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Abstract: Purpose: To compare and quantify with ultrasound imaging (USI) the inter-recti
distance (IRD), rectus abdominis (RA), external oblique (EO), internal oblique (IO), transversus
abdominis (TrAb), and multifidus thickness and the RA and multifidus cross-sectional area (CSA)
between individuals with and without chronic mid-portion Achilles tendinopathy (AT). Methods: A
cross-sectional study. A sample of 143 patients were recruited and divided into two groups: A group
comprised of chronic mid-portion AT (n = 71) and B group composed of healthy subjects (n = 72). The
IRD, RA, EO, IO, TrAb, and multifidus thickness, as well as RA and multifidus CSA, were measured
by USI. Results: USI measurements for the EO (p = 0.001), IO (p = 0.001), TrAb (p = 0.041) and RA
(p = 0.001) thickness were decreased as well as IRD (p = 0.001) and multifidus thickness (p = 0.001)
and CSA (p = 0.001) were increased for the tendinopathy group with respect the healthy group. Linear
regression prediction models (R2 = 0.260 − 0.494; p < 0.05) for the IRD, RA, EO, and IO thickness (R2

= 0.494), as well as multifidus CSA and thickness were determined by weight, height, BMI and AT
presence. Conclusions: EO, IO, TrAb, and RA thickness was reduced and IRD, multifidus thickness
and CSA were increased in patients with AT.
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1. Introduction

Chronic mid-portion Achilles tendinopathy (AT) is a very common overuse disease, and one of
the most prevalent conditions in athletes and the general population [1]. In addition, Albers et al. [2]
showed an AT incidence rate from 1.16 to 2.35 per 1000 individuals per year. AT injuries were shown
in both sexes but had a higher incidence in middle-aged men [3]. The clinical findings in tendon
overuse injuries are a combination of pain, morning stiffness, swelling, and inability to perform sports
activities [4]. Li and Hua [5] divided the AT into three categories: Mid-portion AT (located from 2
to 6 cm proximal to the Achilles insertion at the calcaneus); insertional AT (located at the Achilles
tendon insertion at the calcaneus) and other disturbances (e.g., bursitis). Boesen et al. [6] argued that
overloading plays an essential role in the development and the management of this condition. Achilles
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load management programs are oriented to work isotonic and eccentrically the lower limb muscles,
abdominal wall and paraspinal muscles are involved working in a coordinated manner to provide
body stability and balance. In addition, lower limb disturbances, such as AT, could be comprised the
transferring load mechanisms through the body, in both directions [7].

Core muscles presented morphological differences and were composed of: Rectus abdominis
(RA), external oblique (EO), internal oblique (IO), transversus abdominis (TrAb), and multifidus
muscles [8]. Whittaker et al. [9] reported that these muscles worked with the pelvic floor muscles and
diaphragm to pressurize the abdominal cavity and to transfer loads through the lower limb and the
trunk. Hodges et al. [10] reported functional deficits in individuals with lumbopelvic pain (LPP). In
addition, core muscles have shown structural differences in subjects with and without chronic low
back pain [11]. Regarding the paraspinal muscles, several authors highlighted the importance of a
quantitative and standardized assessment by ultrasound imaging (USI) of the multifidus muscles in
order to evaluate the morphology and behavior during contraction and at rest in individuals with and
without pathologies [12,13].

Current literature showed evidence about the use of the USI to assess the muscles thickness and
cross-sectional area (CSA) as a complement of a physical therapy examination [14,15]. In addition,
the evaluations can be performed in static and dynamic B-Mode. Regarding the lower limb muscles,
Romero et al. [16] reported a decreasing of the CSA in extensor digitorum longus (EDL), tibialis anterior
(TA), and peroneus muscles (PER) in individuals with AT. USI measurements of the abductor hallucis
brevis (AHB), and flexor hallucis brevis (FHB) thicknesses, as well as flexor digitorum brevis (FDB) and
FHB CSA, were increased in patients with AT with respect to a healthy group [17]. Romero et al. [18]
showed a reduced plantar fascia at the calcaneus insertion and also the calcaneal fat pad in subjects
with AT. The use of the USI to assess the lower limb has been employed in other populations, such as
individuals with ankle sprains and hallux valgus reporting a reduced peroneus longus CSA [19] and a
reduced CSA and thickness of the abductor hallucis and flexor hallucis [20], respectively. Considering
the trunk region, Whittaker et al. [9] described the relationship between individuals with LPP and
changes in abdominal wall muscles. In sports populations USI examination of the abdominal wall
muscles and the perimuscular connective tissues (PMCT) between elite and amateur basketball players
have been performed. Thickness of the TrAb and PMCT were increased in the left (dominant) side
in elite basketball players with respect to amateurs [21,22]. Multifidus ultrasound features were
studied in healthy populations [23,24] and subjects with low back pain, reporting a decreasing of the
CSA [12]. Different evaluation methods were used to evaluate the core muscles: Magnetic resonance
imaging [25,26], electromyography [27,28], and USI. Therefore, several authors suggest that USI
provides a complete and a real-time assessment of the muscle and soft tissues features being a valid,
non-invasive, and reliable tool [29,30].

