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Does Pelvic Asymmetry always Mean Pathology?
Analysis of Mechanical Factors Leading to the Asymmetry

by

Rafat Gnat!, Edward Saulicz?>, Maciej Biaty®, Patryk Kiaptocz?

Pelvic asymmetry is a phenomenon of dual character. Some describe it in terms of pathology, whereas others report

that pelvic asymmetry also occurs in healthy subjects.

A group of 321 subjects showing symmetrical alignment of the pelvis were involved in the study. Different forms of
mechanical loads (jumps, resistance exercises of selected muscle groups) were tested for their ability to alter the
configuration of the lower girdle. A hand inclinometer was used to measure pelvic asymmetry in standing.
Asymmetrical configuration of the pelvis appears frequently as a consequence of mechanical loading of the lower
girdle. It was registered in 25.08% of our study group. The greatest capacity to introduce pelvic asymmetry ap-
peared in cases of asymmetrical loads that were applied in a form of so-called ‘mechanical shock’ (i.e., a force with
great impulse). From this viewpoint, pelvic asymmetry should be regarded as a physiologic adaptative alteration of
the locomotory system to transmission of asymmetrical mechanical loads.
Key words: pelvic asymmetry, functional asymmetry, lumbo-pelvo-hip complex

Introduction

Pelvic asymmetry (PA) is a common phenome-
non which is often described in connection with
various pathological processes affecting the loco-
motory system, starting from lateral spinal curva-
tures (Saulicz et al., 1999, 2002; Saulicz, 2000; Stirling
et al., 1996), through leg length discrepancies of dif-
ferent aetiologies (Anderson, 1991; Beaudoin et al.,
1999; Manello, 1992; Manganiello, 2000; Wagner,
1990) and ending with sacroiliac dysfunction
(Cibulka, 1992; Cibulka et al., 1986, 1988; Coventry &
Tapper, 1972; DonTigny, 1979, 1985; Erhard &

Bowling, 1977, Fraser, 1978; Golighty, 1982;
McGregor & Cassidy, 1983), as well as hip joint dys-
functions (Cibulka et al., 1998), or low back pain (Al-
Eisa et al., 2004, 2006; Cibulka et al., 1986; Bernard &
Kirkaldy-Willis, 1987; Cassidy, 1992; Dejung &
Ernst-Sandel, 1995; Frohlich & Frohlich, 1995;
Greenman, 1997; Mierau, 1984).

Besides these numerous studies demonstrating
opinions that PA is associated with pathology, it can
also be observed in healthy subjects with no evi-
dence of any dysfunction (Al-Eisa et al., 2004; 2006).
Our previous studies demonstrated that PA was
present in 67.3% of a healthy group (aged 18 to 39
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years) with no pelvic or low back pain (Saulicz et al.,
2001). Such a situation gives rise to questions and
assumptions that need explanation. Since PA is ob-
served in such a large percentage of healthy subjects,
it is probably more appropriate to perceive it as a
physiologic phenomenon which is associated with,
for example, absorption of routine mechanical loads
exerted on the lumbo-pelvo-hip complex (LPHC).
Previous reports provide data on the influence of
jumps and asymmetrical resistance exercises of se-
lected muscle groups on the alignment of the pelvis
(Gnat et al., 2004ab). This article explores a broader
range of the mechanical loads applied to the lower
girdle.

Material and methods

Material

A total of 321 subjects were involved in the study.
Subjects were aged 19 to 37 (mean 22.71 + 2.76 years;
154 men, 167 women) and all were students of the
University School of Physical Education, Katowice,
Poland. At baseline, they must have shown symmet-
rical alignment of the pelvis in the frontal plane,
based on outcomes of the palpation examination of
anatomical landmarks (anterior and posterior supe-
rior iliac spines, the highest points of iliac alae). The
acceptable difference in anterior tilt of the right and
left innominates was a maximum 1° (measurement
described below). With such a difference, taking into
consideration some measurement error, we regarded
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Fig. 1
Consecutive stages of the experiment.

