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SUMMARY 
 

In the last decade, several studies have shown that the bone tissue is a target organ for a 

number of persistent organic pollutants. The aim of the present study was to investigate if 

low levels of the mono-ortho PCB 118 and the di-ortho PCB 153 cause changes in bone 

composition and dimensions in male and female sheep offspring, Norwegian breed (Dala) 

lambs (Ovies aries), exposed in utero and during lactation. The ewes were dosed orally 

with PCB 118 (49 µg/kg body weight/day) and PCB 153 (98 µg/kg body weight/day) 

during gestation. Due to erroneous handling of animals, single events of cross-

contamination occurred resulting in a mixed exposure scenario, of both PCB 118 and 

PCB 153 in all groups in stead of than the planned exposure to single compounds. 

Therefore, a chemical analysis of PCB 118 and PCB 153 in the adipose tissue at 60 days 

of age in the lambs was performed. The material in this study on bones has thus been 

divided for both PCB 118 and PCB 153 in two groups; one considered to be “low” 

exposed and one “high” exposed. Bone composition and dimensions were determined at 

three different locations of the femoral bones of the offspring by peripheral quantitative 

computed tomography (pQCT). The measure points were placed at a distance of 2, 35 

and 50 % of the total bone length distal the reference point. Also, a three-point bending 

test was conducted to determine the strength of the bones, with the load being applied to 

the mid-diaphyseal measure point (50 %). The coefficient of variation (CV) was low 

(0.17 - 4.18 %), and these results are comparable with a recent study on goat. The two 

methods to measure the bones in this study showed diverging results. PCB 118 exposure 

significantly increased the polar moment of inertia and moment of resistance at the 

diaphysis and at the mid-diaphysis. However, these variables are theoretically calculated 

and the results from the biomechanical test (three point bending) showed no significant 

effects on mechanical characteristics.  
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ABBREVIATIONS 
AhR  the aryl hydrocarbon receptor 

BMC  bone mineral content 

BMD  bone mineral density 

CV  coefficient of variation 

CSA  cross-sectional area 

DDT  1,1,1-trichloro-2,2-bis(4-chlorophenyl)ethane 

EDC  endocrine disrupting compound 

HCB  hexachlorobenzene 

PCB  polychlorinated biphenyl  

PCDD  polychlorinated dibenzodioxin 

PCDF  polychlorinated dibenzofuran 

pQCT  peripheral Quantitative Computed Tomography 

PTH  parathyroid hormone 

TCDD  2,3,7,8-tetrachlorodibenzo-p-dioxin 
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1. INTRODUCTION 

 

1.1 BONE  

Bone is a type of hard connective tissue found in vertebrate animals. Bones support body 

structures, protect internal organs e.g. the brain and the spinal marrow, and in conjunction 

with muscles it facilitate movement. Furthermore, bone tissue is also involved in 

formation of red blood cells, calcium metabolism and mineral storage (Telford and 

Bridgman, 1995).  

 

Bone tissue is a composite material consisting of collagen fibers and hydroxyapatite 

crystals. The strength of the bone tissue is determined by a number of factors, e.g. bone 

mass, the molecular structure and the architecture of the bone tissue. The skeleton 

consists of two different types of bone; cortical and trabecular. Cortical bone is compact 

and solid, and constitutes a large portion of skeletal mass but, it has a small surface area. 

Trabecular bone consists of thin needles, called bone trabeculae, and these are 

interconnected in a special pattern, like a honeycomb, to provide maximal mechanical 

strength. It has a large surface area and forms a smaller portion of the skeleton (Helfrich 

and Ralston, 2003). In humans, cortical bone constitutes 80 % of the mass of the skeleton 

and trabecular bone 20 % (Eriksen et al, 1994). 

 

All bones consist of living cells embedded in a mineralized organic matrix that makes up 

the main bone material. There are three major types of bone cells in bone tissue (Telford 

and Bridgman, 1995):  

- Osteoblasts; bone forming cells, synthesize collagen and mineralize bone 

matrix.  

- Osteoclasts; responsible for bone resorption.  

- Osteocytes; formation of bone, matrix maintenance and calcium  

   homeostasis. 
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1.1.1 Bone formation, growth and remodeling  

Ossification is the process of bone formation, in which connective tissue, such as 

cartilage is converted to bone or bone-like structure. The ossified tissue is supplied with 

blood vessels and these bring e.g. calcium and deposit it in the ossifying tissue (Eriksen 

et al, 1994).  

 

Long bones (e.g. the femur) are tubular in shape and has a cylindrical shaft of cortical 

bone (the diaphysis) continuing in both ends as the metaphysis and the epiphysis, 

composed of trabecular bone surrounded by a shell of cortical bone. The epiphysis is 

separated from the metaphysis by a growth plate of hyaline cartilage that is responsible 

for longitudinal bone growth (Telford and Bridgman, 1995). In humans, at about 18 to 25 

years of age, the metaphysis stops growing altogether and completely ossifies into solid 

bone (Eriksen et al, 1994). 

 

Bone tissue is replaced constantly throughout life by a process termed remodeling. Bone 

remodeling consists of two processes; bone resorption and bone formation. Osteoblasts 

and osteoclasts, coupled together via cell signalling, are referred to as bone remodeling 

units. Bone remodeling is important for the exchange of calcium between bone and 

blood. Examples of factors affecting bone remodeling are age, body weight, endocrine 

status and tobacco use. Bone remodeling begins by the recruitment of osteoclasts which 

initiate bone resorption, succeeding by the recruitment of osteoblasts leading to new 

formation of bone matrix. In normal human bone, the duration of the remodeling cycle 

ranges from 200 days in cortical bone to 100 days in trabecular bone (Eriksen et al, 

1994).  

 

Bone remodeling is under strict and complex regulation by multiple systemic hormones 

and local factors. Systemic endocrine regulation of bone homeostasis occurs either by 

hormones acting at the cell membrane, for example the classical bone hormones PTH 

(parathyroid hormone) and vitamin D or by other hormones e.g. sex hormones, growth 

hormone and insulin. Reproductive hormones (estrogen and testosterone) are important 

for the development, maturation and maintenance of the bone tissue. Estrogen is 
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important to maintain the equilibrium between the anabolic and catabolic processes in the 

bone. Two different estrogen receptors (ERα and ERβ) have been identified in bone 

tissue (Eriksen et al, 1988). An increased level of estrogen induces bone formation, while 

estrogen deficiency leads to increased bone resorption and decreased bone mass.  

