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Morphometric magnetic resonance imaging study of the
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with non-dialyzed controls
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Abstract

Resumo

Objective: To evaluate the knees of individuals with renal failure who are on hemodialysis, using magnetic resonance imaging
(MRI), comparing them with those of a group of individuals with normal renal function.

Materials and Methods: This was a cross-sectional, observational, controlled study conducted between August 2018 and Febru-
ary 2020. The cases consisted of 15 patients who had been on hemodialysis for > 5 years and did not have a quadriceps tendon
rupture. The controls consisted of 15 individuals with normal renal function who were matched (1:1) to the cases for sex, age, and
physical activity level. The subjects in both groups underwent MRI of the right knee only.

Results: The mean ages of the cases and controls were 50 + 15 years and 49 + 14 years, respectively. The median time on he-
modialysis was 11 years (range, 10-14 years). Serum levels of parathyroid hormone, ferritin, alkaline phosphatase, phosphorus,
and creatinine were higher among the cases than among the controls, whereas serum albumin and hemoglobin were lower (p <
0.05 for all). The MRI study showed a hyperintense signal in the quadriceps tendon in 11 of the cases and in three of the controls
(p = 0.009). Knee joint effusion was observed in nine of the cases and in three of the controls (p < 0.05). The thickness, length,
and width of the tendon did not differ between the groups. A hyperintense signal in the tendon was not associated with the time
on hemodialysis; nor with the levels of intact parathyroid hormone, hemoglobin, or alkaline phosphatase.

Conclusion: Patients on chronic hemodialysis, even those without a tendon rupture, show a hyperintense signal in the quadriceps
tendon on MRI.

Keywords: Tendons/pathology; Magnetic resonance imaging; Renal insufficiency, chronic/complications; Renal dialysis; Risk fac-
tors; Hyperparathyroidism.

Objetivo: Avaliar joelhos de individuos com faléncia renal em hemodialise por meio de ressonancia magnética, em comparagao
com um grupo controle sem doenca renal crénica.

Materiais e Métodos: Estudo transversal, observacional, controlado, realizado entre agosto/2018 e fevereiro/2020. Os 15 ca-
s0s consistiram de pacientes com cinco anos ou mais em hemodialise, sem ruptura do tendao do quadriceps. Os 15 controles,
sem doenga renal cronica, foram pareados (1:1) por sexo, idade e nivel de atividade fisica.

Resultados: A média de idade dos casos foi 50 + 15 anos e a dos controles, 49 + 14 anos. A mediana do tempo em hemodialise
foi 11 anos (variacao: 10-14 anos). Nos casos, 0s niveis séricos de paratormonio, ferritina, fosfatase alcalina, fosforo e creatinina
estavam mais altos e os de albumina e hemoglobina, mais baixos (p < 0,05). Hipersinal no tendao foi demonstrado em 11 casos
e trés controles (p = 0,009). Derrame articular foi observado em nove casos e trés controles (p < 0,05). A espessura, 0 compri-
mento e a largura do tendao nao diferiram entre os grupos. Hipersinal no tendao do quadriceps ndo mostrou associagdo com o
tempo em hemodialise ou com os niveis de paratormonio intacto, hemoglobina e fosfatase alcalina.

Conclusao: Pacientes em hemodialise sem episodios de ruptura ja apresentam hipersinal no tendao do quadriceps nas imagens
de ressonancia magnética.

Unitermos: Tenddes/patologia; Ressonancia magnética; Insuficiéncia renal cronica/complicacdes; Dialise renal; Fatores de risco;
Hiperparatireoidismo.
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INTRODUCTION

The quadriceps tendon is an important element in the
biomechanics of gait and plays a major role in locomotion.
Rupture of the quadriceps tendon is rare, typically occur-
ring, either traumatically or spontaneously, in individuals
over 40 years of age!'~?. Patients who suffer from systemic
illnesses are more prone to spontaneous rupture of their
tendons, which results from the lower resistance of the
tendons to contractions of the muscles. There have been
several reports of spontaneous ruptures associated with a
variety of diseases, including kidney diseases*®.

There have been many studies establishing an asso-
ciation between metabolic disorders and tendon ruptures,
the most common such disorder being hyperparathyroid-
ism®7=%), Although we do not know what kind of changes
renal failure imposes on the structure of the quadriceps
tendon, the relatively high occurrence of rupture leads us
to believe that, in this circumstance, its resistance is di-
minished. To our knowledge, there have been no studies
evaluating the imaging characteristics of tendons in hemo-
dialysis patients, which could reveal abnormalities before
the rupture events occur.

