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ABSTRACT 

Despite enormous advances in evaluating the spinal curvature over the past few decades, however, to find 

assertions relating to the abnormality of equivalent leg length or leg length discrepancy (LLD) in this same context are 

uncommon. Therefore, this review highlights the techniques and uses archival data from previous studies on the secondary 

effect of spinal abnormality effect due to LLD. A combination of several electronic databases search strategy such as 

Science direct, Scopus and Pub Med were used to perform the references lists of reviewed articles. Extracted data included 

natural and artificial LLD, participants’ selection, methodology for measuring spinal curvature and biomechanical disorder 

contribute to the changes of spine. This study only considered in English fully-text language and excluded any other 

language. This information might help others for better understanding in the future investigations. 
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INTRODUCTION 
Leg length discrepancy (LLD) dichotomized into 

two different types: the first type is structural LLD which 

observed the different in actual leg length of two legs. It 

shows one leg longer than the other leg. The second type 

is functional LLD which does not have difference in the 

actual leg length, but the length sometimes differ 

according to the changes of lower extremity for example 

joints’ contractures, malalignment of the body that may 

contributed and caused in many variations of gait 

abnormalities and/or loss of body posture in frontal and 

sagittal imbalances as shown in Figure-1 [1]-[3]. 

Congenital or degenerative disorder of leg length 

discrepancy (LLD) causes pelvic obliquity in the frontal 

plane and pelvic tilt which contributed a high incidence of 

low back pain associated with shoulder, knee, hip, ankle 

and spine [4]-[7]. Whereby, low back pain aggravated 

when lumbar scoliosis occurred in the changes of the 

lateral deviation or deviations in the spinal curvature from 

mild (10-20 degree), moderate (20-40 degree) and severe 

(greater than 40 degree) deformity, de novo on an initially 

spine or result of secondary decompensation of adolescent 

idiophatic scoliosis.  There may be presented in one curve 

(C-shaped) or two curve (S-shaped) and not only spinal 

deformity but it also leads to pathology gait pattern in 

body posture stability. They are two types of scoliosis: (1) 

The structural scoliosis occurred when inflexible curvature 

persists with lateral bending of the spine and (2) non - 

structural is a flexible and corrected with lateral bending 

which occurred to LLD. 

In fact, several investigations reported that 

lumbar spine leads to the rapid development of 

symptomatic degeneration in the lumbar scoliosis, thoracic 

and thoracolumbar which majorly developed in adults 

especially post-menopausal women [8]. However, few 

authors claimed that the common injuries of back and neck 

mostly occurred in boys compared to girls [9]. A study 

from Raczkowski, Daniszewska, and Zolynski [10] 

mentioned that LLD was observed in 3-15% of the 

population reported majority of the cases slightly cause a 

lumbar scoliosis within 2cm. However, Kakushima, 

Miyamoto, and Shimizu [11] reported that the lumbar 

spine showed significance difference with an 

asymmetrical lateral-bending motion during heels right 

3cm as compensated for the LLD during walking. To date, 

spinal motion effect due to different level LLD during 

walking not extensively studied. Nevertheless, the use of 

radiographic as a tool to visualize spinal image restricts 

the evaluation in more than one plane. Apparently, 

investigators have examined the effects of scoliosis 

associated with LLD have been in qualitative and it is not 

known precisely. Hence, more study needed to enhance 

the information in the effect of structural LLD for spinal 

posture. This assists orthopaedic to avoid from 

perpetuating such disorder in the patient which uncertainty 

suffered for the surgical treatment. The knowledge might 

be useful to the orthopaedics to make a decision on the 

amount of operative or non-operative correction that is 

desirable or when to perform an operation for correction in 

the future. There is lack of study to prove strong evidenced 

solely in correlation of the LLD and altered spinal 

biomechanics posture during walking. Therefore, this 

review article critically evaluated published literature on 

the techniques to analyse spinal curvature on the effect of 

LLD. 
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Figure-1. Postural imbalance due to leg length 

discrepancy[12]. 

