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Abstract

:

The aim of our study was to evaluate whether the length of the free part of the Achilles tendon affects the mobility of the ankle joint in active motion without a load, as well as in functional motion with a body-weight load. We examined 36 healthy people, aged 21 to 30 years, and divided them into two groups: 1 (n = 15)—participants with a normal range of dorsiflexion in the ankle joint (20° or more), and 2 (n = 21)—participants with a reduced range of dorsiflexion in the ankle joint (below 20°). The length of the free part of the Achilles tendon was measured using ultrasonography. Ankle joint range of dorsiflexion was assessed, and a weight-bearing lunge test (WBLT) was conducted. Group 1 performed the WBLT better and demonstrated significantly greater Achilles tendon length compared to Group 2. A moderate, significant correlation was observed between ankle joint range of dorsiflexion and Achilles tendon length (r = 0.53, p < 0.05); between WBLT and Achilles tendon length (r = 0.61, p < 0.05); as well as between ankle joint range of dorsiflexion and WBLT (r = 0.63, p < 0.05). Thus, we can suggest that both the length of the tendon (measured by USG) and the ankle range of motion under a body-weight load (measured by WBLT) are good indicators regarding the range of foot dorsiflexion, but only up to specific values (6 cm of tendon length and 11 cm of WBLT reach). Therefore, Achilles tendon length, e.g., after injury and during tendon healing, may be monitored using the method of ultrasound imaging presented in this study.
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1. Introduction


The Achilles tendon is the thickest and strongest tendon in the human body. It begins with the tendon cord, which starts at the descent of the medial and the lateral head of the gastrocnemius muscle and the soleus tendon, and ends with an attachment on the calcaneus. Its average length is 15 cm (11–26 cm), the average width in the proximal part is 6.8 cm (4.5–8.6 cm), the average width in the middle part is 1.8 cm (1.2–2.6 cm), while the average width on the distal trailer is 3.4 cm (2–4.8 cm). According to Chan’s classification, the Achilles tendon is divided into three parts—the heel (from attachment on the calcaneus to the upper part of the calcaneus), the free part (from the upper part of the calcaneus to the beginning of the soleus muscle fibers), and the inter-muscular section [1].



The Achilles tendon is an especially important structure and crucial for proper functioning of the entire body. This tendon, along with the calf triceps muscle, are a part of the superficial posterior anatomical tape, which includes the plantar flexors of the ankle joint, the knee joint flexors, and some of the hip extensors, as well as the spine extensors. According to the model of the Myers anatomical tapes, a disturbance in any of its parts affects the functioning of the whole tape; thus, it may be concluded that the length of the Achilles tendon and its free part may affect the biomechanics of the entire lower limb and cause disturbances in maintaining correct body posture [2]. Achilles tendon length has an influence on the range of motion in the ankle joint, depending on the position of the knee [3]. It has been demonstrated that, along with the change in the length of the Achilles tendon, the resting angle of the ankle changes, which may affect the stability of the entire lower limb, leading to disturbances in gait pattern [4]. A shortened Achilles tendon, on the other hand, may adversely affect the posture of the whole body [5]. Therefore, it seems essential to investigate whether Achilles tendon length may be related to ankle joint dorsiflexion, which may have important clinical implications during the treatment of ankle joint dysfunctions. It has also been reported that the stiffness and elasticity of the Achilles tendon may change with age [6]. Stenroth et al. [6] compared several parameters related to Achilles tendon function in young (mean age 24 ± 2 years) and older (mean age 75 ± 3 years) subjects. They noted a decrease in the stiffness of the Achilles tendon with a simultaneous increase in its cross-section area with age.



Restrictions in ankle motion can arise due to various factors; i.e., any deviations from correct anatomical as well as proper functional positioning of the entire foot and ankle joint. A limitation of dorsal flexion can be affected by the length of the Achilles tendon and the abdominal muscles of the posterior shin group: the gastrocnemius and soleus (too short a tendon or muscles inhibit the flexion movement in the ankle joint). The second important aspect regards changes in soft tissues (mainly spurs), articular limitations (contracted joint capsule, blocked sliding or rolling movement between articular surfaces), and injuries within the ankle joint [7,8,9,10]. It was suggested, that the crural fascia may play an important role in locomotor mechanics and, moreover, that an increase of fascia thickness may reduce the ankle joint flexibility in patients with chronic pain, e.g., in basketball players with a history of recurrent ankle sprains [11,12]. Some authors demonstrated that ultrasound imaging may be a good tool for assessing the fascial layers of the leg and any fascial abnormalities present due to previous injury. It was also reported that Achilles tendinopathy may strongly restrict the ankle joint dorsiflexion, especially via limited gliding of the crural fascia [11]. Pirri et al. [13] observed that ultrasound evaluation of the Achilles tendon was very useful in monitoring the effectiveness of tendinopathy treatment.