The knee extensor mechanism can be evaluated with
a variety of imaging methods. For the study of soft tissues,
ultrasound and magnetic resonance imaging (MRI) are
the preferred modalities, given that both offer good spatial
resolution and provide details regarding the texture of tis-
sues!%!V_ Although some authors advocate the use of ul-
trasound because it is cheaper and more accessible!!!?)]
most studies point to the superiority of MRI in defining
the structural aspects of the tendon and in diagnosing its
injury(1013-19)

The objective of this study was to understand the
structural aspects of quadriceps tendons in hemodialysis
patients. To that end, we employed MRI to evaluate the
knees of individuals with chronic kidney disease (CKD)
undergoing hemodialysis, comparing the findings with
those of individuals who had normal renal function.

MATERIALS AND METHODS

This was a cross-sectional, observational, controlled
study in which quadriceps tendon data obtained by MRI
and the results of laboratory tests of blood specimens were
evaluated in a convenience sample of individuals with
CKD undergoing hemodialysis, as well as in a group of in-
dividuals with normal renal function who were matched to
the cases in terms of sex, age (+ 5 years), handedness, and
physical activity level. The research ethics committee of
our institution approved the study project (Reference no. 2
566 617). All participants gave written informed consent.

The criteria for inclusion in the case group were being
right-handed, having CKD, and having been undergoing
hemodialysis on a regular basis for at least 5 years. The
control group was composed of an equal number of indi-
viduals, with normal renal function and no history of any
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kidney disease or other systemic diseases, recruited from
among patients admitted to the orthopedics department of
a university hospital.

For both groups, individuals with a history of quad-
riceps tendon rupture were excluded, as were those who
had been diagnosed with metastatic cancer, AIDS, or lo-
comotor disorders of the lower limbs, as well as those with
hemiplegia, those who were pregnant, and those who had
undergone amputation of one or both lower limbs (includ-
ing below-knee amputation). We also excluded individuals
who had previously used quinolone antibiotics, which are
known to increase the risk of tendon ruptures?*2", Demo-
graphic and anthropometric data were obtained with a spe-
cific form. Physical activity levels were determined with the
International Physical Activity Questionnaire-Short Form.

In all of the individuals (in both groups), only the
right knees were evaluated. Each individual underwent
unenhanced MRI of the knee, and the same examina-
tion protocol was used for every examination. All MRI
scans were performed in a 1.5-T scanner (Signa HDx; GE
Healthcare, Waukesha, WI, USA). We employed multi-
planar T1-weighted sequences and multiplanar proton
density-weighted sequences with fat suppression. A de-
scriptive analysis of the morphometry of the tendons was
performed, together with measurements of their length,
width, and thickness.

Patients in the case group had already undergone rou-
tine laboratory tests, and the resulting biochemical data
were collected from their medical records. We used the
mean of the last three values recorded for each variable. For
patients in the control group, blood samples were collected
by upper limb venous puncture, near the date of the imag-
ing examination, and were submitted to laboratory testing.
In both groups, we evaluated the serum levels of creatinine,
albumin, hemoglobin, alkaline phosphatase, calcium, phos-
phorus, intact parathyroid hormone (iPTH), and ferritin, as
well as transferrin saturation and hepatitis C serology.

Statistical analysis

Variables were tested for normality with the Kol-
mogorov-Smirnov test. Results were expressed as mean and
standard deviation for variables with normal distribution or
as median and interquartile range for variables with Gauss-
ian distribution. For intergroup comparisons of continuous
variables, we used unpaired t-tests or the Mann-Whitney
test as appropriate. Frequencies were compared by using
the chi-square test or Fisher’s exact test. All statistical analy-
ses were performed using the Predictive Analytics Software

package, version 18.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

Between August 2018 and February 2020, a total of
30 MRI scans of the knees were performed (one scan per
participant) and biochemical data were collected. The gen-
eral characteristics of the participants are summarized in
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Table 1. The case group comprised 15 patients (13 males
and two females), with a mean age of 50 + 15 years. The
control group also comprised 15 patients, with the same
gender distribution and with a mean age of 49 + 14 years.
In the case group, the median time on hemodialysis
was 11 years (interquartile range, 10—14 years). The causes
of CKD were diabetes mellitus, in one patient; hyperten-
sion, in five; focal segmental glomerulosclerosis, in two;
obstructive uropathy, in one; and adult polycystic kidney
disease, in one. In the other five patients, the cause of CKD
was not identified. Although the mean height was similar
between the two groups, the mean weight was significantly
higher in the control group, as was the body mass index.

Table 1—General characteristics of the participants.