 

METHODS AND MATERIALS 

The pertinent literature search was performed by 

three majors of electronic databases, science direct, scopus 

and pubmed, using the keywords “spinal motion”, leg 

length discrepancy and scoliosis. The entire content of all 

selected articles was thoroughly analysed and conducted 

from January 2003 until April 2017 using English along 

with the following MeSH search term: ‘lumbar scoliosis’, 
‘spinal curvature’, and techniques approach in evaluating 

biomechanical of spinal motion. Studies delineating cause 

and follow-up of immediate postoperative complications 

for spinal surgery. The search results were evaluated by 

two authors (N.A.A., K.S.B.) to determine if the papers 

were pertinent to review the experimental techniques on 

spinal shape effect due to leg length discrepancy. The 

initial search of abstract was included for further review. 

After detailed review, individual manuscripts were 

evaluated for final inclusion in the data analysis and the 

bibliographies were reviewed for any additional studies. 

 

Subject 

A considerable amount of literatures has been 

published on spinal effect due to leg length discrepancy. 

Literally, it has been noted that two groups of subjects 

were participated in these studies which were from healthy 

volunteers (5) and patients (5) with different genders and 

ages. According to Murray et al. [6], it has been reported 

that most of the participants were from 255 adults (121 

women and 134 men) between the age 18 and 70 years old 

who had standard postural lumbopelvic radiographs from 

presented with spinal pain for chiropractic care. As 

discussed by Chowdhry et al. [13] who have looked at the 

case of a 13-year-old female patient with severe functional 

LLD. His study concerned on some of the important issues 

related to age-group and this finding will be beneficial to 

the surgeons who encountered such patients with 

functional LLD. Some analysts e.g. Resende et al. 

[14]with an average age, mass and height of 67years (SD 

8.8), 88.9 kg (SD 20.1) and 169 cm (SD 0.07), 

respectively, participated in the study had attempted to 

draw fine distinctions between the effects of mild LLD on 

the biomechanics of the lower limb with knee OA, pelvis 

and trunk during gait. In his case study which was 

identified by the finding from 15 participants (9 females 

and 6 males). A significant analysis and discussion of the 

patient was continued by Raczkowski, Daniszewska, and 

Zolynski [15] and D’Amico [16] to determine the 

possibility of alteration of spine functional curvature with 

real LLD. In the study by Raczkowski, Daniszewska, and 

Zolynski [15], 369 children, aged from 5 to 17 years were 

with functional scoliosis caused by LLD and treated in the 

Centre of Rehabilitation for children and adolescents in 

1998-2006. D’Amico [16] supported the uses of 220 

patients from samples of more than 400 scoliotic patients 

with age 5 to 19 years old. In contrast, many of the 

available literature study on the effect of spinal due to 

LLD with respect to patients. However, other researchers 

also much more concerned on the artificially induced LLD 

during the experiment. By using healthy subject, an 

artificial approached was used to induce as LLD. In 2003, 

Kakushima, Miyamoto, and Shimizu (2003) had published 

a paper in which they described the effect of LLD on the 

motion of the normal spine during gait. 22 healthy male 

subjects were volunteers and required to wear heel raising 

on the right foot. Similarly, Betsch et al. (2012) asserts 

that artificially induced LLD for 115 healthy subjects (34 

male, 81 female)with epidemiological data (age, 12-69 

years [min-max]; height, 148-196 cm; weight, 40-105 kg) 

using a platform in the range 5-15 mm. As supported by 

Kwon et al. [18], artificial induced LLD was far more 

effective instead of finding patient ethically. 20 healthy 

subjects (10 females and 10 males) with (age, 20.10±1.91 

years [mean±SD]; height, 172.4±8.55 cm; weight, 60±6.99 

kg) were involved in this study. Papaioannou, Stokes, and 

Kenwright [19] used almost the same number of subjects 

(23 patients) with discrepancy ranging from 1.2 cm to 5.2 

cm with (11 females and 12 males patients) and ranging 

age between 17 to 39 years old. A broader perspective has 

been adopted by Park, Kim, and Kim [7] which 

investigated 17 healthy subjects in his study. The mean 

age, height, and weight of the subjects were 25.76 ± 1.76 

years, 167.12 ± 7.39 cm, and 64.94 ± 10.57 kg, 

respectively. The mean left leg length, right leg length, 

and difference in length between the two legs were 84.95 

± 5.03 cm, 84.89 ± 4.76 cm, and 0.40 ± 0.26 cm, 

respectively.  