the subject showing symmetrical alignment of the
pelvis. Since both PA and outcomes of some popular
tests of ‘sacroiliac joint mobility’ (standing and sit-
ting flexion tests, Derbolovsky, Piedellu, Lee-Walsh
and Gillet sign) show certain association with
asymmetric distribution of muscle tension around
LPHC (Saulicz, 2001), no subjects with positive out-
comes found in any of these six tests were included.
Moreover, absence of any pain during the experi-
ment, and absence of any previous injuries and
symptomatic dysfunctions in the pelvic and lumbar
region of the body (injuries requiring surgical inter-
vention and hospitalization, pain ailments lasting
more than two weeks irrespective of their origin)
were required. Initially, 912 subjects were recruited
and after checking for the inclusion criteria 591 were
excluded. The study was approved by the Institu-
tional Bioethical Research Committee and all proce-
dures conformed to the Declaration of Helsinki of
1983. All subjects were informed about the aims of
the study and the experimental procedures, and all
gave written informed consent.

Table 1
Demographic data on the 12 groups, together with the p-level of homogeneity testing

Group N M F Mass [kg] Height [cm] Age [years]
J1 29 13 16 63.52 (45-86)  171.50 (154-191)  21.86 (19-27)
J.2 26 12 14 63.22(48-84)  171.87(161-191)  22.87(19-35)
O.A 29 14 15 63.33(47-88)  171.07(157-187)  22.34(19-29)
R.A 28 13 15 63.47(46-84)  171.67(159-186)  22.25(19-29)
P.1 26 13 13 64.87(50-92)  173.33(161-183)  23.30(19-37)
P.2 27 13 14 65.00(42-89)  173.15(154-185)  22.78(19-31)
I1 26 13 13 64.90(50-94)  173.46(159-185)  22.46(19-29)
1.2 26 12 14 64.61(45-92)  172.50(154-183)  23.35(20-37)
B.1 26 13 13 65.35(51-84)  173.11(158-191)  23.11(19-29)
B.2 26 13 13 64.04(45-89)  172.58(155-183)  22.77(19-31)
R.1 25 13 12 64.32(45-84)  172.20(159-186)  22.56(19-29)
R.2 27 12 15 63.04(46-86)  172.41(155-183)  23.07(19-37)

p-level -——- > 0.05** > 0.05* > 0.05* > 0.05*

J.1 and ].2 — jump down with landing on 1 and 2 feet, respectively; O.A —m. obliqus abdominis; R.A —m. rectus abdominis; P.1 and
P.2 —m. piriformis, 1 and 2 sides of the body, respectively; 1.1 and 1.2 —m. iliopsoas, 1 and 2 sides of the body, respectively; B.1 and B.2
—m. biceps femoris, 1 and 2 sides of the body, respectively; R.1 and R.2 — m. rectus femoris, 1 and 2 sides of the body, respectively; N —

number of subjects; M — number of men; F — number of women
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Protocol

Consecutive stages of the experiment are de-
picted in Figure 1. After completion of the first series
of measurements (series 1), all persons fulfilling the
above-mentioned inclusion criteria were randomly
divided into 12 subgroups, in which different forms
of mechanical loading were tested for their ability to
alter the configuration of the pelvis. Taking into con-
sideration even small effect size (10%), together with
11 degrees of freedom (degrees of freedom for inter-
action of ANOVA factors), we needed a sample of
about 170 subjects to achieve power of ANOVA of
0.9. However, having the opportunity to investigate
a larger number of subjects, we continued prepara-
tion of the randomization list until the minimal
number of subjects in each individual group reached
the level of 25. Demographic data on the groups are
presented in Table 1. This was followed by the sec-
ond series of measurements (series 2). The two man-
ual stretching-mobilizing techniques directed to the
sacroiliac joints and surrounding soft tissues were
then applied to all subjects where PA had been in-
troduced. The ensuing third series of measurements
(series 3) were performed with the aim to check
whether all initial conditions (i.e., complete symme-
try of the pelvis without any positive LPHC tension
signs) had returned. This report deals with series 1
and 2 measurements only (the subsequent report
will address series 3 measurements).