For the Achilles tendon, ultrasonography evaluations have focused on tendon morphology in
individuals with and without pathology. Prior studies about AT have been assessed detailing structures
surrounding the Achilles tendon complex. However, research about muscles and connective tissues
involved in the load transferring and biomechanics in subjects with lower limb pathology are still
needed. Thus, the aim of the present study was to compare and quantify with USI the inter-recti
distance (IRD), the thickness of the RA, EO, IO, TrAb, and multifidus muscles as well as the CSA of the
RA and multifidus between individuals with and without chronic mid-portion AT.

2. Materials and Methods

2.1. Design

The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) [31] criteria
were followed in order to perform this secondary analysis of a cross-sectional study from January
to December 2017 [16–18]. Previously, the Research and Ethics Committee of La Princesa Hospital
(Madrid, Spain) approved the study with the record number 2828A. Before starting this research,
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the informed consent form was read and signed by all the participants. In addition, the ethical
recommendations and considerations of the Helsinki Declaration from 2013 were respected during the
course of this study [32].

2.2. Sample Size Calculation

The sample size calculation was developed with the G*Power software [33] by the between-groups
difference. The IO (mm) variable was employed in a pilot study with 18 subjects (mean ± SD): 9
individuals for the tendinopathy group (7.34 ± 3.21) and 9 individuals for the healthy group (8.63 ±
2.86). A power of 0.80, α error of 0.05 and effect size of 0.42 with 1-tailed hypothesis were used for the
sample size calculation. Finally, a sample of 140 subjects was calculated. However, we could recruit for
this study a total sample of 143 subjects.

2.3. Participants

A sample of 143 participants were recruited and divided into two groups: A group comprised of
chronic mid-portion AT (n = 71) and group B composed of healthy subjects (n = 72). For the AT group,
participants were included if they presented: Tendon pain of at least 3 points in visual analogue scale,
irritation and dysfunction at 2 to 6 cm from the calcaneal insertion, duration of the symptoms of at
least 3 months, and participants under pharmacological or physical interventions during the study
course [16]. The exclusion criteria were: Diagnosis of insertional AT [34], fractures, surgeries, ankle
sprains, previous interventions with corticosteroids injections in the region of the Achilles tendon,
systemic diseases, lower limb, or any disturbances the last 12 months [35], history of Achilles tendon
rupture in the affected. The enrollment of the subjects was performed by a specialized medical doctor
with more than 10 years of experience in sport medicine and musculoskeletal disorders.

2.4. Ultrasonography Imaging Measurements

Ultrasonography was developed with a LogiQ ultrasound system (GE, Healthcare, UK), with a
4–13 MHz linear transducer (38-mm footprint) for the anterior abdominal wall muscles and with a
2–5.5 MHz convex transducer (38-mm footprint) for the multifidus evaluations. All the evaluations
were developed by the same therapist (P.M.L.), with 3 years of experience in ultrasound imaging of
the musculoskeletal field. All the images for the anterior abdominal muscles were taken in supine
position. The images of the EO, IO, and TrAb muscles was developed by placing the transductor in
the mid-axillary line, between the subcostal line and the iliac crest [9] (Figure 1A). For the RA muscle
examination, the transducer was placed aligned with the umbilicus, and just under the umbilicus for
the IRD evaluation (Figure 1B). Muscle thickness was considered as the distance between the edges
of each muscle and IRD was described as the distance between the both RA muscles [9]. For the
multifidus muscles examinations patients were placed lying in prone position at rest and during a
maximal isometric contraction with the ipsilateral extended lower limb for 5 s. Following the Wallwork
et al. [36] guidelines, the transducer locations were identified by palpations of L4–L5 spinous as the
reference points. The thickness of the multifidus muscles was considered as the tip of the target
zigapophyseal L4–L5 joint to the inside edge of the superior border of the multifidus muscle [36]
(Figure 2A). According to Huang et al. [37], the CSA of the multifidus muscle was recorded with the
transducer placed on the skin 25-mm distal from the spinous process of L5 and vertical to the spine
(Figure 2B).

