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INTRODUCTION

The goal of his study is to demonstrate in vivo that muscles contribute to force closure of
- the sacroiliac joint (SIJ). In previous anatomical and biomechanical studies a model on SIJ
| sability was proposed, based on the principles of form and force closure.'>'”'®!? The base
f of this model is that to effectively transfer load from the spine through the pelvis to the

| kes, muscles acting on the pelvis must be activated thus increasing force closure of the
'7; SU_14,20,21

; Confirmation of this model in vivo was not feasible due to lacking of a reliable method to
. measure SIJ stability in living subjects. The development of a technique, combining Color
b Doppler Imaging (CDI) with excitation of the pelvis by means of an oscillation device
b made it possible to analyse forceclosure in vivo >,

b In several anatomical in vitro studies specific muscles that could contribute to SIJ
| wihilization were identified. Based on these findings, this study focuses on the effect of
* wilateral activation of the biceps femoris, gluteus maximus and erector spinae, and
| niralateral activation of the latissimus dorsi muscle, !"'*¢202!

- MATERIAL AND METHODS

§ Subjects

ln6 out of 15 subjects threshold values of the CDI were sufficient for inclusion in this
#udy (Table 1). Preliminary tests showed the protocol to be fairly straining to the subjects.
 Because testing bilaterally may have led to unreliable results due to fatigue '° during the
- emperiment, tests were performed unilaterally (4 right, 2 left side).
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Table 1. Demographic data of test subjects

Mean SD
Age 22 2.6
Length 170 4.1
Weight 62 4.9

Testing procedure
Volunteers were lying prone with the anterior superior iliac spine in contact with the

oscillator plate (figure 1).

Transducer

Oscillator

Figure 1. Outline of transducer and oscillator position for echo doppler measurements
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E Both before and after the measurements a maximal voluntary contraction (MVC) of each
f epanate muscle was recorded, using isometric muscle test procedures with manual
sistance as described by Kendall et al.’ :
k Each measurement started with determination of SIJ stiffness without any muscle
[ activation using CDI. Then the volunteers were asked to activate only one particular
b muscle as specific as possible for the period of the measurement using the technique as for
] E the MVC test. However, in contrast to the MVC test, no maximal voluntary contraction
& but only slight effort of the tested muscle was pursued (>10% of MVC), with no or only
! minimal coactivation of other muscles (<10% of MVC) and minimal disturbance of the
o iitial posture. Since only minimal exertion was required no manual resistance (in contrast
& vith the MVC test) was applied during the tests.
8 During cach test, EMGs of all four muscles were recorded simultaneously to test for
§ wontractions. Sustained muscle contractions with an average duration of 10 seconds
1§ wererequired to analyze SIJ stiffness by means of the CDI method.
b The test sequence was repeated three times with biceps femoris, gluteus maximus,
& luissimus dorsi and erector muscles tested in randomized order for each subject.

§ MG recording

§ Hectrode location was determined as described by Delagi et al.*'® Volunteers were
b strumented with surface EMG electrodes (Meditrace pallet electrodes) after the skin was
snubbed and cleaned with alcohol. EMG signals were amplified and 10 - 2 kHz filtered
ipolar EMG amplifier PS-800, Twente Medical System). The signals were rectified,
w-pass filtered (10 Hz) and simultaneously fed to a computer with a sample frequency
{50 Hz. Preliminary studies showed no interference of the vibration device with the
MG recordings.

& Color Echo Doppler imaging (CDI)

& Te application of CDI in combination with generated oscillation and the subsequent
' wlidation of this method, is described in detail in previous studies on SIJ stiffness.!”>”
¥ Vbntions with a frequency of 200 Hz (using a Derritron VP3 oscillator) were unilaterally
$ wilied to the anterior superior iliac spine. The vibrations from ilium and sacrum were
{ | wasured by a Philips Quantum AD1 CDI transducer covering both sides of one SIJ
3 (Figure 1).

