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ABSTRACT 

OBJECTIVE: To determine whether there is an association between 

pregnancy-related back pain and changes in ligament laxity and/or 

relaxin. METHODS: Twenty-four women participated in three groups: 

normal pregnancy, IVF pregnancy, and non-pregnant controls in this 

prospective longitudinal cohort study, back pain was measured using a 

daily journal (SF-MPQ) between 8 and 36 weeks of pregnancy, and over a 

four week period in the IVF pregnancy and control groups. Ligament 

laxity was measured using a KT 2000 knee arthometer, and urine 

samples were collected for relaxin at 4 week intervals from the time of 

inclusion. RESULTS: Back pain was reported by 75% of the normal 

pregnancy group, 50% of IVF pregnant women, and 17% of the controls. 

Ninety percent of the time when laxity values increased, pain scores also 

increased. Relaxin results could not be obtained due to assay 

insufficiencies. CONCLUSION: Results indicate there is an early onset of 

both back pain and change in ligament laxity during pregnancy. It 

remains unclear whether back pain is associated with knee ligamant 

laxity during pregnancy 
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PREFACE 

This thesis is organized in the following way. Chapter one is a general 

introduction that touches on the three components of the thesis: back 

pain, ligament laxity, and relaxin. Chapter two is a stand-alone paper, 

consequently there is some repetition in the introduction and 

methodology sections in this chapter. Chapter three includes the 

remaining information on ligament laxity and relaxin during pregnancy. 

Chapter two of this thesis is based on the following manuscript in 

progress: 

Cameron TL, Maitland ME, Doyle-Baker PK, Hart DA. Onset, magnitude, 

and location of back pain during pregnancy. Acta Obstet Gynecol Scand 
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CHAPTER ONE: INTRODUCTION AND LITERATURE REVIEW 

Back Pain During Pregnancy 

Throughout pregnancy, back pain is a concern as prevalence rates have 

been reported to range from 42-85% (Berg, 1988; Ostgaard et al., 1991; 

Kristansson & Svardsudd, 1996; Bullock et al., 1987). This is much 

higher than the prevalence rates for back pain in the general population 

of 20-25% (Biering-Sorensen, 1982). Fast et al. (1987) showed that 33% 

of 80 multigravidae women were limited in their daily activities because 

of back pain. Others have reported that the intensity of pregnancy- 

related back pain was so severe that 22% of the pregnant women in the 

study group were unable to work outside of the home or take care of 

domestic tasks without assistance (Kristiansson et al., lW6a). 

To gather more information on back pain during pregnancy, Ostgaard 

et al. (1991) collected back pain data by having 850 pregnancy patients 

fill out a questionnaire approximately nine times during their pregnancy. 

At each visit, subjects were asked to recall their pain experience since 

their last appointment. If they had pain, they were asked to complete 

pain drawings and visual analogue scales. The nine-month period 

prevalence was 49%, with a prevalence of 22-28% from the 12th week 

until delivery. They calculated the number of women whose onset of 

back pain occurred during pregnancy to be 27%. 



In more recent back pain studies, clinical pain provocation tests 

have been incorporated in the regularly scheduled gynaecologic exams, 

along with back pain questionnaires (Kristiansson & Svardsudd, 1996; 

Kristiansson et al., 1996a; Sturesson et al., 1997). Kristiansson & 

Svardsudd (1996) tested 200 women, and they used a cross-sectional 

analysis to determine the point prevalence for each testing session. 

Comparisons in prevalence rates were made between those who had back 

pain onset before pregnancy versus those whose onset of back pain was 

during pregnancy. The overall prevalence of back pain was 76.4%, the 

incidence of back pain during pregnancy was 6 1 %. 

Bias according to study design 

Even though repeated measures were used to evaluate back pain in 

prospective studies (Berg et al., 1988; Ostgaard et al., 1991; Kristiansson 

& Svardsudd, 1996; Kristiansson et al., 1996a), the authors were asking 

the subjects to recall the pain that they had experienced in the last week 

or month. Research in psychology has consistently found that the 

retrospective recall of a change in symptoms or health status is not as 

accurate as  other methods of data collection, such as a daily journal 

used by cancer patients (de Wit et al., 1999) or low back pain patients 

(Bolton, 1999). Recall can be biased depending on the time that has 

elapsed, as  it can be seen that the accuracy of memory for the earlier 

health status becomes diminished as  the time interval between tests 



3 
increases (Eich et al., 1985; Herrmann, 1995). Linton and Gotestam 

(1983) investigated the accuracy of recall with chronic pain patients. At 

the time of inclusion they asked patients to rate their baseline pain 

measures, and after completion they had each patient complete daily 

pain questionnaires over a two-week period. After this period they asked 

the patients to recall how much pain they had during the baseline 

measures. They found that 87% of the patients had a tendency to 

overestimate baseline measures by more then 10%. This finding points 

out the potential for error in making retrospective or 1-time 

measurements of pain as the measures may not be reflective of the 

different levels of pain that are experienced on a daily basis. 

Other investigators have found that memory for the intensity of past 

pain depends highly on present pain intensity ( Downie et al., 1978). 

This may be due to the influence of physical and psychosocial factors 

(Jamison et al., 1989). Therefore, the accuracy of asking patients to give 

details about the pain that they experienced over a one-month period 

may be unreliable. 

Epidemiology 

Pain onset 

Kristiansson et al. (1996a) prospectively collected back pain data from a 

cohort of 200 women between the 12th to the 36th week of pregnancy. In 
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this group, women who had back pain onset prior to pregnancy were 

also included in the study. They found that the highest number of new 

back pain episodes occurred between the 18th and 24th week of 

pregnancy. 

Anatomical pain distribution 

Many of the back pain questionnaires that are used during pregnancy 

include a pain drawing or sketch to help distinguish which region of the 

back is affected. To help interpret these drawings, Sturesson et al. 

(1997) defined areas by dividing the sketch into smaller regions based on 

their observation of pain distribution with pregnant women. They found 

that the pain was widespread, but the highest frequency of reported pain 

was in the lumbar region. Kristiansson et al. (1996a) also coded the pain 

sketch by defining different regions. They found that lumbar pain was 

the most common during the first 12 weeks, but after that time, sacral 

pain was most common, followed by lumbosacral, lumbar, thoracic, and 

cervical. Although Kristiansson et al. (1996a) reported pain in separate 

areas, it has not been established whether the pain in one area is 

correlated to the pain reported in another area. 

The sensations experienced by people with back pain can vary 

depending on the region from which the pain is derived. Women 

interviewed with a questionnaire described pain in the low back (lumbar 

area) during pregnancy as  a dull ache. Back pain experienced in the 
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gluteal region was predominately described as a stabbing type of pain 

and back pain in the thoracic region was described as a burning type of 

pain (Sturesson, 1997). During another study that interviewed women 

with pelvic pain during pregnancy, Hansen et al. (1999) listed several 

pain descriptors, and asked patients to indicate which words among this 

list best described their pain. Shooting pain was described most 

frequently in the pelvic area. Pain descriptors are beneficial in that they 

assist the patient in choosing an appropriate word to describe their pain. 

However, by restricting the words in the list, the patient could have 

potentially chosen a descriptor that may not correctly describe the pain 

that they were experiencing. 

Risk Factors 

Biomechanical Factors 

In 1993, a study published by 0stgaard et al. looked at a number of 

biomechanical factors that may be associated with low back pain during 

pregnancy. Specifically, the authors measured weight gain, abdominal 

circumference, sagittal and transverse abdominal diameters, the amount 

of lumbar lordosis, and finger laxity. 

Weight gain was measured because it is thought to be a factor that is 

associated with back pain during pregnancy (Ostgaard et al., 1993). The 

authors reported that the change in weight, as  a percent of body mass, 
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did not correlate with back pain or any other biomechanical parameters. 

Weight was only measured twice during the study period, once at  12 

weeks, and at 36 weeks of gestation. Therefore, there is no way of 

determining if the subjects experienced back pain at the time where they 

personally experienced the largest personal change in weight. Thus, the 

data is likely insufficient to determine the association between back pain 

and weight gain during pregnancy. 

A tape measure was used to collect data on abdominal circumference. 

Sagittal and transverse abdominal diameters were measured using a 

protractor. The assumption was that larger abdominal circumferences 

and diameters would cause an increase in pregnancy related back pain. 

The author used the abdominal diameter and weight gain measurements 

to calculate an estimate of the mean additional load imposed on the 

lumbar trunk during the 36th week of pregnancy. The results from these 

calculations were not published. Correlation results between back pain 

and large sagittal abdominal diameters, as  well as back pain and large 

transverse abdominal diameters were shown to be significant (pe0.0 1). 

The author uses this data to support the argument that the large flexion 

moment that was produced by the diameter of the abdomen and an 

increase in weight contributes to the development of back pain. 

Lumbar lordosis was also measured, as it has been postulated that 

changes in posture characterized by an increase in lumbar lordosis, are a 

contributing factor to back pain during pregnancy (Dumas et al., 1995a). 
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During pregnancy, women experience a change in their centre of gravity 

due to the weight gain concentration, and anterior abdominal 

protuberance. Women will compensate for this change by shifting their 

upper body posteriorly "over the pelvis" to restore their centre of gravity 

(MacEvilly &, Buggy, 1996). 0stgaard et al. (1 993) measured lumbar 

lordosis by having patients stand against a wall, and then the depth of 

the apex of the lumbar curvature was measured using a ruler. Lordosis 

measurements were taken at 12, 20, 24, 30, and 36 weeks, along with 

subjective back pain questionnaires. The authors found that lumbar 

lordosis did not change significantly from the 12th to the 36th week, but 

correlations to back pain were found in women who had large lumbar 

lordosis measurements. It was concluded that because lumbar lordosis 

did not change during pregnancy, only women with a na.turally large 

lordosis were susceptible to back pain during pregnancy. The authors 

did not report an intraclass correlation coefficient, as no control subjects 

were measured, therefore the reliability of the measures is questionable. 

Finger laxity was measured because joint laxity is another 

biomechanical parameter that has been thought to be associated with 

back pain during pregnancy. The laxity measures obtained by 0stgaard 

et al. (1993) are difficult to compare to the results of other studies that 

measure MCP laxity (Table 1) as a standardized protocol has not been 

used among the studies. The protocol that was used by Ostgaard et al. 

