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wing flapping and how it affects the morphology of breast muscles and bones and whether there are 

links between them and wooden breast prevalence. 

 

The literature review handled muscle morphology and bones morphology and how muscles shape 
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muscles will affect wooden breast prevalence. In the literature review the anatomy of broiler movement 

and especially the anatomy of bones and the muscles that are involved in wing movement is handled.  
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fly to platform and down when they need water or feed.  Group C feed and water were on floor level 

but after 3 days water was risen on the platform and platform was risen gradually when birds grew and 

all birds of the Group C learned how to get to platform. From the original 171 birds 17 were sacrificed 

outside the study due health reasons.  

 

The birds (171-17 i.e. 154) were terminated 20, 30 or 41 days old in 40, 58 or 56 bird batches. The 

percentage of termination was roughly equal in each group on each termination, except at Day 20, when 

Group A and Group B had had the same treatment, and there were no terminations in Group B. The 

aim of this thesis was to study effects of wing flapping to broilers morphological changes.  

  

This thesis showed that there were no significant differences in Group A and Group C between studied 

properties. Wing flapping showed no significant differences during sample termination days in mor-

phological properties. 
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Tiivistelmä 

Puurintaisuus on broilereilla esiintyvä lihastauti, joka muodostaa broilerin rintalihakseen kovia ja vaa-

leita sidekudosmuodostelmia. Puurintaisuuden lisäksi saattaa muodostua ns. spagettilihan (lihassyy-

kimput erottuvat kerroksittain toisistaan, ja lihan rakenne muistuttaa spagettia) ja valkojuovaisuuden 

muodostumista rintalihakseen. Puurintaisuus on varsin uusi tauti, ja sitä on huomattu laajemmalti noin 

kymmenen vuotta sitten. Tutkielman aiheena oli tutkia siipien räpyttelyn vaikutusta rintalihaksen ja 

luiden morfologisiin ominaisuuksiin ja onko niillä yhteyttä puurintaisuuden esiintymistiheyteen.  

 

Kirjallisuuskatsauksessa käsiteltiin lihaksen morfologiaa, miten luiden ja lihasten muoto muuttuu lin-

nun kasvaessa, kuinka lihakset ja luut kasvavat normaalisti ja kuinka lihasten käyttäminen ja käyttä-

mättömyys vaikuttavat puurintaisuuden muodostumiseen. Kirjallisuuskatsauksessa käsiteltiin broile-

reiden siipiä liikuttavien luiden ja lihasten anatomiaan ja liikunnan vaikutusta lentämiseen ja luiden 

ja lihaksien ominaisuuksienvaikutusta puurintaisuuden syntymiseen.  

 

Tutkimus tehtiin kasvattamalla 171 broileria jaettuna kolmeen ryhmään: A-ryhmän linnut saivat rehua 

ja vettä lattiatasolla, ja lintujen ei tarvinnut käyttää siipiään. B ryhmä eli elämänsä samalla tavalla 

kuin A ryhmä, kunnes 25 päivän ikäisinä lintujen vesi siirrettiin lattiatasoa korkeammalle tasolle. 

Linnun tuli lentää tasolle ja sieltä alas, kun ne halusivat vettä tai rehua. C-ryhmän rehu oli lattian 

tasolla, mutta kolmannen päivän jälkeen vesi nostettiin tason päälle ja tasoa nostettiin sitä mukaan, 

kun linnut kasvoivat ja oppivat, kuinka tasolle päästään. Alkuperäisestä 171 linnusta 17 lopetettiin 

tutkimuksen ulkopuolella eläimien terveydentilan takia. 

 

Broilerit (171-17 t.s. 154) lopetettiin 20, 30 tai 41 päivän ikäisinä 40, 58 ja 56 broilereiden erinä, 

kustakin ryhmästä samansuuruinen osuus paitsi päivänä 20, jolloin A ryhmällä ja B ryhmällä oli sama 

käsittely ja ryhmällä B ei ollut broilereiden lopetuksia. Tutkimuksella pyrittiin tutkimaan siipien 

räpyttelyn vaikutuksia broilereiden rintalihaksen ja tutkittujen luiden morfologisiin muutoksiin. 