 

1.1.2 Osteoporosis  

The incidence of osteoporosis and related fractures is increasing worldwide and reveal 

wide geographical variation. Scandinavia is among the region with highest incidence of 

osteoporosis (Ismail et al, 2002). Osteoporosis is a disease characterized by the 

progressive loss of bone tissue. The bone mineral density is reduced and the osteoporotic 

bone is more susceptible to fracture (Eriksen et al, 1994). For many years estrogen 

deficiency has been recognized as a dominant factor in the development of osteoporosis 

in women. However, recent research has shown that estrogen deficiency may also be an 

essential cause of male osteoporosis (Morishima et al., 1995; Carlsen et al., 2000). Risk 

factors for osteoporosis are e.g. tobacco smoking, low body weight (<58 kg), estrogen 

deficiency, early menopause (<45 years), and alcoholism (Eriksen et al, 1994).  

 

1.2 ORGANIC POLLUTANTS AFFECTING BONE 

 

1.2.1 EDCs  

During the last decade, major concerns regarding our exposure to EDCs (endocrine 

disrupting compounds) have emerged. This concern is directed towards both human 

health and the effects on wildlife. Some of these substances are of natural origin, such as 

estrogenic isoflavinoids and are found in high concentrations in plants such as soybean 

and alfalfa (Bradbury and White, 1954; Whitten and Naftolin, 1992). 

 

Other EDCs are man-made exogenous substances that cause harmful effects by 

interfering with the endocrine system and disrupting the physiological function of 

hormones. They belong to the group xenobiotics, foreign chemicals that affect a 

biological system. Disruption of the endocrine system can occur in various ways. Certain 

EDCs are known to mimic the effects of natural hormones (e.g. estrogen and androgen). 
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Other endocrine disruptors block the receptors and thereby preventing the natural 

hormones from exerting their effects. Still others directly stimulate or inhibit the 

endocrine system and cause overproduction or underproduction of hormones (Bernes, 

1998). 

 

Some of the most well-known examples of EDCs are 17-beta ethinyl oestradiol, dioxins, 

alkylphenols, and several pesticides (most prominent is DDT (1,1,1-trichloro-2,2-bis(4-

chlorophenyl)ethane) and its metabolites) (Bernes, 1998).   

 

1.2.2 Dioxins and PCBs  

Dioxins are a group of halogenated organic compounds, where the most common are 

PCDFs (polychlorinated dibenzofurans) and PCDDs (polychlorinated dibenzodioxins). 

TCDD (2,3,7,8-tetrachlorodibenzo-p-dioxin) is the most toxic congener and it binds to 

the AhR (the aryl hydrocarbon receptor) with the highest binding affinity. The binding of 

a molecule to this receptor triggers a chain of reactions resulting in the production of a 

large number of proteins. Certain PCB (polychlorinated biphenyl) congeners also bind to 

the AhR and cause dioxin-like toxicity (Bernes, 1998).  

 

PCBs are a class of organic compounds that have been commercially produced since 

1929 and because of their chemical properties they are widely distributed in the 

environment throughout the world. Because of their lipophilic nature and resistance 

against biotransformation, PCBs accumulate in the food chain, and the main human 

exposure is through consumption of meat, fish, and dairy products. Infants are also 

exposed through breast-feeding. PCBs have been used because of their chemical and 

physical properties. They have been used in transformers and in capacitors and as an 

ingredient in PVC-plastic, colours and carbon-less copying paper. In 1995, a total 

prohibition against all PCB-use was introduced in Sweden (Bernes, 1998). 

 

The group of PCBs consists theoretically of 209 individual congeners, and the molecules 

are substituted with chlorine atoms at different positions (Bernes, 1998). In this study, 
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two different PCB congeners; PCB 118 (2,3',4,4',5-pentachlorobiphenyl) and PCB 153 

(2, 2′, 4, 4′, 5, 5′-hexachlorobiphenyl) have been used (figure 1).  

 

The congener PCB 118, is a mono-ortho substituted PCB (figure 1) with a certain affinity 

to the AhR (Safe, 1990). PCB 118 is one of the most persistent congeners found in 

human tissues and it is regularly detected in human breast milk and adipose tissue (WHO, 

1996; Newsome et al., 1995).  

 

PCB153 is a di-ortho non-planar congener (figure 1) with low acute toxicity, long 

biological half life, and low affinity for the AhR (Foster, 1995). Of all the PCB 

congeners, PCB 153 is found at the highest concentration in the environment, human 

serum (Grandjean et al., 2004), mammalian tissue (Mahaffey, 2000) and breast milk 

(Newsome et al., 1995). 

         
Figure 1. The structure of PCB 118 and PCB 153. 

 

Persistence increases with increasing degree of chlorination and many of the highly 

chlorinated PCB congeners are very stable. Persistence is also dependent on where in the 

molecule the chlorine atoms are placed. The PCBs (e.g. PCB 118 and PCB 153) 

dominating especially in mammals, have at least one chlorine atom in ortho position 

(position 2 or 6). With increased chlorination, PCBs become less soluble in water and 

thereby more soluble in polar compounds, such as lipids (Bernes, 1998).  
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1.3 ORGANOCHLORINES AND BONE TOXICITY 

 

1.3.1 Experimental animals 

 

1.3.1.1 Rat 

Subchronical and chronic studies in rats have shown that TCDD and the coplanar dioxin-

like PCB 126 (3,3',4,4',5-pentachlorobiphenyl) have negative effects on bone tissue. 

Exposure to PCB 126  resulted in structural and functional changes in adult rat bones, 

such as decreased strength and collagen concentration (Lind et al, 2000). Furthermore, 

the effects were related to estrogen status (Lind et al, 1999; Lind et al, 2004). It was 

shown (Lind et al, 1999; Lind et al, 2000) that exposure to PCB 126 increased the 

trabecular density and cortical thickness, but reduced the bone length, the maximum 

torque and the stiffness. Miettinen et al. (2005) reported that rats with dioxin-resistant 

alleles showed increased resistance to bone effects after in utero and lactational exposure 

to TCDD, compared to rats without resistant alleles. Moreover, mechanical testing 

showed reduced bending breaking force and reduced stiffness of tibia, femur, and femoral 

neck.  

 

1.3.1.2 Frog 

Adult male European common frogs (Rana temporaria) were injected (s.c, single 

injected) with p,p’-DDE (total dose: 0.01, 0.1, 1 or 10 mg of p,p’-DDE / kg b.w.) 

respectively and the result show that bone tissue in male frogs exposed to 1 mg p,p’-DDE 

had a significant decrease in cortical BMD at the diaphysis (Lundberg et al., 2006a). 

