiological study, as de-
scribed, is a useful tool for the quantitative and ob-
jective assessment of Achilles tendon xanthomatosis.
Although the exact significance of vascular calcifica-
tions and the connective tissue alterations noticed at
the level of the para-articular fat pads is unknown,
these additional observations may eventually prove to
be of importance.
Tendon xanthomatosis occurs mostly in type II and

more rarely in type III hyperlipidemia. The usefulness
of this technique in the follow-up of hyperlipidemic
patients is therefore restricted to these two categories
of xanthomatous patients. It must be kept in mind
however that Achilles tendon xanthomas may be found
in normocholesterolemic patients such as those affected
with cerebrotendinous xanthomatosis.1' The demonstra-
tion of abnormal levels of cholestanol in plasma and
tissues is needed to confirm the diagnosis of this rare
disease entity.

The ease and reliability of the radiological approach
as well as the need for an objective and reproducible
means of assessing the effect of therapy upon the evolu-
tion of xanthomas may lead us to advocate the routine
use of this technique in the investigation and follow-up
of hyperlipidemia.
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data on blood groups of renal transplant recipients and
patients with glomerulonephritis.
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