 

Equipment 

The equipment is one of the important role in the 

preparation of experiment and data collection. As for the 

experimental procedure, few equipment was used as a gold 

standard for instant radiographic techniques (6) to 

visualize image of spinal deformities especially lumbar 

scoliosis during static standing. Murray et al. [6] proposed 

an experimental study on digital lumbopelvic radiographic 

series with 575 sets by using rotational magnetic induction 

tomography (RMIT) were then isolated for analysis. 

Recently, this non-invasive and free-radiation techniques 

were used as they are more convenient and harmless to 

patient. Likewise, with the same techniques by Betsch et 
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al. [17] and Kwon et al. [18] described the subject were 

raster stereographically examined during different induced 

LLD. Raster stereographic device formetric four-

dimensional (4D) (Diers International GmbH, 

Schlangenbad, Germany) with two cameras used to record 

the three-dimensional (3D) analysis of the back surface. 

Then, the same visualized tools were continued by 

Chowdhry et al. [13]and Papaioannou, Stokes, and 

Kenwright [19], which applied radiographic too. Similarly, 

Park, Kim, and Kim [7] obtained data from radiographic 

device CTTT (SC-1002, South Korea) included other 

equipment (treadmill Zebris FDM with pressure plate) for 

the analysis. Contrary, Raczkowski, Daniszewska, and 

Zolynski [10] described the use of electronic balance for 

static load of extremities after treated the functional 

scoliosis with LLD. Nevertheless, Resende et al. [20] 

justified that the radiographic classification was included 

the criteria only for those free from any history of medical 

diseases. 

On top of that, all studies described as using 

some sorts of visualize techniques were included in 

analysis. However, there are several studies associated 

with the use of motion captured system whereby, it is a 

more practical way to record all the motions during 

experiment. Recently, D’Amico [16] used two couples of 

CCD IR cameras which allow to record 3D Spinal 

positions with small passive markers located on the body 

at 100 Hz sampling rate. According to Kakushima, 

Miyamoto, and Shimizu [11], 3D kinematic data of the 

skin markers during gait were recorded with six cameras 

of a VICON system (Oxford Metrics, Oxford, UK) was far 

more cost effective and practical ways in viewing the 

plane of the spinal motion. Therefore, better adapted to the 

developing in analysed biomechanical of the spinal 

motion. As supported by Resende et al. [20], the 

experiment was recorded by using 12-cameras motion 

capture system at the sampling rate 200 Hz (Oqus 4, 

Qualisys, Gothenburg, Sweden) and six force platforms 

(Custom BP model, AMTI, Watertown, Massachusetts, 

USA) 

 

Protocol and measurement approach 

There are several important areas approached to 

set up the experiment where the study of spinal 

deformities shows contribution in the gait pattern and 

human posture movement especially for those having LLD 

disorder as shown in Table-1. This review identified all 

articles that assessed 3-D movement of lumbar segment 

with different of measurement approach, spinal anatomical 

landmark, data collection, posture and statistical analysis. 

However, the quality assessment revealed that only one 

study [10] under reviewed provided incomplete 

information regarding measurement approach and 

protocols to construct the experiment which was not 

included in the Table-1. Literally, different study may 

posses’ different inertial protocols. The measurement 

approach was adopted to conduct the exploratory study, as 

mentioned by Murray et al. [6], Papaioannou, Stokes, and 

Kenwright [19],Park, Kim, and Kim [7], and Betsch et al. 

[17]with the same concept of measurement to evaluate the 

spinal motion. However, the study fails to acknowledge 

the broader information of different plane view as it has 

limited accessed using radiographic techniques. 

Interestingly, Park, Kim, and Kim [7] monitor the changes 

in spine by using cobb’s angle which remains as the gold 

standard over time and calculated from radiograph. In the 

same vein, Papaioannou, Stokes, and Kenwright [19] in 

his study of scoliosis associated with limb length 

inequality notes that cobb’s angle can provide information 

on vertebral alignment commonly assess posture based on 

qualitative assessment adopted by [21]. All the authors 

used an angle to measure the spinal curvature and mostly 

applied along the spine from C7 to S3 every second 

vertebrae. According to D’Amico [16], spinal offset, 

global offsets and spinal curves were represented as 

measurement approach for his study. 