 

1.3.1.3 Mink 

Minks (Mustela vison) fed a diet containing 0.024 ppm PCB 126 exhibited loss of 

alveolar bone (Render et al, 2000a). The maxilla and mandible of the PCB-treated mink 

were markedly porous. Similar, but less severe changes, developed in adult mink fed with 

a diet containing 5.0 ppb TCDD for 6 month (Render et al., 2000b).  
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1.3.1.4 Goat 

Bone tissue in female goat offspring was investigated after in utero and lactational 

exposure to environmentally relevant doses of PCB 126 and PCB 153 (Lundberg et al, 

2006b). It was shown that PCB 153 exposure significantly decreased the total cross-

sectional area, the marrow cavity, and the moment of resistance at the diaphyseal part of 

the bone. At the metaphysis, PCB 153 exposure increased the trabecular BMD. 

 

1.3.2 Free-ranging animals 

 

1.3.2.1 Baltic grey seal 

Especially in the past, the Baltic was seriously contaminated by organochlorines, DDT 

and PCBs. A rapid decrease in the concentrations of DDT and its metabolites in the 

Baltic started during the beginning of the 1970s, whereas the concentrations of PCB 

compounds did not decrease until the late 1970s. Earlier studies have e.g. reported about 

disturbances in fertility and damages in skin, claws and kidney in seals. The seals also 

suffered from loss of teeth (Bernes, 1998; Bergman, 1999).  

 

BMD in lower jaw bone and radius bone was studied in male Baltic grey seals (4-23 

years of age) collected from museum material (Lind et al., 2003). Three sample groups 

were compared according to year of collection: 1850–1955 (no pollution), 1965–1985 

(high pollution), and 1986–1997 (fairly low pollution). It was found that radius trabecular 

BMD was significantly lower in specimens collected during 1965-1985 compared with 

specimens collected during the fairly low pollution period (1986–1997). Mandible 

cortical BMD was significantly higher in specimens collected during 1850-1955 

compared with the fairly low pollution period (1986–1997) (Lind et al., 2003). 

 

1.3.2.2 Alligator 

Reproductive disorders, e.g. developmental abnormalities of the gonads, have been found 

in pesticide-exposed (DDT and dicofol) alligators living in Lake Apopka, Florida. These 

effects are thought to be caused by exposure to endocrine-disruptive estrogen-like 

contaminants (Guillette et al, 2000). A study of long bones from female juvenile 
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alligators from the same lake, showed significantly higher trabecular BMD, total BMD, 

and trabecular BMC (bone mineral content) compared to controls (Lind et al., 2004).  
 

1.3.2.3 Polar bear 

East Greenland polar bears (Ursus maritimus) live in an environment contaminated with 

organochlorines (e.g. PCBs, DDT, and HCB (hexachlorobenzene)). The BMD (bone 

mineral density) was analyzed in skulls of polar bears collected during period 1966-2002, 

characterized by high pollutions, and in skulls of polar bears collected during the period 

1892-1932, before the introduction of organochlorines like PCBs and DDT. Individuals 

from the later period had a lower skull BMD than those from the early period (Sonne et 

al, 2004).  

 

1.3.2.4 Beluga whale 

A study of the levels of different  toxic compounds was carried out over a period of 9 

years on an isolated population of beluga whales (Delphinapterus leucas) residing in the 

St. Lawrence estuary in Québec, Canada (Béland et al, 1993). St. Lawrence belugas 

showed higher concentrations of PCBs, DDT, and dioxins compared to artic belugas and 

other species of whales and seals from the St. Lawrence. The levels of the toxic 

compounds increased with age in both sexes and at least ten different PCB metabolites 

(e.g. PCB 138, and PCB 153) were detected in the belugas. The effects seen in the 

skeleton of the exposed animals were severe and some animals exhibited tooth loss and 

spinal column deformation. 

 

1.3.3 Humans 

In humans, high frequency of osteoporotic fractures was observed in connection with an 

accidental HCB food poisoning in Turkey, where the patients had ingested HCB-

contaminated bread (Cripps et al, 1984). Also contamination of rice oil with PCBs and 

polychlorinated dioxins and furans resulted in irregular calcification of skull bones in 

infants born to exposed mothers (Miller, 1985).  
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Epidemiological studies on bone effects in relation to exposure to organochlorines with 

endocrine disrupting properties are few and show contradicting results. Past exposures to 

DDT may be associated with reduced BMD in women, who reported adequate dietary 

intake of calcium (Beard et al, 2000). In another study, a weak connection between BMD 

in men and serum levels of p,p’-DDE was found (Glynn et al, 2000).    

 

Levels of organochlorines have been shown to be much higher in the fish from the Baltic 

Sea compared with fish from the Swedish west coast. In two similar studies (Alveblom et 

al, 2003; Wallin et al, 2004) the incidence of osteoporotic fractures in fishermen wives 

from the Swedish east coast (Baltic Sea) and the Swedish west coast was investigated. 

The result from the first study showed significantly increased vertebral fracture incidence 

rate ratio among east coast women, with high dietary intake of POPs through fatty fish 

from the Baltic Sea. The second study found a weak association between POP exposure 

through contaminated fish and an increased risk of osteoporotic fractures. The results 

give some indirect support for the notion that a high dietary intake of POPs through fatty 

fish might be a risk factor for vertebral fractures.  

 

1.4 AIM 

The aim of the present study is to investigate effects of in utero and lactational exposure 

to PCB 118 and PCB 153 on bone tissue in male and female Norwegian breed (Dala) 

lambs (Ovies aries). 
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2. MATERIAL AND METHODS  
 

2.1 EXPERIMENTAL ANIMALS 

This study is part of an extensive investigation concerning possible toxic effects of PCB 

118 and PCB 153 in lambs exposed to low doses during gestation and lactation (Gutleb et 

al., 2006). Femurs from male and female sheep, Norwegian breed (Dala) lambs (Ovies 

aries), were used for determination of bone characteristics. The bone material was 

provided by Professor Erik Ropstad and PhD Arno Gutleb at the Norwegian School of 

Veterinary Science, Oslo, Norway. 

 

2.2 EXPOSURE 

In short, fifty adult female sheep were housed at the University farm of the Norwegian 

University of Life Sciences in Ås, Norway. Oestrus in the ewes was synchronized after 

which the ewes were mated twice a day with males until the last ewe came out of oestrus. 

The ewes were allocated into three groups (2 groups of 17 and one of 16 ewes) using 

block randomization. The ewes were orally administered either PCB 153 (98 µg/kg body 

weight/day), PCB 118 (49 µg/kg body weight/day), or corn oil (0.1 ml/kg body 

weight/day) 3 times a week throughout gestation until delivery that took place 146 days 

later. The pregnant does in the PCB 118 and PCB 153 treatment groups and the control 

animals gave birth to 18, 21 and 21 female and male lambs, respectively. The lambs were 

exposed in utero and during lactation and were euthanized at 21 weeks of age.  

