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Abstract: (1) Background: Patella and achilles tendon injuries have become increasingly prevalent due to an
increasingly active population. These injuries can cause significant dysfunction which is especially true for elite
athletes. Standard B-Mode ultrasound has been useful in the diagnosis of these injuries, however, only to a
limited extent. Shear wave elastography (SWE) can aid in evaluation by objectively measuring tissue stiffness.
Prior studies have proven shear wave values can be used to evaluate tendon tissue noting differences in healthy
versus pathologic tendons. One main limitation remains a lack of normative data for specific tendon tissues
which we aim to address in this study; (2) Methods: A cross-sectional study of healthy volunteers aged 18-65
without lower extremity injury was evaluated using A Samsung RS85 Prestige ultrasound machine with a 14L-
2 MHz transducer. Shear wave values were collected in a standardized manner for the patellar tendon at one
location, as well as the achilles tendon at the midportion and insertional areas; (3) Results: Data for 54 healthy
adult patellar and achilles tendons was collected bilaterally. The mean SWE average of the patellar tendon (P1-
P3) for all subjects was 96.3 +/- 10.9 kPA. A higher BMI was correlated with a decrease in patella tendon kPA
and the mean PT1 was higher for males compared to females (adjusted mean 96.4 kPA for males and 88.5 kPA
for females, mean difference =7.9 kPA; P =0.009). The mean SWE average of the insertional Achilles (AT1-AT3)
for all subjects was 101.7 +/-16.2 kPA and for the midportion achilles (MTP1-MTP5) was 145.6 +/- 18.8 kPA.
There was a decrease in kPA for insertional Achilles measurements in those with a higher BMI, but this did not
reach statistical significance (p=.12); (4) Conclusion: This study provides normative SWE values for the patella
and achilles tendon using the Samsung RS85. These values can be used for comparison to pathological tissue
by means of the same examination protocol to better understand tendon degeneration. Further studies are
warranted as to how SWE can be applied to the diagnosis of tendinopathy, partial and full-thickness tears, and
response to treatment.

Keywords: POCUS; ultrasound; elastography; tendinopathy; tendon; orthopedics; imaging

1. Introduction

The patella and achilles tendons are subject to a heavy load during high-impact activity and are
prone to overuse injury. Most commonly, this occurs in competitive and recreational sports such as
running, basketball, and volleyball. It has been estimated that more than half of elite runners will
develop achilles tendinopathy during their lifetime[l], with similar estimates for patellar
tendinopathy in volleyball and basketball athletes[2]. Given these high numbers, it is crucial to be
able to recognize tendinopathy in its early stages and to correct factors that may contribute to
structural and mechanical changes.

Historically, standard brightness-mode (B-mode) ultrasound imaging has enabled researchers
and clinicians to understand these reactive changes of tendons and fascia with respect to this
increased load. The appropriately trained clinician can determine normal from abnormal tissue and
correlate it with the stage of tendon pathology[3]. Yet, delineating normal from abnormal tendons
does not encompass the entirety of tendinopathy, and thus, B-mode imaging has its limitations. B-
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mode imaging is unable to quantify tissue stiffness, which is integral to understanding the
pathophysiology of tendinopathy, and potentially contributes to injury prevention[4].

Recently, ultrasound shear wave elastography (SWE) has emerged within musculoskeletal
imaging to address this gap. SWE works through compressive acoustic waves emitted by the
ultrasound transducer. These acoustic waves create shear waves that ultimately yield quantitative
measurements of tissue stiffness by means of Young’s modulus[5]. Prior studies have demonstrated
that shear wave values can be used in the evaluation of tendon pathology, citing the difference
between tendinopathic, normal, and ruptured tissue[6-10]. Even further, SWE has been used to
demonstrate a response to treatment with potential prognostic implications[11].

The difficulty with ultrasound SWE is that the results are a function of the frequency of the shear
wave, and consequently, values are machine-specific [12]. Normative values for the achilles and
patellar tendon need to be established to compare to pathological tissue. The primary goal of this
study, then, was to investigate tendon stiffness in normal subjects on a single machine and establish
a protocol for future clinical use.