(1993) measured finger laxity with the arm and hand in a relaxed 
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horizontal position by recording the maximal medial deviation angle of 

the forth finger relative to the fifth, with a constant force applied to the 

distal phalanx of the finger. The measured medial deviation was 

significantly different in primagravida and multigravida women. The 

mean laxity values in primagravida women increased 1.8 degrees 

between weeks 12 - 20 of pregnancy, and after that time mean laxity 

values leveled off. There was no change in laxity from the baseline value 

in multigravida women during the gestation period, suggesting that laxity 

measures may not return to their pre-pregnancy state post-partum. 

The only other study to measure MCP laxity during pregnancy had a 

different protocol compared to that used by 0stgaard et al. (1993) where 

one laxity measure was recorded during the final trimester of pregnancy, 

and another measure was recorded between the 5th and 25th week post- 

partum (Calguneri et al., 1982). Also, Calguneri et al. (1982) measured 

hyperextension rather then abduction of the MCP joint. The 

reproducibility of the measures were + 2". The results show that laxity 

values tend to decrease post-partum, but the differences were not 

significant. The data was then stratified to determine if differences 

existed between primigravida and multigravida women. There was a 

significant difference (0.0 1 >p>0.00 1) between the degree of MCP 

hyperextension obtained during the second pregnancy compared to the 

first. Those women who had two or more previous pregnancies 

experienced a mean increase in hyperextension of 8.9" and 8.3" 
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respectively, compared to women in their first pregnancy whose mean 

increase in hyperextension was 3.9" (Calguneri et al., 1982). This 

suggests that maximum laxity is obtained during a second pregnancy 

rather than the first, which is contrary to the conclusions drawn in the 

study by 0stgaard et al. (1993). 

Table I .  Metacarpophalangeal (MCP) joint measurements hyperextension 
and abduction 

Study 

Jobbins et al. 
(1979) 

Calguneri et 
a1 (1982) 

Ostgaard et 
al., (1993) 

evices. 
Number of 
subjects 

27 women 

20 mixed 
group of men 
&, women 
68 pregnant 
women 

855 pregnant 
woman 

Device & force 
applied 

Finger abductor (in 
flexion) 1 Okg*cm 
Hyperextensometer, 
(preset torque 2.6 
kg*cm) 
Hyperextensometer 
(preset torque 2.6 
kg*cm) 

Finger abduction 
(hand in relaxed 
horizontal position) 
1.7 N applied force 

measurement 

range 24"-50"; 

72.8"*16; 
individual 
variation f 2" 
Penparturn 
70°kl 5; 
Postpartum 
65"+13 
.Pn'migravid a: 
week 12- 34.5" 
week 24- 36.3O 
LVultigravid a: 
Week 12: 36.4" 
Week 24: 36.4" 

Hormonal Influences on Laxity 

During pregnancy changes in ligament laxity is presumed to reflect 

changes in pregnancy related hormones such as  estrogen, progesterone, 

and relaxin. To understand how these changes in laxity occur, the 

collagen composition has been examined in the tissue of rats and mice. 

More specifically the effects of hormone treatments on collagenous 

tissues of the vagina (V), cervix (C), pubic symphysis (PS), and mammary 
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gland (MG) were examined. Zhao et al. (2000) compared the 

differences in collagenous tissue of pregnant mice with the relaxin gene 

(rlx +/+) versus the pregnant mice without the relaxin gene (rlx -/-). In 

the normal (rlx +/+) mice, they found increases in growth of the C, V, 

and PS tissue. In the PS, there was also a significant increase in water 

content in the rlx (+/+) mice, but no increase in the rlx (-/-) mice. 

Collagen content decreased significantly in the V of the rlx (+/+) mice, 

but there was no change in the collagen in the rlx (-/-) mice. Histological 

analysis of the C, V, and PS tissues, using the Masson trichrome staining 

technique, showed a much denser stain of collagen fibres in the rlx (-/-) 

tissues compared to the rlx (+/+) tissue. The failure of collagen fibres to 

become more loose in rlx (-/-) mice implies that relaxin is involved in 

collagen degradation or the collagen organization process during 

pregnancy. Samuel et al. (1998) obtained similar results in their study 

that focused on the PS tissue in rats during pregnancy. Ovariectomized 

rats that received relaxin injections had similar collagen content in the 

PS tissue to that of the pregnant ovary intact rats. The rats that did not 

receive relaxin injections had similar collagen content to the non- 

pregnant controls. Again, these findings indicate that relaxin is involved 

in the collagen degradation process. In an earlier study, Samuel et al. 

(1996) found that in ovariectomized estrogen-primed rats, relaxin 

significantly increased the length and weight of the interpubic 

fibrocartilage. However, these effects were abolished when the rats were 
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primed with progesterone. They concluded that the changes in the 

extracellular matrix within the PS was induced by relaxin, and 

antagonised by progesterone. Luque et al. (1998) and Cheah et al. (1995) 

were also interested in the changes in collagen during pregnancy. Both 

studies looked at  the effect that relaxin and estrogen treatments had on 

the remodelling of the connective tissue in the cervices of ovariectomized 

rats. The results of the two studies indicate that the collagen fibres in 

mice that were treated with both estrogen and relaxin were disorganised 

and dispersed, whereas the collagen fibres in the cervices of mice treated 

with estrogen only, were highly organised and the tensile strength was 

higher. 

A general consensus among the studies is that the changes in the 

extracellular matrices of various tissues during pregnancy are induced 

by relaxin. The function of relaxin lies entirely in the ability to bind to a 

specific cognate relaxin receptor. Receptors have a characteristic affinity 

for their ligands, therefore for relaxin to have an effect on the target 

tissue it's concentration must be in a certain range of the dissociation 

constant (Becker et al. 1996). If the relaxin concentration is within range 

the result will be seen as decreases in the organisation and content of 

collagen fibres in various tissues, as has been seen in the pregnant rat or 

mouse. The changes in collagen fibres have been shown in animal 

studies, but no equivalent human studies have been published. 
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In human studies, only indirect measures of the changes in collagen 

have been performed using peripheral laxity measurement devices, as  

previously mentioned in the biomechanical factors section of this paper. 

Changes in hormones and risk of back pain 

The theory that hormonal changes are associated with back pain during 

pregnancy has yet to be substantiated. MacLennan et al. (1986) tried to 

demonstrate that elevated concentrations of circulating relaxin were 

associated with severe pelvic pain and joint laxity in the pelvic area. A 

subjective laxity test was performed by a physiotherapist, who used 

lateral flexion tests with the patient standing on one leg and then the 

other, to assess apparent laxity. However, their methods for measuring 

joint laxity were not validated. This could have potentially led to 

misclassification error, where the control group may have included 

women with joint laxity who had no pain. Without a valid measure of 

laxity, associations between these outcome measures cannot be made. 

Kristiansson et al. (199613) also published a study that tried to show an 

association between serum relaxin levels and reported pain in the back 

and pelvic area during pregnancy. This was a much stronger study 

design compared to the study of MacLennan et al. (1986) Kristiansson et 

al. (1996b) included, within subjects, repeated measurements of pain 

symptoms and relaxin over the gestation period. They found a 

significant positive correlation between mean relaxin values and pain in 
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the pelvic area. The authors suggested that relaxin might influence the 

ligament apparatus or its insertion in the bone, thus making the back 

more vulnerable to loading. Another plausible explanation is that there 

is a difference in the settings of hormone receptors for the bones and 

ligaments in the pelvic region compared to the body in general (Smith et 

al., 1990). 

The purpose of measuring relaxin in the present study was to further 

investigate the associations between ligament laxity, relaxin 

concentration, and back pain during human pregnancy. 

Smoking 

There are a number of biologically plausible mechanisms that have been 

suggested to explain the association between back pain and smoking, 

which were reviewed by Goldberg et al. (2000). 

Although smoking may increase the risk of back pain in the general 

population, the findings among smokers during pregnamy are 

conflicting. Berg et al., (1988) found that smoking was significantly more 

common among women who developed sacro-iliac pain and other types of 

back pain during pregnancy, compared to those women who did not 

develop back pain. On the contrary, in a prospective study, Kristiansson 

et al. (1996a) found no difference in smoking proportions between back 

pain and non-back pain groups. Therefore, a direct association between 

back pain and smoking during pregnancy has yet to be clarified. 



Prior history of back pain 

Back pain during pregnancy is increased in women who reported 

previous episodes of back pain. 0stgaard and Andersson (199 1) found 

that the women who had experienced back pain prior to pregnancy had 

twice the risk of experiencing back pain during a later pregnancy 

compared to those who have not had back pain in the past. 

Gravida 

Almost all women with previous back pain during a pregnancy developed 

back pain in subsequent pregnancies (Berg et al., 1988; Brynhildsen et 

al., 1998; Fast et al., 1987). Most researchers have found positive 

correlation between the number of previous pregnancies and the 

development of back pain during pregnancy (Kristiansson et al., 1996a; 

Mantle et al., 1977; 0stgaard 86 Andersson, 199 1; Ostgaard et al., 199 1; 

Svensson et al., 1990). 

The answer to the question of whether age is associated with an 

increased risk of back pain during pregnancy remains unclear. In the 

general population, the prevalence of back pain increases from age 25 to 

64, and decreases thereafter (Deyo and Tsui-Wi, 1987). Age has also 

been found to be negatively correlated to complaints of back pain during 

pregnancy (p<O.OOl)(Ostgaard et al., 1991). The study by 0stgaard et al. 
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(199 1) made multiple comparisons for factors that may correlate with 

back pain. However, the statistical method did not include correction for 

multiple comparisons, therefore, the study could be susceptible to 

making a type I error. In a more recent study by Kristiansson et al. 

(1998), it was found that age was not statistically correlated with back 

pain prevalence, but it was included in their multivariate analyses to 

control for possible confounding factors. 

Total body water content 

The association between increased total body water content and laxity to 

back pain is merely speculative as no evidence has been presented to 

show any association between the two variables. 

Total body water content increases by up to 8.5 L during pregnancy. 

Most of this increase is accounted for in the foetal amniotic fluid and the 

placenta, and is reflected by increased hydration of the macromolecules 

in the connective tissue ground substance (MacFayden, 1989). 

The early increase in water content may also stem from the natriuretic 

effect of estrogens. Consequently, the water that is normally excreted in 

urine will be retained. 