 

Due to erroneous handling of animals, single events of cross-contamination occurred 

resulting in a mixed exposure scenario, of both PCB 118 and PCB 153 in all groups in 

stead of than the planned exposure to single compounds. Therefore, a chemical analysis 

of PCB 118 and PCB 153 of the adipose tissue at 60 days of age in the lambs was 

performed. The material in this study on bones has thus been divided for both PCB 118 

and PCB 153 in two groups; one considered to be “low” exposed and one “high” exposed 

(table 1).  
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Table 1. The limits (ng/g) in the group “low” and “high” exposed animals of PCB 118 and PCB 153 in 

adipose tissue in the lambs at approximately 21 weeks of age. The lambs were exposed in utero and during 

lactation, and the ewes were orally administered PCB 118 and PCB 153 3 times a week throughout 

gestation until delivery. The number of the animals in each group is shown in the parenthesis. a = range 

16.7-73.7,  b = range 724-14951, c = range 528-917, d = range 1079-100956  

 “Low” exposed “High” exposed 
PCB 118 (ng/g) x < 100 (18)a x > 100 (42)b 
PCB 153 (ng/g) x < 1000 (12)c x > 1000 (48)d 

 

2.3 BONE PREPARATIONS AND MEASUREMENT  

The femurs were dissected, cleaned and stored at -20°C. Before pQCT (peripheral 

Quantitative Computed Tomography)-analysis, the bones were completely thawed for 18 

hours at +4°C.  

 

Bones were prepared for X-ray analysis by inserting a wood screw (2.5×12 mm, 

Senkkopf verzinkt blau) as a reference point dorsal of the trochlea ossis femori in the 

metaphysis at the distal end of the femur (figure 1). The screws were fully inserted to 

prevent air exposure and subsequent dehydration of the bone. 

 

 
Figure 2. The arrow shows the location of the screw. The screw was inserted dorsal of the trochlea ossis 

femoris at the distal end of femur. 

 

The femur was covered with a thin layer of gauze bandage, moistened with bone Ringer 

solution, (pH 7.4, 0.3 g Tris, 9 g NaCl, 0.24 g CaCl2 × H2O, 0.4 g KCl and 2.05 ml 1 M 

←
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HCl per 1 l H2O) and a polyethene film was wrapped around the bone to prevent 

dehydration (figure 3). The total length of the femur (defined as the distance from the 

upper edge of the hip joint to the distal end of the bone) was measured using a Vernier 

caliper 300 mm to the nearest 0.1 mm. This was done in order to determine the different 

measure points, see below section 2.3.1.2 and 2.3.1.3.   

 

       
Figure 3. The femur was covered with a thin layer of gauze bandage, moistened with Ringer solution, (left) 

and a plastic film made of polyethene (right).  

 

2.3.1 pQCT-measurement 

The bone composition and dimensions were determined by X-ray densitometry using 

pQCT (Stratec XCT 960A with software version 5.20; Norland Stratec Medizintechnik, 

Pforzheim, Germany), (figure 4) at Uppsala University Hospital, Uppsala, Sweden. 

Calibration of the machine was performed once a week with a phantom provided by the 

manufacturer. 

 

The bones were placed horizontally and scanned using voxel size B (590 µm) and the 

positions were verified using the scout view of the pQCT system. For geometrical and 

densitometrical analysis of femur, peel mode 2, contour mode 1, threshold 0.267 cm-1 and 

inner threshold 0.500 cm-1 were used.  
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Figure 4. pQCT  

 

 

 

 

 

 

 

 

 

 

2.3.1.1 Reproducibility  

To evaluate the reproducibility of the pQCT measurements, the CV (coefficient of 

variation) (%) was calculated (standard deviation x 100/mean) from 10 repeated 

measurements with a single bone specimen. Between each measurement the bone length 

was measured and the bone was repositioned in the pQCT-instrument.  

 

2.3.1.2 Metaphyseal measurement 

The metaphyseal part of the femur was measured at 2 % of the total bone length distal the 

reference point, (figure 5). The metaphyseal measurement at this region of femur was 

chosen because of its high content of trabecular bone.  

 

Fact box 1. pQCT  

pQCT is an established technique to analyze density and geometric characteristics of a 

whole bone specimen. The method can determine characteristics of the bone, relevant 

for the bone mass and the mechanical qualities of the bone. The pQCT scans the bone 

at a low radiation dosage and creates a three-dimensional image. It separates cortical 

and trabecular bone compartments and the method generates many variables reflecting 

the bone quality. The method is invasive, i.e. it is possible to perform the analyses in 

vivo, and the bone tissue is not blasted (Helfrich and Ralston, 2003a). 
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Figure 5. An overall figure of the metaphysis of femur from sheep, Norwegian breed (Dala) lambs (Ovies 

aries.) The figure shows the reference point, dorsal of the trochlea ossis femori in the metaphysis at the 

distal end of the femur. 

 

For the analysis trabecular BMD (mg/cm3), trabecular CSA (cross-sectional area) (mm2), 

trabecular BMD (mg/mm), total BMD (mg/cm3), total CSA (mm2), total BMC (mg/mm) 

and periostal circumference (mm) were used.  

 

2.3.1.3 Diaphyseal measurement 

The scans at the diaphyseal part of femur were performed at two different sites, 50 % and 

35 % of the total bone length distal the reference point (figure 6). This part of the bone 

was chosen because cortical bone mainly is found in the middle of the bone.  

 

For the analysis cortical BMD (mg/cm3), cortical CSA (mm2), cortical BMC (mg/mm), 

total BMD (mg/cm3), total CSA (mm2), marrow cavity (mm2), cortical thickness (mm), 

periostal circumference (mm), endostal circumference (mm), polar moment of inertia 

(mm4) and moment of resistance (mm3) were used.  
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Figure 6. Femur from sheep, Norwegian breed (Dala) lambs (Ovies aries) showing the measure points of 

the pQCT analysis. The measure points were placed at a distance 2, 35 and 50 % of the total bone length 

distal the reference point, respectively.  

 

2.3.2 Three-point bending test 

A few hours before the biomechanical analysis the femur were completely thawed at 

room temperature. Three-point bending test (servohydraulic material testing machine 

MTS miniBionix, Minneapolis, MN, USA) with a span length of 75 mm and a loading 

speed of 1.0 mm/sec was used to measure the bone strength (figure 7). The load was 

applied to the same point as where the mid-diaphyseal pQCT measurement was 

performed (50 % of total length of bone). Displacement (mm) and load (N) were 

recorded and energy absorption (surface under the curve, N*mm), stiffness (slope of the 

curve, N/mm) and max stiffness were calculated from the load-displacement curves 

(figure 8). 