2. Materials and Methods

This was a cross-sectional study performed at a tertiary referral center for sports medicine. IRB
approval was obtained prior to the initiation of the study. Participants were included if they were
healthy adults aged 18-65 without active lower extremity injury or systemic, metabolic, or endocrine
disorders. Participants were excluded if they had lower extremity surgery or previous trauma;
orthopedic knee injuries such as tendinopathy, bursitis, ligament, and meniscus injuries; neurological
or cardiopulmonary diseases; rheumatic disease such as Gout, Rheumatoid Arthritis, Systemic
Lupus; active pain in the achilles or Patellar Tendon; inability to consent; not met the age requirement;
pregnant; prisoners. The demographic data collected included sex, age, BMI, dominant leg, and TAS
score.

2.1. Shear Wave Elastography

Imaging Procedures: A Samsung RS85 Prestige Ultrasound machine with a 14L-2 MHz
transducer was used throughout the study. The elasticity range was set to 200 kPa for the patellar
tendon and 300 kPa for the achilles tendon in HQ mode with a persistence of 50%. All examinations
were performed by an experienced sports medicine-trained clinician with a registered
musculoskeletal sonography (RMSK) certification.

Image Acquisition: For the patellar tendon, participants were assessed supine with the knee
flexed and supported at 30 degrees with the hip in a neutral position (Figure 1a). Approximately
5mm of ultrasound gel was applied using a gel standoff pad, and images were taken without
significant pressure, given that pressure directly affects SWE measures[13]. The transducer was
rotated into the long-axis position on the tendon. Five images were taken by the examiner to account
for image artifact and reproducibility. The transducer was removed and again placed on the target
tissue for each measurement. Data acquisition was obtained at the proximal portion of the patella
tendon with initial measures at the peak of the lower apex of the patella. A 1.25 x 2.5cm rectangular
box was used as the region of interest. A 3mm diameter g-Box was used for data analysis. Three
adjacent measurements using the 3mm g-box were taken spanning from the proximal to the
midportion of the patella tendon (Figure 2a). Average values, not maximum values, were reported,
as maximum values fluctuate with ROI[13]. Images were only included if RMI (reliability of the
measurement) was greater than 0.6 and IQR/Med (Interquartile/Median) ratio was under 30%.
Outliers were removed if deemed an area of anisotropy based on the B mode acquired image.
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Figure 1. Patient positioning for image acquisition of the (a) patella tendon at 30 degrees of knee
flexion and (b) achilles tendon in the prone position, with the foot relaxed overhanging the bed.

Figure 2. Longitudinal elastogram of (a) proximal patella tendon (b) insertional achilles and (c)
midportion achilles tendon in a 39-year-old healthy male. The Q box is represented by the circles
placed within the elastogram. The Q-box within the region of interest for the patella tendon and
insertional achilles is 3mm and the midportion 5mm.
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For the achilles tendon, all participants were assessed in a prone position, with the knee fully
extended and the foot relaxed overhanging the bed (Figure 1b). Relaxed positioning of the tendon
has been shown to have the highest reliability in assessment[4]. Approximately 5mm of ultrasound
gel was applied to maintain good contact between the ultrasound probe and skin without significant
pressure using a gel standoff pad. The transducer was rotated in the long-axis position. Five images
were taken by each examiner to account for image artifact and reproducibility. Data acquisition was
performed at the insertion and midportion of the tendon (Figure 2b and 2c). The midportion of the
achilles tendon was determined by identifying the thickest portion of the tendon proximal to the
insertion (approximately 5cm from the calcaneus) and centering this midline with the transducer. A
1.25x 2.5 cm rectangular box was used as the region of interest. A 3mm and 4-5 diameter g-Box was
used for data analysis of the insertional and midportion achilles respectively. Three measurements
for the insertion and five measurements for the midportion were taken spanning the tendon and the
length of the g-Box.

