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RESUMEN

Walking is a common form of physical activity that provides plenty of benefits for individual’s health
status. Also, lifting and carrying loads are daily tasks that may imply a certain level of injury risk for
our body. As a consequence, using a backpack has become a well established manner of carrying
load weight. Nevertheless, the shock wave produced by the impact forces when carrying a
backpack can have detrimental effects on health status. Therefore, the aim of this study was to
analyse the shock impact at the shank and head on males and females whilst carrying different
loads when walking. Twenty nine sports science students (16 males and 13 females) participated in
the study under 3 different conditions: no weight, 10% and 20% body weight (BW) added in a
backpack. Results of measurements at the head for males and females were consistent throughout
each backpack condition (p>0.05). Males showed a significant increase in shank accelerations at
20% BW compared to no weight (p<0.05). No other significant differences were found in shank
accelerations. In conclusion, the body acts as a natural shock absorber, reducing the amount of
force that transmits through the body between the foot (impact point) and head.
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Introduction
There is an increasing concern regarding the problems originated in the back related to physical exercise
activities, from children carrying excessive load backpacks to school to adults dealing with too heavy working
loads. Many researchers are carrying out studies to identify the potential harm that overweighting load
activities can produce on the human body (Holt et al., 2005; Lafortune et al., 1996; Taaffe et al., 1997;
Voloshin, 2000).
Not only labour tasks (i.e. construction or military manoeuvres) may lead to injury and body pain (Birrel et al.,
2007), but also recreational and leisure activities such as hiking (Forjuoh et al., 2004; Voloshin, 2000) or
students walking to school carrying heavy backpacks full of books, after-school activities supplies (music and
sports equipment) and personal objects (Bauer & Freivalds, 2009; Chiang et al., 2006; Lockhart et al., 2004).
Research looking into body pain as a consequence of carrying loads underlies factors such as the amount of
load, time spent carrying and repeated loading, position and way of carrying the load, design of the
backpack, physical condition as well as physiological characteristics such as age and gender of the
individual (Chansirinukor et al., 2001; Grimmer & Williams, 2000; Keller et al., 1996; Knapik et al., 1996;
Lockhart et al., 2004; Voloshin, 2000). Taking into account that a person may take over 6000 steps per day
on average, making a cumulative of 2.5 million steps per year (Voloshin, 2000), it becomes highly
recommended to control the conditions under which the load is carried and its subsequent consequences for
the human body.
It is very well documented that a bone decreases in thickness and density as a direct response to a
reduction in loading (Voloshin, 2000). However, impact produced during a long period of time (such as a
marathon race) or under uncontrolled parameters (impairment of the musculoskeletal system, overweight
backpack carriage) is considered an important factor in the development of spinal injuries and degenerative
changes in joint and articular cartilage (Lafortune et al., 1996). Excess dynamic loading on the human
musculoskeletal system may lead to the development of a variety of musculoskeletal disorders such as
osteoarthritis or bone stress fractures, turning into muscular aches, back strain, bad posture and low back
pain (Voloshin, 2000).

Methods
Participants
Twenty nine sports science students (16 males and 13 females) took part in the experiment (age: 24.66 ±
3.67 years; mass: 68.9 ± 10.27kg; height: 1.76 ± 6.81m). The University of Valencia ethics subcommittee
approved the study and informed consent and a health history questionnaire was provided by participants.
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Experimental Design
The participants warmed up "at libidum" and familiarized with the treadmill for ten minutes in order to become
accustomed to walking on the treadmill at the given speed and to make sure they did not have any
discomfort. Each participant was required to walk at 1.3m/s (4.68 Km/h) on a Technogym treadmill (Excite
Run 700, TechnogymSpA, Gambettola, Italy).
Participants were required to carry a backpack during each of the conditions in which the weight was added.
In order for the results to be normalised and compared between individuals, participants wore the same
brand and type of Shoe. Two uniaxial accelerators (Signal Frame, SportMetrics, Valencia, Spain) were
attached in the centre of the forehead and the tibia of the right shank. The accelerometers recorded samples
at the rate of 100Hz and had a maximum range of + 10G. Three levels of backpack load were tested: 0%
BW, 10% BW and 20% BW. Weights were added into a backpack placed on the participants back (Crestone
60, The North Face, Lugano, Italy) and a grace period of 5 minutes was provided in order to get comfortable
at the different weight conditions. So as to negate learning effects, variable test conditions (back pack mass)
were conducted with randomised controlled trials. All the way through the experiment participants were given
verbal encouragement and were monitored closely throughout the trials.