 

 

 

 

 

 

Fact box 2. Three-point bending test 

The three-point bending test is an often used method for biomechanical testing of 

bones, where a bone is loaded with a force until it breaks. That test is used to 

investigate the properties of the cortical bone (Helfrich and Ralston, 2003b). 
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Figure 7.  The configuration of the three-point bending test of femur. The bones were placed on the 

posterior surface on two supporting bars with a distance of 75.0 mm between them. The load was applied 

to the anterior surface of the bone at a crossed speed of 1.0 mm/s until the bone fractured.   
 

 
Figure 8. A load-displacement curve resulting from a three-point bending test of sheep femur lambs 

Norwegian breed (Ovies aries).  The area under the curve is the energy to failure and the slope of the curve 

is the stiffness of the bone.  

 

2.4 STATISTICS 

The results obtained were evaluated by one-way ANOVA. Differences were considered 

significant at p < 0.05. 

   Load 
     ↓ 
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3. RESULTS  
 

3.1 pQCT-measurements 

 

3.1.1 REPRODUCIBILITY 

The reproducibility was determined for metaphyseal measure point 2 %, mid-diaphyseal 

measure point 50 %, and diaphyseal measure point 35 %. Mean values with SD and 

coefficient of variation (CV) are presented in table 2, 3, and 4. The CV in the metaphysis 

ranged from 0.17 to 4.18 %. In the diaphyseal measure point 35 %, and mid-diaphyseal 

measure point 50 %, the CV ranged from 0.25 to 1.54 and 0.21 to 2.34, respectively.  

 
Table 2. The reproducibility (mean value ± SD and CV) calculated from 10 repeated measurements of 

sheep femur Norwegian breed, Dala (Ovies aries) analysed with pQCT (Stratec XCT 960A with software 

version 5.20; Norland Stratec Medizintechnik, Pforzheim, Germany). Between each measurement the bone 

specimen was repositioned in the pQCT-instrument and the analysis was performed at the metaphyseal 

measure point of the femur, 2 % of the total bone length from the reference point (figure 6).  

Metaphysisis, 2 % Mean ± SD CV 
Trabecular BMD (mg/cm3) 238.8 ± 3.8 1.58 %
Trabecular CSA (mm2) 375.8 ± 2.4 0.63 %
Trabecular BMC (mg/mm) 89.8 ± 1.7 1.94 %
Cortical BMD (mg/cm3) 802.1 ± 4.4 0.55 %
Cortical BMC (mg/mm) 24.8 ± 1.0 4.18 %
Total BMD (mg/cm3) 326.0 ± 2.6 0.80 %
Total CSA (mm2) 501.7 ± 1.8 0.35 %
Total BMC (mg/mm) 163.5 ± 1.5 0 92 %
Periosteal circumference (mm)    79.4 ± 0.2 0.17 %
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Table 3. The reproducibility (mean value ± SD and CV) calculated from 10 repeated measurements of 

sheep femur Norwegian breed, Dala (Ovies aries) analysed with pQCT (Stratec XCT 960A with software 

version 5.20; Norland Stratec Medizintechnik, Pforzheim, Germany). Between each measurement the bone 

specimen was repositioned in the pQCT-instrument and the analysis was performed at the diaphyseal 

measure point of the femur, 35 % of the total bone length from the reference point (figure 6).  

Diaphysis, 35 % Mean ± SD CV 
Cortical BMD (mg/cm3) 1092.3 ± 5.5 0.50 %
Cortical CSA (mm2) 104.4 ± 0.6  0.56 %
Cortical BMC (mg/mm) 114.1 ± 0.7  0.60 %
Cortical thickness (mm) 1.9 ± 0 0.68 %
Total BMD (mg/cm3) 470.3 ± 5.2 1.11 %
Total CSA (mm2) 289.9 ± 1.5 0.50 %
Total BMC (mg/mm) 136.3 ± 1.3 0.93 %
Marrow cavity (mm2) 185.5 ± 1.5 0.82 %
Periosteal circumference (mm)    60.7 ± 0.2 0.25 %
Endosteal circumference (mm)    48.3 ± 0.2 0.41 %
Polar moment of inertia (mm4) 657.4 ± 42.6 0.65 %
Moment of resistance (mm3)       645.9 ± 9.9 1.54 %

 

Table 4. The reproducibility (mean value ± SD and CV) calculated from 10 repeated measurements of 

sheep femur Norwegian breed, Dala (Ovies aries) analysed with pQCT (Stratec XCT 960A with software 

version 5.20; Norland Stratec Medizintechnik, Pforzheim, Germany). Between each measurement the bone 

specimen was repositioned in the pQCT-instrument and the analysis was performed at the mid-diaphyseal 

measure point of the femur, 50 % of the total bone length from the reference point (figure 6).  

Mid-diaphysis, 50 % Mean ± SD CV 
Cortical BMD (mg/cm3) 1187.1 ± 6.9 0.58 %
Cortical CSA (mm2) 95.3 ± 1.3  1.33 %
Cortical BMC (mg/mm) 113.1 ± 0.9  0.79 %
Cortical thickness (mm) 2.2 ± 0 1.66 %
Total BMD (mg/cm3) 633.3 ± 2.6 0.42 %
Total CSA (mm2) 204.0 ± 0.9 0.43 %
Total BMC (mg/mm) 129.2 ± 0.7 0.57 %
Marrow cavity (mm2) 108.7 ± 1.7 1.54 %
Periosteal circumference (mm)    50.6 ± 0.1 0.21 %
Endosteal circumference (mm)    37.0 ± 0.3 0.77 %
Polar moment of inertia (mm4) 4153.7 ± 29.0 0.70 %
Moment of resistance (mm3)       467.5 ± 11.0  2.34 %
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3.1.2 Metaphyseal measurement 

The pQCT measurement generated an overview cross section image of femur metaphysis 

(figure 9). Note the high-density areas of cortical bone tissue and the low density areas of 

trabecular bone tissue. 

 

 
Figure 9. Image from a pQCT-scan of sheep femur showing metaphyseal bone tissue. The white outer shell 

is cortical bone with high BMD, and the inner structure is trabecular bone and bone marrow. The darker 

the colour, the lower BMD.   
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3.1.2.1 PCB 118 

The results, mean value ± SEM, from the metaphyseal pQCT-measurements, are 

presented in table 5. There were no significant differences in the variables at the 

metaphyseal measure point between high and low PCB 118 exposed lambs.  