 

Tässä gradussa todettiin, ettei A ja C ryhmien välillä ole tilastollisesti merkitseviä muutoksia 

tutkittujen morfologisten ominaisuuksien suhteen. Siipien räpyttely ei aiheuttanut muutoksia 

morfologisiin ominaisuuksiin. 
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Terms and abbreviations 

D1. Breast muscle weight= Breast muscle weight which is taken from the breast muscle 

day after termination 

D1. Breast muscle thickness= Breast muscle thickness which is taken from the breast 

muscle day after termination 

M. pectoralis major= Musculus pectoralis major 

NoWB= no Wooden breast  

WB= Wooden breast  

WS= White striping



 

1 Introduction 

The consumption of broiler meat has been increasing a lot and the consumption is still 

increasing (National chicken council 2020; OECD-FAO 2015). Therefore, broiler bread-

ing is based even more on meat yield and fast-growing broilers. This has led to various 

problems occurring in broiler meat and also negatively affects broilers normal welfare.  

 

Within these past 10 years some muscle myopathies have been emerging and there is no 

information about how do they appear in the broiler breast muscles (Sihvo 2014). Most 

worrying myopathy is wooden breast syndrome which forms worst cases hardened con-

nective tissue formations throughout the whole breast muscle and makes the whole mus-

cle ridged and makes usage of the breast muscle and wings so much harder (Sihvo 2014). 

Other myopathies are white stripping and spaghetti meat. White stripping occurs often 

when wooden breast is occurring but the condition can also occur without wooden breast 

(Abasht et al., 2016). White stripping’s most recognizable property is white stripes on the 

surface of the breast muscle (Kuttappan et al., 2013). Spaghetti meat has loose muscle 

fibre structure and it can also occur same time as wooden breast and spaghetti meat (Baldi 

et al., 2018). 

 

These myopathies especially wooden breast had led to changes to broiler morphology and 

also some morphological changes can make prevalence of wooden breast much higher 

than normal. There have been studies were the heart size seems to be smaller on broilers 

that exhibited wooden breast (Tickle et al., 2014). The wooden breast affected muscles 

are shorter and thicker than the normal breast muscles and that is thought to be a result of 

inflammation and hypoxia where there is lack of oxygen in the muscle (Papah et al., 2017; 

Norring et al., 2019; Sihvo et al., 2017; Petracci et al. 2019). Bone dimensions (length, 

weight and strength) has been studied in few studies which were more focused on leg 

bones and bones in pectoral gridle. The bones in the wing haven been studied to lesser 

extent. 

 

In my study the aim is to study wing flapping of broilers and how wing flapping is affect-

ing the morphological properties of broilers breast muscle and Os coracoid and Os hu-

merus and their link to prevalence of wooden breast. The properties are studied from 20, 

30- and 41-day broilers and from Group A, Group B and Group C where broilers have to 

use their wings different extent during the study. 
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2 Literature Review 

 

2.1 Wooden breast 

2.1.1 Wooden breast as phenomenon 

 
Wooden breast (WB) is myogenerative muscle disease, myopathy, occurring only in 

broiler chickens. The specification for the wooden breast has been done by Sihvo in 2014. 

The triggering factors of the disease are still unknown. Ten years ago, WB and many 

other myopathies including white striping and spaghetti meat, started to occur in fast 

growing broiler breeds (Petracci et al., 2019, Photo 1). The best-known hypotheses for 

the occurrence of myopathies are fast growth rate and the large breast muscle size that a 

result of the previous (Petracci et al., 2019). 

 

WB myopathy cases increased remarkably in Finland from 2012 on (Sihvo et al., 2014). 

The WB is commonly asymptomatic in living birds but there are some signs that indicate 

that the muscle is affected by WB disease: largely out bulging cranial part of the breast 

muscle and little to none wing movement (Papah et al., 2017; Norring et al., 2019). Papah 

et al. (2017) palpated living birds to feel the breast muscles. The severity of the condition 

can usually be seen when the birds are in slaughter age, around 40-50 days old (Papah et 

al., 2017). Sihvo et al. (2014) stated that the most reliable way of showing the prevalence 

of the disease from broilers is by palpating the excised muscle and histological samples 

from the breast muscles. 

 

Sihvo et al. (2017) found that first cases of the disease can be seen in broilers in animal 

tests at the age of 18 days and samples from 24-42-day old birds had 50% or higher chance 

to have WS disease in severity of score 1 in a 0-3 severity grade scaling. Sihvo et al. 2017 

had 240 one-day-old male Ross 508 broilers that were divided into 24 pens and ten birds 

per each cage and the birds were euthanized at the ages 10, 18, 24, 35, 38 or 42 days. 

 

The possible causes of the diseases have been studied a lot during these past ten years 

(Petracci et al., 2019). In Sihvo et al. (2017) studied the effect of the selenium in broilers 

diet. They added SeLow and SeNorm to broilers feed which was based on wheat and 

soybean. SeLow feed contained inorganic selenium, Na2 SeO3, 0.11 mg/ kg during seven 



 3 

days period and 0.13 mg/ kg till the end of their experiment. The SeNorm contained or-

ganic selenium yeast for seven days 0.32 mg/kg and then 0.30 mg/kg for the rest of the 

research, they used Aviagen (2009) feeding guidelines as their base for the selenium sup-

plementing.  