It is difficult to analyse data from one side view 

of plane. On the other hand, two papers [11], [14] came 

out with idea using marker placement during experiment. 

At the glance, just over half of the studies (77.8%) were 

static posture (standing) while others (22.2%) were 

dynamic (walking). With respect to data collection, 

majority of the authors applied statistical software to 

analyse required data with significance set =0.05 

whereas only [19]analysed using significance =0.1 and 

=0.001. 

 

RESULTS AND DISCUSSIONS 

Based on the review appraisal of the current 

literature, almost two-thirds of the significant effects on 

the spinal motion with LLD [6], [7], [11], [14], [16], [17]. 

However, the remaining articles reported that no 

significant changes with LLD [13], [18], [19]. Results 

from Murray et al. (2017)found a strong correlation 

between LLD and degenerative changes at the lumbar 

spine (L5-S1motion segment in men (r = 0.395) and 

women (r = 0.246). Whereas, the correlation was much 

attenuated at the L4-S5 spinal level, in men (r = 0.229) and 

women (r = 0.166). Prior to these results, the present study 

failed to acknowledge the effect of LLD and its 

association with the development of degenerative joint 

changes over time principles of musculoskeletal 

biomechanics. Therefore, the author suggested that needs 

of further investigation between them. At the glance, the 

suggestion for further study had been the observed on the 

correlation in the study by Callaghan, Patla, and McGill 

[22]. These results further support the previous research 

into the brain area which link LLD and spinal posture 

study by Betsch et al. [17]. There are, however, other 

possible explanations. Contrary to expectations, the author 

did not find strong correlation between LLD and spinal 

posture which states that only minor effect between them 

especially in 1.5 cm of LLD. Due to this, Betsch et al. [17] 

further investigations were suggested to examine the effect 

of greater LLD with respect to spine.  

Previous studies evaluating spine by using a 

radiographic measurement which a horizontal line was 

drawn from the superior aspect of the higher femoral head 

and the distance to the other femoral head. The angle was 
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computed after the double arrowhead at the sacral and 

superior articular processes of S1. From a point of view, 

these techniques corroborate the ideas of Park, Kim, and 

Kim [7] and Papaioannou, Stokes, and Kenwright [19], 

who suggested the using of Cobb’s angle to measure the 

changes in spine curvature. This Cobb’s angle was 

measured as a line drawn from the superior endplate of the 

most tilted vertebrae on the upper part of spine curvature, 

and another line was drawn from the inferior endplate of 

the vertebrae at the bottom of the curvature. The 

perpendicular line was drawn from each of the lines, and 

the angle between the two perpendiculars was computed 

called as Cobb’s angle [23]. This technique claimed as 

gold standard in radiographic imaging was in line with 

those of previous research [16], [24], [25]. This technique 

also accords with the earlier observations in the study by 

[7] which revealed the post-hoc analysis between Cobb’s 

angle and LLD (1 cm) with a significant difference 

compared to normal standing, and 2 cm compared to 3 cm. 

However, the observed difference between LLD and 

lumbar scoliosis in the study by Papaioannou, Stokes, and 

Kenwright [19] was not significant. In accordance to that 

result, it was demonstrated that there is no relationship 

was found between LLD of less than 2.2 cm with scoliosis 

and no patient complains on significant discomfort at the 

back. These results agree with the findings of other studies 

by Kwon et al. [18],  in which the effect of greater LLD 

(in five different leg length)may cause pelvic deviation 

and torsion rather than spine position (kyphosis and 

lordosis). Despite that, the study by employing true patient 

in LLD, not an artificially-created one was recommended 

by the author. 

Surprisingly, D’Amico [16] exploited a new 

measurement technique which was spinal offsets, global 

offsets, spinal curve and pelvis tilt. The authors claimed 

these four-main impact parameters to evaluate spinal 

abnormality. Approximately, over the half (87.7%) of his 

subjects demonstrated significant while remaining (12.3%) 

did not. Up to now, the lack of research between LLD and 

spinal motion during walking has restricted our 

understanding of the effects of LLD on the spine and the 

potential link with LBP. Since the study used radiographic 

imaging to visualize the spinal image, there was paucity to 

evaluate this relationship during walking. From this 

review, we can see that only two articles [11], [20] studied 

on the effect of LLD with respect to spinal curvature. 

