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Abstract 

Introduction: The relationship between the use of braces and gait parameters in people with kyphosis has been not well understood. The aim of 
the present study was to evaluate the effect of two types of thoracolumbosacral braces on erector spinae, and gluteus medius muscles activities in 
individuals with kyphosis during walking. Materials and Methods: Fifteen males with kyphosis volunteered to participate in the present study. 
All participants were right footed. Each participant performed three walking trials in each of the three brace conditions including without brace, 
with alarm brace, and with simple brace. Muscle activities were recorded during walking at constant walk speed. Statistical analysis was 
performed using repeated measures ANOVA test at the significant level of 0.05. All analyses were performed using the SPSS version 22. Results: 
There is no significant difference in electromyography activities of the lower limb muscles at the loading response and mid-stance phases 
(P>0.05). Also, results showed a significant difference during push-off phase for gastrocnemius medialis muscle (P<0.05). Conclusions: The use 
of thoracolumbosacral braces reduced the electrical activity of the gastrocnemius medialis muscle during the push-off phase. These changes may 
lead to gait efficiency while using thoracolumbosacral braces. 
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Introduction  

The angle between T4 and T12 is the usual definition of 
thoracic kyphosis. The classic definition of thoracic kyphosis 
using T4−T12 tends to underestimate the total amount of 
kyphosis (1). Changes in kyphosis distribution in the 
normative population suggest that, like lumbar lordosis, 
thoracic kyphosis is not a simple circle arc but rather closer to a 
sinusoidal shape. With low thoracic kyphosis, 2/3 of the 
kyphosis is located in the upper part of trunk and when 
thoracic kyphosis  increases, the distribution of kyphosis will be 
symmetric around T7 (2). It is possible to predict the amount 
of kyphosis in the upper part of trunk using total kyphosis 
value. It could be used to estimate preoperative compensation 

and predict reciprocal change (3). The deformity may progress 
and lead to neurologic and orthopedic problems (4). Evidence 
showed that increased thoracic kyphosis is associated with a 
decline in physical performance, impaired balance, slower 
walking and stair climbing speeds, shorter functional reach (5), 
and decreased household activity performance (6, 7). The 
kyphosis angle is also  correlated with back extension strength 
(8). The normal range of kyphosis is 20 to 40 degrees (9).  

Bracing has been established as the most effective no 
operative treatment for adolescences with mild idiopathic 
scoliosis and kyphosis (10, 11). Previous studies have been 
showed promising short-term improvements in kyphosis among 
older women with a 6-month spinal bracing intervention (12). 
Also, it has been reported that spinal misalignments are 
associated with different pathologies including acute and chronic 
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Figure 1. A) Thoracolumbosacral brace; B) Bending sensors and their 
location 

 
characteristics of the spine (13), increased intradiscal pressure 
(14), viscoelastic deformation (15), and low back pain (16, 17). 
On the other hand, some studies have reported kyphosis with 
low back pain (18, 19). 

Since the lumbosacral braces impacted muscle activity in 
the lumbar spine (19), there have been a few negative or even 
contradictory findings as well (20, 21). However, a few 
negative or even paradoxical findings were also reported (21, 
22). However, the effect of lumbar braces on muscles activity 
while walking is still controversial. Therefore, the aim of this 
study was to evaluate the effect of two types of 
thoracolumbosacral braces on electromyography activities of 
tibialis anterior, gastrocnemius medialis, biceps femoris, 
semitendinosus, vastus lateralis, vastus medialis, erector 
spinae, and gluteus medius muscles in patients with kyphosis 
during walking.  

Materials and Methods 

Participants 
Fifteen males with kyphosis (mean±SD; age 23.8±3.9 years, 
body mass 788.2±12.2 kg, height 1.78±7 m, and curvature of 
kyphosis 27.18±3.18 degrees) volunteered and gave their 
written informed consent to participate in the present study. 
Estimated kyphosis angle was calculated using Arc Tan=2h/L 
(23). Participants were male with more than 3 hours of physical 
activity per week for at least 2 years. None of the individuals 
previously had the brace model used in this study. A priori 
defined exclusion criteria comprised a history of 
musculoskeletal surgery at the trunk and/or lower limbs, and 
neuromuscular or orthopedic disorders (except of kyphosis). 
Ethical approval for research involving human participants was 
obtained from the Medical University of Ardabil 
(IR.ARUMS.REC.1399.255). 