Considering the fact that the length of the whole Achilles tendon determines the extent of foot dorsiflexion, the question arises whether a similar relationship exists between the free part of the Achilles tendon and the mobility in the ankle joint. According to del Buono et al. [1], different parts of the Achilles tendon have distinct properties, i.e., they have different patterns of vascularization, and they differ structurally and mechanistically. In addition, the free part of the Achilles tendon is not restrained by muscles or calcaneus insertion. Therefore, it may be possible that ultrasonographic assessment of only the free part of the tendon length may be clinically more informative than whole Achilles tendon evaluation. The examination of this relationship may be useful in clinical assessment of post-traumatic changes, assessing treatment progress, and in differentiating an injured tendon from a healthy one [12]. We suggest that if this relationship between the length of the tendon free part and the ankle range of motion exists, this may be helpful in post-traumatic treatment, especially in patients with a short Achilles tendon free part visible in USG. In these patients, the increase of ankle dorsiflexion may be limited, not only due to trauma, but also due to anatomical properties. In addition, the length of the Achilles tendon may be significant from the point of limb length and joint mobility symmetry, which is essential for the proper functioning of movement patterns. Asymmetry was reported as an overuse injury risk factor [14]; therefore, sensitive methods of musculoskeletal system assessment are of interest.



Measurement of Achilles tendon length can be performed using indirect methods (such as measuring resting angle of the ankle joint in the Achilles tendon length measure (ATLM) and Achilles tendon resting angle (ATRA) tests), and by direct methods, such as magnetic resonance imaging (MRI), ultrasonography (USG), or calculating the length of the tendon isolated post mortem [15,16,17]. The methods of musculoskeletal system evaluation must be sensitive enough and allow for the detection of even minor abnormalities (e.g., asymmetries). One such method is ultrasonographic imaging of the musculoskeletal system. It has been reported that USG is an effective and reproducible method for measuring the length of the Achilles tendon, as well as its free part [15,16,17]. The great advantage of ultrasound is its general availability, low cost, and the possibility of carrying out mobile examinations. Barfod et al. [16], in a group of 19, non-injured patients, examined both lower limbs using MRI (magnetic resonance imaging) and ultrasound. They reported that the results obtained by three independent examiners using ultrasound were reliable and comparable with those achieved using MRI. They further underlined that using ultrasound examination among the non-traumatized patients made it possible to detect differences between right and left tendons greater than 4 mm [16]. It was also suggested that ultrasound imaging is a useful method for examining the length of the free part of the Achilles tendon [15,16,17,18]. The range of ankle joint motion may be determined with a goniometer or a WBLT. Both of these methods are widely used and considered reliable [19,20,21]. A goniometer is a basic tool for examining the range of motion in the joints [19], while WBLT is the preferred method applied for measuring functional dorsiflexion of the ankle [20]. It is also one of the basic functional tests used for dorsiflexion assessment after ankle and Achilles tendon injuries [21].



Therefore, the aim of our study was to evaluate whether the length of the free part of the Achilles tendon affects the mobility of the ankle joint in active motion without a load, as well as in functional motion with a body-weight load. We hypothesized that the length of the free part of the Achilles tendon may influence ankle joint dorsiflexion.




2. Methods


2.1. Study Group


A group of 36 healthy people (14 men and 22 women) aged 21 to 30 years participated in the study (Table 1). They had to meet the following inclusion criteria: (1) age between 20 and 30 years, (2) no trauma history of at least one ankle joint, (3) no oncological diseases, (4) no diseases of the nervous system. Professional athletes were also excluded. All participants provided their written informed consent to participate in the study. Before beginning the study, the participants were informed about all measurements in detail and were familiarized with all tests.



The study group was then divided into two subgroups [22]. The purpose of this division was to check whether participants with a normal range of dorsiflexion also had a greater length of the free Achilles tendon and a higher WBLT result.



