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The purpose of this study was to identify the instability of the trunk and 
the pelvis of subjects who were standing on differently angled ramps 
under conditions in which the ramps were crossed. Changes in the 
trunk and the pelvis while each subject was standing on one leg in the 
direction of the cross ramps at four angles (0°, 5°, 10°, and 15°) were 
measured. To identify instability, the trunk inclination, trunk imbalance, 
pelvic position, pelvic rotation, and pelvic torsion of 20 healthy male 
subjects were measured. The measurement was conducted using a 
three-dimensional spinal diagnostic imaging system (Back Mapper). 
According to the results of the measurement, trunk imbalance, pelvic 

position, pelvic rotation, and pelvic torsion differed between the medial 
and lateral ramps and with different ramp angles. This study’s results 
suggested that different mediolateral ramp conditions altered the pelvic 
and trunk alignment. With the 15° ramp, the anterior tilt and lateral tilt of 
the pelvis increased regardless of ramp direction. The 10° ramp condi-
tion altered the pelvic rotation to the contralateral side. In addition, the 
lateral trunk tilt was elevated with the lateral down foot condition.
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INTRODUCTION

Pedestrian environments are influenced by natural environmen-
tal conditions and physical environmental conditions, and the in-
fluence of these conditions has both direct and indirect effects on 
walking. As one example of these environments, inclined roads 
have been developed to function as moving paths to overcome 
height differences and to facilitate walking. Recently, pursuant to 
the Act on guarantee of promotion of convenience of persons with disabili-
ties, the aged, pregnant women, etc., to improve the safety and accessi-
bility of the vulnerable who experience inconvenience while mov-
ing, standards to facilitate vertical movements in spaces with 
height differences have been developed (Korea Legislation Re-
search Institute, 2015). Meanwhile, due to the urban concentra-
tion of the population due to economic growth and the prevalence 
of poor hillside villages that were formed as refugees settled after 
the Korean War, the number of people living in residential spaces 

with high altitudes has increased. However, since such residential 
spaces were not protected by the Act on guarantee of promotion of con-
venience of persons with disabilities, the aged, pregnant women, etc., these 
areas developed inclined roads. Because of the prevalence of these 
types of roads in these areas, people living in these areas are fre-
quently exposed to environments where they cross inclined roads 
horizontally instead of ascending or descending.

Walking on a ramp requires involves effort from the muscle 
group of the lower limbs, such as the gluteus maximus, hamstring 
muscle, and quadriceps muscle, to produce higher levels of thrust 
than that which is required for walking on general flatlands and 
for speed control (Lay et al., 2006; Lay et al., 2007), and walking 
on a ramp requires body strategies for stable support (Lange et al., 
1996; Lay et al., 2006). However, most studies related to walking 
on a ramp have been limited to ascending/descending ramps rath-
er than walking horizontally across the ramps (Han et al., 2009). 
Recently, a study was conducted on the characteristics of the mus-
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cles that control the ankle joint and the hip joint when ramps 
were crossed. According to the results of this study, the use of the 
gluteus medius muscle increased significantly when people were 
crossing ramps with a 15° angle (Kim and Lee, 2017), indicating 
that the role of the gluteus medius muscle is more important 
during walking and one-legged standing on inclined roads to 
control the movements of the trunk and the lower limbs in order 
maintain posture (Finch et al., 1991). In addition, another study 
reported that the use of the peroneus longus muscle significantly 
increased when 10° ramps were crossed. This means that on 10° 
ramps, body stability is controlled by ankle joint movements (Lee 
et al., 2017).

In general, balance ability means the ability to maintain one’s 
center of mass on basal planes (Shumway-Cook and Woollacott, 
2007). To maintain balance, human bodies appropriately use an-
kle strategies, hip strategies, and strategies that combine both an-
kle and hip strategies (Horak and Nashner, 1986). The use of such 
strategies should be accompanied by the contraction of surround-
ing muscles (King et al., 2012). However, in the elderly, the con-
traction of such muscles is sometimes not accompanied by the 
contraction of surrounding muscles or their response time is de-
layed, which both increase the risk of falls (King et al., 2012).

Although previous studies have examined muscle control while 
crossing medial/lateral slopes, these studies have not directly pre-
sented changes in the trunk and the pelvis in these conditions. 
Therefore, in this study, changes in the trunk and the pelvis ac-
cording to the medial/lateral slopes of ramps will be analyzed as-
suming ramp crossing to provide basic data on the most appropri-
ate angles of inclination for walker safety.

MATERIALS AND METHODS

Study population
Twenty asymptomatic males were recruited from a local univer-

sity using convenience sampling. The subjects had a mean±stan-
dard deviation age of 22.84±3.24 years (range, 20–26 years). 
Subjects with a history of musculoskeletal problems, such as back 
pain or lower extremity pain, in the past 6 months were excluded. 
The study population consisted of 20 males, who had a height 
and weight of 172.26±4.20 cm and 64.20±8.20 kg, respective-
ly. The average body mass index was 21.69±2.23 kg/m2. Ethics 
approval for this study was obtained from the Kyeongsung Uni-
versity Faculty of Health Sciences Human Ethics Committee 
(KSU-17-04-004). The subjects were informed of the study’s pur-
pose and content prior to the study.