 
Table 5. Effects of PCB 118 exposure on metaphysis characteristics in sheep. Results (mean value ± SEM) 

from analysis with pQCT (Stratec XCT 960A with software version 5.20; Norland Stratec Medizintechnik, 

Pforzheim, Germany) of femur from 60 days old sheep, Norwegian breed, Dala (Ovies aries). The pregnant 

ewes were administered orally PCB 118 and PCB 153 3 times a week throughout gestation until delivery, 

and the limits for residue levels separating “low” and “high” exposed lambs are presented in table 1, page 

16. The analyses were performed at the metaphyseal measure point, 2 % of the total bone length from the 

reference point, dorsal of the trochlea ossis femori (figure 6).  The number of the animals in each group is 

shown in the parenthesis.  

Metaphysis, 2 % 
“Low” exposure 

(18) 
“High” exposure

(42) 
Trabecular BMD (mg/cm3) 269.8 ± 6.6 274.8 ± 4.2 
Trabecular CSA (mm2) 403.6 ± 16.6 386.6 ± 13.0 
Trabecular BMC (mg/mm) 109.6 ± 6.2 106.8 ± 4.3 
Cortical BMD (mg/cm3) 812.8 ± 8.7 817.5 ± 6.7 
Cortical BMC (mg/mm) 39.2 ± 5.2 39.6 ± 2.9 
Total BMD (mg/cm3) 362.3 ± 9.8 370.9 ± 5.9 
Total CSA (mm2) 549.8 ± 19.1 530.1 ± 15.2 
Total BMC (mg/mm) 199.2 ± 8.3 195.6 ± 5.7 
Periosteal circumference (mm)    82.9 ± 1.4 81.3 ± 1.2 
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3.1.2.2 PCB 153 

The results, mean value ± SEM, from the metaphyseal pQCT-measurements, are 

presented in table 6. There were no significant differences in the variables at the 

metaphyseal measure point between high and low PCB 153 exposed lambs.    
 

Table 6. Effects of PCB 153 exposure on metaphysis characteristics in sheep. Results (mean value ± SEM 

and p-value) from analysis with pQCT (Stratec XCT 960A with software version 5.20; Norland Stratec 

Medizintechnik, Pforzheim, Germany) of femur from 60 days old sheep, Norwegian breed, Dala (Ovies 

aries). The pregnant ewes were administered orally PCB 118 and PCB 153 3 times a week throughout 

gestation until delivery, and the limits for residue levels separating “low” and “high” exposed lambs are 

presented in table 1, page 16. The analyses were performed at the metaphyseal measure point, 2 % of the 

total bone length from the reference point, dorsal of the trochlea ossis femori (figure 6).  The number of the 

animals in each group is shown in the parenthesis.  

Metaphysis, 2 % 
“Low” exposure 

(12) 
“High” exposure 

(48) 
Trabecular BMD (mg/cm3) 270.2 ± 8.9 274.1 ± 3.8 
Trabecular CSA (mm2) 400.4 ± 24.8 389.5 ± 11.5 
Trabecular BMC (mg/mm) 109.1 ± 9.0 107.3 ± 3.8 
Cortical BMD (mg/cm3) 818.1 ± 12.6 815.6 ± 6.0 
Cortical BMC (mg/mm) 41.0 ± 7.5 39.2 ± 2.6 
Total BMD (mg/cm3)a 365.7 ± 13.9 369.0 ± 5.4 
Total CSA (mm2) 547.9 ± 28.6 533.0 ± 13.4 
Total BMC (mg/mm) 200.3 ± 12.0 195.8 ± 5.1 
Periosteal circumference (mm)    82.7 ± 2.2 81.5 ± 1.0 
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3.1.3 Diaphyseal measurement 

A cross section image from pQCT scans of femur diaphysis were generated (figure 10), 

where the cortical bone with a high BMD are shown.  

 

 
Figure 10. Image from a pQCT-scan of sheep femur showing diaphyseal bone tissue. The white outer shell 

is cortical bone with high BMD, and the inner structure is trabecular bone. The darker the colour, the 

lower BMD.   
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3.1.3.1 PCB 118 

Results from the diaphyseal measurements with pQCT, are presented in table 7, and 8. 

PCB 118 exposure significantly increased the variables polar moment of inertia and 

moment of resistance at both the diaphyseal measure point, 35 %, and at the mid-

diaphyseal measure point, 50 %.  
 

Table 7. Effects of PCB 118 exposure on diaphysis characteristics in sheep. Results (mean value ± SEM 

and p-value) from analysis with pQCT (Stratec XCT 960A with software version 5.20; Norland Stratec 

Medizintechnik, Pforzheim, Germany) of femur from 60 days old sheep, Norwegian breed, Dala (Ovies 

aries). The pregnant ewes were administered orally PCB 118 and PCB 153 3 times a week throughout 

gestation until delivery, and the limits for residue levels separating “low” and “high” exposed lambs are 

presented in table 1, page 16. The analyses were performed at the metaphyseal measure point, 2 % of the 

total bone length from the reference point, dorsal of the trochlea ossis femori (figure 6).  The number of the 

animals in each group is shown in the parenthesis.  

Diaphysis, 35 % 
“Low” exposure 

(18) 
“High” exposure 

(42) 
p-value 

Cortical BMD (mg/cm3) 1067.9 ± 7.3 1076.0 ± 5.4 0.4 
Cortical CSA (mm2) 111.9 ± 5.3 111.6 ± 2.8 1.0 
Cortical BMC (mg/mm) 119.6 ± 5.9 120.4 ± 3.4 0.9 
Cortical thickness (mm) 2.0 ± 0.1 2.0 ± 0 1.0 
Total BMD (mg/cm3) 467.8 ± 16.1 477.9 ± 8.7 0.6 
Total CSA (mm2) 315.0 ± 10.4 314.3 ± 6.8 1.0 
Total BMC (mg/mm) 147.5 ± 6.7 149.5 ± 3.4 0.8 
Marrow cavity (mm2) 203.1 ± 8.0 202.7 ± 5.4 1.0 
Periosteal circumference (mm)    62.8 ± 1.1 62.7 ± 0.7 1.0 
Endosteal circumference (mm)    50.4 ± 1.0 50.3 ± 0.7 1.0 
Polar moment of inertia (mm4)  14474.8 ± 965.2 17039.0 ± 721.2 0.05 
Moment of resistance (mm3)       739.5 ± 34.8 836.2 ± 25.0 0.03 
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Table 8. Effects of PCB 118 exposure on diaphysis characteristics in sheep. Results (mean value ± SEM 

and p-value) from analysis with pQCT (Stratec XCT 960A with software version 5.20; Norland Stratec 

Medizintechnik, Pforzheim, Germany) of femur from 60 days old sheep, Norwegian breed, Dala (Ovies 

aries). The pregnant ewes were administered orally PCB 118 and PCB 153 3 times a week throughout 

gestation until delivery, and the limits for residue levels separating “low” and “high” exposed lambs are 

presented in table 1, page 16. The analyses were performed at the metaphyseal measure point, 2 % of the 

total bone length from the reference point, dorsal of the trochlea ossis femori (figure 6).  The number of the 

animals in each group is shown in the parenthesis.  