Based on a cut-off value of 20° ankle joint dorsiflexion (which is considered the norm) [22], the following groups were distinguished:




	-

	
Group 1 (n = 15)—participants with a normal range of dorsiflexion in the ankle joint (20° or more)




	-

	
Group 2 (n = 21)—participants with a reduced range of dorsiflexion in the ankle joint (below 20°)










2.2. Sample Size Estimation


An independent t-test power analysis determined that at least 23 subjects were required to obtain a power of 0.8 at a two-sided level of 0.05 with an effect size d = 0.8 [23]. This analysis was based on data derived from previous literature [24,25].




2.3. Length Calculation of the Free Part of the Achilles Tendon


During the measurements, the subject lied in the prone position with the ankle joint in a neutral position. Ultrasound imaging was used to visualize the Achilles tendon in two axes: long (Figure 1A) and short (Figure 1B). To examine the distal attachments, the long axis was visualized (with longitudinal probe placement), and then the place where the soleus muscle releases its fibers to the Achilles tendon was visualized in the short axis (with transverse probe placement), due to the possibility of a more precise determination [26]. By rotating the probe head by 90°and slowly moving it proximally, we located the place where the free part of the Achilles tendon ends (Figure 1B). At this point, on the medial side, the beginning of the soleus muscle fibers can be noticed, being the end of the free part of the Achilles tendon [26].



Length measurements regarding the free part of the Achilles tendon were performed using a Mindray DP-50 (Shenzhen Mindray BioMedical Electronics Co., Ltd., Shenzhen, China) ultrasound apparatus. The first step was to mark the end of the free part on the side of the calcaneus, and then to mark the beginning at the level where the soleus muscle begins to release its fibers into the Achilles tendon. Based on the obtained image, appropriate points were marked on the skin, followed by measuring the distance between them using an anthropometric tape measure (Figure 2).




2.4. Dorsiflexion Measurements of the Ankle Joint Using a Goniometer


In order to measure the range of ankle joint dorsiflexion, the subject assumed a seated position with the legs lowered, and the examined joint was in an intermediate position, with the plantar surface of the foot resting on the floor. The axis of the goniometer was placed on the lateral ankle, in line with the transverse axis of the joint. The stationary arm of the goniometer was placed along the long axis of the shin, with the movable arm parallel along the edge of the foot. The subject performed a dorsiflexion movement of the foot, and the movable arm of the goniometer moved with the forefoot (Figure 3) [22]. According to Zembaty, a normal range of the ankle joint dorsiflexion is 20° [22].




2.5. Measurement of Functional Mobility Regarding Dorsiflexion of the Ankle Joint Using the Weight-Bearing Lunge Test (WBLT)


During the WBLT, the subject was positioned on their front lower limb with 10 cm from the wall to the tip of their toes. The back lower limb was positioned by the subject in such a way that they could stand in a stable and comfortable position. In this position, by bending the knee along the axis of the lower limb, they tried to touch the wall without taking their heel off the ground. If the heel lifted, the distance to the wall was shortened until the heel did not lift. If the heel did not rise, the distance was gradually increased until the heel rose and the final distance at which the heel did not lift was marked (Figure 4) [21]. The final distance between the tip of the toes and the wall was measured in cm; therefore, a longer distance indicated a higher ankle joint dorsiflexion. Two repetitions of WBLT were performed and the higher score was analyzed.




2.6. Statistical Analyses


Statistical analysis was performed using STATISTICA 13.0 Pl software. The data distribution was evaluated with the Shapiro–Wilk test. The t-test for independent samples was applied to determine differences between groups. Additionally, Pearson’s linear correlation coefficient (r) was calculated (below 0.50—“poor”; between 0.50 and 0.75—“moderate”; between 0.75 and 0.90—“good”; above 0.90—“excellent”) [27]. For all variables, sensitivity, specificity, ROC (receiver–operator characteristics) curve, and cut-off values were also calculated [28]. The variability within each data set was described using the arithmetic mean and standard deviation (SD) with 95% confidence intervals (95%CI), coefficients of variation (CV), and standard error of the mean (SEM). The effect size (ES) was calculated using Cohen’s d and interpreted as small (0.2–0.3), medium (0.5), or large (>0.8). Differences were considered statistically significant at a level of (p < 0.05).





3. Results


3.1. Between-Group Comparison


A significantly higher value of WBLT was observed in Group 1 compared to Group 2. The subjects with a normal ankle joint range of motion performed the WBLT better. In addition, the subjects in Group 1 demonstrated significantly longer Achilles tendons compared to Group 2 (Table 2).