Methods of Assessment and Results 

Back pain questionnaires 

Many researchers have used questionnaires to collect information from 

pregnant patients (Berg et al., 1988; Mantle et al., 1977; 0stgaard et al., 

199 1). Clinical trials have used functional scales, such as the Roland & 

Morris Disability Questionnaire, to measure subjective symptoms 

(Kristiansson & Svardsudd, 1996). Although the Roland & Morris 

Disability Questionnaire is useful for certain patients with disability 

resulting from low back pain, the generalizability to the pregnant 

population has not been studied. 

Melzack (1975) developed the McGill Pain Questionnaire (MPQ) as  a 

tool to evaluate pain. Melzack classified words that patients and 

physicians used to describe pain, into three categories: sensory, affective, 

and evaluative. By dividing pain into these categories the MPQ is 

capable of differentiating between different pain constructs (Melzack, 

1987). Originally, the MPQ was developed to provide quantitative 

measures of clinical pain (Melzack, 1975). The MPQ gives the clinician a 

tool to evaluate sensory and affective aspects of pain, which is useful for 

differentiating pain problems. One of the difficulties with the standard 

MPQ, is that it is lengthy. Therefore, the Short Form of the McGill Pain 

Questionnaire (SF-MPQ) was devised as an alternative for data collection 

(Melzack, 1987). 



The SF-MPQ has been evaluated in both back pain patients and 

obstetrics patients (Melzack, 1987), and was found to be highly 

correlated with the MPQ and other major pain indices (Melzack, 1975). 

Clinical tests for ligament laxity 

Clinical scoring systems 

Different numerical scoring systems of measuring generalized joint laxity 

have been devised. Carter and Wilkinson (1964) used simple clinical 

tests, which included goniometer measures of joint hyperextension in the 

finger, elbows, knees, and back. The tests were scored out of a total of 

nine points, whereas Beighton et al. (1973) used a modified system, 

which was scored out of five points. Cheng et al. (1991) critically 

evaluated the five tests of Carter and Wilkinson (1964) for quantitative 

variation with age, gender, dominant side, and ethnicity in the general 

population. Results revealed that there is a significant difference in the 

mean joint laxity between boys and girls, no differences were found 

between the dominant and non-dominant sides, laxity tended to decrease 

with age, and ethnic differences exist. The literature (Beighton et al., 

1973; Carter & Wilkinson, 1964; Cheng et al., 1991) appears to show 

that the frequency of hypermobility in a population depends upon 

ethnicity. The closer the populations are in ethnic background, e.g. 

English, Caucasian Americans and Swedes, the more likely to find 
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similar frequency of hypermobility with respect to age and gender 

distribution. 

Knee arthrometers 

Knee arthrometers were developed to quantify the amount of anterior- 

posterior displacement of the tibio-femoral joint. It has been 

demonstrated that the KT-2000 arthrometer provides an objective 

measure of displacement of the tibia on the femur (Myrer et al., 1996). 

Therefore, it may prove to be useful in providing additional information 

when examining joint and ligament laxity during pregnancy (Schauberger 

et al., 1996). Table 2 outlines the results of KT knee arthrometer 

anterior laxity measurements (mm) for normal subjects. However, the 

studies in Table 2 include both genders and do not make any 

distinctions between results for males and females only, making it 

difficult to compare their results to a female only study group. 
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Table 2. KT Knee Arthrometer Anterior Laxity Measurements (mm) for 
Normal Subjects. 

Study No. of Displacement Displacement 
subjects (mm) (mm) 

Force 89 N Force 134 N 
Myrer et a1.(1996) 30 5.0 + 1.6 " 6.2 k 1.9 " 

Anderson et al. (1992) 50 7.3 5 1.5 
Daniel et al. (1985a) 338 5.5 + 1.8" 
Daniel et al. (1985b) 120 7.2 k 1.9 
Fiebert et al. (1994) 50 4.6 5 2.1 
Forster et al. (1989) 4 4.4 k 1.8 

Highgenboten et al. (1992) 30 5.0 + 1.8" 6.1 * 2.0" 
Highgenboten et al. (1989) 30 4.7 + 1.7 

McLaughlin and Perrin 20 7.0 * 2.3 
(199 1) 

Sherman et al. (1987) 48 5.6 k 2.0 
Wroble et al. (1990) 31 6.8 k1.6 "3b 8.6 * 2.0 Q, 

" Right Knee Total AP translation 
Myrer JW, Schulthies SS, Fellingham G. Relative and absolute reliability 
of the KT-2000 arthrometer for uninjured knees. Am J Sports Med 
1996;24: 104-8. 

MCP Joint hyperabduction meter 

Another measurement that can be used to measure joint laxity is a 

finger hyperabduction meter, originally constructed by Jobbins et al. 

(1979). This device was used to determine angular displacement 

between the proximal and index fingers. The patient's hand was 

positioned on the machine so the proximal flexor crease of the index 

finger was in line with the mobile pin. The patient's index finger was 

then abducted, and the angular displacement is recorded in degrees. 

Jobbins et al. (1979) demonstrated that their test offered an 
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improvement in sensitivity when compared to previous clinical tests of 

articular hypermobility. 

Loebl (1972) also studied the mobility of the metacarpal-phalangeal 

joint (MCP). This study used two different protocols, an abduction 

method and an axial traction method. The results from this study 

indicate that there are many factors that affect or do not affect mobility 

of the MCP joint. Important findings were as  follows: (1) females were 

more mobile than males, (2) dominant hands were less mobile than non- 

dominant hands, (3) there were no diurnal variations, and (4) radiant 

heat did not alter measurements in the abduction test, and with hot and 

cold water 10 minute immersions there was only a 3% increase and 

decrease, respectively, in the angle between the abducted fingers. 

Simple clinical tests used with a scoring system are probably still the 

most common assessment for ligament laxity. However, Calguneri et a1 

(1982) showed that the MCP joint extensometer was capable of detecting 

relatively small changes, whereas the Carter and Wilkenson (1964) 

clinical tests could not. 

Conclusions 

Most of the work that has been done on back pain during pregnancy 

asks a patient to recall pain over an extended period of time. This type of 

data collection may introduce recall bias, which may affect the validity of 

the results. Therefore, more prospective research needs to be completed 
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in this area to improve our understanding of the development of back 

pain during pregnancy. Also, by determining onset, location, and 

intensity of back pain during pregnancy, clinicians will be better 

equipped to give patients advice as to the changes that they can expect. 

In the following chapters, data on the development and progression of 

back pain during pregnancy will be presented, as  well as the relationship 

of back pain to ligament laxity and relaxin concentrations. 



CHAPTER TWO: BACK PAIN DURING PREGNANCY 

Introduction 

The prevalence of back pain during pregnancy has been reported to 

range from 42-85% compared to the reported prevalence rates of 20-25% 

in the general female population (Berg, 1988; Biering-Sorensen, 1982; 

Ostgaard et al., 1991; Kristansson & Svardsudd, 1996; Bullock et al., 

1987). In 1988, Berg et al. asked subjects to complete a back pain 

questionnaire at three different times. Their results indicated that 49% 

of the 422 women suffered from back pain at least once during 

pregnancy. Of these women, seventy-nine (19%) developed severe low 

back pain, and they were unable to work. 

Ostgaard et al. (199 1) evaluated back pain from the 1.2th week, and 

every fourth week thereafter until delivery. At each visit, subjects 

(n=855) were asked to recall their pain experience since their last 

appointment. Subjects answered questions about back pain, and they 

filled out new pain drawings and visual analogue scales (VAS) as 

necessary. The nine-month prevalence for back pain was 49%. Upon 

inclusion into the study, 22% of the woman had ongoing back pain when 

they became pregnant, making the true incidence rate, or the number of 

women whose onset of back pain occurred during pregnancy, 27%. 

Kristiansson & Svardsudd (1996) designed a prospective cohort study 

that incorporated three clinical back pain assessments along with a 
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questionnaire to gain a better understanding of the development of 

back pain. The authors compared prevalence rates of back pain at three 

time-periods: pre-pregnancy, during pregnancy and onset postpartum. 

The overall prevalence of back pain was 76%, of those women 10% had 

back pain onset before pregnancy, 61% had back pain that started 

during pregnancy, and 5% had back pain that occurred postpartum. 

The women reported back pain most often at twenty-four weeks 

gestation. 

The anatomical distribution of pain has been derived from patient 

sketches overlaid on pre-drawn figures (~s tgaard  et al., 199 1). A strong 

correlation (p<0.001) was found between pain in the pubic symphysis 

region and sacroiliac pain. The authors found that as  pregnancy 

progressed, the number of women who experienced pain in the sacroiliac 

region increased, while the number of women who had pain in the 

lumbar region decreased. 

Pain intensities have been measured using visual analogue scales 

(VAS). Researchers have asked subjects to report pain at  the time of the 

initial peripartum examination (Kristiansson et al., 1 996a; 0stgaard et 

al., 199 1) and at follow-up peripartum examinations. Kristiansson et a1 

(1996a) calculated the mean scores from both scales and found that pain 

increased significantly (pc0.001) from the first visit which was before the 

12th week of pregnancy, to the third visit which was around the 36th 

week of pregnancy. 
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The objective of this study was to prospectively determine incidence, 

onset, intensity, and location of back pain during pregnancy using a 

daily back pain journal. Because back pain can fluctuate over time, a 

daily assessment of pain may offer more insight for determining the 

onset and development of back pain during pregnancy. 

Materials  and M e t h o d s  

Testing procedures 

The Biomedical Ethics committee at the University of Calgary, Calgary, 

Alberta, approved this study (September 1998). Subjects were initially 

asked to fill out a subject characteristic questionnaire and a medical 

history questionnaire (Appendix A). The questionnaires were designed to 

evaluate inclusion and exclusion criteria for the study as well as gather 

information about individual characteristics. Subjects were included if 

they were between the ages of 20-40, and had not experienced any 

episodes of back pain within the last year prior to their current 

pregnancy. The information attained from the questionnaires also gave a 

self-report of prior and present medical history, activity level, height, 

weight, age, and occupation, because these factors may predispose these 

women to extensive ligament laxity and/or back pain. 

After inclusion in the study, patients were asked to keep a daily back 

pain journal until the 36th week of the gestation period. The journal 
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contained a modified version of the Short Form of the McGill Pain 

questionnaire (SF-MPQ). The questionnaire used visual analogue scales, 

pain drawings, and a series of pain related questions to evaluate the 

nature and intensity of their pain (appendix B) (Melzack, 1987). The first 

eleven pain questions in the SF-MPQ used pain descriptors that dealt 

with sensory pain, and the final four pain descriptors describe affective 

pain (Melzack, 1987). For every descriptor, the subject was asked to 

quantify the extent of their pain by entering (0) indicating no pain, or 

mild (I),  moderate (2), or severe (3). Using the Pain Rating Index (PRI), as 

described by Melzack (1987) a maximum total pain score was determined 

for each subject. 