Image analysis: In biomechanics, stiffness is defined by the proportional relationship between
the stress (the external force or compression) and strain (deformation) applied to it. Transmission of
a longitudinal pulse leads to tissue displacement, which is detected by pulse-echo ultrasound and
allows the measurement of shear wave velocity [V in m s-1]. The shear wave velocity V is
proportional to the shear modulus (p _expressed in kPa) using the following formula: p _= Q.v2
(where o _is the tissue density, equals 1000 kg m3 in the human body). Hard tissues have a higher u
_and v than soft ones which can be directly applied to tendon assessment. Shear modulus
measurements will be reported in kPa, velocity in m/s, and depth in cm. All images and data were
initially assessed and then stored for further analysis.

2.2. Statistical Analysis

The intraclass correlation (ICC) was used as a measure of the magnitude of reliability agreement
and was estimated with variance components from a linear model[14]. The ICC is large (i.e., =1)
when there is little within-subject variance. For this article, the ICC was estimated by use of within-
and between-subject variance components from a two-way fixed-effects model as a measure of
reliability agreement. The repeatability coefficient (RC) was calculated by multiplying the within-
subject standard deviation by 2.77 (\ 2 times 1.96).

A linear regression analysis was performed to analyze the relationship between the patella and
achilles tendon measurements (outcomes) with body mass index and sex as predictors. An adjusted
mean was calculated for each patella and achilles tendon outcome. The adjusted mean and its 95%
confidence interval for each outcome were defined as the predicted outcome value obtained by fitting
the regression equation for males and for females at the mean body mass index using the same slope
estimate for males and females. A one-sample t-test was used in linear regression to test the null
hypothesis that the slope or the regression coefficient was equal to zero.

3. Results

Fifty-four healthy adults were recruited for this study and data were taken bilaterally for both
the achilles and patella tendons of each participant. Detailed descriptive statistics are displayed in
Tables 1-3.

Table 1. Descriptive Statistics for Patella Tendons measured by Shear Wave Elastography.

Group Sample Size Mean Standard Deviation
All subjects 54 96.3 10.9
Sex
Male 24 99.3 12.4
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Female 30 93.8 8.9

Age (median = 29.0)

<295 28 98.6 11.4

>29.5 26 93.8 9.9

BMI (median = 24.4)

<244 27 97.6 9.7

>24.4 26 95.2 12.1

Dominant Leg

Right 42 95.7 10.2
Left 11 99.3 14.0
TAS Score
2 2 94.5 0.1
3 7 95.2 6.1
4 15 95.6 14.6
5 6 934 115
6 9 97.1 74
7 13 99.1 12.0

Table 2. Descriptive Statistics for Achilles Tendons measured by Shear Wave Elastography (Location:

AT1, AT2 and AT3).
Group Sample Size Mean Standard Deviation
All subjects 52 101.7 16.2
Sex
Male 22 105.9 20.4
Female 30 98.6 11.6

Age (median = 29.0)

<29.0 28 100.0 15.7

>29.0 24 103.6 16.9

BMI (median = 24.1)

<241 26 104.3 18.8

>24.1 25 99.1 13.1
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Dominant Leg

Right 41 102.6 17.3

Left 10 98.5 11.6
TAS Score

2 2 87.5 6.7

3 6 106.2 29.2

4 15 101.7 7.9

5 4 116.0 30.0

6 9 90.0 14.4

7 14 104.8 8.7

Table 3. Descriptive Statistics for Achilles Tendons measured by Shear Wave Elastography (Location
Midpoint - ATMP1-ATMP5).

Group Sample Size Mean Standard Deviation
All subjects 52 145.6 18.8
Sex
Male 22 142.6 18.3
Female 30 147.7 19.3

Age (median = 29.0)

<29.0 28 141.7 20.2

>29.0 24 150.0 16.4

BMI (median = 24.1)

<241 26 147.2 17.0

>24.1 25 143.7 21.2

Dominant Leg

Right 41 144.5 18.0
Left 10 149.7 232
TAS Score

2 2 125.0 26.1
3 6 153.4 26.5
4 15 144.2 16.6
5 4 153.1 22.7
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148.7 15.2

