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Abstract  Although recent studies have confirmed that 

muscles of the upper body are obliquely linked with the 

muscles of the contralateral lower extremity through 

posterior oblique sling (POS) system, the upper portion of 

the POS connected to the lower leg below the hamstring is 

yet to be determined. In the supine position, the active 

maximum dorsiflexion (DF) angles of the right and left 

legs were randomly measured. During passive trunk 

rotation performed by the therapist, the active maximum 

DF angles of the right leg (contralateral side) and left leg 

(ipsilateral side) were measured. In a long sitting position 

with and without trunk rotation, the active maximum DF 

angles in both legs were measured. The left upper body was 

made to rotate rightward in trunk rotation. In the 

contralateral lower extremity, the DF ROM in the sitting 

position with trunk rotation was significantly different 

compared with those in the sitting position without trunk 

rotation, and in the supine position with trunk rotation. In 

the comparison between the ipsilateral and contralateral 

lower extremity, significant differences were found in the 

DF ROM in the sitting position with trunk rotation. This 

study indicates that the tensile force generated by trunk 

rotation is transmitted to the contralateral terminal end by 

examining changes in DF ROM. Since the upper portion of 

the POS is connected all the way down to the contralateral 

calf, the POS must be considered during the clinical 

treatment of patients with restricted DF mobility. 
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1. Introduction 

Decreased ankle range of motion (ROM), especially in 

dorsiflexion (DF), has been widely reported after ankle 

injuries ranging from mild sprain injury to severe ankle 

fracture and Achilles tendon rupture [1–3]. As adequate 

functional ROM at the ankle joint is required during 

activities of daily living, the effect of restricted DF ROM 

goes beyond just functional loss and actually hinders 

independent activity. In a study by Crosbie, stride velocity 

and step length significantly correlated with maximum 

ankle DF; thus, shortened step length and single limb 

support time were observed on the involved side [4]. The 

ankle ROM deficit during gait produces a compensatory 

movement that can lead to genu recurvatum in the 

standing position after repetitive exposures [5]. 

Furthermore, along with the increase in knee extensor 

torque, there is a potential risk of developing medial 

compartment osteoarthritis [6,7]. 

According to the numerous studies conducted so far, to 

treat restricted DF ROM, although parameters such as 

type, frequency, and duration were used with some 
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variations, they all commonly included performing calf 

muscle stretching [8–10]. After calf muscle stretching, 

partial improvements in static condition could be observed, 

but some limitations in dynamic condition remain. In a 

study by Johanson, gastrocnemius stretching was 

performed to increase knee and ankle ROM, and changes 

in DF ROM during gait were examined [11]. Although a 

significant increase in passive DF ROM was observed, no 

significant differences in maximum DF and knee 

extension angles and electromyographic activity of the 

gastrocnemius were found during the stance phase of gait. 

This might be because active contractile components and 

non-contractile components are complexly involved 

during gait. During erect bipedalism, one arm moves 

forward and the contralateral leg also moves in the same 

direction simultaneously, exhibiting a reciprocal pattern. 

During such movements, the posterior tissues of the body 

are obliquely lengthened owing to the crossed arm and leg. 

Lengthened passive connective tissues assist the 

deceleration of the rapidly moving arms and legs, and 

energy is stored during the deceleration according to 

viscoelasticity and elasticity properties [12]. Stored 

energy is released upon movement in the opposite 

direction and is used to support initial motion [13–16]. 

Previous studies that examined the passive connective 

system linking the hip to the ankle confirmed the 

significant effect of hip positions and/or spinal curvature 

on DF ROM and the effect of ankle positions on hip 

flexion ROM and vice versa [17–22]. However, most 

precedent studies focused only on the unilateral lower 

extremity linking the ankle to the hip joint or the influence 

of upper body motion in the sagittal plane when including 

the upper body. Recent studies demonstrated that the 

latissimus dorsi is connected to the contralateral gluteus 

maximus through the posterior oblique sling (POS) 

system, which is distally connected to as far as the 

hamstring [23–26]. Anatomically, the hamstring is also 

linked to the terminal end by passive connective and 

neural tissues [27,28]. Comprehensively, it is possible to 

infer from precedent studies that changes in the length of 

the soft tissues located at the posterior upper trunk cross 

through the POS and can affect the contralateral lower leg. 

The purpose of this study was to examine the 

transmission of tensile force at passive connective tissues 

of the posterior upper trunk to the contralateral terminal 

end in the supine and sitting positions. On the basis of the 

anatomical characteristics of the POS, trunk rotation in the 

transverse plane is applied instead of flexion or extension 

in the sagittal plane. 