Subjects 

The study consisted of three distinct groups of women. Group A (n=16) 

consisted of pregnant women who were recruited from a single medical 

clinic. The women attending this clinic early in their pregnancy were 

asked by their physician to read through the subject recruitment poster. 

Subject participation was voluntary, and interested subjects were given 

an informed consent form to read and sign. Four subjects were excluded 

due to miscarriage or geographic relocation, reducing the women 

included in this group to twelve. The mean age of the group was 28 + 5 

(Table 3) .  The group consisted of women from a Caucasian Canadian 

background, all of whom were non-smokers. None of the women had 



26 
experienced episodes of back pain problems related or unrelated to a 

previous pregnancy. 

With the exception of two, all women were working away from the 

home during the testing period. Individual activity level was maintained 

throughout pregnancy (Table 3) .  Walking, at  a light to moderate level of 

perceived exertion, was the most common form of exercise, with an 

average duration of 35 minutes (Table 3) .  



Table 3. Characteristics of Group A during the gestation period. 

1 Week of Weight Exercise Exercise Exercise Occupation 
wegnancy (kg) Frequency Intensity Duration & working 

(per week) (RPE) (mins) status 
8 65.9 5 11 15 Secretary 
11 67.7 5 11 15 working 
20 72.7 3 11 23 working 
24 76.4 3 11 38 working 
29 83.0 2 11 30 working 
34 85.0 1 11 18 not working 
36 87.5 1 11 18 not working 
16 61.8 3 15 30 Secretary 
2 1 63.6 4 15 30 working 
26 65.9 4 17 30 working 
35 73.2 0 15 30 not working 
14 50.9 3 11 35 Physio 
19 52 5 13 35 working 
24 52.8 3 13 33 working 
28 53 3 13 30 working 
33 54 3 12 30 working 
36 55.4 3 12 30 working 
11 65.9 3 7 20 Teacher 
15 67.4 5 9 40 working 
23 73.9 3 9 20 working 
29 80.7 5 9 20 working 
11 75 7 9 40 Homemaker 
16 77.1 7 9.5 20 
2 1 79.6 7 9 45 
25 83 7 9 45 
30 86.4 7 9 75 
10 65.9 3 9 20 Teacher 
22 73.6 3 13 38 working 
30 77.3 3 13 38 not working 
36 80.0 2 9 60 not working 
13 61.8 3 12 20 Homemaker 

3 1 72.3 0 0 0 
20 77 3 9 25 Teacher 
24 79.5 3 11 20 working 
30 81.5 3 11 20 working 
36 83.4 2 11 20 working 
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Table 3. Continued 

9 2 4  12 66.4 5 11 18 Teacher 
16 69.4 7 12 15 working 
24 73.8 0 0 0 not working 
30 79.0 7 12 20 not working 

23 82.9 5 12 68 working 
29 84.5 5 12 68 not working 
36 86.4 3 12 75 not working 

1 1 3 3  14 62.3 5 11 50 Secretary 
20 65.9 5 11 40 working 
25 65.9 6 9 40 working 
30 68.5 7 11 40 working 

10 
34 81.4 7 12 20 working 

24 18 77.7 5 12 68 Retail 

Group B consisted of women who were recruited from an In-vitro 

12 

Fertilization (IVF) clinic. Of the seventeen women who were recruited, 

- 

36 70.5 4 8 40 working 
33 18 70.5 5 14 60 Trainer 

24 73.6 5 13 60+ working 
28 74.8 5 14 60+ working 

seven women became pregnant, but only six chose continue in the study. 

These women were asked to complete the daily back pain journal for four 

weeks post-embryo transfer. 

From the group of ten women who did not become pregnant after IVF, 

only two chose to continue with the study and they became part of the 

control group (Group C). The additional four members of Group C were 

recruited from the University of Calgary Sport Medicine Centre, and they 

also completed the daily back pain journal for a period of four weeks. 

None of the subjects had reported previous back pain or injury to the 

ligaments where laxity measures were assessed. The mean age of Group 

C (32 + 7.41) was matched as closely as  possible to the mean age of 



Group B (36 f 1.63), however, two members of Group C were 

significantly younger then the women in Group B 

The reported activity level between Group B and Group C varied. 

Group C reported higher values for both intensity and duration of the 

exercise sessions, however the mean frequency of exercise between the 

two groups was the same (Table 4). 

Table 4. Subject characteristics for Group B and Group C. 
Subject Age Exercise Exercise Exercise Occupation 
ID # Frequency Intensity Duration 
Group B 
13 38 7 9 40 Manager 
14 35 5 12 20 Accountant 
15 34 7 13 27.5 Homemaker 
16 36 1 11 20 Physio. 
17 37 0 0 0 Accountant 
25 34 5 10 30 Sales Manager 
mean 36 4 9 23 
Group C 
19 31 2 11 30 OR Nurse 
20 38 2 11 90 Design 
23 25 5 13 82 MKin student 
2 1 22 3 14 37.5 MSc student 
22 37 6 13 82 Research 
24 40 4 13 45 MKin student 
mean 32 4 13 61 

Data Analysis 

The group means for the back pain scores were calculated for all 

trimesters, including the subjects who reported no pain. Comparisons of 

group means and SD's were also made between the IVF positive group 

and the control group. A Kaplan-Meier survival analysis was performed 
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to determine the probability of having no pain throughout the gestation 

period. Descriptive statistics were used to illustrate characteristics and 

trends in back pain such as  incidence, and pain distribution. A repeated 

measures ANOVA was used to determine if the differences in total back 

pain or pain intensity between groups were statistically significant. 

Results 

In Group A, ten individuals reported one or more episodes of back pain 

during their pregnancy up to the 36th week of gestation, thus 

establishing a back pain incidence of 83%. The highest number of 

reported back pain occurrences was during the second trimester, where 

68 episodes were reported among 8 women. The lowest occurrence of 

back pain was reported in the third trimester where 32 episodes occurred 

among four of the women (Figure 1). In Group B, 50% (3 of 6) women 

developed back pain during the first four weeks post-embryo transfer, 

compared to 17% (1 of 6) in Group C. 
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Figure I .  Total number of back pain episodes during pregnancy. 

In Group A, the frequency of back pain was plotted over the gestation 

period, and four peaks were found (Figure 2). With the exception of week 

16, a relatively small number of women accounted for the large number 

of episodes during these peaks (Figure 2). The early onset of back pain 

during pregnancy was quite consistent (Figure 3,  Table 5) with the 

earliest onset happening by 8 weeks. 

Table 5. Onset of Back Pain During Pregnancy. 
Internal Number of Number of Subjects Probability of not 
(weeks) pain-free subjects with lost to h.aving back pain 

subjects onset back follow-up 
pain 

8-9 12 1 0 0.9 166 
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Figure 2. Number of back pain incidents throughout gestation 
period. (*) indicates the number of women reporting pain at the 
corresponding time. 

(weeks) 

Figure 3. Fraction of individuals in Group A reporting no back pain. 

1.0 

0.5 - 

0.0 - 

Based on the anatomical distribution of pain reported four different 

-\ 

e 
I I I I 

areas of pain were identified (Figure 4). The pain areas identified are 
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consistent with the areas that have been mapped out by both Sturesson 

et al. (1 997) and 0stgaard et al. (199 1). For a single episode of back pain 

subjects would commonly identify more than one anatomical area. 
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Therefore, the overall number of episodes was tallied, as well as the 

total number of episodes for each area. According to the drawings, 46% 

of the normal pregnancy population, reported pain in the lumbar region 

(Figure 4). During the first two trimesters pain was reported to be 

equally distributed in the lumbar and sacral areas. Although there is a 

decrease in pain reported in all areas in the third trimester, pain was 

most frequently located in the lumbar region. 

A= High back pain- 4 of 12 women experienced pain in this 
area which accounted for 5% of total pain episodes. 

B= Thoracic back pain- no pain was reported in this area 

C= Lumbar (low back pain)- 9 of 12 women experi.enced 
pain in this area which accounted for 46% of total pain 
episodes. 

D= Sacral/ Gluteal pain- 7 of 12 women experienced pain in 
this area which accounted for 2 1% of total pain episodes. 

E= Gluteal pain radiating below the gluteal folds- 2 of 12 
women experienced pain in this area which accounted for 
28% of total pain episodes. 

Figure 4. Pain distribution and percentage of total back pain episodes in 
Group A. 

Using the SF-MPQ, mean back pain ratings were calculated for each 

group (Table 6). In Group A, all pain values increased in the second 

trimester compared to the first trimester. After the second trimester 

pain, self-reported ratings for sensory, affective, and total pain 

decreased, however the mean values for PPI and VAS remained relatively 

stable. Mean back pain ratings in Group B were higher when compared 

to the Group C (Table 6). 



Table 6. Mean maximum pain rating values for back pain in three 
different groups using the Short Form of the McGill Pain Questionnaire 

SF-MPQ PPI VAS 
S A T 

BP during 
pregnancy 
(N=12) 
1 St trimester 
(91 days) 

2nd trimester 
(91 days) 

3"d trimester 
(56 days) 

BP in IW(+ve) 
group (N=6) 
"28 days 

BP in control 
group (N=6) 
**28 days 

max 
SD 

max 
SD 

max 
SD 

Mean 
SD 

mean 
SD 

S, sensory; A, affective; PPI, present pain intensity; VAS, visual analogue 
scale *=first 28 days post embryo transfer; **=over a four week period 

In Group A, the frequency of pain reported during the daytime and 

evening hours was similar (Figure 5) throughout the pregnancy period, 

however, pain experienced during the night decreased as  pregnancy 

progressed. 
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Figure 5. Dailg pattern o f  self-reported back pain for each  trimester 

Discussion 

In Group A, back pain was reported as early as  eight weeks in the 

gestation period, and in Group B back pain was reported as  early as two 

weeks post-embryo transfer. The onset of pain in 75% of Group A 

occurred prior to the 18th week of pregnancy, and the onset of pain in 

50% of Group B occurred prior to the 4" week of post-embryo transfer. 