Intervention

Two general types of loading were distinguished.
Type one loads included jump down with landing
on one foot, and jump down with landing on two
feet. Both of these jumps had the ability to produce a
kind of “mechanical shock’ (a term proposed by the
authors). This way of loading was named ‘external
forces loading type’ (ground-foot reaction forces).
Type two loads included resistance exercises di-
rected to the muscles that locate both attachments
within the LPHC (piriformis and ilopsoas muscles), or
directed at locating only one attachment which af-
fects distant kinematic links of the locomotory sys-
tem (rectus and biceps femoris muscles, obliqus and rec-
tus abdominis muscles). This type of loading was
named ‘internal forces loading type’. Both the exter-
nal and internal forces loadings were applied in
symmetrical and asymmetrical fashion. The follow-
ing loads were used for the 12 different groups:

Fig. 2
The 60-cm jump down with landing on one foot (left)
and two feet (right)

Fig. 3
Resistance exercises of right obliqus externus (left)
and rectus abdominis (right) muscles

Fig. 4
Resistance exercises of right (left) and right & left
piriformis (right) muscles. Dotted arrow indicates
direction of the movement, solid arrow indicates direction
of the resistance applied

Fig. 5
Resistance exercises of right (left) and right & left
iliopsoas (right) muscles

- 60-cm jump down with landing on one foot (J.1
group [jump down with landing on 1 foot]) (Fig-
ure 2);

- 60-cm jump down with landing on two feet (J.2)
(Figure 2);

© Editorial Committee of Journal of Human Kinetics
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Fig. 6
Resistance exercises of right (left) and right & left biceps
femoris (right) muscles

Fig. 7
Resistance exercises of right (left) and right & left

rectus femoris (right) muscles

- resistance exercise for the right obliqus abdominis
externus muscle (O.A [m. obliqus abdominis exter-
nus]; modified methodology of DeLorme and
Watkins using 3 sets of 10 repetitions with a 1 to
1.5-minute break and sub-maximal resistance in a
form of upper body weight [abdominal muscles]
or applied manually [remaining muscle groups]
(DeLorme & Watkins, 1948; Fish et al., 2003); the
same approach was used with all resistance exer-
cises) (Figure 3);

- resistance exercise for the rectus abdominis muscle
(R.A [m. rectus abdominis]) (Figure 3);

- resistance exercise for the right piriformis muscle
(P.1 [m. piriformis, 1 lower limb]) (Figure 4);

- resistance exercise of the right & left piriformis
muscles (P.2) (Figure 4);

- resistance exercise of the right iliopsoas muscle (1.1
[m. iliopsoas, 1 lower limb]) (Figure 5);

- resistance exercise of the right & left iliopsoas
muscles (1.2) (Figure 5);

- resistance exercise of the right biceps femoris mus-
cle (B.1 [m. biceps femoris, 1 lower limb]) (Figure
6);

- resistance exercise of the right & left biceps femoris
muscles (B.2) (Figure 6);

- resistance exercise of the right rectus femoris mus-
cle (R.1 [m. rectus femoris, 1 lower limb]) (Figure
7);

- resistance exercise of the right & left rectus femoris
muscles (R.2) (Figure 7).
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Fig. 8
Mean values and 95% confidence intervals of the
magnitude of Pelvic Asymmetry in consecutive series of
measurements in individual groups. The outcome of F
test and its p-level are also presented.

All mechanical loads reported here are common
forms of physical activity, and therefore, do not re-
quire additional description. However, it must be
pointed out that all resistance exercises (although
performed in isolating positions) did not engage
only the single muscles used as group identifiers
here, but involved whole muscle groups. The indi-
vidual group name serves to indicate which muscle
from the particular muscle group was of most inter-
est to the authors.

Measurements for pelvic configuration

Evaluation of the configuration of the pelvis con-
sisted of measurement of the angle of inclination of
the line joining the anterior and posterior superior
iliac spines on the right and left side of the body and
the horizontal line (Figure 8). The inter-side differ-
ence was taken into further consideration. A hand
inclinometer (Palpation Meter US Patent 5 327 907,
Performance Attainment Associates, St. Paul, USA)
(Figure 8) with a precision of + 1° was used. During
measurements we followed remarks given by Cro-
well et al. (1994) who found inclinometer technique
to be reliable in measurements of the innominate
bone inclination. As indicated by these authors, the
investigator placed his fingertips through special
finger braces mounted on the inclinometer endings.
This procedure allowed for palpating the exact
landmark concurrently with the moment of reading
the outcome. We also assembled a small spirit level

http://www johk.awf.katowice.pl
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on one arm of the inclinometer to prevent pivoting
of the device around the fingertips. The reading was
always done with the inclinometer arm positioned
directly on the level of the finger contact point. We
used a thigh pad, so that the subject could gently
support thighs against it and minimize postural
sway when measurements were performed. Unfor-
tunately, we had no possibility to use the electronic,
liquid crystal display (it was shown by Crowell et al.
to be an important feature of the device), which
probably caused a slightly lower intra-class correla-
tion coefficient (reported below) obtained in our
study.

