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Introduction 
Spinal shrinkage is a creep which is caused by sustained compressive 

spinal loading. The shrinkage is a decrease of the discs’ thickness and 
the spinal column’s length. It is thought that the shrinkage is linked 
to the bulging of annulus fibrosus in diameter as well as a fluid loss 
from the intervertebral disc (IVD) in lumbar [1-4] in parallel with an 
increased and/or abnormal loading on other spinal tissues, such as facet 
joints [5-8]. It is suggested that the test of spinal shrinkage could result 
in an effective predictor of spinal load [5,9]. Therefore, its measurement 
is one of key factors in determining the risk of the development of low 
back pain (LBP) [10]. LBP is commonly seen and with a high impact in 
society [6,11-14].

It is advocated [9,15-20] that the spinal shrinkage can be tested by 
a precision stadiometer to find changes in stature, in standing and/or 
sitting postures [17,20,21]. It is commonly  established that results of 
stature height measurement are reliable and also valid. Results from 
these studies in stadiometer have shown that it can be used for the load 
condition evaluation of lumbar spine. Until now, investigators have 
been studying the stature variation. Understanding how the relevant 
variables can influence the stature change may provide insights into the 
underlying the mechanism of LBP and the injury risk to the lumbar 
region.

Previous studies showed that the stature is not constant, but varies 
throughout the 24-h period, or termed as circadian variation [22,23]. 
It has been well accepted that the spinal shrinkage could be elicited by 
dynamical loading in sports activities, such as running [24] jumping 
[15] or by static spinal loading [4,25]. It is also shown that the spinal 
shrinkage could be affected by body mass [25], or a pregnant condition 
for women [9] but probably not by age [26].

 In a specific investigation, [27] found that head posture, such as 
keeping the posture of looking down or up during prolonged sitting 
will have an effect on the spinal shrinkage. Thus, the loading posture 
such as front or back loading as commonly seen during baby keeping 
or package holding on shoulder, may also have an effect on the stature 
change. However, so far as we known, there has been no investigation 
regarding effects of the posture of shoulder loading. 

Therefore, the aim of this study is to investigate the effect of loading 
posture on spinal shrinkage. According to the findings in head posture, 
we hypothesize that the loading posture has a significant effect on the 
spinal shrinkage during prolonged compressive spinal loading.

Methods
Subjects

Twenty two subjects including five females and seventeen males 
were recruited from the University population to take part in the 
study approved by local ethical committee. Before participating in the 
study, the subject should read and sign a consent form. Demographic 
characteristic (age, weight, height and BMI) was collected by a 
questionnaire to screen for inclusion and exclusion criteria. The 
corresponding value (mean (standard deviation (SD)) [minimum- 
maximum]) was 24 (1) [23-26] years, 65 (6) [56-80] kg, 172 (5) [165-
182] cm, 22 (1) [19-24] kg/m2, respectively. Included criteria were that 
the participant had no current complaints of back pain. Exclusion 
criteria were included with spine pathology, spine surgery history, 
visual problem, pregnancy, obesity (BMI >= 30), current low back pain 
and consultation of physicians because of low back pain in the last year.

Stature shrinkage measurements

Stature shrinkage was quantified through a precision stadiometer 
as described in a publication [4]. The customized stadiometer consisted 
of a wooden frame which was tilted 15 degree backwards to the vertical 
line. An adjustable support was used for cervical, lumbar spine and lower 
extremities to keep a comfortable as well as a repeatable resting position 
[4,28,29]. During the measurements, the participants were required to 
stand with knee straight, to put the feet comfortably to evenly distribute 
the body weight and to lean back against posture supports. The arms 
were hanging straight on the body side. Unnecessary movements of the 
head were controlled through a soft cushion under the head together 
with a lateral wooden guide [29]. Through maintaining the eyesight 
at the mark 6 m away horizontally [4] head’s vertical and horizontal 
alignment was reached.

After the participant was located on the stadiometer in bare feet, 
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Abstract

The aim of this study is to investigate effects of shoulder loading posture on spinal shrinkage. Twenty two 
university students (including five women and seventeen men) participated in the study. Each performed 10 min 
static standing with a load of 20% body weight on shoulder in two loading postures: front and back loading. One-way 
ANOVA was utilized to test the effect of loading posture. It was found that the loading posture has a significant effect 
on spinal shrinkage. The shrinkage in front posture is significantly larger than that in back one. It was suggested that 
the front loading posture could be more likely to developing LBP than the back posture during prolonged compressive 
loading.

