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Evaluation of Elastic Stiffness and Tendon Thickness in
the Quadriceps Tendon in Patients Undergoing Chronic
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Abstract

Objective: Spontaneous rupture of the quadriceps tendon is more common in patients with chronic renal failure than in the healthy population. Recurrent
microtrauma, hypoxia, hyperparathyroidism, and chronic acidosis are some predisposing factors for spontaneous rupture. This study aimed to evaluate tendon
thickness and sonoelastography findings of the quadriceps tendon in patients with chronic renal failure undergoing a dialysis program.

Methods: Forty randomly allocated patients [24 male, 16 female; mean [+ standard deviation (SD)] age: 58.18+14.41 years [range: 24-75] with chronic renal
failure undergoing dialysis program, and 32 healthy volunteers 10 males, 22 females; mean age (+ SD): 54.72+13.84 (range: 31-74)] were included. Measurements
of quadriceps tendon thickness and strain elastography were performed in the right knees of all subjects. For the measurement of a strain ratio, two ROIs were
placed on the tendon that was 1 cm proximal to the patellar insertion area (ROI A) and the prefemoral fat area (ROI B).

Results: The mean quadriceps tendon thickness values were 6.55+1.77 mm (range: 3.8-9.4 mm) in the chronic renal failure group and 5.81+0.93 mm (range:
4.3-8.3 mm) in the control group. The quadriceps tendons were significantly thicker in the patient group (p=0.03). The mean elasticity scores were 6.88+15.82
in patients with chronic renal failure group and 8.49+15.07 in the control group. Mean strain elastography values showed no statistically significant difference
(p=0.66).

Conclusion: Compared with the control cases, the increase in the thickness of quadriceps tendons was found to be significant,but there was no significant
difference in sonoelastography findings between the two groups.
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Amac: Kuadriseps tendonunun spontan riptird, kronik bobrek yetmezligi olan hastalarda saglikli populasyona gdre daha yaygindir. Tekrarlayan
mikrotravmalar, hipoksi, hiperparatiroidizm ve kronik asidoz spontan ruptir icin predispozan faktorlerden bazilaridir. Bu calismanin amaci kronik bobrek
yetmezligi nedeniyle diyaliz programina alinmis olan hastalarda kuadriseps tendonunun kalinligini ve sonoelastografik bulgularini degerlendirmektir.

Yontem: Diyaliz programina giren kronik bobrek yetmezligi olan rastgele secilmis 40 hasta [24 erkek, 16 kadin; ort [+(standart sapma (SS] yas: 58,18+14,41
yiL (dagilim: 24-75)] ve 32 saglikli gdndillii [10 erkek, 22 kadin; ort ( SS) yas: 54,72+13,84 (dagilim: 31-74)] calismaya dahil edildi. Kuadriseps tendon kalinligi
ve gerinim elastografisi dlcimleri tim deneklerin sag dizlerinde gerceklestirilmistir. Gerinim oraninin 6l¢iimd icin, patellar insersiyon alaninin 1 cm
proksimalindeki tendon dizerine (ROI A) ve prefemoral yad alanina (ROI B) iki ROI yerlestirildi.

Bulgular: Ortalama kuadriseps tendon kalinligi degerleri kronik bdbrek yetmezlii olan hasta grubunda 6,55+1,77 mm (dagilim: 3,8-9,4 mm) ve kontrol
grubunda 5,81+0,93 mm (dagilim: 4,3-8,3 mm) idi. Kuadriseps tendonlari hasta grubunda anlamli olarak daha kalindi (p=0,03). Ortalama elastisite skorlari
kronik bdbrek yetmezligi olan hasta grubunda 6,88+15,82 iken kontrol grubunda 8,49+15,07 idi. Ortalama strain elastografi degerleri istatistiksel olarak

anlamli farklilik géstermedi (p=0,66).

Sonug: Kontrol grubu ile kargilastirildiginda kuadriseps tendon kalintigindaki artis istatistiksel olarak anlamli derecede yiksek olamakla birlikte,

sonoelastografik bulgularda iki grup arasinda anlamli bir fark saptanmamistir.