During the measurements the subjects were
asked to wear non-restrictive clothes and to remove
their shoes. They placed their feet close to each other,
but at a distance that allowed standing in relaxed
posture (usually about 10-12 cm). The anterior aspect
of the thighs was gently supported by the stabilizing
bar. The investigator located the landmarks and
marked their position by the color dot on the surface
of the skin. This allowed for quick location of the
landmark during next step, in which the inclinome-
ter was held in the hand. The subject was asked to
gently straighten his knees, stay in contact with the
stabilizing bar, and fix his eyesight in a point marked
on the wall on the height of 175 cm.

In 33 randomly selected subjects, the measure-
ment was repeated three times and the researcher
was blinded to the outcome. After the device had
been properly positioned the assistant read the out-
come, which was hidden from the researcher.

Statistical analysis

In case of the analysis of numbers the Chi? test
was used. Quantitative results were subjected to the
logarithmic transformation in order to normalize
their skewed distribution. They were then analyzed
by using a mixed model of ANOVA with an inde-
pendent factor (intervention group) and repeated
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factor (series of measurements). Post hoc analysis
was also implemented using the Tukey test. Re-
peated measures model of ANOVA was also used
for purpose of Interclass Correlation Coefficient cal-
culation. The critical p-level was set at 0.05.

Results

The measurement procedure showed acceptable
intra-tester reliability with Intra-class Correlation
Coefficients (ICC 31) of 0.985 (95% CI 0.968-0.993) for
the measurements of the innominate bone inclina-
tion, and of 0.839 (95% CI 0.721-0.913) for the differ-
ence in inclination between right and left sides of the
body. Having this last reliability coefficient, we cal-
culated the standard error of measurement of PA of
0.190. In this case, the difference in observed scores
expected on retest (assuming no change of true
scores) is 0.279, and the minimal detectable difference
is 0.530. Taking this into consideration, with the pre-
cision of the readout of our device, we decided that a
difference of 1° between scores obtained in series 1
and series 2 measurements would be too small to re-
flect any true change in magnitude of PA. We ac-
cepted a change of at least 2° to be a proper cut-off
value.

Analysis of numbers

In accordance with our selection criteria we as-
sume that no PA was observed during series 1
measurements. After the mechanical loads had been
applied, PA was registered in 23.05% (n=74) of the
total group (n=321). Data on the frequency of PA oc-
currence are presented in Table 2.

In series 2 analysis of the inter-group differences
using Chi? test, we showed a significant outcome
(p<0.001). The greatest deviations between the ob-
served and expected number frequencies were reg-
istered in J.1, P.1 and 1.1 groups. Results for the intra-
group differences are presented in Table 2.

Proportions of pelvic asymmetry registered in the 12 groups during series 2 measurements, together with the p-level of
intra-group differences (Chi? test)