§ Methreshold indicates the necessary signal power to display perceived vibration in color.
% T height of the threshold can freely be set by the operator by means of the threshold
4 Wton on the control panel of the CDI apparatus. During a measurement the threshold is
 cisely set to the level were no vibrations are visible on the CDI screen. A large
 ifizence between the thresholds (threshold difference; THD) measured at the sacrum and
Qi indicates little stiffness of the SIJ. A small or absent THD indicates a stiff joint."z’3
% b this study differences between THD in the relaxed position and the THD during a
& msl test were used as a measure for change in SIJ stiffness. A decreased THD during
J tequscle test indicates that the joint has become more stiff.
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Analysis

To determine changes in SIJ stiffness during muscle activity, THD’s found during muscle
tests were subtracted from THD’s found during relaxed postures for each individual and
analysed with a paired two sample t-test.

To quantify the activity level of each muscle during the tests the mean activity level was
calculated from the three repetitions of each muscle test and presented as percentages of
the MVC. For analysis of EMG activity during the tests a paired t-test was used. A muscle
was considered active when the EMG signal exceeded 10% of MVC. P-values less then
0.05 were considered significant.

RESULTS :
Mean results of all subjects are presented in figures 2 and 3. During the initial SIJ stiffness
measurements (no muscle activation) the mean THD was 5.2 (sd 1.94). During exh
muscle test the THDs significantly diminished (figure 2). This effect is particularly strong
during the erector, gluteus and biceps muscle test. The mean results show a significant
increase in SIJ stiffness when muscles were activated.

With respect to muscle contribution in all tests the highest mean EMG level is especially
found for the target muscle (figure 3). In some individual tests however erector EMG level
is higher than the target muscle. In most individual tests there is more than 10% of MVC
EMG activity of other muscles. However as figure 3 shows, this does not result i
significant co-activation with exception of the gluteus test. Here the mean EMG activity of
another muscle besides the gluteus (erector) is significantly more than 10% of MVC
(42%).

»

w

N
3

Difference in THD

0 —— i
Biceps Gluteus Erector Latissimus
Tests

Figure 2. Increase in thresholddifferences (THD) during muscle tests. Positive values §
indicate that the sacroiliac joint has become more stiff. * p<0.05, P values are calculated
with a paired t-test.
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- figure 3. Mean muscle EMG values during muscle tests. * p<0.05, ** p<0.01, P values
E e calculated with a paired t-test, HO:u=10.

. DISCUSSION

E Inthis study, color Doppler imaging in combination with pelvic oscillation was used to
p wlyze the influence of muscle activity on SIJ stiffness. It was demonstrated that SIJ
tiffness increased when selected muscles were activated. The erector spinae, biceps
fmoris and gluteus maximus muscles showed the greatest effect on SIJ stiffness. The
 ltissimus dorsi muscle only had a small effect on SIJ stiffness.

 Duing all tests the activated muscle was electromyographically most active (figure 3).
| But coactivation of other muscles occurred. Coactivation of the erector muscle during the
 beeps, latissimus and gluteus maximus tests, could be expected. This is in agreement with
 te stabilizing function of the multifidus part of the muscle as described by Hides et al.’
k Their study shows that the multifidus is coactive with the transverse abdominals and
[ pssibly oblique abdominals as primary stabilizers of spine and pelvis. >%’ Regrettably,
| uce surface electrodes were used in this study, the abdominal muscles could not be
& icluded,

& Te results of this study have specific clinical consequences. Clinically, determination of
& vt stiffness usually takes place by means of the manual skills of the clinician. The intra-
J o inter- tester reliability of such manual tests is low.'> Poor reproducibility of manual
bists could be related to variance of muscle tension and hence joint stiffness between tests
bfn fact intra-joint or patient reliability). Until now this has not been demonstrated. This
fdy showed that SIJ stiffness is influenced by muscle activity and thus by motor
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patterns. It can be expected that this also holds for joint stiffness in general. Small
variations in the excitation pattern of muscles can lead to differences in joint stiffness
Consequently, during retesting of joints in patients, relatively small postural changes can
result in altered muscle contraction patterns and subsequently influence the inter and intra
tester reliability of manual joint play tests.

This study shows that besides structural quality and integrity of the joint, joint stiffness is
also influenced by muscles. It can be assumed that joint stiffness is already influenced by
basic muscle tone, when no muscle activity is detected on EMG. Emotional states ar¢
known to influence basic muscle tone and patteming.8 Therefore the effect of emotional
states on specific muscle patterns needs to be taken into account when analyzing Sl
stiffness. Presumably this assumption can be applied to joints in common.
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