Interestingly, by using only one heel (3 cm) raised under 

the right foot, shows obvious changes on maximum lateral 

bending angle (4.2  1.4°) at the thoracic spine compared 

to normal gait (3.0  1.0°). There was also a significant 

difference at the lumbar spine (8.1  2.8) in heel-raising 

gait, whereas it was (6.1  2.1°) in normal gait. However, 

there was no significant difference of maximum lateral 

bending angle at the thoracolumbar spine. Further analysis 

shows that maximum lateral bending angular velocity was 

significant at the thoracic and lumbar spine, whereas, no 

difference was found at the thoracolumbar spine. At the 

glance, those patients who have LLD, has a greater risk of 

disabling spinal disorder. In response to this study, the 

author concluded that the study had raised important 

questions about the nature of preventing degenerative 

spinal changes by doing treatment to the patient who have 

LLD.  

On the other hand, Resende et al. [26]described 

the changes between the trunk and mild LLD. The author 

makes these findings less generalisable to relate with 

spinal curvature since its focused on the trunk external 

rotation and pelvic external rotation during walking. From 

his results, increased trunk and pelvic external rotation 

during short limb condition and hence, contribute to the 

development of low back pain which supported by 

Popovich et al. [27] and van den Hoorn et al. [28]. 

 

CONCLUSIONS 

Overall, exaggerated degenerative change of 

spinal disorders often develop as secondary complications 

in people with LLD due to disorders in the lower 

extremities which may affect their physical and quality of 

life. Individuals with LLD tend to favour their intact limb 

and stress it more the changes in back disorder. This 

tendency may lead to lower back pain and occurred 

secondary effect to insufficient loading bones. The 

scarcity of details published studies regarding the spinal 

abnormality and LLD limits the opportunity to investigate 

more on the external validity between them. Furthermore, 

scarce information about the technique to evaluate spinal 

motion because of LLD during walking restricts the 

practical use of the available to support clinical 

intervention programme. Therefore, if the existed 

technique is quite useful to provide a reliable 

understanding of spinal motion, hence, it is recommended 

that future studies of secondary effect on spinal for LLD’s 

patient.  

 

ACKNOWLEDGEMENT  

This study was financially supported by Ministry 

of Education, Malaysia under Fundamental Research 

Grant (FRGS/1/2016/TK03/UNIMAP/02/5). 

 

REFERENCES 
 

[1] H. J. Jeon, M. Y. Kim, J. U. Lee and J. Kim. 2013. 

Differences in leg length discrepancy and weight 

distribution between the healthy and unhealthy sides 

of hemiplegic stroke patients. Toxicol. Environ. 

Health Sci. 5(4): 221-226. 

[2] T. F. Assogba, S. Boulet, C. Detrembleur and P. 

Mahaudens. 2018. Gait & Posture the effects of real 

and artificial Leg Length Discrepancy on mechanical 

work and energy cost during the gait. Gait Posture. 

59(August 2017):  147-151. 

[3] S. Khamis and E. Carmeli. 2017. Relationship and 

significance of gait deviations associated with limb 

length discrepancy: A systematic review. Gait 

Posture. 57(May): 115-123. 



                                VOL. 14, NO. 24, DECEMBER 2019                                                                                                          ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2019 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                              4267 

[4] R. A. Resende, R. N. Kirkwood, K. J. Deluzio, A. M. 

Morton and S. T. Fonseca. 2016. Mild leg length 

discrepancy affects lower limbs, pelvis and trunk 

biomechanics of individuals with knee osteoarthritis 

during gait. Clin. Biomech. 38: 1-7. 

[5] R. A. Resende, R. N. Kirkwood, K. J. Deluzio, S. 

Cabral and S. T. Fonseca. 2016. Biomechanical 

strategies implemented to compensate for mild leg 

length discrepancy during gait. Gait Posture. 46: 147-

153. 

[6] K. J. Murray et al. 2017. Association of Mild Leg 

Length Discrepancy and Degenerative Changes in the 

Hip Joint and Lumbar Spine. J. Manipulative Physiol. 