Data Analysis
All data was recorded using Signal Frame ©Software. Three steps were selected randomly from the total
steps taken, disregarding the first 5 seconds of data as the participant was developing their gait to their
normal walk after stepping on a moving treadmill.
For statistical analysis, data was exported into SPSS v.19 (SPSS Inc., Chicago, Illinois). A One way ANOVA
was used to analyse the effect of back pack weight on shank and head accelerations, where males and
females head and shank results were analysed independently. Post hoc tests (Bonferroni), with alpha level
set at p<0.05, were used to provide detail as to the whereabouts of significant differences.

Results
Results were normalised to body weight. Accelerations were analysed both at the shank and head when
carrying different backpack loads (Figure 1 and 2). Male accelerations in the shank were measured at 3.52 ±
0.58 G/BW, increasing to 3.69 ± 0.65 G/BW and reaching a maximum of 3.78 ± 0.76 G/BW for the 0W,
10%BW and 20%BW respectively (Figure 1). Although this increase was noted, the only significant
difference measured was between the 0W and the 20%BW conditions (p=0.043). At the head a similar
increase was seen between the 3 conditions, with a minor increase across the different backpack weights,
increasing from 1.88 ± 0.28 G/BW in the 0W condition, to 1.91 ± 0.30 G/BW in the 10%BW condition and
1.93 ± 0.28 G/BW in the 20%BW condition. No significant differences were found between the accelerations
in the 3 conditions measured at the head (p>0.05).
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Figure 1: Male results for different backpack conditions. (*) p<0.05.

Although females were shown to have greater accelerations when compared to males, when analysing the
changes in different backpack weights, the females showed a consistent pattern across the conditions. In the
0W condition accelerations at the shank were measured at 5.14 ± 1.45 G/BW, decreasing to 4.94 ± 1.23
G/BW in the 10%BW trial, but increased to 5.53 ± 1.77 G/BW in the 20%BW trial (Figure 2). At the head the
accelerations were measured at 2.80 ± 0.68 G/BW (0W), 2.74 ± 0.62 G/BW (10%BW) and 2.76 ± 0.61 G/BW
(20%BW), the accelerations at the head being highest in the 0W trial, although were fairly consistent across
the 3 trials. No significant differences were found either at the head or the shank between the 3 trials
(p>0.05). The results of the females show the higher accelerations at the head and shank compared to
males, but also shows that the spread of data is less consistent than their male counterparts.

Figure 2: Female results for different backpack weights.
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Discussion
The main aim of the study was to investigate the effects of different loads placed on the human body whilst
walking, analysing the differences in the accelerations at the head and shank in both male and female
individuals.
In this study we found that accelerations ranged between 3-7 G’s in the shank and 2-3 G’s at the head taking
into account every condition tested. These findings are in agreement with other studies, where peak
. -2

accelerations were found to be between 1-5 G’s at the tibial tuberosity (Voloshin, 2000), 1,5-5m s

at the

. -2

knee and 1-3,5m s the head (Holt et al, 2005).
However, the results found by Holt et al. (2005) showed a decrease in the measured accelerations at the
. -2