2. Materials and Methods 

2.1. Subjects 

A total of 19 healthy adults (8 males and 11 females) 

voluntarily participated in this study (Table 1). Only those 

who did not experience pain, injury, and surgery in the hip, 

knee, and ankle joints in the last 6 months were allowed to 

participate in the experiment. The present study was 

approved by the institutional review board of Woosong 

University. Informed consent was obtained from all the 

participants. 

Table 1.  Characteristics of the patients 

 Age (y) 
Height 

(cm) 

Weight 

(kg) 

Body mass 

index 

(kg/m²) 

Mean 20.8 165.8 62.4 22.5 

Standard 

deviation 
1.1 8.6 12.7 3.0 

2.2. Procedures 

The participants were randomly assigned either the 

supine or sitting position. The DF ROM in each position 

was measured with and without trunk rotation, without a 

particular order in performing trunk rotation. A 10-minute 

break was given after the measurements were taken in a 

position and before moving on to the next one. 

In the supine position without trunk rotation (Figure 1a), 

the participants lied down on the treatment table, 

extending their ankle joints over the base line of the 

treatment table. In a relaxed state, the active maximum DF 

angles of the right and left legs were randomly measured. 

A Bluetooth embed IMU sensor (Re-live Inc., Kimhae, 

Korea) was used to measure the DF ROM [29], and pain 

levels were measured using the visual analog scale (VAS). 

Trunk rotation was performed passively by the therapist, 

with the participant lying down on the treatment table, and 

the left upper body was made to rotate rightward. During 

this procedure, a belt fixed the position of the pelvis to 

prevent it from elevating off the treatment table (Figure 

1b). While maintaining trunk rotation, the active 

maximum DF angles of the right leg (contralateral side) 

and left leg (ipsilateral side) and the VAS scores were 

measured. 

 

Figure 1.  Supine position (A) without and (B) with trunk rotation 

In a long sitting position without trunk rotation on the 

treatment table, the participants extended their ankle joints 

over the base line of the treatment table. While 

maintaining the pelvis in neutral position, the active 

maximum DF angles in both legs and the VAS scores 

were measured. The left upper body was made to rotate 
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rightward in trunk rotation. Trunk rotation was only 

applied to the upper trunk, and caution was taken to 

prevent an anterior or posterior tilt due to the axial 

rotation of the lower trunk. A belt fixed the position of the 

upper limb to prevent the pelvis from elevating off the 

treatment table during trunk rotation. While maintaining 

trunk rotation, the active maximum DF angles of the right 

leg (contralateral side) and left leg (ipsilateral side) and 

the VAS scores were measured. 

2.3. Data Analysis 

The Shapiro-Wilk test was performed for normality. 

The Friedman test was performed to compare the DF 

ROM and VAS score among the different postures in each 

leg. The post hoc Wilcoxon signed-rank test was 

performed and the significance level was set at p<0.05. In 

addition, Wilcoxon signed-rank tests were performed to 

compare the DF ROM and VAS score between the 

ipsilateral and contralateral lower extremities. Data 

analysis was performed using IBM SPSS Statistics 25 

(IBM Corp., Armonk, NY, USA). 

3. Results 

In the four different postures, significant differences 

were observed in the DF ROM in the contralateral leg 

(χ2(3)=20.323, p<0.001), VAS score in the contralateral 

leg (χ2(3)=39.906, p<0.001), and VAS score in the 

ipsilateral leg (χ2(3)=28.276, p<0.001), but not in the DF 

ROM in the ipsilateral leg (χ2(3)=7.034, p=0.071).  

In the contralateral lower extremity, the DF ROM in the 

sitting position with trunk rotation was significantly 

different compared with those in the sitting position 

without trunk rotation (Z=−3.283, p=0.001), in the supine 

position with trunk rotation (Z=−3.262, p=0.001), and in 

the supine position without trunk rotation (Z=−3.246, 

p=0.001; Figure 2a). The VAS score in the sitting position 

with trunk rotation was significantly different from those 

in the sitting position without trunk rotation (Z=−3.736, 

p<0.001), in the supine position with trunk rotation 

(Z=−3.564, p<0.001), and in the supine position without 

trunk rotation (Z=−3.481, p<0.001; Figure 3a). In addition, 

the VAS score in the sitting position without trunk 

rotation was significantly different from that in the supine 

position without trunk rotation (Z=−3.461, p=0.001). 