Spinal Shrinkage Response to Shoulder Loading Posture 
Hongyu Sun1, Xiangrong Cheng2 and Xinhai Shan1*  
1Biomechanics Laboratory, College of Physical Education, Shandong Normal University, Shandong, China
2Department of Physical Education, Qingdao Technology University, Qingdao, China



Citation: Sun H, Cheng X, Shan X (2018) Spinal Shrinkage Response to Shoulder Loading Posture. J Ergonomics 8: 237. doi: 10.4172/2165-
7556.1000237

Page 2 of 4

J Ergonomics, an open access journal
ISSN: 2165-7556 Volume 8 • Issue 4 • 1000237

then a head platform was moved downward until full contact was 
reached to the top of the head. The investigator moved the platform 
downward after the subject exhaled completely. He/she contacted the 
cranial aspect of the participant’s head where the stadiometer reading 
was recorded as the stature height. Each participant was measured in 
the morning from 8 am to 12 noon in order to eliminate the circadian 
characteristic of stature shrinkage [30,31].

Protocol

Before testing and data collection in each day, the stadiometer 
was calibrated. To familiarize with the procedure, each subject was 
continuously trained on positioning in the stadiometer until he/she 
was able to re-position within a SD of 1.3 mm by the ‘‘in-out’’ method 
[32]. The familiarization process was in agreement with investigations 
in the stadiometer measurements [9,17,18,20,32]. Each subject had 
experienced the familiarization process before the beginning of the test 
protocol.

 At the beginning of the first stature measurement, participants were 
reclined in supine as Fowler’s position [33] for 10 min to unload the 
spine from the previous activity during the period of time from getting 
up to the laboratory. This position could be used as a normalization 
of spine height [17,18,28]. As suggested by [34] each participant stood 
statically for 90 sec before the measurement of stature shrinkage. After 
the participant was recorded as an initial position (normalized as 0) on 
the stadiometer, he/she was then required to have a spinal shrinkage 
procedure through static standing for 10 min with a load of about 20% 
bodyweight [4] by handing dumbbells over each shoulder evenly in two 
test sessions in a separate day. The subject was asked to choose one of 
two loading postures: front loading (FL) (Figure 1) or back loading (BL) 
(Figure 2) randomly in each test session. After releasing the load, the 
subjects were required to stand statically for another 90 sec. Then the 
shrinkage was measured again in the same method.

After finishing one test session with one loading posture, the 
subject was required to repeat again to finish the other test session on 
a separate day.

Analysis

Spinal shrinkages from different gender in this study were pooled 
together during statistical analysis. One-way ANOVA was utilized to 
test the effect of loading posture. The alpha level was selected ≤ 0.05.

Results
Significant difference (p<0.001, F=14.701) was found in the spinal 

shrinkage between BL and FL, with the (absolute) value in FL greater 
than that in BL (Figure 3). The spinal shrinkage (Mean (SD)) in FL is 
6.208 (2.454) mm with the 95% confidence interval for mean (5.12-7.30) 
mm whereas that in BL is 3.877 (1.461) mm with the 95% confidence 
interval for mean (3.22-4.52) mm.

Discussion
The results of the study point out that the loading posture has a 

significant effect on spinal shrinkage. The shrinkage created by front 
loading is significantly larger than that by back loading.

After 10 min standing, significant shrinkage (more than 3 mm) was 
found in stature with a shoulder load of 20% body weight in both back 
and front loading postures. It may indicate that there is a bulging of 
the annulus fibrosus in diameter, and/or a loss of fluid from IVD [1-4]. 
Furthermore, there might be a load increase on other spinal tissues, 

Figure 1:  A subject during the shrinkage period in front loading (FL).

Figure 2: A subject during the shrinkage period in back loading (BL).
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such as facet joints [4-8,29].

By comparison, under the condition of the same weight of external 
compressive load, the spinal shrinkage elicited by FL is significantly 
larger than that by BL as we hypothesize. The real mechanism for the 
different shrinkage is unknown in this study. However, one possible 
explanation may be the moment direction by shoulder loading. Just 
like the head with the eye looking down, the load in front posture may 
elicit a forward moment. In order to maintain a balance for the forward 
moment, the posterior ligament (and/or) muscles on lumbar spine will 
elicit extra force. Then, the shrinkage caused by a compressive loading 
together with the additional force elicited by the forward moment may 
make the total shrinkage larger [27]. The load in back posture, however, 
may cause a backward moment which makes the trunk produce a 
“hyperextension” effect [35]. The shrinkage caused by a compressive 
loading together with the elongation elicited by hyperextension may 
make the total shrinkage less [35]. Considering the structure of the 
trunk cross section in lumbar spine, in fact, the backwards moment 
could elicit less additional force on the lumbar spine because of short 
distance between the point of the back shoulder load and the position 
of discs in BL by comparison with the distance in FL.

