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Every object around us is exposed to the actions of mechanical forces as
well as laws of statics and dynamics. This can be particularly well seen
on the locomotor system, and special attention is devoted to the
biomechanics of the hip. This was a special area of interest for Pauwels.
When standing on both legs, both of the hips equally carry the weight of
the body (above the hip line). It is believed that upper body amounts to
2/3 of the total body weight (2/3 G), while lower extremities amount to
1/3 of the bodyweight. Therefore, when standing on both legs, each hip
carries up to 1/3 of body weight (G / 3), which is a relatively small load
for the hip joint. The direction of the force that acts on hips is vertical
(Figure 1). However, the load on the hip while standing on one leg, i.e.,
walking, is very different and far more unfavorable for the hip. Pauwels
presented the hip under load as a balanced horizontal scale with the center
of rotation in the center of the hip, and force momentums M1 and M2 on
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the both sides. The force moment M1 is the product of medial arm of the
scale (bodyweight lever arm) k1 and the weight of the body G, and the
momentum M2, a product of lateral arm of the scale (muscle force lever
arm) k2 and the force of the hip abductor F. In order to keep the pelvis
horizontal while standing on one leg M1 should be equal to M2, (k1 - G
=k2 - F). As k1 arm of the adult is approximately 3 times longer than the
k2 arm, the muscular force F must be about 3 times the weight of body G.
From this Pauwels concludes that while standing on one leg the total load
on the hip in adults is approximately 4 times the bodyweight (R ~ 4 G).
According to the same author force R is inclined to the vertical axis at an
angle of 16 ° in the frontal plane (Figure 2,3), [1]. The fact that the hip
joint is loaded with 4 body weights makes it the most heavily loaded joint
in the human body.
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Figure 1

Figure 2

Figure 3

Figure 1: In position standing on both legs each hip is loaded with 1/3 of the body weight G. Figure 2: Pauwels shematic of the hip biomechanics.
Lever k1 is from the center of the hip joint to the line going vertically at the border of the foramen obturatum on side of the raised leg. Figure 3:
Total loading when standing on one leg, according to Pauwels is about 4 G.

The Pauwels schematic can be well used to explain the hip balance when
the center of the femoral head is not displaced from its natural position in
the acetabulum, but it can't be used to depict biomechanical relationships
in the dislocated hip when the femoral head is laterally and cranially
displaced from the acetabulum. This is shown in the works of Erceg M.
where the muscle force lever arm (k2) is shown in a different way, not
horizontally, as shown by Pauwels, but more or less vertical (figure 4,5)
[2]. In hip displacement the femur is moved laterally, thus increasing the
value of the horizontal lever k1, but it is also moved cranially, thus
reducing the vertical lever k2. Both have an adverse effect on the hip
biomechanics. The hip balance is disrupted, and to keep the balance (to
keep the pelvis horizontal) the hip abductors would have to provide even

more strength thus burdening the hip even more. Such strength hip
abductors can't provide, because their origin and insertion are brought
closer. There is a relative insufficiency of the hip abductor and thus
limping.

In this paper we are not discussing the muscular force lever k2 (whether
it is horizontal or vertical) but horizontal lever k1 over which the weight
of the body of G acts. Pauwels' scheme shows that the k1 lever starts from
the center of the hip, crosses the middle of the pelvis in the frontal plane
and reaches the vertical line of the obturator foramen on the side of the
raised leg. On this line there is a body weight vector G (figure 2,3,5).

®

Figure 4

Figure 5

Figure 4: Hip abductor muscles act over vertical lever k2, whose length changes in situation of hip dislocation. Figure 5: New way of presentation
hip biomechanics. Lever k1 reaches to the border of the obturatum foramen on the side of raised leg.

However, at the same time, there are images of numerous other authors
who use Pauwels schematic but the lever k1 on those pictures is not the
same length. On some of the illustrations, the k1 lever represents the
distance from the center of the hip to the middle of the pelvis midline,
passing through the symphysis of pubis in the frontal plane with the body
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weight vector G on it (figure 6,7) [3,4,5,6], while in other images, k1 is
depicted as shown by Pauwels (Figure 8), [7]. Frequently, such images
are used before and after the hip Aloarthroplasty. Hence, the size of the
horizontal arm k1 is not equal in all of the images.
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Figure 7

Figure 6: On this X ray of the pelvis with both hips, lever k1 reaches only to the middle of pelvis (vertical line passing pubic symphysis). Why?
Figure 7: Presentation of hip biomechanics after hip Aloarthroplasty. Lever k1 reaches to the middle of the pelvis. Why? Figure 8: Presentation of
hip biomechanics after hip Aloarthroplasty. Lever k1 reaches to the middle of the pelvis. Why?

The line on which the body weight vector G is located is moved
(according to Pauwels) to, approximately, the obturator foramen on the
side of the raised leg, because while standing on one leg, the burdened hip
does not carry the entire body weight, but only the weight of the body
above the level of the hip with the weight of the other (raised) leg.
Therefore, the leg on which we stand does not participate in the body's
weight, and burdening the hip, while the raised leg does, and for this
reason, the line on which the weight vector of the body lies (force G) is
moved towards the raised leg. Therefore, the length of the lever arm k1 is
shown as the distance from the hip center to the obturator foramen of the
pelvis on the side of the raised leg (figs. 2,3,5). Due to the fact that the
burdened leg does not participate in the load of the hip, the force moment
M1iskl - 5/6 G (fig. 8).