Table 2

Group J1 J.2

O.A RA

P1 P2 11 12 Bl B2 R1 R2

percentage of asymmetry 100 192 34

65.4 0 46.1 0 154 O 20 3.7

p-level <0.001 <0.05 >0.05

<0.001 -- <0.001 -- <0.05 -- <0.05 =>0.05

statistically significant

© Editorial Committee of Journal of Human Kinetics
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Table 3
Mean values, 95% Confidence Intervals (CI) and Standard Deviations (SD) [degrees] of measurements of pelvic
asymmetry in series 1 and 2 measurements, together with p-level of intra-group differences (post hoc Tukey test).
series 1 series 2
Group p-level
mean 95% CI SD mean 95% CI SD
J1 0.24 0.08 -0.41 0.43 4.65 4.06 -5.25 1.56 p<0.001
J.2 0.27 0.09-045 0.45 1.08 0.35-1.80 1.79 p>0.05
0.A 0.07 -0.03-0.17 0.26 0.28 -0.03 -0.58 0.80 p>0.05
R.A 0.25 0.08 - 0.42 0.44 0.25 0.08 -0.42 0.44 p>0.05
P.1 0.38 0.18 -0.58 0.50 2.92 2.19-3.65 1.81 p<0.001
P.2 0.37 0.15-0.59 0.56 0.56 0.33-0.78 0.58 p>0.05
I.1 0.19 0.03-0.35 0.40 1.92 1.15-2.70 1.92 p<0.001
1.2 0.42 0.22 -0.63 0.50 0.46 0.23-0.70 0.58 p>0.05
B.1 0.35 0.15-0.54 0.48 0.96 0.54-1.38 1.04 p>0.05
B.2 0.46 0.23-0.70 0.58 0.38 0.15-0.61 0.57 p>0.05
R.1 0.32 0.09-0.55 0.56 1.04 0.41-1.66 1.51 p>0.05
R.2 0.37 0.17-0.57 0.49 0.56 0.33-0.78 0.58 p>0.05
statistically significant

Quantitative data

Outcomes of measurements of PA are presented
in the Table 3. Analysis of variance showed a signifi-
cant outcome for interaction of the factors (Far1, 309 =
29.95; p<0.001; ANOVA was performed using data
after logarithmic transformation). The post hoc
analysis revealed no significant inter-group differ-
ences in series 1 measurements. In series 2, group J.1
was significantly different from all other groups (all
p<0.001), as well as group P.1 (all p<0.001), except
when compared with group L1 (p>0.05). Group 1.1
was significantly different from all other groups (all
p<0.001, except comparisons with groups P.1 and
B.1, J.2 and R.1 (p>0.05). The data are illustrated in
Figure 9 and presented in detail in Table 3.

Discussion

The results of the present study indicate that
simple and common mechanical loads are able to
trigger PA. The greatest capacity for this was shown
when asymmetrical loads were applied in the form
of so-called ‘mechanical shock’ (great force impulse).
We call this combination of asymmetrical load and
‘mechanical shock’ the ‘asymmetry formula’. Jump
down with landing on one foot (J.1) is a suitable ex-
ample to illustrate this. It fulfills both components of
the formula (i.e., load and shock) and consistently
triggers PA in 100% of the subjects. Such a regularity
of the formula is exceptional. Jump down with
landing on two feet (J.2; symmetrical load), despite
its ability to generate ‘mechanical shock’, did not in-

Journal of Human Kinetics volume 21 2009,

troduce as much PA. In the J.2 group only one com-
ponent of the formula was met, and PA was regis-
tered in only 21.4% of these subjects. We might as-
sume that at least some subjects in the J.2 group pre-
ferred one of their legs when landing, and thereby,
produced a slightly asymmetrical loading. This be-
havior might have been responsible for triggering
PA in 19.2% of the ].2 group.

Additional evidence to support our formula
emerges from analysis of the asymmetrical resistance
exercises and their influence on pelvic configuration.
There was no ‘mechanical shock’ present in these
latter trials. The lowest percentage of PA was equal
to 15.4%, while the highest was 65.4% (asymmetrical
exercise for the biceps femoris and piriformis muscles,
respectively). Muscles originating in the LPHC area,
and assuming a ‘downward’ course, showed a
greater capacity to modify configuration of the pel-
vis (piriformis, iliopsoas, rectus and biceps femoris mus-
cles; proportions of triggered PA: 65.4%, 46.1%, 20%,
15.4%, respectively; for comparison — muscles as-
suming an “‘upward’ course: rectus abdominis muscle
0%, obliqus abdominis 3.4%). Similarly, so were mus-
cles locating both attachments in the LPHC region:
piriformis and iliopsoas at 65.4% and 46.1% of trig-
gered PA, respectively; for comparison — muscles af-
fecting distant joints: rectus femoris 20%, biceps femoris
15.4%).