142.0 19.4

3.1. Patella Tendon

The mean SWE average of the patellar tendon (P1-P3) for all subjects was 96.3 kPA (standard
deviation 10.9 kPA) with moderate reliability (intraclass correlation coefficient, ICC = 0.50, 52, 0.50
for P1, P2 and P3) (Appendix 1). The repeatability coefficient (RC) of patellar tendon 1 was 29.4 kPA
suggesting the differences between multiple measurements will be less than the RC in 95% of the
cases made by a single observer. Males demonstrated a statistically higher kPA than females (Table
4) at positions P1 (p=.009) and P2 (p=.02), but not P3 (p=.17). A higher BMI was correlated with a
decrease in patella tendon kPA (Figure 3) at all points. The mean PT1 decline per 1 kg/m?2 increase in
BMI was -0.6894 and the decline per 5 kg/m?2 increase in BMI was -3.447. There was a trend towards
a higher kPA in patients age <29.5 (98.6 kPA versus 93.8 kPA). TAS greater than 5 had a higher kPA
than lower TAS levels, but the number of individuals at each level was not enough to make statistical

conclusions.
Table 4. Linear Regression of PT (kPa) Regressed on BMI and Sex.
Outcome Sex Sample Slope + SE | P Value Adjusted Mean P Value
Size Mean Difference
(95% CI) (95% CI)
PT1 Males 24 -0.6894 0.05 96.4 7.9 0.009
+0.3427 (92.1,100.7) (2.0, 13.8)
Females 29 88.5
(84.5,92.4)
PT2 Males 24 -0.8993 0.01 101.7 7.3 0.02
+0.3487 (97.3,106.1) (1.3,13.3)
Females 29 94.4
(90.4, 98.4)
PT3 Males 24 -1.2471 <0.001 101.7 42 0.17
+0.3497 (97.3,106.1) (-1.8,10.2)
Females 29 97.5
(93.5,101.5)
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Figure 3. Linear Regression analysis for patella tendon stiffness with sex and BMI for each of the three
measurement sites a) P1 b) P2 and c) P3.

3.2. Achilles Tendon

The mean SWE average of the insertional Achilles (AT1-AT3) for all subjects was 101.2 kPA
(standard deviation 16.2 kPA) with moderate reliability (intraclass correlation coefficient, ICC =0.57,
54, 0.58 for AT1, AT2 and AT3) (Appendix 2). The repeatability coefficient (RC) of insertional
Achilles AT1 was 40.4 kPA suggesting the differences between multiple measurements will be less
than the RC in 95% of the cases made by a single observer. The mean SWE average of the midpoint
Achilles (AT1-ATS3) for all subjects was 145.6 kPA (standard deviation 18.8 kPA) with poor reliability
(intraclass correlation coefficient, ICC =0.47, 0.40, 0.42, 0.43 0.40 for ATMP1 — APMP5) but moderate
reliability for the left and right midpoint data. The repeatability coefficient (RC) of Achilles ATMP1
left was 47.9 kPA suggesting the differences between multiple measurements will be less than the
RC in 95% of the cases made by a single observer. The insertional AT measurements were higher in
males compared to females (Table 5) but were only statistically significant for AT3 (p=04). There was
a decrease in kPA for insertional achilles measurements in those with a higher BMI (Figure 4), but
this did not reach statistical significance (p=.12). There was no difference in sex or BMI observed in
the midportion of the achilles. There was no trend observed with TAS scores for the insertional or
midportion achilles.

Table 5. Linear Regression of AT (kPa) Regressed on BMI and Sex.
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Outcome Sex Sample Slope +SE | P Value Adjusted Mean P Value
Size Mean Difference
(95% CI) (95% CI)
AT1 Males 22 -0.2100 0.72 95.4 5.7 0.26
+0.5866 (87.8,103.0) (-4.4,15.9)
Females 29 89.6
(83.0, 96.2)
AT2 Males 22 -0.4433 0.44 108.0 7.6 0.13
+0.5735 (100.6,115.4) (-2.3,17.5)
Females 29 100.4
(93.9, 106.9)
AT3 Males 22 -0.9236 0.12 115.6 10.8 0.04
+0.5844 (108.0,123.2) (0.7,20.9)
Females 29 104.8
(98.2,111.4)
Red = Females
Blue = Males
1804
1701 *
1601
<
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Figure 4. Linear Regression analysis for achilles tendon stiffness with sex and BMI for measurement
of the insertional achilles a measurement site 3 (AT3). P = 0.12 for testing slope = 0 and P = 0.04 for

males versus females.