3.2. Correlations


A moderate, significant correlation was observed between ankle joint range of dorsiflexion and Achilles tendon length (r = 0.53, p < 0.05). Additionally, a moderate, significant correlation was noted between WBLT and Achilles tendon length (r = 0.61, p < 0.05). Furthermore, ankle joint range of dorsiflexion and WBLT were significantly correlated with each other (r = 0.63, p < 0.05).




3.3. Diagnostic Value of Data


The sensitivity (0.800) and specificity (0.762) of the WBLT indicated a cut-off value at 11 cm on the ROC (receiver–operator characteristics) curve. This means that WBLT results below 11 cm were strongly related to a higher range of dorsiflexion in the ankle joint. WBLT results above 11 cm demonstrated a higher specificity (close to 1); therefore, they were not indicative enough for a higher range of ankle dorsiflexion (Figure 5. The sensitivity (0.733) and specificity (0.857) of Achilles tendon length for a cut-off value of 6 cm on the ROC curve suggested that a tendon length below 6 cm was strongly related to a higher range of ankle dorsiflexion, but a tendon length above 6 cm did not indicate a higher range of ankle dorsiflexion (Figure 6).





4. Discussion


In our research, a correlation between the length of the free part of the Achilles tendon and the mobility of the ankle joint has been demonstrated for the first time. The objective of our study was to investigate if all subjects with a normal range of ankle joint dorsiflexion also demonstrated a longer free part of the Achilles tendon, as well as a higher value of the WBLT. The ROC curve indicated the cut-off point for the tendon length at 6 cm and at 11 cm for the WBLT. This means that a free part length of the tendon below 6 cm clearly allowed for higher range of ankle joint dorsiflexion, but if the length was above 6 cm, the compliance was lower (sensitivity decreased, while specificity increased). A WBLT with a value of 11 cm indicated a greater degree of ankle joint range of motion, but above 11 cm, the compliance decreased. Our data indicated that the shorter the length of the free part of the Achilles tendon, the smaller the range of ankle joint dorsiflexion and the smaller functional mobility of the this joint.



There are no studies in the literature in which the relationship between the length of the free part of the Achilles tendon and active, as well as functional, ankle joint dorsiflexion is demonstrated. In our study, we have considered this issue for the first time. However, there are some existing studies in which an indirect evaluation of this relationship was conducted. Costa et al. [29] reported a linear relationship between Achilles tendon length and the extent of ankle joint dorsiflexion, in the case of cadavers. The separation of the Achilles tendon from other structures did not increase the ankle joint dorsiflexion, while lengthening the tendon by 1 cm significantly increased ankle joint mobility. The authors observed that the extent of dorsiflexion appears to be useful in assessing the clinical length of the tendon [29]. If an appropriate range of foot dorsiflexion is a crucial condition for correct execution of many functional movements, and if the limitations of dorsiflexion are one of the risk factors for lower limb injuries, there is a need to determine how the anatomical conditions in the structure of the tendon may influence the functional mobility of the ankle joint. It should be determined whether people with a shorter free part of the Achilles tendon also have smaller range of dorsiflexion, regardless of other factors that limit mobility. The results obtained in this study indicated the existence of a relationship (r = 0.53, p < 0.05) between the length of the free part of the Achilles tendon and the mobility of the ankle joint. It has been shown that the shorter the length of the free part of the Achilles tendon, the smaller the range of ankle joint dorsiflexion. Moreover, we observed that an Achilles tendon length below 6 cm is strongly related to a higher ankle range of dorsiflexion, but a tendon length above 6 cm did not indicate a higher ankle range of dorsiflexion.



Examination of Achilles tendon length is also an important aspect in the prevention of injuries and disease, and for control of the healing process after tearing or surgical anastomosis. Unfortunately, researchers most often focus on assessing the entire Achilles tendon, not just the free part. This is probably due to the different anatomical structure of the free part, indicating a different flexibility than the whole Achilles tendon; therefore, intensive stretching can lead to excessive stress accumulation and micro-tearing of some fibers. Thus, from a clinical point of view, it is important to know how the length of the tendon free part is related to ankle joint dorsiflexion. We suggest that our results may be useful, especially in diagnostics and treatment of post-traumatic restriction of ankle joint dorsiflexion, and especially when the applied treatment methods are not effective. Then, ultrasonographic measurement of the Achilles tendon may reveal a too short free Achilles tendon part and, therefore, may indicate the potential cause of the restricted ankle dorsiflexion. The significant correlation between the length of the free part of the tendon and ankle joint dorsiflexion observed in our study may explain why sometimes clinically we cannot increase the ankle range of motion, despite many methods being applied. As was reported by del Buono et al. [1], different parts of the Achilles tendon differ structurally and mechanistically; therefore, the measurement of only the tendon’s free part length may be clinically more informative than whole Achilles tendon assessment.