No potential to trigger PA was registered when
none of the formula components were fulfilled
(symmetrical resistance exercises). Either there was
no asymmetry at all or it appeared in single subjects
only (Table 5).
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Taking all the above items into consideration it
seems reasonable to propose the asymmetry formula
as follows:

pelvic asymmetry = asymmetrical load +
mechanical shock

Data supporting the formula are given in Table 4.
Results of inclinometer measurements of PA also
support the formula. The largest magnitude of PA
was registered in the J.1 group. Asymmetrical, re-
sistance exercises of the muscles with both attach-
ments in the LPHC area had the second largest PA
impact (P.1 and 1.1 groups), whereas the least impact
on PA was seen in subjects performing symmetrical
jump down (J.2 group), together with subjects per-
forming asymmetrical resistance exercises of the
long biarticular muscles (B.1 and R.1 groups). Small
magnitudes of PA were registered when none of the
formula components were met (Table 3).

It is not surprising that PA appears simultane-
ously with the mechanical load. Such a phenomenon
is commonly observed in gait analyses. Analysis of
gait determinants reveals that the pelvis tends to as-
sume asymmetrical configuration of a torsional type
in the heel contact phase. PA persisting after me-
chanical loading has completed attracts more atten-
tion. In our opinion, mechanical forces are not solely
responsible for these observations, but rather neuro-
physiological control processes are also affected.
Tullberg et al. (1998) demonstrated that PA may be
eliminated manually with no significant change in
sacroiliac joint position. According to these authors,
a mechanical force directed to the pelvis is only a
source of input information to the control system,
where it produces a specific ‘re-set” feature, and re-
executes a symmetrical tension pattern, which is ob-
served in the activity of effectors. This process likely
also takes an opposite direction. Asymmetrical mus-
cle loading provides the necessary input information
to introduce “system error’ and thereby, initiates exe-
cution of an asymmetrical tension pattern. One re-
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port of a slightly different character has already in-
dicated the possibility of influencing the control
system through mechanical loading of the pelvis
(Marshall & Murphy, 2006). On the other hand,
Moseley & Hodges (2005) report that even short-
term exposure to a disturbing stimulus is able to al-
ter the control processes in the long term.

Hopefully, no impression has been given that af-
ter mechanical loading, the subjects in whom PA
was triggered were left to their own devices. The ex-
periment by Tullberg et al. (1998), together with our
previous studies (Gnat et al. 2004ab), clearly indicate
that PA which has persisted longer than the trigger-
ing mechanical load, can easily be eliminated by
means of manual stretching--mobilizing techniques
directed to the sacroiliac joints and surrounding soft
tissues. PA itself, and all associated functional al-
terations, were immediately eliminated in this way.
These observations support the remarks concerning
interaction between mechanical loading and neuro-
physiologic processes proposed above. Our data in
this area of the experiment were published else-
where (Gnat et al. 2008).

The arguments mentioned above suggest that the
phenomenon of PA can be divided into two types:
‘fresh’ asymmetry, which is typical for activities of
daily living and introduced by common loads (such
PA observed in the present study), and ‘cemented’
asymmetry, which is resistant to correction and fre-
quently accompanied by symptoms within the
LPHC (pathology-linked PA). In case of long-term
functional asymmetry, the tissues are inevitably
subjected to exaggerated tension, which may start
accumulation of asymmetrical overload and produce
subjective symptoms within the locomotory system.

It should also be noted that PA may be observed
before any subjective symptoms of dysfunction are
present; therefore, symptomology is a valuable and
easily assessed sign of latent insufficiency. Its
evaluation is linked to the essence of the common

Table 4

Proportions of pelvic asymmetry in the 12 groups during series 2 measurements. Fulfilment of both components
of the ‘asymmetry formula’ gives the highest possibility of modification of pelvic configuration

asymmetry

Group J1 J2 OA RA P1 P2 11 12 B1 B2 R1 R2
Asymmetry AL + - + - - + - + - + -
formula MS + + - - - - - - - - -

percentage of 100 192 34 0 654 0 461 0 154 0 20 37

statistically significant
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adage: prevention is better than cure. PA is an indi-
cation that our preventive efforts should be doubled,
like a yellow light at the crossroads. Such a diagnos-
tic tool could be invaluable for every physiothera-
pist, physician, coach or physical education teacher.
Regarding the limitations of the present study,
the mechanical loads applied (except jumps) do not
fully reflect the motor tasks of daily living. However,
they are very simple forms of motor activity, that are
encountered by each individual, perhaps not every
day, but certainly during trainings in fitness clubs,
scheduled sport exercises, etc. (all subjects were stu-
dents of a university school of physical education).
Lack of quantification of the applied loads may also
be problematic. The resistance that was manually
applied by the therapist has, however, certain ad-
vantages. It could be quickly adjusted to the subject’s
strength, so in each set and repetition the true sub-
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transmission of asymmetrical mechanical loads.