Prior studies reported good-to-excellent reliability values for the anterior wall and multifidus
muscle USI measurements: EO, IO, and TrAb (0.55–0.97); [38] IRD (0.72–0.91); [39] RA (0.97–0.99); (9)
and multifidus thickness (0.84–0.92) [40] and CSA (0.86–0.89) [41]. The mean of 3 repeated values
were recorded for each measurement maintaining the transducer at the same place and with the same
pressure (just the pressure generated by the weight of the transducer). ImageJ software (Bethesda, MD,
USA) was employed to measure all the images offline [42].
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Figure 1. Ultrasound imaging thickness for the EO, IO, TrAb (A), RA thickness (B) muscles, and IRD 
(C). EO, external oblique; IO, internal oblique; TrAb, transversus abdominis; RA, rectus abdominis; 
IRD, inter-recti distance. 

 

Figure 2. Ultrasound imaging for the multifidus thickness (A) and cross-sectional area (CSA) (B). 

2.5. Statistics 

SPSS software v.26 (IBM SPSS Statistics; NY: IBM) was employed for data analysis. Shapiro–
Wilk test was employed to assess the normality [43]. A descriptive analysis was developed for all the 
subjects and separately in the tendinopathy and health group using mean, standard deviation (SD) 
to describe the parametric data and mean and interquartile ranges (IR) for non-parametric data. In 
addition, group differences were assessed employing an independent t-test for parametric data and 
Mann–Whitney U for non-parametric data. 

In order to predict the influence of the descriptive data and group (presence of Achilles 
tendinopathy) on the statistically significant outcome measurements showed in the prior described 
analyses, a multivariate analysis was carried out by linear regression. The dependent variables were 
EO, IO, TrAb, RA, and multifidus thickness as well as IRD and multifidus CSA. The independent 
variables were group, sex, weight, height, BMI, and age. For all statistical tests, an α error of 0.05 (95% 
CI) and an β error of 0.2 were employed. 

3. Results 

Considering the Table 1, data analysis showed statistically significant differences in body mass 
index (BMI) (p = 0.12) between the tendinopathy and healthy group. Regarding the Table 2, USI 
measurements for the EO thickness (p = 0.001), IO thickness (p = 0.001), TrAb thickness (p = 0.041), 
and RA thickness (p = 0.001) were decreased showing statistically significant differences for the 

Figure 1. Ultrasound imaging thickness for the EO, IO, TrAb (A), RA thickness (B) muscles, and IRD
(C). EO, external oblique; IO, internal oblique; TrAb, transversus abdominis; RA, rectus abdominis;
IRD, inter-recti distance.
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Figure 2. Ultrasound imaging for the multifidus thickness (A) and cross-sectional area (CSA) (B).

2.5. Statistics

SPSS software v.26 (IBM SPSS Statistics; NY: IBM) was employed for data analysis. Shapiro–Wilk
test was employed to assess the normality [43]. A descriptive analysis was developed for all the
subjects and separately in the tendinopathy and health group using mean, standard deviation (SD)
to describe the parametric data and mean and interquartile ranges (IR) for non-parametric data. In
addition, group differences were assessed employing an independent t-test for parametric data and
Mann–Whitney U for non-parametric data.

In order to predict the influence of the descriptive data and group (presence of Achilles
tendinopathy) on the statistically significant outcome measurements showed in the prior described
analyses, a multivariate analysis was carried out by linear regression. The dependent variables were
EO, IO, TrAb, RA, and multifidus thickness as well as IRD and multifidus CSA. The independent
variables were group, sex, weight, height, BMI, and age. For all statistical tests, an α error of 0.05 (95%
CI) and an β error of 0.2 were employed.

3. Results

Considering the Table 1, data analysis showed statistically significant differences in body mass
index (BMI) (p = 0.12) between the tendinopathy and healthy group. Regarding the Table 2, USI
measurements for the EO thickness (p = 0.001), IO thickness (p = 0.001), TrAb thickness (p = 0.041),
and RA thickness (p = 0.001) were decreased showing statistically significant differences for the
tendinopathy group with respect to the healthy group. In addition, the IRD (p = 0.001), multifidus
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thickness (p = 0.001), and multifidus CSA (p = 0.001) were increasing reporting statistically significant
differences for the tendinopathy group with respect the healthy group.