Ther. 40(5): 320-329. 

[7] K. H. Park, K. W. Kim and C. H. Kim. 2012. The 

difference in the leg length discrepancy on Cobb’s 

angle of the spine. Korean J. Sport. Biomech. 26(1): 

101-113. 

[8] R. Izzo, G. Guarnieri, G. Guglielmi, and M. Muto. 

2013. Biomechanics of the spine. Part II: Spinal 

instability. Eur. J. Radiol. 82(1): 127-138. 

[9] T. R. Oxland. 2015. A history of spine biomechanics. 

Unfallchirurg. 118(S1): 80-92. 

[10] J. W. Raczkowski, B. Daniszewska and K. Zolynski. 

2010. Functional scoliosis caused by leg length 

discrepancy. Arch. Med. Sci. 6(3): 393-398. 

[11] M. Kakushima, K. Miyamoto and K. Shimizu. 2003. 

The effect of leg length discrepancy on spinal motion 

during gait: three-dimensional analysis in healthy 

volunteers. Spine (Phila. Pa. 1976). 28(21): 2472-

2476. 

[12] Ronna. 2012. Leg Length Differences Affecting 

Athletic Performance and Physical Well Being. 

Proactive Physical Therapy and Sportsmedicine. 

[Online]. Available: https://proactive4pt.com/leg-

length-differences-affecting-athletic-performance-

and-physical-well-being/. 

[13] M. Chowdhry, L. Matsen Ko, C. Franklin and J. 

Parvizi. 2017. Reactive scoliosis: a challenging 

phenomenon in adolescent patients with hip arthritis. 

Arthroplast. Today. 3(3): 160-163. 

[14] R. A. Resende, R. N. Kirkwood, K. J. Deluzio, A. M. 

Morton and S. T. Fonseca. 2016. Mild leg length 

discrepancy affects lower limbs, pelvis and trunk 

biomechanics of individuals with knee osteoarthritis 

during gait. Clin. Biomech. Vol. 38. 

[15] J. W. Raczkowski, B. Daniszewska and K. Zolynski. 

2010. Functional scoliosis caused by leg length 

discrepancy. Arch. Med. Sci. 6(3): 393-398. 

[16] M. D’Amico. 2002. Scoliosis and leg asymmetries: A 

reliable approach to assess wedge solutions efficacy. 

Stud. Health Technol. Inform. 88(December): 285-

289. 

[17] M. Betsch, M. Wild, B. Große, W. Rapp and T. 

Horstmann. 2012. The effect of simulating leg length 

inequality on spinal posture and pelvic position: a 

dynamic raster stereographic analysis. pp. 691-697. 

[18] Y.-J. Kwon, M. Song, I.-H. Baek and T. Lee. 2015. 

The effect of simulating a leg-length discrepancy on 

pelvic position and spinal posture. J. Phys. Ther. Sci. 

27(3): 689-691. 

[19] T. Papaioannou, I. Stokes and J. Kenwright. 1982. 

Scoliosis associated with limb-length inequality. J. 

Bone Joint Surg. Am. 64(1): 59-62. 

[20] R. A. Resende, R. N. Kirkwood, K. J. Deluzio, S. 

Cabral and S. T. Fonseca. 2016. Biomechanical 

strategies implemented to compensate for mild leg 

length discrepancy during gait. Gait Posture. Vol. 46. 

[21] C. Fortin, D. E. Feldman, F. Cheriet, D. Gravel, F. 

Gauthier and H. Labelle. 2012. Reliability of a 

quantitative clinical posture assessment tool among 

persons with idiopathic scoliosis. Physiotherapy. 

98(1): 64-75. 

[22] J. P. Callaghan, A. E. Patla and S. M. McGill. 1999. 

Low back three-dimensional joint forces, kinematics, 

and kinetics during walking. Clin. Biomech. 14(3): 

203-216. 

[23] D. Malfair et al. 2010. Radiographic evaluation of 

scoliosis: Review. Am. J. Roentgenol. 194(3 SUPPL): 

8-22. 

[24] A. Gardner. 2011. (i) Clinical assessment of scoliosis. 

Orthop. Trauma. 25(6): 397-402. 

[25] M. Syczewska, K. Graff, M. Kalinowska, E. 