Anahtar Kelimeler: Kronik bobrek yetmezligi, hemodiyaliz, kas-iskelet sistemi ultrasonu, kuadriseps tendonu, sonoelastografi

Introduction

Quadriceps tendon rupture is a relatively uncommon injury
predominantly affecting middle- aged males®™. Disruption
of the knee extensor mechanism is a significant disabling
injury mostly requiring surgical reconstruction and should
thus be diagnosed early. Although spontaneous rupture
of the quadriceps tendon tends to occur in older patients
with degenerative changes, systemic/metabolic diseases
Like chronic renal failure also have harmful effects on the
tendons. Metabolic acidosis and hyperparathyroidism in
patients with chronic renal failure receiving hemodialysis
may cause impairment of vascular supply and alter the
microstructural properties of the tendon, resulting in
spontaneous rupture of the tendon®®.

Although most quadriceps tendon ruptures can be easily
diagnosed by history and physical assessment, imaging
studies are required for the confirmation of the diagnosis
and for differentiating complete and incomplete ruptures®”.
Imaging studies of suspected quadriceps tendon ruptures
should begin with orthogonal plain radiographs. Several
diagnostic imaging modalities may be used in addition
to standard radiographs to confirm the diagnosis, such
as ultrasound and magnetic resonance imaging (MRI).
Arthrography was widely used before, but the availability
of MRI has reduced its importance. Ultrasonography (US)
is a safe method that allows real-time and non-invasive
imaging without exposure to ionizing radiation in a short
examination time. It also allows comparative examination in
the same session and is relatively inexpensive®®. Although

172

its reliability is highly dependent on the experience of the
operating radiologist, the advantages of US make it the first
imaging method to be chosen after physical examination
and plain radiographs®®.

Sonoelastography (SE) is an assistive ultrasound technology
that enhances the characterization of the lesion by assessing
theelasticity of soft tissues. With thismethod, calculated strain
values help effective evaluation of stiffness characteristics
of tissues and organs, similar to a more advanced form
of palpation with objective data. SE was previously used
to evaluate the strain characteristics of superficial soft
tissues such as the breast, thyroid gland, lymph nodes, and
muscle tissue. Currently, strain analysis of visceral organs
has also become applicable™, There are recent studies
concerning the use of SE in musculoskeletal pathologies®213,
In particular, in comparative studies with MR, the reliability
of the assessment of the tendinopathy area by SE has been
demonstrated™. In addition, SE is a useful method in cases
where it is difficult to identify tendinopathy by conventional
usHa,

Although the number of studies concerning the elastographic
evaluation of tendon disorders has increased in recent years,
studies assessing the elastographic characteristics of the
quadriceps tendon in patients with chronic renal failure are
very limited?. The objective of this study was to analyze the
diagnostic efficacy of SE in tendinous injuries by evaluating
the elastrographic characteristics of the quadriceps tendon
using SE in patients with chronic renal failure undergoing a
hemodialysis program.
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Materials and Methods

Subjects

Our study group included 40 patients (24 males, 16
females; mean age: 58.18+14.41, range: 24-75 years) who
were undergoing hemodialysis (three times a week) with a
diagnosis of chronic renal failure at our institution from May
2018 to June 2019. The control group consisted of 32 healthy
individuals (10 males, 22 females; mean age: 54.72+13.84,
range: 31-74 years). Measurements were performed on the
right knees of all subjects. The age, gender, body height, and
weight of all subjects were recorded. Patients with a history
of knee surgery, tendon rupture, other systemic and/or
inflammatory diseases, and systemic and/or intraarticular
use of corticosteroids were excluded. ALl measurements were
performed by the same blinded radiologist (experienced
4 years in real-time SE) who did not know the clinical
preliminary diagnosis. A written informed consent form was
obtained from all patients. This study was approved by the
Clinical Research Ethical Committee of Bagkent University
(ref no: KA-19/21).