In the ipsilateral lower extremity, the VAS score in the 

sitting position with trunk rotation was significantly 

different from those in the supine position with trunk 

rotation (Z=−2.994, p=0.003) and in the supine position 

without trunk rotation (Z=−3.429, p=0.001; Figure 3b). In 

addition, the VAS score in the sitting position without 

trunk rotation was significantly different from that in the 

supine position without trunk rotation (Z=−2.992, 

p=0.003). 

 

ROM, range of motion; W/O TR, without trunk rotation; W/TR, with trunk rotation 

*Significantly different compared with the dorsiflexion ROM in the sitting position with trunk rotation 

§Significantly different compared with the dorsiflexion ROM on the contralateral side 

Figure 2.  Changes in dorsiflexion range of motion in the contralateral (A) and ipsilateral lower extremities (B) 
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VAS, visual analog scale; W/O TR, without trunk rotation; W/TR, with trunk rotation 

*Significantly different compared with the VAS in the sitting position with trunk rotation 

#Significantly different compared with the VAS in the sitting position without trunk rotation 

§Significantly different compared with the VAS on the contralateral side 

Figure 3.  Changes in pain in the contralateral (A) and ipsilateral lower extremities (B) 

In the comparison between the ipsilateral and 

contralateral legs, significant differences were found in 

the DF ROM (Z=−3.745, p<0.001) and VAS score 

(Z=-3.064, p=0.002) in the sitting position with trunk 

rotation. 

4. Discussion 

The POS is composed of passive connective tissues 

such as fascia and aponeurosis that link the upper body to 

the lower limb posteriorly by connecting the latissimus 

dorsi, thoracolumbar fascia, and hamstrings [30,31]. 

Passive tension produced during dynamic movement can 

be stored in passive connective tissues as they are 

lengthened and released as they are shortened. This 

mechanism plays a crucial role in the optimal energy cost 

[13–16]. Previous studies showed the relationships 

between the upper body and gluteus maximus during gait 

and between the upper body and hamstrings during prone 

hip extension [23,24,32]. However, whether the upper 

portion of the POS is connected to the lower leg below the 

hamstring, including the ankle joint, is yet to be 

determined. Most previous studies examined either 

changes in ankle ROM according to the pelvic, hip, and 

knee position and/or spinal curvature or the opposite of 

hip flexion according to ankle position [17–22]. To 

understand the POS, it is more fitting to verify changes in 

DF ROM after setting the rotation in the transverse plane 

as an independent variable instead of flexion/extension in 

the sagittal plane because it obliquely crosses the upper 

and lower limb posteriorly. This study verified whether 

tensile force generated by trunk rotation is transmitted to 

the contralateral terminal end by examining changes in DF 

ROM. 

In the contralateral lower extremity, significant 

differences in DF ROM and VAS score were found. 

However, a significant decrease was only observed in the 

sitting position with trunk rotation. In the supine position, 

trunk rotation did not affect the DF ROM. It might be 

difficult to make tissues such as the POS that travel long 

distances taut through only motions occurring at a single 

joint. The entirety of the elongated tissue must be 

sufficiently lengthened to transmit tensile force [33]. 

Taken together, it can be assumed that the length of the 

POS is not short because the influence of the POS was 

limited in the supine position. Without trunk rotation from 

the supine to the sitting position, the DF ROM was 

decreased by 5.9°, but not statistically significantly. 

Previous studies showed that hip position significantly 

influenced ankle ROM. Mitchell reported a significant 

decrease in active ankle ROM when the position was 

changed from supine to long sitting. In other studies, 

lesser hip flexion was observed when the ankle was fixed 

in the DF than in plantar flexion [17,21]. Although 

decreased ankle ROM in the sitting position was similarly 

observed in this study, no significant difference was found. 

The inconsistency with the previous studies might be due 

to the small number of participants in the present study 

having low statistical power. In addition, approximately 

98° hip flexion can be allowed even at DF with full knee 

extension [17]; therefore, hip flexion might not be enough 

to induce passive tension significantly affecting ankle 

ROM. In the sitting position with trunk rotation, the DF 

ROM significantly decreased compared with those in the 

supine position with trunk rotation and in the sitting 

position without trunk rotation. In the sitting position, hip 

flexion makes the contractile and non-contractile and/or 

neural tissues of the posterior body taut [18,21,33], and 

any additional trunk rotation will produce tensile force in 
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a diagonal direction, which will significantly influence the 

DF ROM on the contralateral side. The fact that the 

greatest pain occurred during DF in the sitting position 

with trunk rotation indicates that the tissue in this position 

experiences the greatest tautness. Some studies examined 

the interconnection between the latissimus dorsi and 

hamstrings by the POS [23,24,32]. However, whether the 

POS is connected by the terminal end of the extremity has 

not been examined yet. The present study demonstrated 

that the posterior upper body is anatomically connected to 

the contralateral lower leg by the POS through restricted 

DF ROM during trunk rotation in the contralateral lower 

extremity. 