Cases Controls
Variable (n=15) (n=15) P
Male gender, n (%) 13 (86.6) 13 (86.6) —
Age (years), mean = SD 50+ 15 49 + 14 0.801
Weight (kg), mean + SD 64.7+10.8 80.6+15  0.003
Height (m), mean + SD 1.66+0.10 1.71+0.11 0.223
Body mass index (kg/m?), mean + SD 23.3+31 27227 0.001

Primary renal disease, n (%)

Diabetes mellitus 1(6.6) N/A —
Hypertension 5(33.3) N/A —
FSGS 2(13.3) N/A —
Obstructive uropathy 1(6.6) N/A —
Adult PKD 1(6.6) N/A -
Unidentified 5(33.3) N/A -

Time on hemodialysis (years), median
(interquartile range)

11(10-14)  N/A _

SD, standard deviation; FSGS, focal segmental glomerulosclerosis; PKD, polycystic
kidney disease; N/A, not applicable.

The results of the laboratory tests are shown, by
group, in Table 2. The mean serum levels of creatinine,
ferritin, alkaline phosphatase, phosphorus, and iPTH were
all significantly higher in the case group than in the con-
trol group (p < 0.05 for all). In contrast, the mean serum
albumin level and the mean hemoglobin level were lower
in the case group (p < 0.05 for both).

The results of the morphometric analysis of the quad-
riceps tendons and the dimensions of those tendons are
shown in Table 3. As can be seen in Figures 1 and 2, MRI
showed a hyperintense signal in the quadriceps tendon in
11 of the subjects in the case group, compared with only
three of those in the control group (p = 0.009). Likewise,
knee joint effusion was seen in nine of the case group sub-
jects and in three of the control group subjects (p < 0.05),
as shown in Figures 3 and 4. However, the two groups
were comparable in terms of the mean thickness, length,
and width of the quadriceps tendon. In addition, signs of
a partial quadriceps tendon tear were observed in three
individuals (two in the case group and one in the control
group), although the difference between the two groups
was not statistically significant.
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Table 2—Laboratory test results.

Cases Controls
Variable (n=15) (n=15) P
Positive serology for HCV, n (%) 1(6.6) 0(0) N/A
Albumin (g/dL), median (IQR) 3.9(3.7-4.1) 4.2 (4.0-4.5) 0.026
Creatinine (mg/dL), mean + SD 11.2+1.7 0.85+0.1 <0.001
Transferrin saturation (%), 325+125 28+9.5 0.284
mean + SD
Ferritin (ug/dL), median (IQR) 549 (338-684) 365 (168-514) 0.033
Calcium (mg/dL), mean + SD 9.0+0.6 9.3+0.3 0.194
Phosphate (mg/dL), mean + SD 46+0.7 35105 <0.001
Alkaline phosphatase (IU/L), 134 (88-364) 73 (57-96) 0.002
median (IQR)
iPTH (pg/mL), median (IQR) 584 (283-1603) 40 (24.7-47.1) <0.001
Hemoglobin (g/dL), mean + SD 10.7+1.4 13.8+1.6 <0.001

HCV, hepatitis C virus; IQR, interquartile range; SD, standard deviation; N/A, not
applicable.

Table 3—Analysis of the MRI aspects of the knee.

Cases Controls

Aspect (n=15) (n=15) P
Quadriceps tendon dimensions,
mean * SD

Thickness (cm) 0.81+0.16 0.77 £ 0.16 0.448

Length (cm) 154 +1.12 15.1+2.13 0.560

Width (cm) 2.3+0.42 2.2+0.45 0.420
Hyperintense signal, n (%) 11 (73.3) 3(20.0) 0.009
Partial tear, n (%) 2(13.3) 1(6.7) 0.500
Joint effusion, n (%) 9 (60.0) 3(20.0) 0.030

Figure 1. MRI of the knee, showing a hyperintense signal in the distal third of
the quadriceps tendon.
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Figure 2. MRI of the knee, showing a diffuse hyperintense signal in the quad-

riceps tendon.

Figure 3. MRI of the knee, showing joint effusion.

We attempted to determine whether a hyperintense
signal in the quadriceps tendon was associated with some
of the most relevant dichotomous variables (Table 4). We
found that it was in fact not associated with the time on
hemodialysis; nor was it associated with the levels of alka-
line phosphatase, iPTH, or hemoglobin.
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Figure 4. MRI of the knee, showing joint effusion.

Table 4—Associations that a hyperintense signal in the quadriceps tendon
showed with relevant parameters in hemodialysis patients.

Cases with a hyperintense signal
in the quadriceps tendon

Parameter (n=11) P
Time on hemodialysis, n (%)
<10 years 3(27.3)
> 10 years 8(72.7) 0.235
iPTH, n (%)
<600 pg/mL 5 (45.5) 0.569
> 600 pg/mL 6(54.5)
Hemoglobin, n (%)
<10 g/dL 3(27.3) 0.935
>10 g/dL 8(72.7)
Alkaline phosphatase, n (%)
<134 1U/L 5 (45.5)
0.569
> 134 1U/L 6(54.5)

The localization and the imaging aspect of the hyper-
intense signal in the quadriceps tendon varied across sub-
jects. The most commonly affected portion of the tendon
was the distal third, which showed a hyperintense signal in
eight subjects (seven in the case group and one in the con-
trol group). In the remaining six examinations in which a
hyperintense signal was detected (four in the case group
and two in the control group), the signal was diffuse or was
located in the middle or upper third of the tendon. Among
the 11 case group subjects in whom a hyperintense signal
was detected, the signal was considered irregular in three
and homogeneous in eight.