This is higher than the results from Group C, where only 17% of women 

reported back pain over a four-week period. 

To date, the research regarding back pain during pregnancy has 

looked at  prevalence rates based on questionnaires and clinical tests 

using various study designs (Fast et al., 1987; 0stgaard et al., 1991; 

Ostgaard et al., 1993; Berg et al., 1988;Kristiansson et al., 1996a). 

Statistical measures such as repeated measures have been used to 
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evaluate back pain in prospective studies, however, authors were 

asking the subjects to recall the pain that they had experienced in the 

previous week or month (~s tgaard  et al., 199 1 ; 0stgaard et al., 

1993;Kristiansson et al., 1996a). Both the studies by Bolton (1999) and 

de Wit et al. (1999) found that retrospective recall of a change in 

symptoms or health status is not as accurate as  other methods of data 

collection, such as a daily journal. Recall can be biased depending on 

the time that has elapsed, because memory for the earlier health status 

may diminish as the time interval between tests increases (Eich et al., 

1985; Herrmann, 1995). 

In Group A, four peaks in back pain episodes occurred during the gth, 

16th, 22nd, and 35th weeks of pregnancy. However, the number of women 

affected by pain during these times were relatively low, with the 

exception of week 16. During week 16 of the gestation period seven of 

the twelve women reported having one or more episodes of back pain. 

This increase could not be explained by significant weight gain increases 

by the mother or foetus, and could not be explained by any of the 

parameters that were measured in this study. 

Throughout the pregnancy period the highest number of reported 

episodes of back pain were in the lumbar region, and affected 9 of 12 

women. 

Back pain intensity in this study was rated higher in the second 

trimester compared to any other time. The mean pain ratings in the 
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current study for sensory, affective, total, PPI, and VAS were highest 

during the second trimester, and then decreased in the third trimester. 

These results are different than the results of 0stgaard and Andersson 

(199 1) who found mean back pain intensity increased significantly as  

pregnancy progressed. However, women with a history of back pain were 

included in the study population. These women may account for the 

increased pain intensity levels. The data presented by Cktgaard and 

Andersson (199 1) for women without a previous history of pain showed 

that the highest intensity was in the second trimester. This result is in 

agreement with the findings presented in this study. 

Back pain episodes primarily occurred during the daytime hours, and 

did not interfere with normal sleep patterns. During daytime hours the 

body experiences an increase in the relative overload or stress on the 

muscles and joints, which may contribute to the pain (Berg et al., 1988). 

In conclusion, the early onset of back pain during pregnancy is an 

important finding because this knowledge will assist primary health care 

professionals in educating patients at regular obstetrical examinations. 

Presently in Canada, prenatal health education classes are conducted in 

the third trimester of pregnancy. However, results from this study 

indicate that pregnant women are experiencing back pain as  early as the 

first trimester. Perhaps incorporating prenatal classes during the early 

stages of pregnancy (that emphasised the fundamental principles of 

proper posture, body mechanics, exercise, and the use of proper 



footwear) would be more effective in reducing back pain during 

pregnancy. Future investigators may want to research the efficacy of 

pre-pregnancy fitness programs to reduce back pain episodes for women 

who are planning to become pregnant. 
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CHAPTER THREE: EXAMINING CHANGES IN ANTERIOR KNEE 

LAXITY DURING PREGNANCY AND HORMONAL INFLUENCES. 

Introduction 

Ligament laxity during pregnancy 

Calguneri et al. (1982) were the first to quantify peripheral joint laxity 

changes during pregnancy. They measured joint laxity in 68 pregnant 

women, using a generalized joint laxity scale (Beighton et al., 1973), and 

a finger hyperextensometer. The first laxity assessment was completed 

between the 24th and 40th week of pregnancy, and the second 

assessment was completed between the 5th and 25th weeks post-partum. 

Results from the generalized laxity score showed no difference between 

pregnancy and post-partum scores. However, the degree of 

hyperextension at  the metacarpophalangeal (MCP) joint was significantly 

higher during pregnancy (70°+1 5) compared to post-partum values 

(65Of 13; p<0.02) (Calguneri et al., 1982). 

It is thought that this increase in laxity during pregnancy may be a 

potential risk factor for back pain (back pain), due to the instability that 

may be created in the vertebral column (Ostgaard et al. (1993). Ostgaard 

et al. (1993) quantified ligament laxity using a MCP joint abduction- 

meter that measured passive angular displacement of the 4th finger in 

relation to the 3rd finger. From the group of 855 women, 49 percent of 
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the women reported back pain at least once and were asked to 

complete a questionnaire that asked specific details about the pain that 

they had experienced in the previous month. Tests were scheduled 

during regular pregnancy check-up examinations at 12, 20, 24, 30, and 

36 weeks. They found that the mean angular displacement increased 

significantly in primagravida women from 34.5" at week 12, to 36.3" at  

week 24 (p<0.02). In multigravida women, they found no change in 

laxity, as the mean angular displacement remained constant at  36.4" 

from week 12 to the end of pregnancy. They also found that back pain 

was only associated with laxity in the primigravidae group at the 12th 

week of pregnancy, whereas no associations were found between laxity 

and back pain in the multigravidae group. 

0stgaard et al. (1993) had nine testing sessions throughout the 

pregnancy period compared to Calguneri et al. (1982) who only collected 

data once during the pregnancy period and once post-partum. However, 

a potential limitation in the study by 0stgaard et al. (1993) is that back 

pain can fluctuate on a daily basis, therefore, using a one-time pain 

questionnaire might not be a good representation of the pain that is 

experienced during a given pregnancy period (Eich et al., 1985). 

Effect of exercise on laxity during pregnancy 

Dumas & Reid (1997) were interested in the effect of regular exercise 

on joint laxity during pregnancy. Laxity was assessed, using a KT1000 
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knee arthrometer, at three times during pregnancy from 17-24 weeks, 

25-32 weeks; and 33-42 weeks during pregnancy, and one test was 

completed between four to five months post-partum. Using the KT1000 

data output, anterior and posterior displacement were added to give a 

total laxity value. Both knees were tested and averaged to give the final 

laxity value for each subject. Results showed that there was no 

significant change in laxity during pregnancy, but there was a significant 

decrease in laxity postpartum. Mean knee laxity were the same for both 

the exercise and control groups, thus they concluded that exercise had 

little effect on laxity values. It could be that the prescribed aerobic 

exercise, of up to 25 minutes per exercise session, three times per week, 

was not long enough to elicit any notable changes in ligament laxity. 

Furthermore, they may have not have found a difference in laxity simply 

because the measurements were not taken immediately following the 

exercise session. 

Nawata et al. (1999) quantified the time course of physiologic changes 

in anterior-posterior laxity of a normal knee caused by exercise, and 

showed that laxity changes do not occur until after 20 minutes of aerobic 

exercise regardless of workload. They also, demonstrated that the laxity 

values return to their pre-exercise state one hour post-exercise. 
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Relaxin and ligament laxity 

Research that has focused on the relationship between ligament laxity 

and relaxin, in humans, is limited. Schauberger et al. (1996), attempted 

to determine whether relaxin concentrations were correlated to changes 

in laxity during pregnancy. Ligament laxity was tested in 2 1 pregnant 

women using a KT1000 knee arthrometer. To determine relaxin 

concentrations, serum samples were collected, and analyzed using an 

enzyme linked immunosorbent assay (ELISA). Testing sessions were 

scheduled pre-pregnancy, during each trimester of pregnancy, and at two 

and six-weeks post-partum. They found relaxin values peaked in the 

first trimester and rapidly returned to normal levels post-partum, 

whereas laxity values increased throughout pregnancy and remained 

elevated post-partum. 

Schauberger et al. (1996) concluded that there was no correlation 

between ligament laxity and relaxin levels, and that the mechanisms by 

which the ligament laxity changed was still unknown. But, because they 

didn't find a correlation doesn't necessarily mean that there was no 

relationship, perhaps a dose-response relationship exists in that the 

endocrine changes may have a delayed effect on ligament laxity. It could 

be that multiple changes need to occur synergistically to produce a 

measurable change. Other hormones, such as estrogen and 

progesterone, may modulate relaxin receptor expression. This was seen 



in the study by Samuel et al. (1996), where they found that 

ovariectomized estrogen-primed rats that received relaxin injections 

experienced a significant increase in length and weight of the interpubic 

fibrocartilage. 

Relaxin is a hormone that has been studied since 1926 when Fredrick 

Hisaw first observed a dilation and relaxation of the pubic symphysis of 

virgin guinea pigs after being injected with the serum of pregnant guinea 

pigs and rabbits (Hisaw, 1926). Several researchers have shown that 

relaxin has a broad range of biological functions, which have previously 

been reviewed in detail (Bani, 1996; Goldsmith et al., 1995; Bryant- 

Greenwood & Schwabe, 1994; Sherwood, 1994). 

Relaxin measurements 

Until recent years, relaxin concentrations were measured using 

plasma and serum samples (Sherwood, 1994). With the improvement of 

detection techniques, Lippert et al. (1996) studied relaxin concentrations 

using urine samples from postmenopausal women. In this study, it was 

found that the concentrations of urinary relaxin were similar in range to 

the blood relaxin concentrations measured by Johnson et al. (1993). To 

date, the study by Lippert et al. (1996) is the only known publication 

where urine samples were used to determine relaxin concentrations. 
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In non-pregnant women serum relaxin concentrations raise slightly 

from non-detectable levels to levels of less than 0.02 pg/ml to 0.19 pg/ml 

during the late luteal phase of the menstrual cycle (Wreje et al., 1995). 

Serum relaxin concentrations in females are highest during 

pregnancy (Goldsmith et al., 1995). Many studies have shown that 

relaxin concentrations peak during the first trimester, between the 8th 

and 14th week. During this time, levels reach approximately 1.2 pg/ml. 

After the 14th week, concentrations gradually decline and stabilize at 

approximately 1.0 pg/ml for the remainder of the gestation period 

(Goldsmith et al., 1995; Szlachter et al., 1982; Schauberger et al., 1996; 

Petersen et al., 1995). 