Table 1. Sociodemographic data, pain scores, and VISA-A scale of the sample.

Data Tendinopathy (n = 71) Controls (n = 70) p-Value Cases vs. Controls

Age, y 45.11 ± 12.75 * 37.61 ± 11.91 * 0.200 **
Weight, kg 76.00 ± 12.00 † 75.00 ± 18.50 † 0.412 ‡

Height, m 1.76 ± 0.11 † 1.76 ± 0.12 † 0.566 ‡

BMI, kg/m2 24.81 ± 2.13 † 23.88 ± 3.67 † 0.012 ‡

VAS 2.00 ± 3.00 † N/A N/A
VISA-A 56.00 ± 14.00 † N/A N/A

Abbreviations: N/A, not applicable; VAS, visual analogue scale. * Mean ± standard deviation (SD) was applied.
** Student´s t-test for independent samples was performed. † Median ± interquartile range (IR) was used. ‡
Mann–Whitney U test was utilized.

Table 2. Ultrasound imaging measurements between groups.

Measurement Tendinopathy (n = 71) Health (n = 72) p-Value

IRD (mm) 17.21 ± 8.37 (10.29–22.63) † 9.83 ± 7.75 (2.01–22.05) † 0.001 ‡

RA Thickness (mm2) 10.19 ± 2.31 (5.21–16.49) * 11.33 ± 2.15 (6.22–21.55) † 0.001 ‡

EO Thickness (mm) 3.99 ± 2.30 (2.10–8.71) † 5.56 ± 1.55 (2.63–9.00) * 0.001 ‡

IO Thickness (mm) 8.36 ± 3.47 (2.23–15.57) † 11.08 ± 5.04 (4.65–19.50) † 0.001 ‡

TrAb Thickness (mm) 3.74 ± 2.43 (13.38–26.89) † 4.70 ± 1.98 (2.35–9.70) † 0.041 ‡

Multifidus Thickness (mm) 24.07 ± 5.67 (18.94–31.63) † 12.17 ± 8.48 (8.08–25.13) † 0.001 ‡

Multifidus CSA (mm2) 1068.58 ± 175.48 (773.79–1610.19) † 960.72 ± 437.52 (665.19–1641.28) 0.001 ‡

Abbreviations: CSA, cross sectional area; EO, external oblique; IO, internal oblique; TrAb, transversus abdominis.
* Mean ± standard deviation (SD) (minimum–maximum) was applied. † Median ± interquartile range (IR)
(minimum–maximum) was used. ‡Mann–Whitney U test was utilized.

According to the linear regression analysis (Table 3), the prediction model for the IRD (R2 = 0.494)
was determined by weight, height, BMI and group; RA thickness (R2 = 0.303) was determined by
age; EO thickness (R2 = 0.387) was determined by age, sex and group; IO thickness (R2 = 0.380) was
determined by sex and group; TrAb (R2 = 0.260) was determined by group; multifidus CSA (R2 =

0.341) was determined by age and multifidus thickness (R2 = 0.643) was determined by sex and group.

Table 3. Multivariate predictive analysis for IRD, EO, and multifidus thickness for patients with
Achilles tendinopathy and controls.

Parameter Model P Value Model R2

IRD (mm) −207.961
0.494

−1.686 * Weight
112.29 * Height

6.019 * BMI
5.506 * Group

0.006
0.028
0.001
0.001

RA Thickness (mm) 65.252
0.303

−1.740 * Age 0.001

EO Thickness (mm) 19.754
0.387

−0.025 * Age
1.312 * Sex
−1.132 * Group

0.013
0.006
0.001

IO Thickness (mm) −29.138
0.3804.129 * Sex

−2.892 * Group
0.001
0.001

TrAb (mm) −15.813
0.260

−1.061 * Group 0.001
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Table 3. Cont.

Multifidus CSA (mm2)
−882.850

0.341
−2.729 * Age 0.048

Multifidus Thickness (mm) −103.879
0.643

−3.653 * Sex
10.116 * Group

0.013
0.001

Abbreviations: CSA, cross sectional area; EO, external oblique; IO, internal oblique; IRD, interrecti distance; TrAb,
transversus abdominis; * Multiplay: Group (control = 0; Tendinopathy = 1); Sex (women = 0; men = 1).