Instrumentation
The present study investigated spinal alignment according to 

medial and lateral ramp angles using a three-dimensional spinal 
diagnostic imaging system (Back Mapper, ABW, Frickenhausen, 
Germany). This three-dimensional spinal diagnostic imaging sys-
tem could perform multivariate analysis and has been identified as 
a valid method for a spinal alignment assessment (Drerup and Hi-
erholzer, 1987; Drerup and Hierholzer, 1994). The device assessed 
the variables in the frontal plane (trunk imbalance, pelvic posi-
tion), the sagittal plane (trunk inclination, pelvic torsion), and the 
horizontal plane (pelvic rotation). Trunk imbalance represented 
the trunk’s lateral tilt angle against the vertical line. Pelvic posi-
tion represented pelvic lateral tilt angle in the frontal plane. Trunk 
inclination represented trunk tilt in the sagittal plane. Pelvic tor-
sion angle represented the degree of anterior and posterior tilt of 
the pelvis. For the rotation of the pelvis on the horizontal plane, a 
positive value indicated rotation to right side, and a negative value 
indicated rotation to left side (Cho, 2016; Yi et al., 2016).

Experimental procedure
The subjects were measured by exposing their upper extremity 

and pelvic area and were asked to stand with their feet spread 
apart at shoulder width. Any reflective materials, such as necklac-
es or earrings, were removed to minimize measurement errors. 
With the subject’s dorsal side towards the camera, measurements 
were performed with each subject taking a neutral double stance 
and a one-leg stance while standing on medial and lateral ramps 
with angles of 5°, 10°, and 15° (Fig. 1). Marking the position of 
the feet ensured the reproducibility of the foot positions. The ex-
aminer manually placed reflective markers on C7, on both sides of 
the scapular inferior angle, on the bilateral posterior superior iliac 
spine, and on the center of the sacrum, totaling six reflective 
markers placed on each subject (Yi et al., 2016). Prior to measure-
ment, each participant was instructed verbally and visually how 
to perform a one-leg stance on the medial and lateral ramps, and 
each participant was allowed three minutes of practice time to be-

Fig. 1. The experimental conditions of this study. 1, foot on medial ramp; 2, 
foot on lateral ramp.
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come familiar with the ramps. Each participant had 30 sec of rest 
between each ramp condition. Measurement during the one-leg 
stance was conducted on each subject’s dominant side.

Statistical analysis
PASW Statistics ver. 18.0 (SPSS Inc., Chicago, IL, USA) was 

used to determine the significance of the differences in the spinal 
alignment values of each ramp condition. A one-way repeated 
measures analysis of variance was used to determine the effects of 
each ramp condition on the spinal alignment data. In all analyses, 
P<0.05 was taken to indicate statistical significance.

RESULTS

There were significant differences in trunk imbalance, pelvic po-
sition, pelvic rotation, and pelvic torsion angles according to medi-
olateral ramp angle (Table 1) (P<0.05). Trunk imbalance, which 
represented trunk tilt against the vertical line, was significantly 
higher with medial ramp angles of 5°, 10°, and 15° than with the 
trunk imbalance angle during the double stance posture (P<0.05).

Pelvic position, which represented the lateral tilt of the pelvis, 
showed significantly higher values with both medial and lateral 
ramp angles of 10° and 15° than with the lateral tilt of the pelvis 
in the double stance posture (P<0.05). 

The pelvic rotation angles of 5°, 10°, and 15° on the medial 
ramp and 10° and 15° on the lateral ramp were significantly low-
er than that of the double stance posture (P<0.05). Lastly, the 5°, 
10°, and 15° medial ramps and 15° lateral ramp increased the 
pelvic torsion angle significantly more than the double stance 
posture (P<0.05).

DISCUSSION

The present study has investigated the effects of different medi-
olateral ramp conditions on trunk and pelvic alignment during a 

one-leg stance by comparing trunk and pelvic alignment during 
this stance with the trunk and pelvic alignment during a double 
stance. This study used mediolateral ramp conditions that includ-
ed 5°, 10°, and 15° slopes. In a perspective of limb length dis-
crepancy, 1 cm of discrepancy was shown to generate tilted trunk 
and pelvic alignment (Khamis and Carmeli, 2017). The 5°, 10°, 
and 15° slopes used in the present study can be converted to tan-
gent values of 0.087, 0.176, and 0.267, respectively. Using a sim-
ple calculation, these values mean that the 5° slopes could gener-
ate 1 cm of limb length discrepancy when the width of the slopes 
was over 12 cm. For an asymptomatic and healthy population, 
this discrepancy cannot affect balance ability, but this discrepancy 
elevates the risk of falling and musculoskeletal problems for an el-
derly and symptomatic population (Lee et al., 2017). However, 
only a few studies have investigated the effects of slope angles on 
pelvic and trunk alignment.