As two links symmetrically cross each other in the POS 

to connect the upper body and lower limb (as in the form 

of butterfly wings), this should be further examined on the 

ipsilateral side [31]. In the ipsilateral lower extremity, 

although a significant difference in VAS score was found, 

no significant difference in DF ROM was observed. In the 

supine position, trunk rotation did not significantly affect 

the DF ROM in the ipsilateral lower extremity because 

tissues in the posterior body are already loose enough in 

the supine position. That is, even when the POS is 

additionally loosened through trunk rotation, it does not 

cause an increase in DF ROM. Similar to the contralateral 

lower extremity, the DF ROM was decreased by 6.1° in 

the sitting position compared with that in the supine 

position. The most important finding on the ipsilateral 

side was that the DF ROM in the sitting position increased 

by 3.6° when comparing between with and without trunk 

rotation. When comparing the DF ROM in the 

contralateral and ipsilateral lower extremities, a 

statistically significant difference was observed only in 

the sitting position with trunk rotation. Trunk rotation in 

the sitting position lowers the mobility of the contralateral 

lower extremity, while partially increasing the mobility of 

the ipsilateral lower extremity. According to the 

anatomical structure of the POS during rotation in the 

transverse plane, one of the links is lengthened and made 

taut, while the other is shortened and made loose. In other 

words, the increased DF ROM in the ipsilateral lower 

extremity in this study also demonstrates that the 

anatomical characteristics of the POS influence the DF 

ROM. In a cadaver dissection, passive connective tissues 

linking the thigh to the lower leg were found, composed 

of the fascia lata, femoral intermuscular septa, crural 

intermuscular septa, and interosseous membrane [27]. In 

addition, tensions induced by changes in hip and ankle 

positions are transmitted along the neural tissues such as 

the sciatic, tibial, and plantar nerves from the hip to ankle 

[28]. These connective systems with the POS play a role 

in transmitting tensile forces at the upper body to the 

contralateral ankle and feet. Pain was highest in the sitting 

position with trunk rotation and significantly lower than 

that in the contralateral lower extremity. In the sitting 

position with trunk rotation, although partial increase in 

DF ROM due to laxity of the POS was observed, the VAS 

score did not decrease and was actually highest in this 

position. This is probably due to the fact that the measured 

pain did not exclusively arise from the ipsilateral lower 

extremity. In a previous study, the location of the pain or 

discomfort that occurred during a slump test was not 

limited to the posterior leg, and the same finding was 

observed in healthy adults with no neurological history 

and symptoms [34,35]. 

Active DF was used in this study in the measurement of 

ankle ROM. Pain and/or discomfort may occur before 

reaching the end range during active DF, which may cause 

a reluctance in or cessation of movement even though 

additional movement is possible. Using passive DF to 

measure ankle ROM may have been more appropriate 

because this study aimed to verify whether the upper body 

and lower limb are crossly linked by the POS. In addition, 

when pain was assessed, the quantitative measurement of 

pain was verified but not the area of occurrence. In a study 

by Kuilart, pain or discomfort occurred in various areas 

during a slump test and was most frequent in the posterior 

knee by 66.7%, followed by the posterior thigh, posterior 

leg, buttocks, and lumbar in the respective ratios of 35.7%, 

33.3%, 14.3%, and 11.8% [34]. The areas of pain 

occurrence must be accurately recorded in the following 

studies. 

In the sitting position with trunk rotation, a significant 

decrease in DF ROM in the contralateral lower extremity 

and a slight increase DF ROM in the ipsilateral lower 

extremity were observed. Such findings signify that the 

upper portion of the POS passes through thoracolumbar 

fascia and is connected all the way down to the 

contralateral hamstrings and calf. Furthermore, because 

the two links of the POS are symmetrical to each another, 

they can partially affect the ipsilateral lower extremities. 

Rather than solely relying on stretching the calf muscles, 

the POS must be considered during the clinical treatment 

of patients with restricted DF mobility. 
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