shank to 1,5-3,5m s when load was added, being these results in contrast to the present findings. Despite a
small decrease in the accelerations measured in the female subjects when a 10% weight was added, all
other conditions for males and females showed minor increases in the recorded accelerations. A possible
explanation for these differences is that Holt et al. (2005) constructed a rigid frame where weights were
attached at shoulder height, in comparison to this study where weights were added to a backpack placed on
the subjects back, hence weights were in line to the lumbar area of the spine compared to the shoulder.
Also, there is evidence that the forces are absorbed and dissipated through the body, being greatest at the
ankle and lowest at the head, supporting the findings of this study (Mulavara & Bloomberg, 2003, Voloshin,
2000). This result supports the idea of other researchers who proposed high vibration at the skull is not
advantageous as it leads to a greater risk of injury, such as low back pain, sciatic pain and degenerative
changes in bones (Kiiski et al., 2008).
Relatively few studies have quantified the impacts on the human body. Those which have looked into forces
and accelerations placed on the body typically used single sex designs (Birrell et al., 2007; Goh et al., 1998;
LaFortune et al., 2002; Ren et al., 2005). Only a minor number of studies have used mixed-sex designs,
analysing males and females in the same study (Henriksen et al., 2008; Holt et al., 2005; Keller et al., 1996;
LaFiandra et al., 2002). These few studies combined results from the males and females, rather than
analysing genders separately, therefore this study is one of the first which has analysed differences between
males and females.
There may be many reasons why differences occurred in this study between the male and female
participants. Physical variables between males and females need to be taken into account. Females mean
height was 169cm compared to a mean height of 178cm in males. Therefore the backpack positioning would
have been in different positions and thus the impact loading at different joints would have been different
(Henriksen et al., 2008). As a consequence, the measurements recorded at the shank could vary due to the
gait patterns associated with loading area and location. Continuing on the same theme of genetic makeup,
males had a mean mass of 73 kg compared to females mean mass of 57 kg. As the human body acts as a
natural shock absorber (bones and tissues), the greater bone/muscle masses and lengths could have
influenced the transmission recorded as there is more body tissue to absorb forces before they reach the
head.
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Some official associations recommend a maximum of 15% body weight load when carrying a backpack for
health reasons (American Chiropractic Association, American Occupational Therapy Association, American
Academy of Orthopaedic Surgeons; Furjuoh et al., 2004; Hong & Li, 2005; Lindstrom-Hazel, 2009). Although
only one significant difference was found in the males between 0% BW and 20% BW, there was an increase
in the accelerations recorded on the body for the rest of the conditions both in males and females,
suggesting that individuals maybe either approaching a recommended load for carriage and any greater
loads may cause injury due to the forces placed on the body as well as kinematic changes in walking in
order to accommodate such heavy loads (Goh et al., 1998; Harman et al., 2000; Holt et al., 2005).

Conclusion
The main outcome of this study shows that there may be significant differences in accelerations measured in
males and females when walking on a treadmill, both shank and head accelerations were greater in the
females participants compared to their male counterparts. To coincide with these findings the results also
showed that accelerations at the shank increased when load was added, although no increases were seen
at the head, suggesting the body attempts to absorb forces placed on the body, most likely as a protective
mechanism for motor and sensory centres in the head. According to our findings, it is not clear whether 20%
and 10% of body weight load implies a significant load compared to 0%BW. Therefore, further research
involving more subjects and taking into account different velocities and loads is needed to provide a greater
understanding to these findings.

Acknowledgements
The researchers would like to thank all the students of the International Master in Performance Analysis of
Sport who agreed to take part in the study. This project does not have any conflicts with any of the
companies or organisations involved in the study.