There exist some limitations which may have some influence on the 
generality of the results. First, the loading time with 10 min seemed 
a little bit shorter than that in ergonomics activities, such as taking a 
knapsack, or carrying a baby, etc. Second, only 20% body weight was 
utilized as the shoulder load. However, 10% or 30% body weight would 
also be found in real situation, which may elicit a different result. Third, 
the sample was mixed with different gender. Rodacki et al. [9] pointed 
out a pregnant factor for female in spinal shrinkage. However, the 
influence of the gender in this study may be less since the pregnant 
women was excluded in this study. Future studies can have several levels 
for the “duration” variable, e.g., 10, 15, and 20 min. Then the ANOVA 
model  needs to be enhanced by adding a new independent variable 
called “duration” and use multi-way ANOVA for analysis. In the same 
time, electromyography activation in posterior lumbar muscles [36] 
can be investigated to test the hypothesis of larger force in order to 
balance the greater forward moment caused by the shoulder load in 
FL condition. 

In summary, the statistical results showed that the load posture has 
a significant effect on spinal shrinkage during 10 min loading. A front 
load, with a significant larger shrinkage, could be more likely to develop 
LBP than a back load during prolonged compressive loading.

References

1.	 Adams MA, Dolan P (1995) Recent advances in lumbar spinal mechanics and 
their clinical significance. Clin Biomech 10: 3-19.

2.	 Adams MA, Hutton WC (1983) The effect of posture on fluid content of lumbar 
intervertebral discs. Spine 8: 665-671.

3.	 Kumanchik JE, Mcneal JR, Dufek JS (2015) Recovery from Spinal Shrinkage: 
A comparison of four supine unloading positions. Med Sci Sports Exerc 47: 
256.

4.	 Shan X, Zhang Y, Zhang T, Chen Z, Wei Y. (2012) Flexion relaxation of erector 
spinae response to spinal shrinkage. J Electromyogr Kinesiol 22: 370-375.

5.	 Althoff I, Brinckmann W, Frobin W, Sandover J, Burton K (1992) An improved 
method of stature measurement for quantitative determination of spinal 
loading: application to sitting postures and whole body vibration. Spine 17: 
683-693.

6.	 Graf M, Guggenbühl U, Krueger H (1995) An assessment of seated activity 
and postures at five work places. Int J Ind Ergon 15: 81-90.

7.	 Leivsth G, Drerup B (1997) Spinal shrinkage during work in a sitting posture 
compared to work in a standing posture. Clin Biomech 12: 409-418.

8.	 Lengsfeld M, Frank A, van Deürsen DL, Griss P (2000) Lumbar spine curvature 
during office chair sitting. Med Eng Phys 22: 665-669.

9.	 Rodacki CL, Fowler NE, Rodacki AL, Birch K (2003) Stature loss and recovery 
in pregnant women with and without low back pain. Arch Phys Med Rehabil 
84: 507-512.

10.	 van Deursen DL, van Deursen LL, Sniders CJ (2005) Relationship between 
everyday activities and spinal shrinkage. Clin Biomech 20: 547-550.

11.	 Svensson HO, Andersson GBJ (1989) The relationship of low-back pain, work 
history, work environment, and stress: a retrospective cross-sectional study of 
38 to 64 year old women. Spine 14: 517-521.

12.	 Wilke H, Neff P, Caimi M, Hoogland T, Claes L et al. (1999)  New in vivo 
measurements of pressures in the intervertebral disc in daily life. Spine 24: 
755-762.

13.	 Norcross JP, Lester GE, Weinhold P, Dahners LE (2003) An in vivo model of 
degenerative disc disease. J Orthop Res 21: 183-188.

14.	 Hu B, Shan X, Zhou J, Ning X (2014) The effects of stance width and foot 
posture on lumbar muscle flexion-relaxation phenomenon. Clin Biomech 29: 
311-316.

15.	 Boocock MG, Garbutt G, Linge K, Reilly T, Troup JD  (1990) Changes in 
stature following drop jumping and post-exercise gravity inversion. Med Sci 
Sports Exerc 22: 385-390.

16.	 Healey EL, Fowler NE, Burden AM, McEwan IM (2005) Repeatability of stature 
measurements in individuals with and without chronic low back pain. Ergon 
48: 1613-1622.

17.	 Kanlayanaphotporn R, Williams M, Fulton I, Trott P (2002) Reliability of the 
vertical spinal creep response measured in sitting (asymptomatic and low-
back pain subjects). Ergon 45: 240-247.