Relaxin concentrations are significantly higher in patients who 

become pregnant from in-vitro fertilization and menotropin treatment, 

compared to untreated pregnant controls (Bell et al., 1989; Kristiansson 

et al., 1996~) .  Kristiansson et al. (1996~)  demonstrated peak levels of 

10.82 pg/ml in the 12th week of pregnancy, which is approximately 10 

times higher then the values recorded in the controls. Multiple foetal 

gestations independently produce a significant increase in serum relaxin 

concentrations (Goldsmith et al., 1995; Lynch et al., 1995). Johnson et 

al. (199 1) suggested that these higher values could be related to the 

number of maturing follicles, and the maturation of the relaxin 

synthesizing capacity 
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Other hormones and ligament laxity 

For a hormone to have a remodelling effect on tissue, specific binding 

sites for that hormone must be present. From studies with non-pregnant 

individuals, it was determined that the cells human anterior cruciate 

ligament (ACL) has receptors for both estrogen and progesterone (Liu et 

al., 1996; Sciore et al., 1998). To determine whether estrogen and 

progesterone had an effect on ACL laxity, seven female subjects were 

tested during a menstrual cycle (Heitz et al., 1999). There was a 

statistically significant increase in ACL laxity, corresponding with peak 

levels of estrogen, and progesterone. Heitz et al. (1999) suggested that 

this increase in laxity recorded during the luteal phase (progesterone 

peak) may have been a delayed effect of estrogen, or possibly a 

combination of estrogen and progesterone. 

Research Questions 

The purpose of this study was to answer the following research 

questions: 1) I s  there a measurable change in ligament laxity during 

pregnancy? 2) I s  a positive change in laxity associated with an increase 

in reported back pain? 3) I s  a positive change in ligament laxity 

associated with increases in relaxin concentrations? 



Methods 

Testing procedures 

The subjects were initially asked to fill out a subject characteristic 

questionnaire and a medical history questionnaire, as  previously 

described in Chapter Two. The questionnaires were designed to 

determine suitable subjects for the study, and to exclude any subjects 

who may have orthopedic or rheumatic disease complications, such as 

rheumatoid arthritis or previous injury to either the MCP joint or the 

anterior cruciate ligament where laxity was measured. Subjects were 

included in the study if they were between the ages of 20-40, and had 

not experienced any episodes of back pain within the year prior to the 

testing period. 

Control subjects (Groups B and C) were tested approximately 28 days 

after the initial testing session. This was done in an attempt to attain 

laxity measurements and relaxin values at  approximately during the 

same phase of the menstrual cycle. 

Laxity measurements 

KT-2000 Knee Arthrometer 

After inclusion in the study, Group A were tested approximately once 

per month, until the 36th week of pregnancy. Ligament laxity was 

quantified using a KT-2000 knee arthrometer (Maitland et al., 1995), .and 
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a MCP joint abduction device, which was developed and tested in the 

University of Calgary Engineering and Sport Medicine Departments 

(Stewart, 1990). 

The KT-2000 knee ligament arthrometer provides force-displacement 

data on the anterior-posterior displacement of the tibiofemoral joint. It 

uses position sensors to determine the relative position of the patella (as 

representative of femoral position) and the anterior tibia1 tubercle. This is 

a non-invasive, pain free test. At 30" of knee flexion, the ACL is 

considered to be the primary restraint in the anterior-posterior direction. 

Therefore, by measuring the displacement of the tibiofemoral joint one 

can quantitatively assess changes in ACL laxity (Butler et al., 1980). 

During the KT test, the subjects were asked to lie in a relaxed supine 

position. The KT was comfortably strapped to the proximal and mid 

portions of the tibia. After a series of three to six pre-trial repetitions, 

data for one test was recorded. Both knees were tested, and the anterior 

displacement was recorded for an applied force of 135N. There are force 

sensors within the handle of the KT device that monitors the applied 

force by the external examiner. A computer-generated report was printed 

for each subject, and the total laxity values were determined by averaging 

the displacement (at 135N) of both knees. 

To decrease measurement error, KT tests were eliminated if; 1) the 

displacement did not decrease or increase when a corresponding 

posterior or anterior force was applied; 2) the force-displacement curve 
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did not return within one millimeter of the zero position; and 3) the 

anterior-posterior displacement curves crossed at any point in the test 

(Maitland, submitted for publication). An example of a normal force- 

displacement curve, along with an unacceptable test is depicted in 

Figure 6. If a test was eliminated, then changes in laxity for that subject 

was assessed using a single leg. 

Figure 6. A comparison of an (A) unacceptable us. (B) an acceptable test 
performed using the KT2000 knee arthrometer. 

After reviewing all KT2000 laxity tests, 7 of 96 tests were eliminated 

because they did not fit the inclusion criteria. In a case where one leg 

(test) was eliminated, the single (acceptable) leg was used for laxity 

analysis. 
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MCP joint hyperabduction meter 

The M C P  joint hyperabduction meter is another non-invasive, pain free 

test that is used to measure the connective tissue stiffness between the 

fingers. The subjects were instructed to position their hand on a flat 

surface making sure to keep it flat throughout the test. The length was 

set so the proximal flexor crease of the index finger was in line with the 

machines mobile pin. A predetermined torque, of 45 Newton- 

centimeters, was divided by the measured finger length in centimeters, to 

establish the applied force that was be used for each subject. For 

example, if the length of the subject's finger was 5.3cm, then the 

following formula was used to determine the appropriate force: (Stewart, 

1990) 

required force (v) =1.33 v/N * (45 Ncm/5.3cm) 

required force (v) = 1 1 . 3 ~  

The patient's index finger was then abducted, and the angular 

displacement was recorded in degrees (Jobbins et al., 1979). MCP joint 

measures were taken on the non-dominant hand. If the subject's were 

not able to tolerate the maximal force, then they were instructed to 

indicate when they felt that they were being stretched to their maximum 

potential, and then the tolerable force was recorded. It was determined 

in the pilot data that the angular displacement, of the second finger in 



relation to the third, remained fairly constant at higher levels of 

applied force (Figure 10). 

Back pain journal 

Back pain information was collected, using a daily journal, as 

described in Chapter Two. Although the use of a pain diary has not been 

studied thoroughly during pregnancy, studies that have looked at  the 

use of pain diaries in other populations experiencing pain (dewit et al., 

1999; Jamison et al., 1989). It was shown that the use of a pain diary 

was a valid and reliable tool to measure pain intensity (dewit et al., 

1999; Jamison et al., 1989). Also, the use of the pain intensity scores 

from the pain diary was sensitive to changes over time (Follick et al., 

1984). Daily self-reporting of pain by means of a pain diary seems to be 

advantageous, as the risk of recall bias is reduced. Patients who were 

asked to recall their pain experience tended to overestimate their 

remembered pain, and that both psychosocial and present pain intensity 

had a biasing influence on remembered pain (Eich et al., 1985). For 

these reasons, a daily pain diary was chosen as the method to improve 

on back pain information during pregnancy. 

Relaxin sampling 

To determine relaxin concentrations, urine samples were collected at  

each testing date. To account for the variables that may effect urine 
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concentrations, the specific gravity, pH and protein levels for each 

urine sample were measured using the Bayer Multistix 8 SG reagent 

strips for urinalysis. After the sample was collected in a, clean, dry 

container the reagent strip was briefly immersed in the sample. After the 

reagent strip was removed it was held in a horizontal position. The 

visual reading time for specific gravity was 45 seconds, and the visual 

reading time for both protein and pH was 60 seconds. 

Samples were then stored at -20°C until assayed for relaxin. When 

ready for analysis, samples were thawed, and one aliquot per sample was 

drawn. The aliquot was centrifuged at a speed of 14,000 rpm for two 

minutes and the supernatant fraction was removed and stored at  -80°C 

until the analysis was performed. 

The aliquots were used for the enzyme-linked immunosorbent assay 

(ELISA) as  described by the manufacturer (Immundiagnostik, 1998). 

Briefly, the microtiter plate from the kit was washed with 250 yl of 

washing buffer (x5) before adding 100 p1 of either the relaxin standards 

or dilutions of urine samples to the wells. The standard relaxin was 

resuspended in lml of distilled water, which resulted in a concentration 

of 1000 pg/ml of relaxin. From that stock solution, a series of eight 

dilutions were prepared between 0 pg/ml to 500 pg/ml. Urine samples 

were thawed, re-centrifuged, and diluted (1:4) with dilution buffer before 

being added to the microtiter plate. 
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Standard and sample tests were carried out in duplicate. The 

plates were sealed with wax, covered in foil, and incubated for 24 hours 

at  +4"C. During this time, the relaxin in the standards and the urine 

samples were bound by specific polyclonal rabbit antibodies against 

human relaxin that are immobilized on the microtiter plate. After the 

incubation period, the solutions in each well were removed and the wells 

were washed with the washing buffer provided. Next, 100 pl of the 

diluted biotinylated rabbit anti-human relaxin antibody solution was 

added to the wells, before being sealed and incubated for two hours at 

+4"C on a rocker platform. 

After the incubation period, the solutions in each well were removed 

and the wells were washed before adding 100 p1 of diluted streptavidin 

horseradish-peroxidase (HRP) conjugate to each well. The amount of 

bound HRP to biotin is directly proportional to the concentration of 

relaxin. The plate was sealed and incubated for one hour at  +4OC on a 

rocker platform. The solutions were then removed and the wells washed 

before the final 100 p1 of substrate TMB solution was added. The plate 

was incubated for 20 minutes at room temperature to allow time for 

sufficient color to develop. Finally, 50 yl of stop solution was added to 

each well, and the substrate TMB that was converted by the HRP to a 

chromogenic compound was measured photometrically at 450nm using a 

Beckman Biomek 1000 automated laboratory work station. 



5 3 
StatisticaZ Analysis 

A within-subject, repeated-measures analysis was used to determine if 

there were differences in knee laxity values, urinary relaxin 

concentrations and back pain scores over the course of the pregnancy. 

Differences were considered statistically significant at a p value of 0.05 or 

less. All statistical analysis were performed using SPSS for Windows 

software (Version 8.0, SPSS, Inc, Chicago, IL). 

A 2x2 contingency table was constructed, and a Fisher's exact test 

was performed to determine if an association existed between changes in 

laxity and back pain. 

Descriptive statistics were used to illustrate trends in laxity and back 

pain over the gestation period. 

Results 

Clinically, a change in laxity of 2 mm or greater, as  recorded by the 

KT2000, is considered to be a change greater than what can be expected 

by chance alone (Queale et al., 1994). In Group A, five subjects 

experienced changes in laxity in excess of what is considered to be 

clinically significant (Figure 7). The remaining subjects in Group A did 

not experience a change in laxity in excess of what is considered to be 

clinically significant (Figure 8). 