Figure 2. The Mobile Application Software (mobile App) 

 
Brace 
For designing a corrective and wireless brace, we made a 
thoracolumbosacral brace that is suitable for all ages (Figure 
1A). It is triangular design that provides a good distribution of 
pressure on the shoulder, and adjustable hook and loop closure 
facilitates proper fastening (24). 

The support structure of the brace is consisting of six 
straps to adjust, electronic enclosure, and two local stabilizers 
in which there is a bending sensor (Figure 1B).  

The Mobile Application Software (mobile App) of 
designed brace is able to find out the bending angle and signal 
to the participant if the angle is more than the predefined 
angle by the vibration switch (Figure 2). To do this, the 
researcher must turn on the electronic circuit, then, software 
and mobile phones connect with Bluetooth. After that, the 
bending sensor data transform to researcher’s mobile App 
and its shows the amount of bending on the mobile phone.   

Experimental protocol 
The thoracolumbosacral brace with vibration and mobile 
control capability was strapped around the lumbar using 
strips. All participants were asked to walk at a constant speed 
along an 18-m straight walkway (without slope) inside the 
biomechanics laboratory of University of Mohaghegh 
Ardabili. After a standardized warm-up program, each 
participant performed three walking trials in each of the three 
brace conditions including without brace, with alarm brace, 
and with simple brace in a randomized order. The support 
structure of the simple brace includes six adjustable straps 
and two local stabilizers to maintain proper alignment of the  

A B 
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Table1. Muscle activity three condition during Loading Phase 
Variables EMG P-value 

Loading response Nonsupport (1) Support simple model (2) Support sensory model (3) 1&2 1&3 2&3 
TA(HZ) 111.51±19.62 106.61±13.18 107.84±15.69 0.657 1.000 1.000 

Gas-med (HZ) 136.69±29.23 145.52±39.61 156.84±40.53 1.000 0.335 1.000 
VL (HZ) 121.40±50.61 116.15±49.5 113.53±40.41 1.000 1.000 1.000 
VM (HZ) 127.50±58.01 139.92±56.11 136.41±42.36 1.000 1.000 1.000 
BF (HZ) 103.91±24.8 103.50±30.58 113.69±30.96 1.000 1.000 0.862 
ST (HZ) 133.61±25.72 132.46±39.81 157.81±48.51 1.000 0.461 0.305 

Glut-med (HZ) 114.43±45.90 128.72±42.01 140.05±48.11 1.000 0.715 1.000 
Erector spinal (HZ) 110.50±37.71 90.15±40.43 113.52±74.01 0.264 1.000 0.735 

TA, tibialis anterior; Gas-M, gastrocnemius medialis; VM, vastus medialis; VL, vastus lateralis; BF, biceps femoris; ST, semitendinosus; Glut-M, gluteus medius; SD, 
standard deviation, 1&2: compare Nonsupport and Support simple model, 1&3: compare Nonsupport and Support sensory model, 2&3: compare Support simple model 

and Support sensory model 

 
person's posture. The start and finish lines of the walking 
trials were recorded using timing gates. The dominant leg was 
determined as the participant’s preferred leg to kick the ball. 
Participants were only instructed to walk on the force 
platform embedded within the floor during their first step of 
the dominant leg. Participants were also given rest periods of 
90 seconds between trials to avoid fatigue. 

The electromyographic activity (EMG Pre-Amplifier, 
Biometrics Ltd., Nine Mile Point Ind. Est., Newport, United 
Kingdom) with eight pairs of bipolar Ag/AgCl surface 
electrodes (25 mm center-to-center distance; input 
impedance of 100 MO; and common-mode rejection ratio 
of>110 dB) were recorded for tibialis anterior (TA), 
gastrocnemius medialis (Gas-M), biceps femoris (BF), 
semitendinosus (ST), vastus lateralis (VL), vastus medialis 
(VM), erector spinal (ES), and gluteus medius (Glut-M) 
muscles of the right leg (25). A die-cut medical-grade 
double-sidedadhesive tape (T350, Biometrics Ltd., Nine 
Mile Point Ind. Est., Newport, United Kingdom) was used to 
attach the electrodes to the muscle bellies. The raw EMG 
signals were digitized at 1000 Hz and streamed via 
Bluetooth to a computer for further analysis. According to 
the European recommendations for surface EMG 
(SENIAM), the skin surface was shaved and cleaned with an 
alcohol (70% Ethanol–C2H5OH) over the selected muscles 
(25). Thereafter, the skin was gently abraded before 
electrode placement (25). The ground reaction force and 
EMG data were synchronized using Nexus software (Oxford 
Metrics, Oxford, United Kingdom). For EMG analyses, the 
gait cycle was divided into the following phases: loading 
phase (0–20% of the gait cycle), mid-stance (20–47% of the 
gait cycle), and push off (47–70% of the gait cycle) (26). 
Using a handheld dynamometer, maximum voluntary 