18.	 Magnusson ML, Pope MH, Hansson T (1995) Does hyperextension have an 
unloading effect on the intervertebral disc? Scand J Rehabil Med 27: 5-9.

19.	 McGill SM, Axler CT (1996) Changes in spine height throughout 32 hours of 
bedrest. Arch Phys Med Rehabil 77: 1071-1073.

20.	 Rodacki CL, Fowler NE, Rodacki AL, Birch K (2001) Repeatability of 
measurement in determining stature in sitting and standing postures. Ergon 
44: 1076-1085.

21.	 Steele J,  Bruce-low S, Smith D, Jessop D, Osborne N (2016) Determining 
the reliability of a custom built seated stadiometry set-up for measuring spinal 
height in participants with chronic low back pain. Appl Ergon 53: 203-208.

22.	 Foreman, T K, Troup JDG (1987) Diurnal variation in spinal loading and the 
effects on stature: a preliminary study of nursing activities. Clin Biomech 2: 
48-54.

Figure 3:  Spinal shrinkage in two different loading postures. Shrinkage in FL 
is significantly larger (p<0.001) than that in BL. (FL=front loading; BL=back 
loading).

https://www.clinbiomech.com/article/0268-0033(95)90432-9/fulltext
https://www.clinbiomech.com/article/0268-0033(95)90432-9/fulltext
http://dx.doi.org/10.1097/00007632-198309000-00013
http://dx.doi.org/10.1097/00007632-198309000-00013
http://xueshu.baidu.com/s?wd=author%3A%28Jenni E. Kumanchik%29 &tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://xueshu.baidu.com/s?wd=author%3A%28Jeni R. McNeal%29 &tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://xueshu.baidu.com/s?wd=author%3A%28Janet S. Dufek%29 &tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://www.researchgate.net/publication/307727977_Recovery_from_Spinal_Shrinkage_A_Comparison_of_Four_Supine_Unloading_Positions
http://www.researchgate.net/publication/307727977_Recovery_from_Spinal_Shrinkage_A_Comparison_of_Four_Supine_Unloading_Positions
https://doi.org/10.1016/j.jelekin.2011.12.011
https://doi.org/10.1016/j.jelekin.2011.12.011
http://dx.doi.org/10.1097/00007632-199206000-00008
http://dx.doi.org/10.1097/00007632-199206000-00008
http://dx.doi.org/10.1097/00007632-199206000-00008
http://dx.doi.org/10.1097/00007632-199206000-00008
https://doi.org/10.1016/0169-8141(94)00027-Z
https://doi.org/10.1016/0169-8141(94)00027-Z
https://doi.org/10.1016/S0268-0033(97)00046-6
https://doi.org/10.1016/S0268-0033(97)00046-6
https://doi.org/10.1016/S1350-4533(00)00086-2
https://doi.org/10.1016/S1350-4533(00)00086-2
http://dx.doi.org/10.1053/apmr.2003.50119
http://dx.doi.org/10.1053/apmr.2003.50119
http://dx.doi.org/10.1053/apmr.2003.50119
http://dx.doi.org/10.1097/00007632-199904150-00005
http://dx.doi.org/10.1097/00007632-199904150-00005
http://dx.doi.org/10.1097/00007632-199904150-00005
https://doi.org/10.1016/S0736-0266(02)00098-0
https://doi.org/10.1016/S0736-0266(02)00098-0
https://doi.org/10.1016/j.clinbiomech.2013.12.009
https://doi.org/10.1016/j.clinbiomech.2013.12.009
https://doi.org/10.1016/j.clinbiomech.2013.12.009
https://doi.org/10.1080/00140130500101221
https://doi.org/10.1080/00140130500101221
https://doi.org/10.1080/00140130500101221
https://doi.org/10.1080/00140130110115840
https://doi.org/10.1080/00140130110115840
https://doi.org/10.1080/00140130110115840
https://doi.org/10.1016/S0003-9993(96)90071-4
https://doi.org/10.1016/S0003-9993(96)90071-4
https://doi.org/10.1080/00140130110099407
https://doi.org/10.1080/00140130110099407
https://doi.org/10.1080/00140130110099407
https://doi.org/10.1016/j.apergo.2015.10.001
https://doi.org/10.1016/j.apergo.2015.10.001
https://doi.org/10.1016/j.apergo.2015.10.001
https://doi.org/10.1016/0268-0033(87)90048-9
https://doi.org/10.1016/0268-0033(87)90048-9
https://doi.org/10.1016/0268-0033(87)90048-9