Szczerbik and J. Domaniecki. 2012. Influence of the 

structural deformity of the spine on the gait pathology 

in scoliotic patients. Gait Posture. 35(2): 209-213. 



                                VOL. 14, NO. 24, DECEMBER 2019                                                                                                          ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2019 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                              4268 

[26] R. A. Resende, R. N. Kirkwood, K. J. Deluzio, E. A. 

Hassan and S. T. Fonseca. 2006. Mild leg length 

discrepancy affects lower limbs, pelvis and trunk 

biomechanics of individuals with knee osteoarthritis 

during gait. Clin. Biomech. 38: 1-7. 

[27] J. M. Popovich et al. 2013. Lumbar facet joint and 

intervertebral disc loading during simulated pelvic 

obliquity. Spine J. 13(11): 1581-1589. 

[28] W. van den Hoorn, S. M. Bruijn, O. G. Meijer, P. W. 

Hodges and J. H. van Dieën. 2012. Mechanical 

coupling between transverse plane pelvis and thorax 

rotations during gait is higher in people with low back 

pain. J. Biomech. 45(2): 342-347. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



                                VOL. 14, NO. 24, DECEMBER 2019                                                                                                          ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2019 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                              4269 

Table-1. Summary of the experiment protocol on spinal deformity. 
 

Authors 
Measurement 

approach 

Spinal 

anatomical 

landmark 

Data collection Posture Statistical analysis 

Murray et al. 

[6] 

 

Distance and 

horizontal line 

(mm) Angle (°) 

L5-S1 

L4-S5 
(A-P) lumbopelvic view standing 

Nonparametric 

Kruskal-Willis test with 

Dunn’s multiple 

comparison. (P<0.05) 

Chowdhry et 

al. [13] 
Angle (°) 

L1-L5 

 
ROM standing NM 

Resende et al. 

[20] 

 

Angle (°) NM 

trunk flexion-extension 

(M-L axis), 

ipsilateral-contralateral (A-

P axis), external-internal 

rotation (Longitudinal 

axis). 

walking 

Wilcoxon signed-rank 

test 

(P<0.05) 

Park et al. [7] Cobb's Angle (°) NM (A-P) lumbopelvic view standing 

Repeated one-way 

ANOVA 

Post hoc test-Duncan’s 

multiple range test. 

(P<0.05) 

Kwon et al. 

[18] 

 

Angle (°) 

3-D surface map of 

the back surface 

Along spinal 
spinal kyphotic angle, 

lordotic angle 
standing 

One-way ANOVA 

(P<0.05) 

Betsch et al. 

[17] 

 

Angle (°) 

3-D surface map of 

the back surface 

Along spinal 

Pelvic tilt (mm) 

Pelvic torsion (°) 

Maximal lateral deviation 

of the spine (°) 

Frontal deviation of the 

spine (mm) 

Surface rotation of the 

spine (°) 

standing 

Chisquare test 

Unifactorial ANOVA 

Pearson correlation 

(P<0.05) 

Papaioannou et 

al. [19] 

Cobb's Angle (°) 

Distance and 

horizontal line 

(mm) 

Thoracolumbar 

spine 

Angle rotation of vertebrae 

Lateral bending 
standing 

A correlation (r=0.5, 

p<0.1) 

A correlation (r=0.83, 

P<0.001) 

Kakushima, et 

al. [11] 

 

Angle (°) 

Th1, Th3, Th5, 

Th7, Th9, 

Th11, L1, L3, and 

L5 

 

Max. lateral bending angle 

Max. lateral bending 

angular velocity 

(thoracic, thoracolumbar 

and lumbar spine) 

walking 
Paired t-test 

(P<0.05) 

D’Amico et al. 

(2002) 

Spinal offsets 

Global offsets 

Spinal curves 

Pelvis tilts 

Cobb’s angle 

C7 to S3 every 

second vertebra 
Kyphosis-Lordosis angles standing 

Paired t-test (P<0.05). 

Fisher test for the 

analysis of the variance. 

 

Note: ROM: range of motion; ML: medial-lateral; AP: anterior-posterior; max.: maximum; NM: not mention; S: sacrum; 

L: lumbar; Th: thoracic; C: cervical. 

 