isometric contraction (MVIC) was calculated for each 
recorded muscle to normalize EMG during walking to 
MVIC. All normalization procedures were realized in 
accordance with recommendations from (27). For example, 
the participants were encouraged to perform the tests at 
their maximal effort (28). Three test trials were conducted 
with 1–2 min rest periods between them (28). For 
measuring MVIC, an isometric belt (where the joint is 
locked) was utilized (set for zero velocity) (28). This 
instrument is important to control testing factors that can 
influence the output and facilitate the production of 
maximal contraction. The maximum value of the MVIC test 
was considered for normalization purposes (27, 28). 

Statistical analysis  
The prior calculation of the sample size indicated that at least 

15 subjects were required for the present study. For calculation, 
the software G*Power 3.1.2.9 was used with a statistical power 
of 0.80 at an effect size of 0.80 with an alpha level of 0.05 and 
the respective statistical test based on a  related previous study 
that examined walking mechanics (29, 30).  

The Shapiro-Wilk test was used to confirm the normal 
distribution of data. Repeated measure test along with 
Bonferroni post hoc test were used for statistical analysis. 
Additionally, effect sizes were determined by partial eta-
squared (η2p). All analyses were performed using the SPSS 
version 26.0 with significance level of P<0.05.  

Results 

During the loading response and mid-stance phases, there was 
no significant difference at the activity of selected muscles 
during walking with and without the brace (Tables 1 and 2).  
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Table 2. Muscle activity three condition during mid-stance phase 
Variables EMG p-value 

Mid-stance Nonsupport (1) Support simple model (2) Support sensory model (3) 1&2 1&3 2&3 
TA(HZ) 104.20±23.47 102.70±17.50 108.42±18.51 1.000 1.000 0.947 

Gas-med (HZ) 119.92±36.72 125.38±34.01 120.73±28.01 1.000 1.000 1.000 
VL (HZ) 92±34.22.05 88.15±17.81 88.61±18.34 1.000 1.000 1.000 
VM (HZ) 106.21±40.20 100.23±26.60 104.41±32.50 1.000 1.000 1.000 
BF (HZ) 115.07±33.30 112.90±24.61 108.02±22.86 1.000 1.000 1.000 
ST (HZ) 122.22±34.02 118.60±21.19 127.06±45.52 1.000 1.000 1.000 

Glut-med (HZ) 122.22±73.81 114.15±38.81 131.41±48.46 1.000 1.000 0.737 
Erector spinal (HZ) 86.31±32.07 89.84±24.15 81.15±16.58 1.000 1.000 1.000 

TA, tibialis anterior; Gas-M, gastrocnemius medialis; VM, vastus medialis; VL, vastus lateralis; BF, biceps femoris; ST, semitendinosus; Glut-M, gluteus medius; SD, 
standard deviation, 1&2: compare Nonsupport and Support simple model, 1&3: compare Nonsupport and Support sensory model, 2&3: compare Support simple model 

and Support sensory model 
 

Table 3. Muscle activity three condition during push off phase 
Variables EMG p-value 
Posh-off Nonsupport (1) Support simple model (2) Support sensory model (3) 1&2 1&3 2&3 
TA(HZ) 112.61±12.06 108.82±18.41 107.62±22.18 1.000 1.000 1.000 

Gas-med (HZ) 119.42±23.45 101.51±18.03 116.92±21.81 0.002* 1.000 0.009* 
VL (HZ) 95.15±30.63 90.03±30.73 99.10±34.16 1.000 1.000 1.000 
VM (HZ) 107.07±37.60 107.02±43.27 119.6±43.54 1.00 1.00 0.522 
BF (HZ) 116.61±28.74 104.80±37.31 103.52±35.21 0.697 0.827 1.000 
ST (HZ) 123.30±38.61 123.30±39.80 142.51±49.70 1.000 0.568 0.142 