Al-Eisa E., Egan D., Deluzio K., Wassersug R. Effects of pelvic asymmetry and low back pain on trunk kinematics
during sitting: a comparison with standing. Spine 2006; 31(5): E135-43.

Al-Eisa E., Egan D., Wassersug R. Fluctuating asymmetry and low back pain. Evol Hum Behav 2004; 25: 31-7.

Anderson G. Iliotibial band friction syndrome. Aust J Sci Med Sport 1991; 23: 81-3.

Beaudoin L., Zabjek F.K., Leroux M.A., Coillard C., Rivard C.H. Acute systematic and variable postural
adaptations induced by an orthopaedic shoe lift in control subjects. Eur Spine ] 1999; 8(1): 40-5.

Bernard T.N., Kirkaldy-Willis W.H. Recognizing specific characteristics of nonspecific low back pain. Clin Orthop

1987; 217: 266-80.

Cassidy J.D. The pathoanatomy and the clinical significance of the sacroiliac joints. ] Manipulative Physiol Ther

1992; 15: 41-2.

Cibulka M.T., Delitto A., Koldehoff R.M. Changes in innominate tilt after manipulation of the sacroiliac joint in
patients with low back pain. An experimental study. Phys Ther 1988; 9: 1359-63.

Cibulka M.T., Rose S.J., Delitto A., Sinacore D.R. Hamstring muscle strain treated by mobilizing the sacroiliac joint.

Phys Ther 1986; 66(8): 1220-3.

Cibulka M.T., Sinacore D.R., Cromer G.S,, Delitto A. Unilateral hip rotation range of motion asymmetry in patients
with sacroiliac joint regional pain. Spine 1998; 23(9): 1009-15.

Cibulka M.T. The treatment of the sacroiliac component to low back pain: a case report. Phys Ther 1992; 72(12):

917-22.

Coventry M.B., Tapper E.M. Pelvic instability. ] Bone Joint Surg 1972; 54: 83-101.

Crowell R.D., Cummings G.S., Walker J.R,, Tillman L. Intratester and intertester reliability and validity of
measures of innominate bone inclination. ] Orthop Sports Phys Ther 1994, 20, 2: 88-97.

Dejung B., Ernst-Sandel B. Triggerpunkte im m. glutaeus medius — eine Haufige Ursache von Lumbosakralgie und
ischialgiformen Schmerz. Manuelle Medizin 1995; 33: 74-8.

DeLorme T.L., Watkins A.L. Techniques of progressive resistance exercises. Arch Phys Med 1948, 29: 263-73.

DonTigny R.L. Function and patomechanics of the sacroiliac joint: a review. Phys Ther 1985; 65: 5-44.

Journal of Human Kinetics volume 21 2009,

http://www johk.awf.katowice.pl



by R. Gnat et al. 31

Erhard R., Bowling R. The recognition and management of the pelvic component of low back and sciatic pain. Bull
Orthop Section 1977; 2: 4-15.

Fish D.E., Krabak B.]., Johnson-Greene D., deLateur B.]. Optimal resistance training: Comparison of DeLorme with
Oxford techniques. Am ] Phys Med Rehabil 2003; 82: 903-9.

Fraser D.M. Postpartum backache: a preventable condition? Bull Orthop Section 1978; 3: 14-16.

Frohlich D., Frohlich R. Das Piriformissyndrom: eine hédufige Differentialdiagnose des lumboglutaalen Schmerzes.
Manuelle Medizin 1995; 33: 7-10.

Gnat R., Saulicz E., Bacik B., Kokosz M. An attempt to identify mechanical factors leading to pelvis asymmetry —
asymmetrical resistance exercises of the oblique abdominal muscles. ] Sport Sci 2004b; 22: 241.