Laxity changed >2mm 

14 1 4 

0 0  

0 10 20 30 40 

Time (weeks) 

Figure 7. Subjects, in group A, who experienced clinically 
significant changes in KT-2000 anterior displacement values. 

Laxity changed ~ 2 . 0  mm 

0 0  

0 10 20 30 40 

Time (weeks) 

+- Subject 4 

Subject 5 * 

+ Subject 8 * 
+J+ Subject 10 

+ Subject 2 * 

+ Subject 9 

+ Subject 12 

Figure 8. Subjects, in group A, who did not experience a 
signijicant change in ~ ~ 2 0 0 0  anterior displacement values 
( * indicates multiparity). 

The maximum laxity values, for each individual in the normal pregnancy 

group, occurred anywhere between the 10th and 36th week of pregnancy 

(Figure 9). 
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Week of Pregnancy 

Figure 9. Distribution of maximum laxity values 
over the gestation period in the Group A. 

None of the controls (Group C) showed a clinically significant change 

in laxity over the four-week testing period (Table 7), but a clinically 

significant decrease in laxity was noted in the IVF positive group (Group 

Table 7. A comparison of absolute anterior displacement values using the 
KT2000 knee arthrometer, in Group B and Group C, over a four weekperioc 

Subject ID 

Group B 
1 3  
14 

18 
Group C 

19 
20 
2 1 
22 
23 
24 

C Laxity (mm) I Laxity (mm) 
base line fmml Week 0 

7.46 
4.08 
6.57 
2.05 
4.34 

( * clinically signif;cant change) 
A high test re-test reliability (ICC=0.94) was calculated for Group C, 

Week 4 

4.4 1 
4.42 
4.09 
2.66 
4.46 

that compared the measures at baseline and 4 weeks. In Group B, 
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statistically, there was no difference between the pre-pregnancy and 

post-pregnancy testing sessions (p=0.89). 

Six women were unable to tolerate the maximal calculated force using 

the MCP joint hyperabduction meter. For those women, maximum 

tolerable force was used, as  angular displacement at  higher levels of 

applied force remain fairly constant (+ 1°)(Figure 10). The MCP joint 

hyperabduction meter did not correlate with the changes in laxity 

measured by the KT2000 (r=-0.20; p l  0.05). Due to larger variability in 

measures using the MCP joint angular device in the control population, 

the KT was chosen for laxity analysis over the pregnancy period. 

MCP Force-Displacement Curve 

0 2 4 6 8 10 12 14 
Force (N) 

Figure 10. Angular displacement (degrees) recorded at different levels of 
applied force for two control subjects. 

More women experienced back pain in the second trimester compared 

to either the first or third (Table 8). It was observed that 70% (71 10) of 

the women in this group experience an increase in total pain score in the 

second trimester compared to the first. This peak in the second 

trimester decreases in the third trimester in 71% (517) of the cases. 
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Laxity tended to be highest in the second and third trimesters, with no 

significant statistical differences among the trimesters. 

Table 8. Laxity data ( m a  KT) and total back pain scores (max TPS) for 10 

Relaxin values were inconsistent among the pregnant women (Group 

subjects in ~ r & p  A during each trimester. 
- 

A and Group B). In the non-pregnant women (Group C), all relaxin 

Weeks 
Subject 

1 
2 
3 
4 
5 
6 
7 
10 
11 

concentrations were lower than detectable levels (Table 9). This is likely 

due to the methodology employed (ELISA kit for urine analysis) based on 

10-18 
KT TPS 

7.2 1 6 
8.23 0 
9.51 0 
6.62 0 
4.79 3 
14.04 31 
6.97 0 
2.73 0 
6.40 0 

discussions with the manufacturer. The urinalysis results are included 

in Appendix D. 

18-26 
KT TPS 

9.58 12 
9.62 23 
8.88 1 
8.18 5 
4.28 9 
9.72 15 
4.57 2 
2.42 0 
9.44 1 

28-36 -- 

KT TPS 
7.96 0 
8.64 0 
7.76 9 
6.93 0 
4.90 11 
8.86 0 
8.80 0 
4.03 7 
8.33 4 
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Table 9. Relaxin concentrations @g/ml) in the three groups. 
Group A 

ID Week Relaxin 
Group B 

ID Week Relaxin 
Group C 

ID Week Relaxin 

* Id1 = lower than detectable levels 
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Discussion 

In this study changes in laxity during pregnancy were detected, although 

these changes were inconsistent among the groups. The changes in 

laxity were first detected early in pregnancy (by 20 weeks (Figure 7) even 

before there were obvious physical changes (i-e. weight gain). Laxity 

values reached their peak between weeks 17 and 31 of pregnancy 

(Figure 9) among the majority of Group A. 

An observed 42% of Group A experienced clinically significant change 

in laxity. In Group B, 33% experienced clinically significant changes in 

laxity (but negative direction) compared to none in Group C, although the 

latter two groups were only measured during a four week time period. 

Changes in laxity were not associated with changes in back pain 

scores per trimester. However, it was interesting to note that 9/ 10 times 

when laxity increased, back pain scores also increased regardless of the 

trimester (Table 8). Perhaps with a larger sample a direct association 

between these variables may occur. 

Unfortunately, the accuracy of the urine ELISA for the hormone 

relaxin was not adequate to determine concentrations in this study 

group. The relaxin concentrations appear to be inconsistent when 

assessed using the ELISA kit. Therefore, relaxin results were not 

useable. From discussions with the manufacturing company, they were 

not able to satisfactorily explain the inconsistent results. It was 
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suggested that a methodological error may have occurred because the 

urine samples were collected in the morning. Morning urine samples 

tend to have a very high salt concentration, and this may have interfered 

with the binding of the relaxin antigen to the antibody. 

A key finding for primary care givers is that laxity changes can occur 

early in pregnancy, and can continue throughout the gestation period. It 

is important to relay this information to the patients early in the 

pregnancy, so they are aware of the changes that their bodies may 

experience in the weeks to follow. It might be helpful to teach them core 

stability exercises, and body awareness techniques that focus on keeping 

their body alignment in a neutral safe position when performing activities 

of daily living (Wyman, 1998). 



CHAPTER FOUR: DISCUSSION 

Important Findings 

Back pain 

The incidence of back pain in Group A was 83% over a 24-week period. 

Group B was used to compare the incidence of back pain in a pregnant 

group versus a non-pregnant group over the same period of time. It was 

found that the reported incidence of back pain was much higher in the 

IVF group compared to the controls, 50% and 17% respectively. The 

results from this study add to the research published to date that shows 

that the incidence of back pain increases in pregnant women when 

compared to their non-pregnant counterparts. 

A large percentage (75%) of Group A reported an onset of back pain 

prior to the 18th week of pregnancy, and 50% of Group B reported an 

onset of back pain prior to the 4th week. This is importa-nt for those 

health care professionals who will be educating women throughout their 

pregnancy. By making them aware of the early onset of back pain, the 

pregnant women can begin to concentrate on proper back care early 

perhaps reducing the future episodes of back pain. 
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Ligament laxity 

Clinically significant increases in laxity were detected in 42% of Group A 

(Figure 7). A s  expected, no clinically significant changes in laxity 

occurred in Group C (Table 7). The results of this research add to the 

body of knowledge that shows that changes in laxity do occur during 

pregnancy, and that these changes are greater than changes recorded in 

a control population over the same period of time. A s  previously 

discussed in Chapter three, the laxity changes that were seen were 

different for each individual, as  changes in both the positive and negative 

direction were observed. An observation from Figures 7 and 8 that is 

worth emphasizing is that subjects 1, 3,  4, 5 and 11 followed a similar 

pattern with regard to changes in laxity. Each of these subjects 

experienced an increase in laxity during the first trimester, followed by a 

peak in the second, and a decline thereafter. However, when tested for 

statistical significance no difference was found between the trimesters. 

A two by two contingency table revealed that nine times out of ten an 

increase in laxity corresponded with an increase in back pain scores. 

This could be an important argument for the implementation of laxity 

measurements in routine check-ups during pregnancy. If an increase in 

laxity is detected, then the women may have a better understanding of 

the changes that are occurring in the ligaments, and subsequently she 
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may be able to alter her daily activities to decrease the potential for 

injury or pain. 

Relaxin 

The ELISA kit, from the company laboratory was unable to differentiate 

between non-pregnant control subjects and pregnant subjects when 

analysing urine samples. This is an important consideration for 

researchers who intend on measuring relaxin concentrations in pregnant 

human subjects in the future. Based on the experience with the ELISA 

kit during this study, and the responses of the kit manufacturer, 

investigators may want to utilize serum relaxin levels as the outcome 

measure rather than urine values. 

Limitations of study 

One of the most difficult aspects of this research was recruiting enough 

women within a reasonable amount of time. Unfortunately, due to the 

length of the data collection period (18 months) four of the 16 "normal" 

pregnant women (Group A) recruited were lost to follow-up. This 

subsequent small sample (n= 12) was a limiting factor when it came to 

the statistical analysis as  a predetermined sample size of 19 was 

necessary to attain statistical power in this study (Appendix C). 

In the IVF group, of the 17 women recruited, seven became pregnant 

(Group B) and only two of the women who did not become pregnant 
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agreed to participate in the control group (Group C). Originally, it was 

proposed that the control group (Group C) match as closely as  possible 

the characteristics in the women who became pregnant through in-vitro 

fertilization (Group B). Therefore, it was the intent that Group C would 

be comprised of the women who underwent the same in-vitro fertilization 

process, but did not become pregnant. 

Unfortunately, the drop-out rate of the women in this group was 80% 

leaving only two women remaining in the group. In an attempt to match 

the number of subjects in Group B, four non-pregnant women were 

recruited from the University of Calgary Sport Medicine Centre. 

The characteristics of the women in Group C differed from those 

women in Group B (Table 4 ). Group C tended to be more active, they 

were younger in age, and they were not taking any pregnancy inducing 

medications that would alter their natural hormone levels. Due to this 

sampling bias only observations could be reported for each distinct 

group, and no comparisons could be made between the groups. 