Glut-med (HZ) 101.60±23.23 99.06±26.10 114.40±28.52 1.000 0.659 0.310 
Erector spinal (HZ) 87.09±24.62 84.90±22.61 85.41±25.50 1.000 1.000 1.000 

TA, tibialis anterior; Gas-M, gastrocnemius medialis; VM, vastus medialis; VL, vastus lateralis; BF, biceps femoris; ST, semitendinosus; Glut-M, gluteus medius; SD, 
standard deviation, 1&2: compare Nonsupport and Support simple model, 1&3: compare Nonsupport and Support sensory model, 2&3: compare Support simple model 

and Support sensory model 
 

The results at the push-off phase showed that 
gastrocnemius medialis activity during walking without brace 
was significantly greater than that walking with the simple 
brace (P=0.002 d=0.863). Moreover, the gastrocnemius 
medialis amplitude was significantly greater during walking 
with sensory brace than that walking with the simple brace 
(P=0.009 d=0.773) (Table 3). 

Discussion  

The present study aimed to evaluate the effect of three 
thoracolumbosacral braces on EMG activities of muscles in 
individuals with kyphosis during walking. The main findings 
of this study can be summarized as follows. The analyses 
revealed that gastrocnemius medialis activity during walking 
without brace was significantly greater than that walking with 
the simple brace. Moreover, the gastrocnemius medialis 
amplitude was significantly greater during walking with the 
sensory brace than that walking with the simple brace. 

The activity of the gastrocnemius medialis muscle was 
reduced using the simple and sensory braces compared to 
without brace conditions. In this regard, the results of a study by 

Barton et al. (31) showed that heel lifts altered muscle activity 
reactively around heel strike (i.e. greater activity after heel strike) 
immediately after immediate use of brace. In order to better 
establish this issue, assessment of fully neuromuscular 
adaptation during walking with the three thoracolumbosacral 
braces would be necessary. In order to obtain these upper bound 
estimates experimentally, full neuromuscular adaptation to the 
three Thoracolumbosacral braces would be necessary. It is likely 
that complete adaptation did not occur in this current study. 
Furthermore, Jorgensen and Marra showed that wearing an 
abdominal belt did not affect EMG data recorded from the 
electrodes placed underneath the belt (34). It has been reported 
that lumbar braces can reduce compressive force on the spine, 
help the low back muscles in generating trunk extensor moment, 
or support the back (35). However, a thorough review of the 
literature indicates that there are no differences in trunk muscle 
electromyograms (EMG) or spine compression force when 
various activities are performed with and without lumbar 
supports and the kinematics of the tasks are well controlled (35). 
Therefore, the results of these studies are inconsistent with our 
finding, so that in our study, thoracolumbosacral braces affected 
the activity of muscle electromyograms in the push-off phase 
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during walking. The use of thoracolumbosacral braces reduced 
the electrical activities of the gastrocnemius medialis muscle 
during the push-off phase. This frequency reduction is probably 
related to the inactive support of the brace. On the other hand, 
lower electrical activity of this muscle when using this brace 
probably reduces the time to fatigue.  

The limitations of the present study were the small number 
of sample size, the lack of long-term e of the effects of braces, 
and lack of practice. It is suggested to investigate the effects of 
this type of brace in people with back pain patients as well.  

Conclusion 

The use of thoracolumbosacral braces reduced the electrical 
activity of the gastrocnemius medialis muscle during the 
push-off phase in individuals with kyphosis. These changes 
may lead to gait efficiency while using thoracolumbosacral 
braces.  

Acknowledgments 
The authors would like to thank the participants in this study 
for their voluntary participation. 

Conflict of interest 

None. 

Funding support 

None. 

Authors' contributions 
Mr. Milad piran hamlabadi: He did the initial design of study, 

writing and paper revision. Mr. Amir Ali Jafarnezhadgero: He 
did the initial design of study, writing and paper revision. Ms. 
Sevda Abdullahigoliki: She did the initial design of study, data 
analysis and writing and laboratory work. Mr. Ebrahim Piri: He 
did the initial design of study, data analysis and writing and 
laboratory work. 

