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Abstract

Introduction: Several human and animal studies have revealed a link between abnormal serum lipid levels and
Achilles tendon rupture. However, clinicians have not detected macroscopic amounts of fatty tissue during the repair
of ruptured tendons.

Material and Methods: A lipid profile and evaluation of tendon lipomatosis were performed in a group of 65
patients with Achilles tendon rupture recruited over a two-year period at two French hospitals. Cardiovascular and
tendon rupture risk factors were inventoried.

Results: Ten patients had a history of hypercholesterolemia, seven of whom were undergoing statin treatment
(15%). Two patients had known risk factors for tendon rupture (3%): one was taking inhaled corticosteroids and the
other suffered from hyperuricemia. Total cholesterol was normal in 63% of cases; triglycerides were normal in 67%
of cases and HDL cholesterol was normal in 54% of cases. If cardiovascular risk factors were taken into account, the
portion of high-LDL cholesterol went from 17% to 23%, but this was not significant. Pathology analysis found four
cases of tendon lipomatosis among the 36 collected samples (11%).

Discussion: Since this study did not include a control group, we cannot make any conclusions about the lack of
relationship between abnormal lipid profile and tendon rupture. The prevalence of hypercholesterolemia in our study
population was similar to that of the general population. Although high cholesterol levels have been implicated by
some authors, cholesterol accumulation within the tendon is probably not directly responsible for weakening it;
however, an increase in atheromatous plaque in tendon blood vessels may lead to hypoxia.

Keywords: Achilles tendon rupture; Cardiovascular risk factor; Material and Methods
Connective tissue disease; Foam cell; Hypercholesterolemia;
Lipomatosis Patients were enrolled for two consecutive years at the University
Hospital (CHU) of the author and a Peripheral Hospital (CHR)
. through the emergency department or orthopedic consultations. Sixty-
Introduction 5 geney oep b 4

five patients were enrolled in all (5 at the CHR and 60 at the CHU).

Achilles tendon rupture is a rare condition, but its incidence has
greatly increased over the past ten years. Although the risk factors are
well known, they cannot explain every rupture.

Inclusion criteria consisted of subcutaneous Achilles tendon
rupture, with or without associated trauma. Patients with open tendon
lacerations were excluded. Every enrolled patient was given an
information sheet and was asked to sign an informed consent form. A
fasting serum lipid profile was performed either at the hospital or an
outside facility. This lipid profile measured total cholesterol,
triglycerides, and HDL-cholesterol and calculated LDL-cholesterol.

Research into tendinous xanthomas and Type Ila familial
dyslipidemia [1] and the histological study of ruptured tendons [2]
(tendon lipomatosis) can help us better understand which populations
are at risk. These recent studies seem to suggest that

hypercholesterolemia is a predisposing factor for tendon rupture. The unit of measurement was grams per liter. Each patient was

questioned about personal or familial medical history (especially
hypercholesterolemia), drugs taken at the time of the rupture or in the
months prior, patient's height and weight, and smoking habits. These
parameters were used to calculate the cardiovascular risk factors and
reveal known causes of tendon rupture.

Drug vigilance organizations have increasingly pointed to statins as
being an additional predisposing factor, in combination with
hypercholesterolemia [3].

The purpose of this study was to evaluate cholesterol levels and
tendon lipomatosis in patients with Achilles tendon rupture through a

prospective, continuous, descriptive study carried out in two French
hospitals.

Other parameters were recorded, such as the history of chronic
tendinopathy and mechanism of rupture. The latter consisted of either
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direct impact to the posterior aspect of the leg (e.g. sliding tackle),
loading upon foot strike (running or standing start) or no specific
trauma event (walking). Any patients with a history of spinal disc
disease, inguinal or hiatal hernia and meniscus injury were grouped
into the category "history of collagen abnormality".