If we, in order to simplify the calculation, accept the fact that the body
weight vector G is not 5/6 G, but G (whole body weight), then it would
make sense to include the "shorter” horizontal lever k1 (figs. 6,7) that
reaches the center line on which the body weight vector G lies (in the
frontal plane it is a pubic symphysis). Then the force momentum M1
would be approximate in both cases, but in the case of the "shorter" lever
arm k1 the total load force on the hip R would be more vertical than in
the case of the "longer" lever arm k1, that results from Pawels' original
schematic.

Conclusion

Authors do not understand the reason for this balance representation in
terms of lever arm k1 size. We think that the length of the k1 lever arm is
from the center of the hip to the vertical line passing through the edge of
the obturator foramen on the pelvic side of the raised leg and body weight
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G is on that vertical line, not on the line passing through the pubic
symphysis in the frontal plane.

This different way of presenting biomechanics of the hip can confuse
younger colleagues, especially those who are at the beginning of their
orthopedic education and training.

Conflict of Interest

The author declares no competing interests.

References:
1. Pauwels F. (1980). Biomechanics of the locomotor
apparatus, Springer Verlag, New York, (7).
2. Erceg M. (2009). The influence of femoral head shift on

hip biomechanics: additional parameters accounted. Int
Orthop, 33(1):95-100.
3. Amaro AJ, Amado F, Mendes A, Oliviera J, Malheiro A,
et al. (2007). Radiologic geometric measures of the hip
joint and abducor muscles function in patients after total
hip replacement. European Journal of Orthopaedic
Surgery & Traumatology, 17(5):437-443.
Bert Parcells. (2017). Biomechanics.
Mark Karadsheh. Hip Biomechanics.
Houcke JV, Khanduja V, Pattyn C, Audenaert E, (2017).
Indian Journal of Orthopaedics, 51(4):359-367.
7. Traina F. et al. (2009). Sex differences in hip morphology.
Is stem modularity effective for total hip replacement? J
Bone Joint Surg Am. 91,121-128.

o0~

rage 3 o1 4


https://link.springer.com/book/10.1007/978-3-642-67138-8
https://link.springer.com/book/10.1007/978-3-642-67138-8
https://link.springer.com/article/10.1007/s00264-008-0544-9
https://link.springer.com/article/10.1007/s00264-008-0544-9
https://link.springer.com/article/10.1007/s00264-008-0544-9
https://www.academia.edu/download/72789476/Radiographic_geometric_measures_of_the_h20211016-7244-uoshdp.pdf
https://www.academia.edu/download/72789476/Radiographic_geometric_measures_of_the_h20211016-7244-uoshdp.pdf
https://www.academia.edu/download/72789476/Radiographic_geometric_measures_of_the_h20211016-7244-uoshdp.pdf
https://www.academia.edu/download/72789476/Radiographic_geometric_measures_of_the_h20211016-7244-uoshdp.pdf
https://www.academia.edu/download/72789476/Radiographic_geometric_measures_of_the_h20211016-7244-uoshdp.pdf
https://hipandkneebook.com/tha-chapters/2017/3/1/basic-hip-n
https://www.orthobullets.com/recon/9064/hip-biomechanics
https://link.springer.com/article/10.4103/ortho.IJOrtho_280_17
https://link.springer.com/article/10.4103/ortho.IJOrtho_280_17
https://journals.lww.com/jbjsjournal/fulltext/2009/11006/Sex_Differences_in_Hip_Morphology__Is_Stem.15.aspx
https://journals.lww.com/jbjsjournal/fulltext/2009/11006/Sex_Differences_in_Hip_Morphology__Is_Stem.15.aspx
https://journals.lww.com/jbjsjournal/fulltext/2009/11006/Sex_Differences_in_Hip_Morphology__Is_Stem.15.aspx

Clinical Case Reports and Reviews.

This work is licensed under Creative
BY Commons Attribution 4.0 License
To Submit Your Article Click Here: Submit Manuscript

DO1:10.31579/2690-4861/351

Auctores Publishing LLC — Volume 15(6)-351 www.auctoresonline.org
ISSN: 2690-4861

Copy rights@ Marinko Erceg,

Ready to submit your research? Choose Auctores and benefit from:

fast, convenient online submission

rigorous peer review by experienced research in your field
rapid publication on acceptance

authors retain copyrights

unique DOI for all articles

immediate, unrestricted online access

YV VY VVYYVY

At Auctores, research is always in progress.

Learn more https://auctoresonline.org/journals/international-journal-of-
clinical-case-reports-and-reviews

Page 4 of 4



file:///C:/C/Users/web/AppData/Local/Adobe/InDesign/Version%2010.0/en_US/Caches/InDesign%20ClipboardScrap1.pdf
https://auctoresonline.org/submit-manuscript?e=66
https://auctoresonline.org/journals/international-journal-of-clinical-case-reports-and-reviews
https://auctoresonline.org/journals/international-journal-of-clinical-case-reports-and-reviews