References 
1. Lafage R, Pesenti S, Assi A, Elysee J, Pannu TS, Sides BA, et al. 

Wednesday, September 26, 2018 7: 35 AM–9: 00 AM ePosters: 
P48. What is the normal distribution of kyphosis across the 
thoracic spine in the adult population? The Spine Journal. 
2018;18(8):S163. 

2. Shafa E, Lonstein JE. Natural History of Adolescent Idiopathic 
Scoliosis. The Atlas. 2017:161. 

3. Leaf-nosed bat. Encyclopædia Britannica: Encyclopædia 
Britannica Online; 2009. 

4. Levin TL, Berdon W, Lachman RS, Anyane-Yeboa K, Ruzal-
Shapiro C, Roye Jr DP. Lumbar gibbus in storage diseases and 
bone dysplasias. Pediatric radiology. 1997;27(4):289-94. 

5. Muir B, Rietdyk S, Haddad JM. Gait initiation: the first four steps 
in adults aged 20–25 years, 65–79 years, and 80–91 years. Gait & 
posture. 2014;39(1):490-4. 

6. Balzini L, Vannucchi L, Benvenuti F, Benucci M, Monni M, 
Cappozzo A, et al. Clinical characteristics of flexed posture in 
elderly women. Journal of the American Geriatrics Society. 
2003;51(10):1419-26. 

7. Ryan SD, Fried LP. The impact of kyphosis on daily functioning. 
Journal of the American Geriatrics Society. 1997;45(12):1479-86. 

8. Kasukawa Y, Miyakoshi N, Hongo M, Ishikawa Y, Kudo D, Suzuki 
M, et al. Age-related changes in muscle strength and spinal 
kyphosis angles in an elderly Japanese population. Clinical 
interventions in aging. 2017:413-20. 

9. Yasuoka S, Peterson HA, MacCarty CS. Incidence of spinal 
column deformity after multilevel laminectomy in children and 
adults. Journal of neurosurgery. 1982;57(4):441-5. 

10. Katz DE, Richards BS, Browne RH, Herring JA. A comparison 
between the Boston brace and the Charleston bending brace in 
adolescent idiopathic scoliosis. Spine. 1997;22(12):1302-12. 

11. Lonstein JE, Winter RB. The Milwaukee brace for the treatment of 
adolescent idiopathic scoliosis. A review of one thousand and 
twenty patients. The Journal of bone and joint surgery American 
volume. 1994;76(8):1207-21. 

12. Pfeifer M, Begerow B, Minne HW. Effects of a new spinal orthosis 
on posture, trunk strength, and quality of life in women with 
postmenopausal osteoporosis: a randomized trial. American 
journal of physical medicine & rehabilitation. 2004;83(3):177-86. 

13. Santonja P, Pastor A. Natación y columna. Deporte y Salud: 
Actividades físicas y terapias en el medio acuático. 2000:57-80. 

14. Wilke HJ, Neef P, Caimi M, Hoogland T, Claes LE. New in vivo 
measurements of pressures in the intervertebral disc in daily life. 
Spine. 1999;24(8):755-62. 

15. Solomonow M, Zhou B-H, Baratta R, Burger E. Biomechanics and 
electromyography of a cumulative lumbar disorder: response to 
static flexion. Clinical Biomechanics. 2003;18(10):890-8. 

16. Borghuis J, Hof AL, Lemmink KA. The importance of sensory-
motor control in providing core stability. Sports medicine. 
2008;38(11):893-916. 

17. Zazulak B, Cholewicki J, Reeves PN. Neuromuscular control of 
trunk stability: clinical implications for sports injury prevention. 
JAAOS-Journal of the American Academy of Orthopaedic 
Surgeons. 2008;16(8):497-505. 

18. McNair PJ, Heine PJ. Trunk proprioception: enhancement 
through lumbar bracing. Archives of physical medicine and 
rehabilitation. 1999;80(1):96-9. 

19. Newcomer K, Laskowski ER, Yu B, Johnson JC, An K-N. The 
effects of a lumbar support on repositioning error in subjects with 
low back pain. Archives of physical medicine and rehabilitation. 
2001;82(7):906-10. 



e62                                                                                                                                                                                                        Hamlabadi et al. 
 