Recurrence of tendon rupture and bilateral ruptures were included
in this patient subgroup. If the patient was operated on, the tendon
margins (debridement, surgical remnants) were analyzed histologically
to look for lipomatosis. The variable-length tendon sample (a few
millimeters to several centimeters) was not fixed but placed in a sterile,
saline-filled flask. The vascularity of the tendon sample was not
evaluated.

Results

The various epidemiological characteristics are given in (Table 1).
Of the 65 enrolled patients, 7 were treated conservatively based on the
decision of the on-call surgeon; there was one woman and six men
with a mean age of 52 years.

Mean age Gender ratio M/F BMI

4419 - 74] 3.64 26.2 [19.1 - 48.5]

Type of trauma

Direct impact = 2 Loading upon foot strike = 57 ‘ No injury event = 6

Smoking

19 smokers 39 nonsmokers

‘ 7 no information

Table 1: Epidemiological features of the study population.

Ten patients had a history of hypercholesterolemia, with seven of
them undergoing statin treatment (15%).

Among these seven patients taking statins, one patient had an
additional known tendon rupture risk factor (hyperuricemia). One
other patient had a known risk factor for tendon rupture (inhaled
corticosteroids use).

Three patients had a contralateral recurrence of tendon rupture, one
patient had ipsilateral recurrence after failed conservative treatment,
and one patient had signs of tendinopathy before the rupture occurred.

Nineteen patients had a history of abnormal collagen findings
(29%). One patient had a simultaneous bilateral Achilles tendon
rupture.

Figure 1 shows the results of the laboratory tests. Eleven of the 65
patients declined the lipid profile. Two patients had elevated
triglycerides (greater than 4 g/L) that made LDL cholesterol
calculation impossible.

Total cholesterol (TC) was normal in 63% of cases; triglycerides
(TG) were normal in 67% of cases and HDL cholesterol was normal or
high in 54% of cases. If cardiovascular risk factors were taken into
account (+/- CVREF), the portion of high LDL cholesterol went from
17% (CVRF+) to 23% (CVREF-), but this was not significant.

Pathology analysis found four cases of tendon lipomatosis among
the 36 collected samples (11%) (Figures 2 and 3).
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Figure 1: Results of laboratory tests (HDL-c : HDL cholesterol,
LDL-c LDL cholesterol, TC: total cholesterol, TG: serum
triglycerides, + CVRF: cardiovascular risk factor taken into account,
- CVREF: cardiovascular risk factor not taken into account).

Figure 2: Histological view of a ruptured Achilles tendon (10X);
*red blood cells are evidence of recent rupture, + Adipocytes
surrounded by inflammatory cells.
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Figure 3: Microscopic view of a ruptured Achilles tendon (10X)
with CD68 staining (*) to show presence of foam cells.

Discussion

The limitations of this study are its descriptive, uncontrolled, and
nonrandomized aspect. On the other hand, it is the first study coupling
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both blood cholesterol with an histological analysis of ruptured
tendons in a target population.

Since this was a descriptive study, we could not determine if a
statistical relationship existed between tendon rupture and cholesterol
levels. A control group would have been required for statistical
comparison. But what would be the make-up of a tendon rupture
control group? An age and gender-matched group of patients free of
tendon injury or historical collagen abnormalities would be required.
But tendon disease, especially tendon rupture, is often insidious. As a
consequence, the risk that "diseased" patients will be included in the
"healthy" group is high.

One solution would be to perform MRI imaging to detect tendon
injury or signs of previous tendon remodeling before including any
patient in the injury-free control group. Another solution would be to
compare the presence of pathological cholesterol levels in a subgroup
of patients with no risk factors or history of collagen abnormalities
with those in a group of patients who have these characteristics.
Unfortunately, we found no significant differences when comparing
these subgroups. Could the patients in our series be compared with
patients in existing series in terms of the prevalence of dyslipidemia?
The French multicenter study performed by Ferri¢res [4] analyzed the
change in cholesterol levels in a representative sample of the French
population from 1996 to 1997 and from 2006 to 2007.