Mid-diaphysis, 50 % 
“Low” exposure 

(18) 
“High” exposure 

(42) 
p-value 

Cortical BMD (mg/cm3)  1165.5 ± 7.3 1165.8 ± 5.6 1.0 
Cortical CSA (mm2) 112.7 ± 5.2 115.2 ± 3.2 0.7 
Cortical BMC  131.6 ± 6.4 134.7 ± 4.0 0.7 
Cortical thickness (mm) 2.5 ± 0.1 2.5 ± 0.1 1.0 
Total BMD (mg/cm3)  665.3 ± 17.8 661.9 ± 10.4 0.9 
Total CSA (mm2) 227.6 ± 7.7 236.1 ± 5.5 0.4 
Total BMC (mg/mm) 151.8 ± 6.8 156.3 ± 4.3 0.6 
Marrow cavity (mm2) 114.9 ± 4.6 120.8 ± 3.2 0.3 
Periosteal circumference (mm)     53.3 ± 0.9 54.3 ± 0.6 0.4 
Endosteal circumference (mm)     37.9 ± 0.8 38.8 ± 0.5 0.3 
Polar moment of inertia (mm4)   7903.2 ± 568.8 9449.5 ± 411.6 0.04 
Moment of resistance (mm3)  484.9 ± 26.5 550.8 ± 18.4 0.05 
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3.1.3.2 PCB 153 

Results from the diaphyseal measurements with pQCT, are presented in table 9, and 10. 

There were no significant differences in the variables at the diaphyseal measure point, 35 

%, or the mid-diaphyseal measure point, 50 %, between “high” and “low” PCB 153 

exposed lambs. However, there were a small, but non-significant increase in the 

diaphyseal measure point, 35 %, for moment of resistance and in the mid-diaphyseal 

measure point, 50 %, for polar moment of inertia and moment of resistance.   

 
Table 9. Effects of PCB 153 exposure on diaphysis characteristics in sheep. Results (mean value ± SEM 

and p-value) from analysis with pQCT (Stratec XCT 960A with software version 5.20; Norland Stratec 

Medizintechnik, Pforzheim, Germany) of femur from 60 days old sheep, Norwegian breed, Dala (Ovies 

aries). The pregnant ewes were administered orally PCB 118 and PCB 153 3 times a week throughout 

gestation until delivery, and the limits for residue levels separating “low” and “high” exposed lambs are 

presented in table 1, page 16. The analyses were performed at the metaphyseal measure point, 2 % of the 

total bone length from the reference point, dorsal of the trochlea ossis femori (figure 6).  The number of the 

animals in each group is shown in the parenthesis.  

Diaphysis, 35 % 
“Low” exposure 

(12) 
“High” exposure 

(48) 
p-value 

Cortical BMD (mg/cm3) 1070.1 ± 6.7 1074.4 ± 5.2 0.7 
Cortical CSA (mm2) 115.4 ± 7.3 110.7 ± 2.6 0.5 
Cortical BMC  123.6 ± 7.9 119.3 ± 3.1 0.6 
Cortical thickness (mm) 2.0 ± 0.1 2.0 ± 0 0.4 
Total BMD (mg/cm3) 477.8 ± 20.4 474.1 ± 8.4 0.9 
Total CSA (mm2) 315.1 ± 15.4 314.4 ± 6.0 1.0 
Total BMC (mg/mm) 150.8 ± 9.2 148.4 ± 3.2 0.8 
Marrow cavity (mm2) 199.6 ± 11.3 203.7 ± 4.8 0.7 
Periosteal circumference (mm)    62.7 ± 1.6 62.7 ± 0.6 1.0 
Endosteal circumference (mm)    49.9 ± 1.4 50.4 ± 0.6 0.7 
Polar moment of inertia (mm4)  14562.7 ± 958.6 16696.5 ± 697.6 0.2 
Moment of resistance (mm3)  738.6 ± 38.7 824.3 ± 23.9 0.1  
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Table 10. Effects of PCB 153 exposure on diaphysis characteristics in sheep. Results (mean value ± SEM 

and p-value) from analysis with pQCT (Stratec XCT 960A with software version 5.20; Norland Stratec 

Medizintechnik, Pforzheim, Germany) of femur from 60 days old sheep, Norwegian breed, Dala (Ovies 

aries). The pregnant ewes were administered orally PCB 118 and PCB 153 3 times a week throughout 

gestation until delivery, and the limits for residue levels separating “low” and “high” exposed lambs are 

presented in table 1, page 16. The analyses were performed at the metaphyseal measure point, 2 % of the 

total bone length from the reference point, dorsal of the trochlea ossis femori (figure 6).  The number of the 

animals in each group is shown in the parenthesis.  

Mid-diaphysis, 50 % 
“Low” exposure 

(12) 
“High” exposure 

(48) 
p-value 

Cortical BMD (mg/cm3) 1165.3 ± 8.5 1165.8 ± 5.2 1.0 
Cortical CSA (mm2) 117.0 ± 7.2 113.9 ± 2.9 0.7 
Cortical BMC  136.7 ± 8.8 133.0 ± 3.7 0.7 
Cortical thickness (mm) 2.5 ± 0.1 2.4 ± 0.1 0.4 
Total BMD (mg/cm3) 678.2 ± 21.0 659.1 ± 9.9 0.4 
Total CSA (mm2) 230.8 ± 11.0 234.2 ± 4.9 0.8 
Total BMC (mg/mm) 157.3 ± 9.4 154.3 ± 3.9 0.8 
Marrow cavity (mm2) 113.8 ± 5.9 120.4 ± 2.9 0.3 
Periosteal circumference (mm)          53.7 ± 1.3 54.1 ± 0.6 0.7 
Endosteal circumference (mm)          37.7 ± 1.0 38.8 ± 0.5 0.3 
Polar moment of inertia (mm4)  7775.2 ± 600.6 9288.2 ± 394.4 0.08 
Moment of resistance (mm3) 479.9 ± 29.2 543.8 ± 17.6 0.1 
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3.2 Three-point bending test 

Results, mean value ± SEM, from the three-point bending test are presented in table 11 

and 12. The results from the biomechanical tests did not show any significant differences 

between the low exposed and the high exposed animals.  