4. Discussion

In this cross-sectional study of healthy volunteers, we determined the normal mechanical
properties of the patella and achilles tendon assessed with ultrasound SWE on the Samsung RS85


https://doi.org/10.20944/preprints202310.1043.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 October 2023 doi:10.20944/preprints202310.1043.v1

10

machine. To our knowledge, this is the first article published presenting the machine, given
technology for this purpose.

Different forms of elastography have been utilized to describe the elasticity of both the achilles
and patella tendon. Payne et al. in a small study of 14 health volunteers found that SWE could be a
reliable measure of stiffness without significant variability over a period of 5 days. Wakker et al. have
also established normative values for the achilles but used acoustic radiation force impulse
elastography integrated with the Siemens Acuson S3000 system. The difficulty is that there exists
significant variability amongst the different machines when evaluating the results of SWE[15].
Ultrasound systems have a diverse set of parameters and technology to produce and measure shear
waves. This leads to different values and difficulties in comparing among systems. A study by
Alrashed et al. found measurement differences between systems of up to 15% for superficial
structures and 38.6%-82.9% for deeper[16]. This sentiment was reinforced by Javed et al. calling for
better standardization of systems[17].

Another aspect to consider is the positioning of the tendon. Hardy et al. compared the shear
modulus of the patellar tendon in two knee angles at different stress levels. Shear modulus was
highest in knee flexed, then knee semi-flexed. The lowest shear wave speed was obtained at rest with
the knee in a fully extended position (i.e., with the patellar tendon at full rest)[18]. Payne et al.
assessed the reproducibility of SWE of the achilles tendon from different foot positions determining
that a significant difference exists between a relaxed and fixed position[4]. In our study, we
standardized the patient positioning for the patella tendon with the knee flexed to 30 degrees resting
on a foam roller. For the achilles, the patient was prone with the ankle relaxed in slight plantarflexion.
The positions chosen were the positions most commonly presented in the literature[15].

Elastography is also influenced by both gel contact and manual pressure on the transducer. To
standardize the amount of gel used, a gel standoff pad was implemented. To account for pressure on
the probe, 5 measurements were taken sequentially, manually lifting the transducer off the position
on the patient. This method produced moderate reliability, which is in line with previously published
data [4, 19, 20].

In establishing normative values, we found that participants with a higher BMI had lower
tendon stiffness for both the patella tendon and insertional achilles. Females, in general, had a lower
tendon stiffness than males and there was a trend towards increased stiffness in younger participants.
This is comparable to previous studies for the patella tendon[21, 22]. There is conflicting evidence,
however, with the achilles. Wakker et al. concluded no change with age, sex, or BMI, while Ruan et
al. determined that there is a lower elasticity with older age [23, 24]. Further investigation is
warranted to better understand this relationship. Regarding activity level, a higher stiffness was
observed with an increased level of activity for the patella tendon, but not the Achilles. Our sample
size was too small to make any conclusions, but differences have been noted by previous authors
citing lower stiffness for the patella and higher stiffness for the achilles tendons with greater levels of
activity[25, 26].

Shear wave imaging can advance the level of diagnostic capabilities for musculoskeletal
medicine. Yurdaisik et al. evaluated the accuracy of point shear wave elastography (pSWE) and two-
dimensional shear wave elastography (SWE) for patella tendinopathy and compared it with magnetic
resonance imaging (MRI) finding compatibility of clinical scoring[27]. Zhang et al. compared the
morphology and elastic properties of patellar tendons between athletes with and without unilateral
patella tendinopathy. Athletes with tendinopathy had a higher elastic modulus[28]. In the achilles,
Gatz et al. investigated if SWE can differentiate between the symptomatic and asymptomatic side of
unilateral AT. Like the patella tendon, patients with symptomatic tendinopathy displayed higher
SWE values than the asymptomatic side which was also higher than healthy controls[7]. SWE may,
then, be able to serve as a more sensitive means for the diagnosis of pathology than B-mode imaging
alone[7, 29].