Journal of Clinical Physiotherapy Research. 2022;7(3): e62 

This open-access article distributed under the terms of the Creative Commons Attribution NonCommercial 3.0 License (CC BY-NC 3.0). Downloaded from: http: Journals.sbmu.ac.ir. physiotherapy 

20. Cholewicki J, Shah KR, McGill KC. The effects of a 3-week use of 
lumbosacral orthoses on proprioception in the lumbar spine. 
Journal of Orthopaedic & Sports Physical Therapy. 
2006;36(4):225-31. 

21. O’Sullivan PB, Burnett A, Floyd AN, Gadsdon K, Logiudice J, 
Miller D, et al. Lumbar repositioning deficit in a specific low back 
pain population. Spine. 2003;28(10):1074-9. 

22. Leinonen V, Kankaanpää M, Luukkonen M, Kansanen M, 
Hänninen O, Airaksinen O, et al. Lumbar paraspinal muscle 
function, perception of lumbar position, and postural control in 
disc herniation-related back pain. Spine. 2003;28(8):842-8. 

23. Jafarnezhadgero AA, Piran Hamlabadi M. Effect of Simple and 
Sensor Thoracolumbosacral Braces on Electromyography Activity 
of Selected Muscles in Patients with Kyphosis during Running. 
Journal of Gorgan University of Medical Sciences. 2022;24(2):24-30. 

24. Jafarnezhadgero A, Anoushirvani S. A preliminary design of new 
corrective and wireless thoracolumbar bracing for individuals with 
functional thoracolumbar kyphosis. Journal of Advanced Sport 
Technology. 2019;3(1):33-6. 

25. Hermens HJ, Freriks B, Merletti R, Stegeman D, Blok J, Rau G, et 
al. European recommendations for surface electromyography. 
Roessingh research and development. 1999;8(2):13-54. 

26. Jafarnezhadgero A, Ghorbanloo F, Fatollahi A, Dionisio VC, 
Granacher U. Effects of an elastic resistance band exercise 
program on kinetics and muscle activities during walking in 
young adults with genu valgus: A double-blinded randomized 
controlled trial. Clinical Biomechanics. 2021;81:105215. 

27. Emami S, Jafarnezhadgero A, Hamlabadi MPJIJoRR. The effect of 
knee orthosis on co-contraction values of knee and ankle muscles  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

during running in people with knee deformity in the frontal plane. 
2022;8(4):0-. 

28. Besomi M, Hodges PW, Clancy EA, Van Dieën J, Hug F, Lowery 
M, et al. Consensus for experimental design in electromyography 
(CEDE) project: Amplitude normalization matrix. Journal of 
Electromyography and Kinesiology. 2020;53:102438. 

29. Farahpour N, Jafarnezhad A, Damavandi M, Bakhtiari A, Allard P. 
Gait ground reaction force characteristics of low back pain patients 
with pronated foot and able-bodied individuals with and without 
foot pronation. Journal of biomechanics. 2016;49(9):1705-10. 

30. Farahpour N, Jafarnezhadgero A, Allard P, Majlesi M. Muscle 
activity and kinetics of lower limbs during walking in pronated 
feet individuals with and without low back pain. Journal of 
Electromyography and Kinesiology. 2018;39:35-41. 

31. Barton CJ, Coyle JA, Tinley P. The effect of heel lifts on trunk 
muscle activation during gait: a study of young healthy females. 
Journal of Electromyography and Kinesiology. 2009;19(4):598-606. 

32. Axelsson P, Johnsson R, Strömqvist B. Effect of lumbar orthosis 
on intervertebral mobility. A roentgen stereophotogrammetric 
analysis. Spine. 1992;17(6):678-81. 

33. Tuong NH, Dansereau J, Maurais G, Herrera R. Three-
dimensional evaluation of lumbar orthosis effects on spinal 
behavior. Journal of rehabilitation research and development. 
1998;35(1):34. 

34. Jorgensen M, Marras W. The effect of lumbar back support 
tension on trunk muscle activity. Clinical Biomechanics. 
2000;15(4):292-4. 

35. Van Poppel MN, de Looze MP, Koes BW, Smid T, Bouter LM. 
Mechanisms of action of lumbar supports: a systematic review. 
Spine. 2000;25(16):2103-13. 

 