The results of present study showed that trunk imbalance that 
manifested in lateral trunk tilt was significantly higher with the 
5°, 10°, and 15° lateral down foot conditions than with the dou-
ble stance conditions. The mean differences between the lateral 
down foot conditions and the double stance ranged from 2° to 4°. 
In a classical biomechanical study of gait, the average range of 
trunk tilt was approximately 2° during the dynamic gait condi-
tion (Sartor et al., 1999). Considering that the present study in-
vestigated lateral trunk tilt during a static one-leg stance on a 
slope, the degree to which tilt could be generated during a dy-
namic gait on slope conditions and this tilt’s effects on falling risk 
for the elderly are unclear. 

Lateral down foot conditions force the ankle joint into a supi-
nated position that includes ankle plantar flexion and adduction 
(Neumann, 2002). Although the present study did not investi-
gate center of gravity and the ground reaction force, which pre-
vented us from affirming the force direction, the generated force 
might be in the cranial and lateral direction against the supinated 
ankle joint. Matching the line of the ground reaction force to the 

Table 1. Comparison of trunk and pelvic parameters with different ramp conditions during one-legged standing (n= 20)

Ramp condition 0° (double 
stance)

0° (one-leg 
stance)

Foot on lateral ramp Foot on medial ramp
F-value P-value

5° 10° 15° 5° 10° 15°

Trunk inclination (°) -1.20± 1.76 -2.10± 2.83 -2.35± 3.50 -1.90± 3.04 -2.80± 3.00 -2.85± 3.60 -2.80± 3.93 -3.55± 3.93 1.94 0.14
Trunk imbalance (°) 0.05± 1.23 1.10± 2.49 2.05† ± 2.16 2.70† ± 2.20 2.75† ± 2.40 1.30± 2.30 1.20± 1.82 1.70± 2.79 5.28 0.01*
Pelvic position (°) 1.25± 1.07 2.35± 1.81 2.90± 2.17 3.75† ± 2.79 3.50† ± 2.24 3.40± 3.33 3.55† ± 2.16 4.45† ± 3.47 7.03 0.00*
Pelvic rotation (°) -0.60± 2.30 -2.45± 3.49 -5.40† ± 4.31 -5.10† ± 4.01 -4.60† ± 5.02 -3.20± 4.12 -5.35† ± 4.97 -5.50† ± 5.37 3.96 0.01*
Pelvic torsion (°) -0.10± 4,04 3.60± 5.81 5.70† ± 5.77 6.20† ± 5.54 5.45† ± 6.55 3.40± 5.99 3.60± 5.86 5.20† ± 5.64 2.76 0.05*

Values are presented as mean± standard deviation.
*P< 0.05, statistically significant. †Significantly different to values of double stance (P< 0.05) according to Sidak’s measure.
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center of mass in our body is an adaptation that is essential for 
maintaining balance ability. The elevated lateral tilt on the lateral 
down foot condition might be caused from this adaptation.

The results of the present study showed significant differences 
in pelvic alignment variables between double stance and medio-
lateral ramp conditions. Pelvic torsion, which represented the an-
terior tilt of the pelvis, and pelvic position, which represented the 
pelvic lateral tilt, were increased. Although the present study did 
not investigate the pathologic condition, changes in the lower 
limb condition reportedly alter the pelvic and spinal alignments. 
A recent study demonstrated that subjects with patellofemoral os-
teoarthritis had greater pelvic anterior tilt and lateral tilt during 
the stance phase of walking (Crossley et al., 2017). A classical 
geriatric study also demonstrated that body sway increased and 
lateral stability control decreased with increases in age (Maki and 
Mcllroy, 1996). Considering the present study’s results of the 15° 
lateral and medial down foot conditions, balance dysfunction 
could occur for the elderly, leading to falls and injuries regardless 
of slope direction.

Pelvic rotation was only represented by negative values in pres-
ent study, which manifested in contralateral rotation against the 
stance limb. On the 10° ramp, the pelvis was rotated to the con-
tralateral limb regardless of ramp direction. Although we thought 
the present result of pelvic rotation was measured within the stat-
ic one-leg stance, increased rotation to contralateral direction can 
reduce the efficacy of the gait during walking. Pelvic rotation has 
been described as an essential element of forward progression 
during gait (Neumann, 2002). However, increased pelvic rotation 
in the contralateral direction could alter the forward progression 
of the pelvis.

The present study examined the effects of various ramp angles 
on pelvic and trunk alignment. The results highlighted the risks 
of these ramp conditions; however, several of the present study’s 
limitations should be addressed by future studies. The most im-
portant limitation was that the spinal alignment data was collect-
ed only in the static phase and not the dynamic walking phase. 
Second, we could not record kinetic data, such as ground reaction 
force, throughout the experiment, so the explanation of center of 
mass could not be supported. The third limitation was the exclu-
sion of sagittal kinematic values because the previous study re-
ported problems measuring sagittal kinematics with video raster-
stereography (Schroeder et al., 2015).

This study suggested that the mediolateral ramp condition al-
tered pelvic and trunk alignment. On a 15° ramp, the anterior tilt 
and lateral tilt of the pelvis increased regardless of ramp direction. 

The 10° ramp condition could alter pelvic rotation to the contra-
lateral side. In addition, lateral trunk tilt was elevated with a lat-
eral down foot condition.
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