It is unknown whether the medications, that were taken by the 

women that underwent in-vitro fertilization, had an effect on changes in 

ligament laxity. In this study, it was observed that the two women whom 

did not become pregnant after in-vitro fertilization did not have a 

clinically significant change in ligament laxity suggesting that the 

medication did not alter the ligamentus structure. 
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During the data collection period, the MCP abduction device needed 

to be repaired, and several tests were missed making the data collection 

incomplete. Also, the MCP tests that were collected showed poor test re- 

test reliability in the control population. Therefore, only the KT2000 was 

used in the laxity analysis. Unless improvements to the MCP abduction 

device can be implemented, it is suggested that the KT2000 be used in 

future experiments. 

The ligament laxity testing was completed at  a medical clinic that was 

not a part of the university. There was only one KT2000 device available 

at  the Sport Medicine Centre. Therefore, at  times scheduling conflicts 

would arise, and it was because of these conflicts that tests were missed. 

To compensate for these missing points, only one test from each 

trimester was used in the analysis of the laxity results. 

One of the limitations of the relaxin testing is that there has only been 

one research paper that has published results of relaxin. using urine 

samples. In this study, the methods section lacked a detailed description 

of how the urine samples were analysed (Lippert et al., 1996). Many 

questions still remain unanswered. For example, is there a diurnal 

variation in relaxin concentrations; do diet and hydration levels effect the 

concentration of relaxin in urine? In attempt to control for these 

potential confounders, the first urine sample of the morning was 

collected for each testing session. However, this created unforeseen 

difficulties during the ELISA analysis, as the high salt content in the 
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concentrated urine samples may have interfered with the binding 

properties of the substrate. 

Suggested Future Directions 

A large number of studies using serum relaxin measurements have been 

published (Bell et al., 1989; Kristiansson et al., 1996b; Kristiansson et 

al., 1996c; MacLennan et al., 1986) compared to the single study that 

used urine relaxin measurements (Lippert et al., 1996). Until there has 

been more research that answers the previous questions dealing with 

analysing urine samples as  a means of determining relaxin 

concentrations, it is suggested that future investigators use serum 

samples. 

Investigators who intend on expanding this research with women who 

have undergone in vitro-fertilization should be aware that low percentage 

of successful pregnancies requires a large accrual of subjects to have 

significant statistical power. Thus, the total time to complete the study 

may be prolonged. 

The question still remains as to the association between relaxin and 

other hormones on ligament laxity in pregnant women. Perhaps a study 

on laxity during pregnancy should be performed to include the hormones 

estrogen, and progesterone along with relaxin. 

Since back pain has been detected at an early stage of pregnancy, it 

may be interesting to determine the efficacy of changing the standard 
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pre-natal program so that it is implemented in the first trimester rather 

than the third. At this early time health care professionals can educate 

patients on back pain prevention or symptom control before episodes of 

back pain occur. 
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Appendix A. Subject Characteristic Questionnaire 

Name 

Height 

Current Weight 

Occupation Are you currently working 

Ethnicity 

Education Level 

What is your current activity level? 

Frequency (i.e. 3 times / week) 

Duration (i.e. 20 mins./ sesson) 

Intensity - Using the Borg Scale below (Borg, 1973), indicate how hard 
you are working during each exercise session: 

Borg Scale 
6 
7 very, very light 
8 
9 very light 
10 
11 fairly light 
12 
13 somewhat hard 
14 
15 hard 
16 
17 very hard 
18 
19 very, very hard 
20 



Medical History 

Have you ever had suffered from any major ligamentous or tendon 

injuries Yes or No (if Yes go to question 2) 

Which area or ligament was injured 

Do you suffer from chronic back pain 

Have you had any other back pain problems related or unrelated to 

previous a pregnancy? 

Have you ever been diagnosed as having either osteoarthritis or 

rheumatoid arthritis? 

Have you ever dislocated a joint? Yes or No (if yes go to question 7) 

Which joint was dislocated? 

Do you smoke presently? Yes or No (if yes go to question 9) 

How many cigarettes do you smoke per day 

10. Will this potentially be your first pregnancy? Yes or No (if no go to 

question 11) 

1 1. How many pregnancies have you had previously? 



Appendix B. Daily Back Pain Journal 

Date 

If you experience back pain at any time during this day please complete 
the following questions as thoroughly as possible. The purpose of your 
answering these questions is to estimate changes in your pain over time. 
The information you give is confidential and will only be seen by the 
investigators of this study. 

On the scale below please draw a line where you would rate the amount 
of pain that you felt during pain today. 

Pain 
(none) 0 10 (intense) 

During this day 

If you experienced any amount of pain above zero, please complete the 
following questions. 

1. When did you feel the pain? 
In the morning 
In the afternoon 
In the evening 
During the night 

2. How long did the pain last? (Please indicate the time frame, i.e. 
approximately 30 mins.) 

3. On the sketch below please shade in the area where you experienced 
the pain. 



4. The following words describe types of pain. If the word does NOT 
describe your pain enter (0). If the word does describe your pain, 
estimate if the level is mild ( I ) ,  moderate (2),  or severe (3). 

Throbbing 0 1 2 3 
Shooting 0 1 2 3 
Stabbing 0 1 2 3 
Sharp 0 1 2 3 
Cramping 0 1 2 3 
Gnawing 0 1 2 3 
Hot-Burning 0 1 2 3 
Aching 0 1 2 3 
Heavy 0 1 2 3 
Tender 0 1 2 3 
Splitting 0 1 2 3 
Tiring 0 1 2 3 
Sickening 0 1 2 3 
Fearful 0 1 2 3 
Punishing-cruel0 1 2 3 

5. Please estimate the extent of your pain. 
0 no pain 
1 mild 
2 discomforting 
3 distressing 
4 horrible 
5 excruciating 

Notes: In the space please indicate any helpful tips, that you may want 
to share with others, which helped ease your pain. 
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Appendix C. Sample Size Calculation 

When choosing an appropriate sample, Maxwell & Delaney (1990) 

provide a useful chart that can be used for a repeated measures design. 

Minimum Sample Size Needed to Achieve Power of .80 with a= .05. 

Levels Minimum d 
Correlation 

0.25 0.50 0.75 1.00 1.25 1.45 
4 0 353 92 43 26 19 14 

.1 318 83 39 24 17 13 

.2 284 74 36 22 16 13 

.3 249 66 32 20 15 12 

.4 214 57 28 18 13 11 

.5 179 48 24 16 12 10 

.6 144 39 20 13 10 9 

.7 109 31 16 11 9 8 

.8 74 22 13 9 8 7 

.9 39 13 9 7 6 6 

Originally, level 4 was selected for this thesis, in view of four repeated 

measures of relaxin and ligament laxity. 

To use the table we must specify d, which is defined to be: 

For this thesis the mean relaxin results from a study by Schauberger 

et al. (l996), were used. Where pMm = 1.754 , p,, = 0.107, and o= 1.16. 

Therefore, d= 1.45, however to err on the side of caution when using the 

table above d= 1.25 was used. 

Finally, we had specified the smallest correlation anticipated. Using 

the results from the study by Schauberger et al. (1996), a minimum 

correlation of zero was anticipated, as no correlation between ligament 

laxity and relaxin was found. 

Thus the corresponding sample size estimated for this study was 19. 



Appendix D. Urinalysis Results 

Note: Reagent sensititivity for protein = 0.15-0.3 g/L albumin; the 
specific gravity test permits determination of urine specific gravity 
between 1.00 and 1.030. 

I Sample # 1 Protein (g/L) I pH 1 Specific I Ocular 

1 
2 
3 
4 
5 
6 
7 
8 
9 

trace 
trace 
trace 

10 
11 
12 
13 
14 

0.3 
trace 
trace 
trace 
0.3 
0.3 

15 
16 
17 
18 
19 
20 
2 1 
22 
23 
24 
25 

6.0 
6.5 
6.5 

trace 
trace 
trace 
trace 
trace 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

6.5 
5.0 
6.0 
6.0 
5.0 
6.5 

trace 
trace 
0.3 
0.3 
trace 
trace 
trace 
trace 
trace 
1 .O 
trace 

Gravity 
1.020 
1.015 
1.010 

6.5 
6.5 
6.5 
5.0 
5.0 

trace 
trace 
0.3 
trace 
trace 
trace 
trace 
trace 
trace 
trace 

Density 
0.155 
0.193 
0.144 

1 .025 
1 .030 
1.030 
1.020 
1.010 
1 .035 

5.0 
5.0 
7.5 
6.0 
6.0 
5.0 
5.0 
6.0 
6.0 
7.0 
6.0 

0.145 
0.183 
0.270 
0.290 
0.454 
0.488 

1.010 
1.015 
1.015 
1 .005 
1.030 

5.0 
6.0 
6.0 
6.5 
5.0 
6.0 
5.0 
5.0 
5.0 
7.0 

0.509 
0.293 
0.42 1 
0.308 
0.41 1 

1 .005 
1.015 
1.015 
1.015 
1.020 
1 .030 
1 .030 
1 .030 
1.020 
1.015 
1.020 

0.283 
0.372 
0.383 
0.388 
0.41 1 
0.409 
0.444 
0.361 
0.404 
0.404 
0.44 1 

1 .025 
1.015 
1.020 
1.015 
1.020 
1 .O 10 
1.005 
1.005 
1 .005 
1.010 

0.332 
0.547 
0.437 
0.344 
0.405 
0.358 
0.317 
0.301 
0.290 
0.326 
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36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

151 1 trace 1 8.5 1 1.015 1 0.398 I 

trace 
trace 
trace 
trace 
trace 
trace 
trace 
trace 
trace 
trace 

49 
50 

trace 
0.3 
trace 

1 54 I trace 1 5.0 1 1.020 1 0.566 1 

6.5 
5.0 
6.5 
6.5 
6.0 
5.0 
5.0 
5.0 
5.0 
6.0 

trace 
trace 

52 
53 

6.0 
6.0 
7.0 

1 57 I trace 1 5.0 1 1.020 1 0.660 I 

1.005 
1.020 
1 .025 
1.015 
1.020 
1 .030 
1.010 
1 .030 
1 .025 
1 .025 

6.0 
6.0 

trace 
trace 

55 
56 

I58  I trace 1 5.0 1 1.015 1 0.447 

0.295 
0.502 
0.43 1 
0.328 
0.365 
0.463 
0.520 
0.639 
0.497 
0.508 

1.020 
1 .030 
1.015 

0.572 
0.450 
0.44 1 

1 .030 
1 .005 

5.0 
7.0 

trace 
trace 

0.437 
0.335 

1.010 
1.015 

5.0 
6.0 

0.507 
0.516 

1 .030 
1.020 

1.010 
0.456 