US and Real-time SE

US and real-time SE were performed using a linear-array
13.5-MHz high- resolution transducer (Hitachi Arietta V70,
Japan). The examinations were performed in the supine
position with the hips and knees in 45° flexion and the feet
on the examination table. Initially, all patients underwent
standard ultrasound examination. Tendon thickness

and elastographic measurements were performed 1 cm
proximal to the patellar insertion of the quadriceps tendon.
Tendon thickness values were recorded by measuring the

Figure 1. Measurement of quadriceps tendon thickness in
Sagittal B-mode display

anteroposterior diameters along the longitudinal axis
(Figure 1).

SE images were obtained by applying repeated compression
loads to the quadriceps tendon area with the probe. A
real-time image was displayed on the original gray-scale
ultrasound image, and the sonoelastogram was displayed
in overlay mode within the selected ROIs as a color and
numerically coded real-time image. The color scale ranged
from red for tissues with the greatest strain (softest areas) to
blue for tissues with no strain (hardest areas). The relative
stiffness of the tissues was represented by the ROI ratios
on the sonoelastogram. To measure the strain ratio, two
ROIs were placed on the tendon 1 cm proximal from the
patellar insertion area (ROl A) and the prefemoral fat pad
area (ROI B). The strain ratios (B/A) were calculated by the
elastography software of the US device using these two areas
(B/A) (Figure 2). ROI areas were used in standard sizes in all
measurements. Patients' identities were not revealed, and
all data were automatically stored in the US device memory.
The demographic data of all patients were also recorded.
Standard descriptive statistics of demographic data and
SE measurements were also performed using gender
distribution with standard deviations. Mean elastographic
strain ratio values were calculated for gender groups (as
males and females) and for the combined group.

Figure 2. Location of the two ROIs 1 cm proximal from
patellar insertion area. Selected quadriceps tendon
area (ROl A) and the prefemoral fat pad area (ROl B).
Strain elastography ratios (B/A) were calculated by the
elastography software of the ultrasonography device
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Table 1. Data distribution of study and control groups

Control group Study group
Parameter Value Min-max Value Min-max “p"
Age 54.72+13.84 26-74 58.18+14.41 24-85 0.310*
Height 163.22+10 147-190 166.68+9.4 150-187 0.140"
Weight 71+10.67 50-92 83.8+98.72 50-115 0.470"
BMI 26.72+3.32 18.55+33.26 30.16+3.98 21.15+38.66 0.232
QT 5.81+0.93 4.3-83 6.55+1.77 3.6-10.4 0.030™
F/Q 8.49+15.07 0.02-51.67 6.88+15.82 0.01-59.33 0.660¥
Data distribution of study (chronic renal failure patients, n=40) and control groups (n=32) according to age, height, body weight, BMI: Body mass index, QT: Quadriceps tendon
thickness, F/Q: Strain value ratio of prefemoral fat pad (F)/quadriceps tendon (Q)*: p<0.05; ™: Student's t-test, *Mann-Whitney U test

Statistical Analysis

The results of the tests were expressed as the number of
observations (n), mean + standard deviation, median and
min-max values (Table 1). The results of the homogeneity
(Levene's test) and normality tests (Shapiro-Wilk) were
used to decide which statistical methods to apply in the
comparison of the study groups. Normally distributed and
with homogeneous variances groups were compared using
Student's t-test (two groups). According to these test results,
parametric test assumptions were not available for some
variables; therefore, non-parametric comparisons of two and
three independent groups were performed by Mann-Whitney
U test. Categorical data were analyzed using Fischer's Exact
test and chi-square test. In cases with expected frequencies
of less than 25%, "Monte Carlo Simulation Method" was used
for inclusion analysis. SPPS 20 (IBM Corp. Released 2011.
IBM SPSS Statistics for Windows, Version 20.0. Armonk, NY:
IBM Corp.) software was used for the calculations.