Bone changes were detected on MRI in five of the
subjects in the case group, lesions in the femoral diaphysis
being detected in four of those five subjects. The findings
were suggestive of bone infarction in two of those four
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subjects and of bone marrow reconversion in the other
two. In the remaining patient, an alteration in the bone
trabeculae, suggestive of a fracture, was noted at the up-
per pole of the patella.

DISCUSSION

The quadriceps muscle tendon is a central structure
in gait, and disturbances in its continuity can result in a
number of limitations. Although there is a clear associa-
tion between secondary hyperparathyroidism and tendon
rupture*?2-25) there have been, to our knowledge, no
studies evaluating the intrinsic characteristics of tendons
prior to such an event. In the present study, we have de-
scribed the aspects of quadriceps tendons in hemodialysis
patients (cases), evaluating their dimensions and imaging
characteristics on MRI, comparing them with those of
healthy individuals (controls), and analyzing biochemical
variables in both groups.

Our case group consisted mostly of men, although
in a proportion higher than that reported for the dialysis
population in Brazil®®. The secondary hyperparathyroid-
ism in our hemodialysis patients, as evidenced by the high
levels of iPTH and alkaline phosphatase, is consistent with
data in the literature related to quadriceps tendon injuries
in patients with CKD*#?2-2427:28) The mean serum albu-
min and mean hemoglobin levels were lower in our case
group than in our control group, whereas the mean serum
levels of ferritin, phosphorus, and creatinine were higher.
That is in keeping with our findings in a previous study of
this topic®®.

It is of note that the mean weight and body mass index
were significantly lower in our case group than in our con-
trol group, as has been reported in other studies evaluating
those parameters in patients with CKD?°73V, However,
despite the fact that the mechanical demand on anatomi-
cal structures should be greater in heavier individuals, we
found that the imaging changes demonstrated in the ten-
dons of our case group subjects were not affected by that
statistically significant difference, the most compromised
tendons being observed in the lighter individuals.

When examining the MRI acquisitions, we found
that the sagittal slices offered the most detailed view
of the signal intensity in the quadriceps tendon and its
trilaminar aspect, as has been described in previous re-
ports!3143273%) 15, addition, the mean dimensions of the
tendons evaluated in our study seem to be in agreement
with data in the literature®¥, despite the scarcity of stud-
ies describing such measures.

Analyzing the structural aspects of the quadriceps
tendons on MRI, we found that signal changes (espe-
cially hyperintensity) were more common in our case
group subjects. Despite the lack of studies similar to
ours, normal tendons are typically described as having a
hypointense signal on MRI!'3'83% [n addition, studies
evaluating quadriceps tendon injuries have demonstrated
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a hyperintense signal at the site of injury">!?. The signal
abnormalities observed in our sample were predominantly
in the distal third of the tendon. Although the patients
evaluated in our study had not had a tendon rupture,
that is also in keeping with data in the literature, which
indicate that such events occur most commonly at the
tendon-bone interface?3%3¢ which corresponds to the
distal third of the tendon.

When we considered only the hemodialysis patients
in whom there were signal alterations in the tendons, we
detected no effect of hemodialysis time on the appearance
of such alterations, and that lack of association might be
due to the small sample size. A number of previous studies
have reported that prolonged time on hemodialysis is asso-
ciated with a higher incidence of tendon ruptures®>27:3%)
because biochemical changes resulting from the underly-
ing disease can lead to progressive weakening of a tendon,
primarily close to its insertion®”3%).

Although it was not the main focus of our study, knee
joint effusion was significantly more common among the
hemodialysis patients than among the subjects with nor-
mal renal function. Other authors have identified an as-
sociation between chronic hemodialysis and amyloidosis,
reporting findings similar to ours®73%),

Our study has some limitations. A more representa-
tive sample could have increased the validity of our find-
ings, especially regarding the alterations seen on imaging.
However, there have been very few studies evaluating the
parameters defined in our study. To our knowledge, there
have been no studies performing a systematic (controlled
or uncontrolled) assessment of the morphology of the
quadriceps tendon in patients with CKD who are on he-
modialysis, which makes our study unique.

In conclusion, we were able to demonstrate that pa-
tients on chronic hemodialysis, even those with no history
of tendon rupture, show a hyperintense signal in the quad-
riceps tendon on MRI.
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