 
Table 11. Effects of PCB 118 exposure on diaphysis characteristics in sheep. Results (mean value ± SEM 

and p-value) from three-point bending test (servo hydraulic material testing machine MTS miniBionix, 

Minneapolis, MN, USA) of femur from 60 days old sheep, Norwegian breed, Dala (Ovies aries). The 

pregnant ewes were administered orally PCB 118 and PCB 153 3 times a week throughout gestation until 

delivery, and the limits for residue levels separating “low” and “high” exposed lambs are presented in 

table 1, page 16. The span length was set to 75 mm and a loading speed of 1.0 mm/sec was used to measure 

the bone strength (figure 7). The load was applied to the same point as where the mid-diaphyseal pQCT 

measurement was performed (50 % of total length of bone). The number of the animals in each group is 

shown in the parenthesis.  

PCB 118 
“Low” exposure 

(18) 
“High” exposure 

               (42) 
Displacement (mm) 5.3 ± 0.3 5.5 ± 0.2 
Load (N) 2285.6 ± 123.2 2455.8 ± 83.5 
Stiffness (N/mm) 444.8 ± 31.1 467.2 ± 21.8 
Energy (N*mm) 3611.4 ± 450.5 6824.4 ± 337.5 
Max stiffness (N/mm) 533.3 ± 39.4 575.0 ± 30.5 
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Table 12. Effects of PCB 153 exposure on diaphysis characteristics in sheep. Results (mean value ± SEM 

and p-value) from three-point bending test (servo hydraulic material testing machine MTS miniBionix, 

Minneapolis, MN, USA) of femur from 60 days old sheep, Norwegian breed, Dala (Ovies aries). The 

pregnant ewes were administered orally PCB 118 and PCB 153 3 times a week throughout gestation until 

delivery, and the limits for residue levels separating “low” and “high” exposed lambs are presented in 

table 1, page 16. The span length was set to 75 mm and a loading speed of 1.0 mm/sec was used to measure 

the bone strength (figure 7). The load was applied to the same point as where the mid-diaphyseal pQCT 

measurement was performed (50 % of total length of bone). The number of the animals in each group is 

shown in the parenthesis.  

PCB 153 
“Low” exposure 

(12) 
“High” exposure 

               (48) 
Displacement (mm) 5.0 ± 0.2 5.6 ± 0.2 
Load (N) 2344.7 ± 179.8 2419.7 ± 75.0 
Stiffness (N/mm) 474.7 ± 36.5 456.9 ± 20.4 
Energy (N*mm) 6126.5 ± 600.0 6806.5 ± 304.7 
Max stiffness (N/mm) 548.7 ± 48.5 566.0 ± 28.1 
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4. DISCUSSION   
Since estrogens and androgens are known to be essential for bone tissue homeostasis 

(Carlsen et al. 2000; Manolagas 2000), disturbed estrogen or androgen homeostasis may 

result in adverse effects on bone tissue. The two methods to measure the bones in this 

study showed diverging results. PCB 118 exposure significantly increased the polar 

moment of inertia and moment of resistance at the diaphysis and at the mid-diaphysis. 

However, these variables are theoretically calculated and the results from the 

biomechanical test (three point bending) showed no significant effects on mechanical 

characteristics. However, adult female rats exposed to PCB 126 showed reduced 

maximum torque, reduced stiffness of the humerus, and reduced collagen content (Lind et 

al., 2000).  

 

A limited number of studies have investigated the possible endocrine effects of 

organochlorines following in utero and lactational exposure. In a recent published study 

on female goat offspring exposed in a similar way as the lambs in this study, the non-

dioxin like PCB 153 was found to alter bone tissue composition (Lundberg et al., 2006b). 

The changes were increased trabecular BMD of the metaphysis in femur and decreases of 

the total CSA, moment of resistance and marrow cavity at the diaphyseal 18 % measure 

point. However, contrary results have been presented in another study by Miettinen et al. 

(2005) on another species, rat, after in utero and lactational exposure to the dioxin, 

TCDD. The findings showed decreased bone length, decreased CSA, and decreased 

BMD and the effects on bone were depending on the presence or absence of dioxin-

resistant alleles (Miettinen et al., 2005).  
 

Due to erroneous handling of the animals in this study during the period of exposure, all 

animals were exposed both to PCB 118 and PCB 153. As mentioned earlier, these 

molecules have different mechanisms of actions. PCB 118 is a mono-ortho congener with 

a certain affinity to the AhR and PCB 153 is a di-ortho substituted PCB with a long half 

life and very low affinity to the AhR. These molecules may enforce or counteract each 

other, and it would be interesting to study how these two molecules act together. 
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This study has presented a tomographic method for the analysis of femur from lambs. 

The results of the reproducibility test from the pQCT measurements showed low CV 

values, which means that the method is usable and produce reliable data. The method to 

use a metal screw as a reference point in the pQCT measurement is to my best knowledge 

not done before. Earlier, the standard has been to use e.g. the bone endings or the growth 

plates as a reference point (Lind et al., 1999; Lind et al., 2004; Lundberg et al., 2006b). 

These structures are however difficult to locate in a precious manner from the pQCT 

scout view. With this new variant of method, the results are more precise and reliable and 

might also facilitate the study of bones in other animal species.  

 

Previous studies have shown that the impact of environmental contaminants on bone 

tissue can be different depending on the location of the diaphyseal measure point (Lind et 

al., 2004). In a study on female goat offspring exposed to PCB 153 effects on cortical 

bone were only found at the measure point located at a distance of 18 % of the total bone 

length, but not at the measure point located at a distance of 50 % of the total length 

(Lundberg et al., 2006b). The former measure point is located closer to the end of the 

bone, a location suggested to be more metabolically active than other parts of the bone, 

and it might therefore be more susceptible to EDCs. Because of this, two diaphyseal 

measure points at 35 % and 50 % of the total bone length distal the reference point has 

been chosen in this experiment.  

 

The result of this study indicate disturbance of developing bone tissue in female and male 

sheep offspring after in utero and lactational exposure to both PCB 118 and PCB 153. In 

a study on sheep investigating the effects of sewage sludge (a cocktail of 

organochlorines) the biomechanical test showed increased energy to failure in treated vs. 

controls (Lind et al., 2006).  Previous experimental findings in rodents (Lind et al., 1999; 

Miettinen et al., 2005) as well as findings in free ranging animal (Lind et al., 2004; Sonne 

et al., 2004) supports the hypothesis that EDCs are able to alter bone tissue homeostasis 

in sheep.  
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