References
1. American Academy of Orthopaedic Surgeons (http://www6.aaos.org/news/pemr/releases/release.
cfm?releasenum=1014)
2. American Chiropractic Association (http://www.acatoday.org/pdf/backpack_checklist.pdf)
3. American

Occupational

Therapy

Association

(http://www.aota.org/DocumentVault/

Backpack/44388.aspx)
4. Bauer, D.H., Freivalds, A (2009). Backpack load limit recommendation for middle school students based
on physiological and psychophysical measurements. Work, 32; 339-350.
5. Birrel, S.A., Hooper, R.H., Haslam, R.A (2007). The effect of military load carriage on ground reaction
forces. Gait Posture, 26; 611-614.
6. Cavallo, C.M., Hlavaty, T.M., Tamase, M.G.M (2003). A pilot study for the development of a primary
prevention program: What is the average weight of a four grader’s backpack? Work, 20; 137-158.
I SIMPOSIO SOBRE BIOMECÁNICA Y PIE DURANTE LA ACTIVIDAD FÍSICA
Valencia 3-4 Mayo (2012)

6

COMUNICACIONES VIRTUALES

GIBD

7. Chansirinukor, W., Wilson, D., Grimmer, K., Dansie, B (2001). Effects of backpack on students:
Measurement of cervical and shoulder posture. Aust J Physiother, 47; 110-116.
8. Chiang, H-Y., Jacobs, K., Orsmond, G (2006). Gender-age environmental associates of middle school
student’s low back pain. Work, 26; 19-28
9. Forjuoh, S.N., Schuchmann, J.A., Lane, B.N (2004). Correlates of heavy backpack use by elementary
school children. Public Health, 118; 532-535.
10. Garber, C.E., Blissmer, B., Deschenes, M.R., Franklin, B.A., Lamonte, M.J., Lee, I-MMD., Nieman, D.,
Swain, D.P (2001). Quantity and Quality of Exercise for Developing and Maintaining Cardiorespiratory,
Musculoskeletal, and Neuromotor Fitness in Apparently Healthy Adults: Guidance for prescribing
exercise. Med Sci in Sports Exer, 43; 1334-1359.
11. Goh, J.H., Thambyah, A., Bose, K (1998). Effects of varying backpack loads on peak forces in the
lumbosacral spine during walking. Clin Biomech, 13; 26-31.
12. Golriz, S., Walker, B (2011). Can load carriage system weight, design and placement affect pain and
discomfort? A systematic review. J Back Musculoskelet, 24; 1-6.
13. Griera, J.L., Manzanares, J.M., Barbany, M., Contreras, J., Amigo, P., Salas-Salvado, J (2007).
Physical activity, energy balance and obesity. Public Health Nutrition, 10; 1194-1199.
14. Grimmer, K., Williams, M (2000). Gender-age environmental associates of adolescent low back pain.
Appl Ergon, 31; 343-360.
15. Harman, E., Han, K-H., Frykman, P (2000). Load-Speed interaction effects on the biomechanics of
backpack load carriage. RTO Human Factors and Medicine Panel, 5; 1-16.
16. Henriksen, M., Christensen, R., Alkjær, T., Lund, H., Simonsen, E., Bliddal, H (2008). Influence of pain
and gender on impact loading during walking: A randomised trial. Clin Biomech, 23; 221-230.
17. Holt, K., Wagenaar, R., Kubo, M., Lafiandra, M., Obusek, J (2005). Modulation of force transmission to
the head while carrying a backpack load at different walking speeds. J Biomech, 38; 1621-1628.
18. Hong, Y., Cheung, C-K (2003). Gait and posture responses to backpack load during level walking in
children. Gait Posture, 17; 28-33.
19. Hong, Y., Li, J (2005). Influence of load and carrying methods on gait phase and ground reaction in
children’s stair walking. Gait Posture, 22; 63-68.
20. Keller, T.S., Weisberger, A.M., Ray, J.L., Hasan, S.S., Shiavi, R.G (1996). Relationship between vertical
ground reaction force and speed during walking, slow jogging and running. Clin Biomech, 11; 253-259.
21. Kiiski, J., Heinonen, A., Jarvinen, T., Kannus, P., Sievanen, H (2008). Transmission of Vertical whole
body vibration to the human body. J Bone Miner Res, 23; 1318-1325.
22. Kinoshita, H (1985). Effects of different loads and carrying systems on selected biomechanics
parameters describing walking gait. Ergonomics, 28; 1347-1362.
23. Knapik, J., Harman, E., Reynolds, K (1996). Load carriage using packs: A review of physiological,
biomechanical and medical aspects. Appl Ergon, 27; 207-216.