Citation: Sun H, Cheng X, Shan X (2018) Spinal Shrinkage Response to Shoulder Loading Posture. J Ergonomics 8: 237. doi: 10.4172/2165-
7556.1000237

Page 4 of 4

J Ergonomics, an open access journal
ISSN: 2165-7556 Volume 8 • Issue 4 • 1000237

23.	 Reilly T, Tyrrell A, Troup JDG (1984) Circadian variation in human stature. 
Chronobiol Int 1: 121-126.

24.	 Garbutt G, Boocock MG, Troup JD (1990) Running speed and spinal shrinkage 
in runners with and without low back pain. Med Sci Sports Exerc 22: 769-772.

25.	 Rodacki ALF, Fowler NE, Provensi CLG (2005) Body mass as a factor in 
stature change. Clin Biomech 20: 799-805.

26.	 Reilly T, Freeman KA (2005) Effects of loading on spinal shrinkage in males of 
different age groups. Appl Ergon 37: 305-310.

27.	 Bonneya, RA, Corlettb, EN (2002) Head posture and loading of the cervical 
spine. Appl Ergon 33: 415-417.

28.	 Kourtis D, Magnusson ML, Smith F, Hadjipavlou A, Pope MH (2004) Spine 
height and disc height changes as the effect of hyperextension using 
stadiometry and MRI. Iowa Orthop J 24: 65-71.

29.	 Gerke DA, Brismée J-M, Sizer PS, Dedrick GS, James CR (2011) Change 
in spine height measurements following sustained mid-range and end-range 
flexion of the lumbar spine. Appl Ergon 42: 331-336.

30.	 Healey EL, Burden AM, McEwan IM, Fowler NE (2008) The impact of 
increasing paraspinal muscle activity on stature recovery in asymptomatic 
people. Arch Phys Med Rehabil 89: 749-753.

31.	 Puntumetakul R, Trott P, Williams M, Fulton I (2009) Effect of time of day on 
the vertical spinal creep response. Appl Ergon 40: 33-38.

32.	 Stothart JP, McGill SM (2000) Stadiometry: on measurement technique to 
reduce variability in spine shrinkage measurement. Clin Biomech 15: 546-548.

33.	 Tyrrell AR, Reilly T, Troup JDG (1985) Circadian variation in stature and the 
effects of spinal loading. Spine 10: 161-164.

34.	 Foreman TK, Linge K (1989) The importance of heel compression in the 
measurement of diurnal stature variation. Appl Ergon 20: 299-300.

35.	 Magnussun ML, Aleksiev AR, Spratt KF, Lakes RS, Pope MH (1996) 
Hyperextension and Spine Height changes. Spine 21: 2670-2675.

36.	 Gao Y, Cronin NJ, Pesola AJ, Finni T (2016) Muscle activity patterns and 
spinal shrinkage in office workers using a sit-stand workstation versus a sit 
workstation. Ergon 59: 1.

https://doi.org/10.1016/j.clinbiomech.2005.04.005
https://doi.org/10.1016/j.clinbiomech.2005.04.005
https://doi.org/10.1016/j.apergo.2005.07.004
https://doi.org/10.1016/j.apergo.2005.07.004
https://doi.org/10.1016/S0003-6870(02)00036-4
https://doi.org/10.1016/S0003-6870(02)00036-4
https://doi.org/10.1016/j.apergo.2010.08.003
https://doi.org/10.1016/j.apergo.2010.08.003
https://doi.org/10.1016/j.apergo.2010.08.003
https://doi.org/10.1016/j.apmr.2007.09.044
https://doi.org/10.1016/j.apmr.2007.09.044
https://doi.org/10.1016/j.apmr.2007.09.044
https://doi.org/10.1016/j.apergo.2008.01.016
https://doi.org/10.1016/j.apergo.2008.01.016
https://doi.org/10.1016/S0268-0033(00)00003-6
https://doi.org/10.1016/S0268-0033(00)00003-6
http://dx.doi.org/10.1097/00007632-198503000-00011
http://dx.doi.org/10.1097/00007632-198503000-00011
https://doi.org/10.1016/0003-6870(89)90194-4
https://doi.org/10.1016/0003-6870(89)90194-4
https://doi.org/10.1080/00140139.2016.1139750
https://doi.org/10.1080/00140139.2016.1139750
https://doi.org/10.1080/00140139.2016.1139750

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction
	Methods
	Subjects
	Stature shrinkage measurements
	Protocol
	Analysis

	Results
	Discussion
	Figure 1
	Figure 2
	Figure 3
	References