Table 2 compares the main results of the Ferrieres study with those
of our own. We applied the criteria of hypercholesterolemia and
absence of dyslipidemia from the Ferriéres study to the results of the
current study. Our series had a comparable prevalence of
hypercholesterolemia (36.9% for Ferriéres and 33.3% for our study)
and comparable use of lipid-lowering drugs (12.5% for Ferriéres and
10.7% for our study). However, there are limitations to this comparison
with the multicenter study: the laboratory tests used different material,
there was a wider age-range in our series than in that of Ferrieres
(19-74 years), and there were biases specific to the Ferrieres study
(French population sample from three regions only, selection bias,
socio-economic disparities).
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Type of Study Ferriéres study Current
tendon
rupture
study
2006-200 | (n=65)
1996-1997 (n=3508) | 7 (n=
3597)
BMI 26.2 26.1 26.2
Smokers 22.1% 18.9% 32% (19/58)
Hypercholesterolemia 41.7% 36.9% 33.3% (18/54)
Cholesterol-lowering drugs | 10.4% 12.5% 10.7% (7/65)
Normal lipid profile 45% 51.5% 38.8% (21/54)

Table 2: Lipid profile in the
population.

current series relative to general

The relationship between cholesterol and tendons has been studied
for the past 40 years. The first studies mainly focused on specific cases
of family dyslipidemia or tendon xanthomas [1,5,6] and seemed to
reveal a link between tendon disorders and hypercholesterolemia.
Later on, animal studies confirmed the deleterious role of a
cholesterol-rich environment on embryonic rat fibroblasts [7], rat tail
tendon and skin [8] and tendon biomechanics [9]. Two main human
studies have found a relationship between tendon rupture and
hypercholesterolemia. Mathiak [5] found elevated total cholesterol in
26 of 31 patients (83%) with ruptured Achilles tendons. Six of them
had a history of hypercholesterolemia (14%). Ozgurtas [6] measured
serum cholesterol levels within six hours of the tendon rupture in 47
non-fasted patients. Their control group was older, and they did not
evaluate cardiovascular risk factors or perform a histological analysis.
In addition, the gender ratio was different in the control group than in
the rupture group, which could explain the differences found. Thus the
link between hypercholesterolemia and the Achilles tendon has not
been demonstrated in published studies (Table 3).

Authors Number of Age (mean| Gender ratio| High TC High TG Low HDL High LDL Histology
subjects /| value) M/F
control group
Mathiak 41/0 40.2 1.9 26(83%) Not evaluated Not evaluated Not evaluated No tendinous
xanthomas
(macroscopic)
Ozgurtaz 47126 257/326 | 7.8/33 35(74.5%) / 18(38.3%) / 20(42.6%) / 33(70.2%) / Not evaluated
2(7.7%) 6(23.1%) 6(23.1%) 2(7.7%)
Current series 65/0 44 3.6 20(37%) 18(33%) 25(46%) 12(23%) 4 cases of lipid inclusion
in the 36 samples

Table 3: Comparison with published results.

Since the 1970s, research teams have looked into the presence of
lipids or cholesterol in tendons with the goal of explaining tendon
ruptures [7-9]. The most extensive tendon histology study was
published in 1991 by Kannus [2]. In this study, ruptured tendons from
891 patients were evaluated histologically, finding a high prevalence of
hypoxic degeneration (43%) in ruptured tendons, which was consistent
with the blood vessel changes found in 62% of cases. Mucoid
degeneration was the second most common histological change
observed (20%). Lipomatosis was observed in 8% of Achilles tendon

rupture cases. These three main types of lesions were also present in
the non-ruptured tendon control group, but in significantly lower
amounts.

Our results also showed a preponderance of patients taking statins
compared to the other risk factors for rupture; lipid-lowering drugs are
likely an underestimated risk factor for tendon rupture.