I SIMPOSIO SOBRE BIOMECÁNICA Y PIE DURANTE LA ACTIVIDAD FÍSICA
Valencia 3-4 Mayo (2012)

7

COMUNICACIONES VIRTUALES

GIBD

24. Korovessis, P., Koureas, G., Papazisis, Z (2004). Correlation between backpack weight and way of
carrying, sagittal and frontal spinal curvatures, athletic activity, and dorsal and low back pain in
schoolchildren and adolescents. Journal of Spinal Disorders and Techniques, 17; 33-40.
25. LaFiandra, M., Holt, K.G., Wagenaar, R.C., Obusek, J.P (2002). Transverse plane kinetics during
treadmill walking with and without a load. Clin Biomech, 17; 116-122.
26. Lafortune, M., Lake, M., Hennig, E (1996). Differential shock transmission response of the human body
to impact severity and lower limb posture. J Biomech, 29; 1531-1537.
27. Lindstrom-Hazel, D (2009). The backpack problem is evident but the solution is less obvious. Work, 32;
329-338.
28. Lockhart, R.A., Jacobs, K., Orsmond, G (2004). Middle school children’s participation in activities and
the effects of pain from backpack use on participation. Work, 22; 155-168.
29. Moore, M.J., White, G.L., Moore, D.L (2007). Association of relative backpack weight with reported pain,
pain sites, medical utilization, and lost school time in children and adolescents. J School Health, 77;
232-239.
30. Mulavara, A.P. & Bloomberg, J.J (2003). Identifying head-trunk and lower limb contributions to gaze
stabilization during locomotion. Journal of Vestibular Research, 12; 255-269.
31. Navuluri, N., Navuluri, R (2006). Study on the relationship between backpack use and back and neck
pain among adolescents. Nursing and Health Sciences, 8; 208-215.
32. Negrini, S., Carabalona, R., Sibilla, P (1999). Backpack as a daily load for schoolchildren. The Lancet,
354; 1974-1976.
33. Pérez-Soriano, P., Llana-Belloch, S (2007). Instrumentation in Sport Biomechanics. Journal of Human
Sport and Exercise, 2; 26-41.
34. Ren, L., Jones, R.K., Liu, A., Nester, C.J., Howard, D (2007). Assessment of 3D dynamic interactions
between backpack and bearer using accelerometers and gyroscopes. Journal Biomech, 40; 328.
35. Taaffe, D., Robinson, T., Snow, C., Marcus, M.D (1997). High Impact exercise promotes bone gain in
well-trained female athletes. J Bone Miner Res, 12; 255-260.
36. Troussier, B., Davoine, P., DeGaudemaris, R., Fauconnier, J., Phelip, X (1994). Back pain in school
children: A study among 1178 pupils. Scand J Rehabil Med, 26; 143–146.
37. Voloshin, A.S (2000). Impact propagation and its effects on the human body. Chapter 27: 577-587. In
Zatsiorki (2000). Biomechanics in sport: performance enhancement and injury prevention.
38. Williams, D., Kuipers, A., Mukai, C., Thirsk, R (2009). Acclimation during space flight: effects on human
physiology. Can Med Assoc J, 180; 1317-1323.
39. Wilmore, J.H., Costill, D.L., Kenney, W.L (2008). Physiology of Sport and Exercise. Human Kinetics:
USA.
40. Young, I.A., Haig, A.J., Yamakawa, K.S (2006). The association between backpack weight and low
back pain in children. J Back Musculoskelet, 19; 25-33.

I SIMPOSIO SOBRE BIOMECÁNICA Y PIE DURANTE LA ACTIVIDAD FÍSICA
Valencia 3-4 Mayo (2012)

8