Results

In the study group, 40 randomly allocated patients [24 male
(70.6%) and 16 female [42.1%], mean [+ standard deviation
(SD)] age: 58.18+14.41 years (range: 24-75)] with chronic renal
failure undergoing a dialysis program 3 days a week were
included. The mean quadriceps tendon thickness values in
the chronic renal failure group were (mean + SD: 6.55+1.77
mm, range: 3.6-10.4 mm) significantly higher than those in
the control group (mean + SD: 5.81+0.93 mm, range: 4.3-8.3
mm) (p=0.030; Student's t-test, Table 1). Comparison of the
mean elasticity scores between the study group (mean + SD:
6.88+15.82) and the control group (mean + SD: 8.49+15.07)
showed no statistically significant difference (p=0.660;
Mann-Whitney U test, Table 1).
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Discussion

In this study, the mean elasticity scores from the SE
evaluation of patients with chronic renal failure revealed no
statistically significant difference compared with the control
group (p=0.660). However, compared with healthy controls,
mean quadriceps tendon thickness values were found to be
significantly higher in patients with chronic renal failure
(p=0.030).

Quadriceps tendon rupture is a relatively uncommon
injury predominantly affecting middle- aged males®.
The inherent structural and biomechanical properties of
the extensor mechanism allow the quadriceps tendon to
sustain loads up to 17.5 times body weight without failure;
however, the low-energy pattern of injury reported in the
majority of cases suggests a weakened area of tendon
tissue®. Age-related changes in the tendon tissue, such as
fatty and myxoid degeneration, sclerosis, and decreased
tendon thickness with muscular atrophy, may result in
changes in the type and cross-linking of collagen fibers of
the quadriceps tendon, predisposing to rupture®. In addition,
several systemic/metabolic diseases have been shown to
affect the quadriceps tendon and muscle, including renal
failure, diabetes, hyperparathyroidism, rheumatoid arthritis,
systemic lupus erythematosus, gout, osteomalacia, infection,
steroid use, and obesity®*51 These metabolic diseases
weaken the mechanical strength of the tendons by damaging
the vascular supply and/or altering their microstructural
properties. In patients with chronic renal failure, long
periods of hemodialysis and uremia affect the maturation of
collagen and cause quadricep muscle

Atrophy resulting in significant weakening of the tendon.
Konrath et al.'®, retrospectively reviewed 51 quadriceps
tendon ruptures in 39 patients with bilateral and unilateral
quadriceps tendon ruptures and reported a significant



Aydin et al. Evaluation of the Quadriceps Tendon in Hemodialysis Patients

correlation between bilateral simultaneous rupture and
systemic disease. Although spontaneous rupture of the
quadriceps tendon tends to occur in older patients with
degenerative changes or those with systemic/metabolic
diseases, there may also be a genetic link implicated in
bilateral quadriceps tendon rupture with the COL5AI gene,
which encodes the protein for type-V collagen and has been
previously shown to be associated with Achilles tendon and
anterior cruciate ligament ruptures®, The most common
location of spontaneous rupture of the quadriceps tendon
occurs at 1-2 cm proximal to the patella, which corresponds
to the most hypovascular part of the tendon®?, Therefore, we
preferred to evaluate this area for SE measurements.

Studies concerning elastrographic evaluation of the
quadriceps tendon in patients with chronic renal failure are
extremely limited. Teber et al.? analyzed SE findings of the
quadriceps tendon in 53 patients with chronic renal failure.
The authors reported that in patients with chronic renal
failure, quadriceps tendons were thinner and had lower
elasticity scores than controls. However, our results showed
no significant difference in elasticity scores but significantly
higher tendon thickness in patients with chronic renal
failure.

Study Limitations

This study also has some limitations. The relatively limited
number of patients in the study group may have influenced
the results. Magnetic resonance correlation with SE findings
may be considered; however, a reference standard for
comparative evaluation (with SE) of the quadriceps tendon is
lacking. Equipment variations and operator experience may
also impact the results. In our study, all measurements were
performed by the same blinded radiologist (experienced 4
years in SE) using the same equipment. Histopathological
validation of tendinous pathology may be considered as
another limitation of this study.

Conclusion

In musculoskeletal imaging, RTS provides a completely new
perspective and provides furtherinformation about soft tissue
quality and characteristics by assessing tissue elasticity, thus
extending the diagnostic capabilities of B-mode ultrasound.
Long-term randomized controlled studies with larger patient
numbers are necessary to evaluate the value and efficacy of
this new technique.
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