Gnat R, Saulicz E., Bacik B., Kuszewski M. An attempt to identify mechanical factors leading to pelvis asymmetry
—jump down with landing on one foot. ] Sport Sci 2004a, 22: 239.

Gnat R., Saulicz E. ‘Induced’ static asymmetry of the pelvis is associated with functional asymmetry of the lumbo-
pelvo-hip complex. JOMPT, 2008, 31(3): 204-11.

Golighty R. Pelvic arthropathy in pregnancy and the puerperitum. Physiotherapy 1982; 68: 216-20.

Greenman P.E. Sakroiliakgelenkdysfunktion und therapieresistentes unteres Lumbalsyndrom. Manuelle Medizin
1997; 35: 3-11.

Manello D.M. Leg length inequality. ] Manipulative Physiol Ther 1992; 15(9): 576-90.

Manganiello A. Leg length inequality and scoliosis. In: Brock M, Schwarzer W, Wille C, eds. Proceedings of the
First Interdisciplinary World Congress on Spinal Surgery and Related Disciplines, Monduzzi Editore, 2000; pp
493-7.

Marshall P, Murphy DC. Effects of sacroiliac joint manipulation on feed-forward times of the deep abdominal
musculature. ] Manipulative Physiol Ther 2006; 29(3): 196-202.

McGregor M., Cassidy ].D. Post-surgical sacroiliac joint syndrome. ] Manipulative Physiol Ther 1983; 6: 1-11.

Mierau D.R. Sacroiliac joint dysfunction and low back pain in school aged children. ] Manipulative Physiol Ther
1984; 7: 81-4.

Moseley GL, Hodges PW. Is variability in postural adjustments a key to normalisation of control after symptoms
have resolved? Clin J Pain 2005, 21, 4: 323-29.

Saulicz E., Bacik B., Plinta R., Gnat R. Models of spatial pelvis asymmetry in children aged 5-10 years with scoliotic
posture. Acta of Bioengineering and Biomechanics 2002; 4(suplement 1): 238-9.

Saulicz E., Bacik B., Saulicz M., Gnat R. Asymmetrie des Bekens und Funktionsstérung von Iliosakralgelenken.
Eine Studie an gesunden Probanden ohne Beschwerden an der Lendenwirbelsdule. Manuelle Medizin 2001; 39:
312-19.

Saulicz E., Zembaty A., Pilat-Kowalski A. Movilizacion de las articulationes sacroiliacas en el proceso de
correccion de posicionamiento de la pelvis en el tratamiento de la escoliosis infantile. Revista Iberoamericana
de Fisioterapia y Kinesiologia 1999; 2(4): 194-202.

Saulicz E. Mobilisation der Iliosakralgelenke - Eine Korrekturart des Beckens bei der Behandlung von
Lendeskoliosen. Manuelle Medizin 2000; 38: 175-82.

Stirling A., Howel D., Millner P., Sadiq S., Sharples D., Dickson R. Late-onset idiopathic scoliosis in children six to
fourteen years old. A cross-sectional prelevance study. ] Bone Joint Surg 1996; 78, 9: 1330-6.

Tullberg T., Blomberg S., Branth B., Johnsson R. Manipulation does not alter the position of the sacroiliac joint.
Spine 1998; 23(10): 1124-8.

Wagner H. Beckenschiefstand und Beinlangenkorrektur. Ortopadie 1990; 19: 273-7.

© Editorial Committee of Journal of Human Kinetics



32 Does Pelvic Asymmetry always Mean Pathology? Analysis of Mechanical Factors Leading to the Asymmetry

Acknowledgments
Authors would like to acknowledge financial and organizational help of the company Meden-Inmed, Medical
Engineering, Koszalin, Poland

Corresponding author

dr Rafal Gnat

Department of Physiotherapy, Chair of Special Methods in Physiotherapy and Sport of Disabled People,
Academy of Physical Education, Katowice, Poland

ul. Mikotowska 72

40-065 Ktaowice

Poland

Tel +48 032 207 53 08

Fax: +48 32 2075200

e-mail: rafal.gnat@interia.pl

Journal of Human Kinetics volume 20 2008, http://www johk.awf katowice.pl