The occurrence of previous injuries is also a significant aspect in the examination of Achilles tendon functionality. A rupture or tear to this tendon may reduce its functional activity, although this may cause it to lengthen [30]. Carmont et al. [30] examined 26 patients following injury, post-surgery as well as during rehabilitation (6 weeks after surgery; 3, 6, 9 and 12 months), and reported increased tendon lengths after injury, which decreased after surgery and then increased again during rehabilitation. In this study, the importance of precise and sensitive measurements of the Achilles tendon length at each step of the treatment following injury was illustrated. The ultrasound imaging used in our study seems to be an appropriate method to be implemented for this purpose. This relationship may be also of significance during the selection of proper and effective methods of training or physiotherapy in people with a limited range of ankle joint dorsiflexion. However, if the tendon length is a potential factor limiting mobility, the same methods for increasing the range of motion may not be effective for everyone. Therefore, it is necessary to assess the length of the free part of the Achilles tendon in people undergoing therapy for dorsiflexion restriction, in order to select appropriate treatment methods.



Another significant aspect is the evaluation and comparison between healthy and post-traumatic tendons. In this context, researchers typically consider changes in muscle strength following an injury [31,32]. However, this approach rarely allows for the observation of differences between the injured and non-injured sides, which indicates a great need to develop new measures that will more accurately track traumatic changes and treatment progress. The relative symmetry of the Achilles tendons in both limbs is one of the factors determining gait pattern, the presence of compensation, predisposition to injuries, and the quality of movement patterns in the lower limbs. The formation of asymmetries within the structures of the limb may occur; for example, as a result of injuries or practicing asymmetric sports [33], or more frequently, by overloading a given limb during the performance of everyday activities [34].



Changes in the Achilles tendon length occurring after injury and during tendon healing may be monitored using the method of ultrasound imaging presented in this study. The differentiation of changes in length and the assessment of symmetry between an injured and uninjured limb could be very useful in selecting appropriate methods for therapy. In this study, it was demonstrated that people with a short free part of the Achilles tendon (up to 6 cm) also have a smaller range of ankle dorsiflexion, suggesting that this should be taken into account by therapists when selecting methods aimed at increasing ankle joint mobility.



Silbernagel et al. [35] used the functional heel-rise test to compare non-traumatic and post-traumatic Achilles tendons in patients after an Achilles tendon rupture. They evaluated them 6 and 12 months post-injury and demonstrated that the applied test clearly indicated differences in the tested tendons. The limb symmetry index was also calculated. The authors suggested that post-traumatic changes within a tendon may be diagnosed with functional tests, which are sensitive to detecting differences the between the healthy and injured side. The use of functional tests to assess ankle joint motion restrictions related to Achilles tendon dysfunctions has been reported by many authors [35,36,37,38,39]. In our study, significant correlations between the WBLT and Achilles tendon length (r = 0.61, p < 0.05), as well as between the ankle joint range of dorsiflexion and WBLT (r = 0.63, p < 0.05), indicated the usefulness of functional tests in Achilles tendon assessment. Moreover, in our study, the ROC curve cut-off point for WBLT was at 11 cm, which means that WBLT results below 11 cm are strongly related to a higher range of dorsiflexion in the ankle joint. WBLT results above 11 cm were not sufficiently indicative of a higher ankle joint range of dorsiflexion.



One limitation of this study is the fact that the study group consisted of young subjects, without any Achilles tendon dysfunctions. Therefore, the results of this study should be considered as a reference only for non-dysfunctional conditions. There is a need to carry out future research including different age groups, as well as groups of patients suffering from, e.g., overuse Achilles tendon ailments or traumatic injury.