Another immense potential of the technology is evaluating response to treatment. Dirrichs et
al. in a double-blinded longitudinal study for monitoring the treatment of tendinopathies were able
to prove that SWE could depict processes associated with tendon healing that was unlike B-mode
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imaging and power Doppler ultrasound[7]. This can be used in the field of ultrasound-guided
procedures such as vacuum debridement, needle tenotomy, and orthobiologics to identify objective
measures of change outside of patient-reported outcomes.

This study is not without limitations. Primarily, only one observer was included. Future research
should address both interobserver and intra-observer agreement for each SWE outcome. In addition,
another aspect to consider is the study’s lower sample size and power. Our results provide important
estimates of variability (the within-subject and the between-subject standard deviation) for each
endpoint that will be valuable to power future studies. These estimates are essential components for
sample size calculations.

5. Conclusions

This study provides normative SWE values for the patella and achilles tendon using the
Samsung RS85. These values can be used for comparison to pathological tissue by means of the
same examination protocol to better understand tendon degeneration. Further studies are
warranted as to how SWE can be applied to the diagnosis of tendinopathy, partial and full-thickness
tears, and response to treatment.
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Appendix A: Estimates of the Standard Deviation and Intraclass Correlation Coefficient for
Patella Tendons measured by Shear Wave Elastography (One Reader)

Location Number Number Between- Within- Intraclass

Subjects Measurements subject SD Subject SD Correlation

Coefficient
P1 54 513 10.6 10.6 0.50
P1 Left 54 257 11.6 8.6 0.65
P1 Right 54 256 12.6 8.4 0.69
P2 54 514 11.0 10.6 0.52
P2 Left 54 258 11.9 8.5 0.66
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P2 Right 54 256 12.7 9.1 0.66
P3 54 514 11.3 11.4 0.50
P3 Left 54 257 12.5 8.7 0.68
P3 Right 54 257 13.6 9.7 0.66

The Interclass Correlation Coefficient (ICC) is a measure of reliability. ICC values less than 0.5,
between 0.5 and 0.75, between 0.75 and 0.90, and greater than 0.90 are indicative of poor, moderate,
good, and excellent reliability, respectively.

Appendix B: Estimates of the Standard Deviation and Intraclass Correlation Coefficient for
Achilles Tendons measured by Shear Wave Elastography

Location Number Number Between- Within- Intraclass
Subjects Measurements subject SD Subject SD Correlation
Coefficient
AT1 52 498 16.6 14.6 0.57
ATI Left 251 17.6 12.7 0.66
AT1 Right 247 19.4 11.7 0.74
AT2 52 498 16.5 15.3 0.54
AT2 Left 251 16.3 12.9 0.62
AT2 Right 247 20.3 13.1 0.71
AT3 52 498 17.5 14.8 0.58
AT3 Left 251 17.1 12.7 0.65
AT3 Right 247 21.0 13.2 0.72
ATMP1 52 505 19.4 20.7 0.47
ATMP1 Left 250 21.3 17.3 0.60
ATMP1 Right 255 23.1 17.8 0.63
ATMP2 52 500 17.7 21.6 0.40
ATMP2 Left 250 20.2 18.9 0.53
ATMP2 Right 250 223 17.1 0.63
ATMP3 52 500 17.9 21.0 0.42
ATMP3 Left 250 20.0 18.1 0.55
ATMP3 Right 250 22.6 16.6 0.65
ATMP4 52 490 18.7 20.8 0.45
ATMP4 Left 245 20.1 19.4 0.52
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ATMP4 Right 245 20.7 17.3 0.59
ATMP5 52 480 171 20.9 0.40
ATMP5 Left 240 18.2 19.5 0.47
ATMP5 Left 240 20.1 17.6 0.57

The Interclass Correlation Coefficient (ICC) is a measure of reliability. ICC values less than 0.5,
between 0.5 and 0.75, between 0.75 and 0.90, and greater than 0.90 are indictive of poor, moderate,
good, and excellent reliability, respectively.
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