4. Discussion

To the current knowledge, this study may be stated as the first study detailing the abdominal
wall muscles and multifidus muscles in patients with chronic mid-portion AT compared with healthy
individuals. Our findings were in line with prior research showing a relationship between Achilles
Tendinopathy and morphological muscle architecture changes [16–18] and regarding the difference of
the core muscles between populations [21].

4.1. Inter-Recti Distance and Rectus Abdominis Thickness

Prior USI research about abdominal wall muscles have focused on the IO and TrAb
muscles [25,44,45]. In addition, Jansen et al. [44] did not found differences in the thickness of the IO
and TrAb muscles in LBP compared to healthy individuals. However, our research showed a decrease
of the RA thickness and an increased IRD for the tendinopathy group. Coldron et al. [46] reported
similar results in postpartum women founding a significantly thinner RA and a wider IRD for the
postpartum women. In the same line, Romero et al. [21] compared the abdominal wall muscles by USI
between elite basketball players and amateur showing a significantly increase for the IRD in favor the
elite basketball group with respect group. These results could be related with the high musculoskeletal
system demand those who were exposed the elite basketball players due to the multiple training
sessions per week. The RA muscle has the greatest thickness of the abdominal wall muscles [47],
playing an important role transferring loads in a coordinated manner with the EO, OI, and TrAb
muscles. Mota et al. [48] argued that the exploration by palpation of the IRD is sufficient to the clinical
practice. However, the USI is a more accurate method to recommend in future research about IRD.
In addition, the work developed by Rankin et al. [47] supports the reliability and validity for the RA
muscle examination by USI.

4.2. External Oblique, Internal Oblique, and Transversus Abdominis Thickness

Regarding the anterolateral abdominal muscles several authors examined and compared by
USI different populations with respect to healthy groups. For example, Jansen et al. [44] showed a
smaller TrAb thickness in subjects with longstanding adduction-related groin pain compared with
healthy athletes. Rostami et al. [49] compared the thickness of the anterolateral muscles of competitive
off-road cyclists with and without LBP showing a lower thickness of the TrAb for the LBP group.
In this line, the results of the present investigation presented a decrease of the TrAb, IO, and EO
thickness for the tendinopathy group. The important role of the TrAb muscle in control of the spine
was widely evidenced, being the deep trunk abdominal muscles considered as main outcomes to assess
and manage specific populations with different musculoskeletal disorders such as LPP, LBP, or AT
individuals [50,51].

4.3. Multifidus Muscles

Wallwork et al. [36] reported the reliability to assess the voluntarily contraction of the multifidus
muscles in real-time with USI. In addition, Hides et al. [52] argued that dynamic studies of paraspinal
muscles by USI may be useful to provide a visual feedback to be added in a rehabilitation program in
populations with pathology, such as LBB or LPP. In this line, the results of the present study showed
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significant differences in individuals with pathology—chronic mid-portion AT—compared with healthy
subjects. However, Hides et al. [52] reported also differences in multifidus muscles in individuals
with subacute LBP showing a decreasing of the CSA in favor to the pathology group. Several authors
argued that core load management programs increased the multifidus CSA [53], in order to improve
the core protection, stabilization in a coordinated manner with the anterior wall muscles.

4.4. Clinical Implications

The findings of the present study did not intend to provide a cause or explanation for the AT.
Authors suggest that the examination of the core and multifidus muscles could help to carried out a
complete diagnosis added to a traditional AT exploration (e.g., symptomatology and manual therapy
exploration). Moreover, our results showed that it could be beneficial the implementation of the
anterior abdominal and paraspinal muscles approach to a load and manual therapy program for the
prevention and management of individuals with AT.

4.5. Limitations

The present study was developed in ultrasound B-Mode, not M-Mode or 4-D mode. In addition,
color elastrography may be useful to assess the core and paraspinal muscles, which could have been
useful for the assessment muscle and soft tissue features. The BMI was calculated with the Quetelet´s
formula reporting differences between groups that may influence the results [54]. Thus, the differences
founded in the present study could be partially explained due to the Quetelet´s index calculation and
according to our linear regression models. Despite of the anterior abdominal wall and multifidus
muscles reported a good-to-excellent reliability values, further research will be necessary with the intra
and inter-rater ICC of the therapist in the measure of the ultrasound images.

5. Conclusions

The thickness of the EO, IO, TrAb, and RA muscles were reduced as well as the IRD, multifidus
thickness and multifidus CSA were increased in patients with AT. Consequently, USI abnormalities in
the core and paraspinal muscles should be understood within the clinical background in individuals
with AT.
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