5. Conclusions


The results obtained in this study clearly indicate the existence of a relationship between the length of the Achilles tendon free part and mobility of the ankle joint. It has been shown that the shorter the length of the free part of the Achilles tendon, the smaller the range of ankle joint dorsiflexion and the smaller functional mobility of this joint. Thus, it may be suggested that both the length of the tendon (measured via USG) and the ankle range of motion under a body-weight load (measured by WBLT) are good indicators of range of foot dorsiflexion, but only up to specific values (6 cm of tendon length and 11 cm of WBLT reach). However, WBLT results above 11 cm and tendon lengths higher than 6 cm demonstrated higher specificity (close to 1); therefore, these values are not sufficiently indicative of a higher ankle joint range of dorsiflexion.
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Figure 1. Method of placing the USG probe on the long (A) and short axis (B), together with ultrasound images. 
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Figure 2. Examining the length of the free part of the Achilles tendon, marking points on the skin (A), and measuring the distance between them (B). 
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Figure 3. Measurement of ankle joint dorsiflexion with a goniometer, baseline position (A), and final position (B). 
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Figure 4. Measurement of ankle dorsiflexion functional mobility using the weight-bearing lunge test. 
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Figure 5. Receiver–operator characteristics (ROC) curve for weight-bearing lunge test (WBLT). 
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Figure 6. Receiver–operator characteristics (ROC) curve for Achilles tendon length. 
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Table 1. Study group characteristics.
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	Outcome Measure
	Group 1
	Group 2
	p





	Number of subjects
	15
	21
	



	Age (years)
	25.2 ± 2.2
	24.0 ± 1.9
	0.09



	Body weight (kg)
	73.5 ± 14.1
	68.0 ± 18.8
	0.34



	Body height (cm)
	177.0 ± 10.7
	170.8 ± 10.6
	0.09



	BMI
	23.3 ± 3.1
	22.9 ± 3.6
	0.74



	Sex (women/men)
	7/8
	14/7
	0.31







BMI—body mass index; p—p value.
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Table 2. Between-group comparison of Achilles tendon length, WBLT, and ankle joint ROM.
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Outcome Measure

	

	
Mean ± SD

	
CI 95%

	
SEM

	
CV

	
p

	
ES






	
Achilles tendon length (cm)

	
Group 1

	
6.5 ± 1.8

	
5.5–7.6

	
0.48

	
28.6

	
0.002

	
1.10




	
Group 2

	
4.7 ± 1.4

	
4.0–5.3

	
0.31

	
31.0




	
WBLT (cm)

	
Group 1

	
12.4 ± 2.7

	
10.8–13.9

	
0.72

	
22.5

	
0.0001

	
1.37




	
Group 2

	
9.0 ± 2.0

	
8.0–9.9

	
0.45

	
23.3




	
Ankle joint ROM (degrees)

	
Group 1

	
19.9 ± 0.2

	
19.7–20.1

	
0.06

	
1.29

	
0.0000

	
3.68




	
Group 2

	
14.4 ± 2.1

	
13.5–15.4

	
0.46

	
14.7








The standard error of the mean (SEM); coefficient of variation (CV); 95% confidence interval (CI 95%); standard deviation (SD); p value; effect size (ES); weight-bearing lunge test (WBLT); range of motion (ROM).



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png





nav.xhtml


  symmetry-14-02313


  
    		
      symmetry-14-02313
    


  




  





media/file2.png
- Achilles Tendon

Beginning of
Achilles tendon
free part

- Achilles Tendon

Beginningof m.
Soleusfibers
(end of Achilles
tendon free part)






media/file5.jpg





media/file3.jpg





media/file1.jpg
Achilles Tendon

Beginning of
Achillestendon
free part

Beginningofm.
Soleus fibers
(endof Achilles.
tendonfree par)






media/file7.jpg





media/file10.png
Sensitivity

0.6

0.6

0.4

0.2

0.0

ROC curve

cut-off value: 11.00 cm

0.0

0.2

0.4
specificity

0.6

0.5

1.0





media/file12.png
Sensitivity

0.5

0.6

0.4

0.2

0.0

ROC curve
Cut-off value: 6.00 cm

0.0

0.2

0.4 06
Specificity

0.8





media/file9.jpg
10

08

02

00

ROC curve

cut-off value: 11.00 cm

00

02

04
specificity

06

08

1.0





media/file0.png





media/file8.png





media/file11.jpg
10

08

02

00

ROC curve
Cut-off value: 6.00 cm

00

02

04 06
Specificity

08

1.0





media/file6.png
V' 4 4

"Y:L-

.;Q_