It seemed pertinent to determine if tendon ruptures fell within a
larger context of collagen abnormalities. We found that 29% of patients
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(19/65) had a history of collagen abnormalities. The histological,
biochemical composition and developmental mechanisms can help us
draw parallels between inguinal hernias, intervertebral disc disease,
meniscus injuries and tendon ruptures [10-16]. Few studies have
looked into the pathological similarities of collagen-rich organs. These
elements (intervertebral discs and tendons, but not meniscus or
hernia) have been examined in the context of a study on the aging of
soft tissues and changes in musculoskeletal function [17]. Only
Maftulli's group was able to demonstrate a statistical relationship
between ipsilateral Achilles tendon rupture and sciatica in a controlled,
retrospective study [18]. The authors suggested that disorganization of
nerve afferents in the lower limb during sciatica can cause poor
coordination of ankle movements. They also suggested that
intervertebral discs and tendons are subjected to the same injury
mechanisms, namely collagen degradation and hypovascularity.

There was one case of bilateral Achilles tendon rupture in our study
in a patient who only had statin treatment as a risk factor. Upon
performing a review of literature for causes and circumstances of the
occurrence of bilateral tendon ruptures, we found that the causes were
the same as for unilateral ruptures and that the causes were not related
to each other [19-30].

In our population of patients with tendon ruptures, the rate of
hypercholesterolemia was not higher, although 71% of patients had at
least one abnormal result in their lipid profile. This led us to explore
how lipids end up in the tendon. One hypothesis for tendon
lipomatosis is that immature stem cells are transformed into
adipocytes in response to hypoxia [31]. It has been shown in rabbit
tendons that immature tenocytes are able to differentiate into different
cell types (mature tenocytes, adipocytes, chondrocytes or osteocytes)
depending on the type of loading applied. Physiological loading favors
the growth of the tenocyte population while excessive loading favors
non-tendon cell lines [32]. To summarize, tendon lipomatosis could be
explained by regional tendon hypoxia and/or excessive tendon loading;
in both cases, immature cells differentiate into adipocytes through a
still undetermined mechanism.

The potential role of hypercholesterolemia in tendon rupture is
raised increasingly often, but controlled studies are few and biased. The
current study’s methodology did not allow us to draw any conclusions
about the possible relationship between hypercholesterolemia and
Achilles tendon rupture. The prevalence of hypercholesterolemia in
our population (33%) and in the general population (37%) is similar.
This suggests that cholesterol is neither a risk factor nor a protective
factor for Achilles tendon rupture.

Faced with a patient with both a ruptured Achilles tendon and high
cholesterol, the study helps to explain in more detail the
physiopathology of rupture: the likely etiology estimated as statins and
the physiological hypovascularisation aggravated by atherosclerosis.
Treatment of tendon rupture remains unchanged as well as the need to
maintain, if necessary, a cholesterol-lowering therapy in the context of
cardiovascular prevention. The risk/benefit ratio is apply in the same
way to statins than for other tendon ruptures risk factors
(fluoroquinolones, corticosteroids).

Future research to prove or disprove this hypothesis must consist of
a prospective, controlled study. Abnormal lipid levels can be evaluated
in a clinical medicine laboratory in a group of patients with tendon
rupture and another group of healthy patients, with no history of
collagen diseases. In fact, we have seen that tendon ruptures,
intervertebral disc disease, hernias and meniscus injuries are

components of the same pathophysiological conditions, with collagen
changes being the first sign of injury. Unfortunately, such a study will
be difficult to implement because of the low prevalence of tendon
rupture, asymptomatic nature of tendon injuries and frequency of
associated lesions.

Tendon lipomatosis was present in only a minimal portion of our
population, which is consistent with published studies. In cases where
cholesterol was thought to be a predisposing factor for ruptures, the
tendon was not weakened by direct accumulation inside of it. The most
likely pathophysiological hypothesis is that hypercholesterolemia
contributes to the formation of atheromatous plaque in blood vessels,
leading to tendon hypoxia. Statins are an underestimated drug class, as
they are responsible for about twice as many tendon ruptures as classic
risk factors.
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