 

Possible causes for myodegeneration muscular dystrophies are antagonistic substances 

that prohibit the function of selenium and vitamin E and thus weaken and break down the 

muscle and also hypoxia which is deficiency of the oxygen in tissue. (Sihvo et al., 2017, 

Petracci et al., 2019). Sihvo et al. (2017) stated that other possible causes for WB and 

other myopathies formation are ionophore toxicity and exertional myopathy. In Sihvo el 

al. (2017) SeLow supplement did not have huge effect on the prevalence of the WB but 

for birds that received SeNorm had lower chance to have WB. 

 

Wang et al. (2020) studied dietary vitamin E and omega-3 fatty acids effects as fed inde-

pendently or combined to feed. They studied, what is most beneficial period to supple-

ment these substances, during broilers starter phase when they are from 0 to 10 days old 

or in grower phase then the birds are 11-24 days old (Wang et al., 2020). Also, dietary 

vitamin E and omega-3 fatty acid effects on broilers growth performance, meat yield, 

meat quality and severity of the wooden breast myopathy (Wang et al., 2020). They used 

210 broilers of the breed Ross 708 for their study.  

 

Wang et al. (2020) had control diet group where corn-soybean based fed supplemented 

with standard level of vitamin E (DI-α-tocopherol acetate, 10 IU/kg) and omega- 3 fatty 

acids (ratio of n-6 and n-3 is 30:1). This feed was given to control broilers during their 

starter phase, grower phase and their finisher phase. For their other two groups they had 

the same control feed for the feed but the contents of the supplementations were different. 

For one group the supplementation was made during the starter phase and grower and 

finisher phases were the same as in control group and in other group the supplementation 

was made during the grower phase and the starter and finisher phases were the same as 

in control group. The concentration 200 IU/kg of vitamin E the concentration and n-6 and 

n-3 ratio for n-3-fatty acids was 3:1 or combination of them both (vitamin E and n-3-fatty 

acids).   

 

 



 4 

WB scores distributed for the control groups: no WB 18.4%, mild score of WB 49.0%, 

moderate score 24.5% and severe score 8.2%. The added vitamin E in starter diets in-

creased non-WB affected breast muscle and 48% of the breast were scored 0. The use of 

only n-3-fatty acids as supplementation in both starter and grower period increased WB 

prevalence in moderate and severe scorings (Figure 1.). The combined use of the n3-fatty 

acids and vitamin E gave lower WB scores than use of just the fatty acids in both starter 

and grower diets (Wang et al., 2020, Figure 1.).     

 

The vitamin E additions in higher concentrations in starter or grower feed reduced also 

the white stripping (WS) scores in moderate and severe cases and increased mild and no 

sign WS cases. In vitamin E the starter groups WS prevalence is lower than in vitamin E 

grower feed groups. The addition of n-3 fatty acids in both starter and grower feeds in-

creased the severity of the WS (Wang et al., 2020, Figure 1.).  

 

Figure 1. Wooden breast and white stripping scores from feed supplementation 

(Wang et al., 2020). 

 

Livingston et al. (2019) were studying how feed programming, genetic background and 

egg storage may affect the occurrence of white stripping and WB. Their test begun with 

the broiler breeder female inseminations with either one two main strains, fast growing 

Growth strain producing a slightly larger conventional bird or the Yield strain producing 

slightly smaller bird with higher breast meat yield. Female birds were same size in their 

study. Livingston et al. collected the eggs from the female birds were divided into two 

groups: short storage eggs which were collected one to seven days before the incubation 

and the other group was long storage eggs that have been collected eight to fourteen days 

before the incubation. 
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In Livingston et al. (2019) study the feeding program for the birds was for 7 days starter 

feed ad libitum (AL), - food is constantly available, for all birds. On eighth day of grow-

ing, half of the birds continued to be fed with AL feeding with starter feed and half of the 

birds had a time-limited (TL) feeding times where the feeders were lifted up from 9 am 

to 5 pm (Livingston et al., 2019). In their study on age 14 days the birds were introduced 

to common pelleted grower diet. The feed they used for both the starter diet and grower 

diet had same composition but the amounts of the ingredients where higher in the grower 

diet. In the study the three main ingredients of the feeds were corn, soybean meal and 

poultry by-product meal. The wooden breast and the white striping cases were scored in 

the study with 1-4 scale, from normal to severe cases. 

 

In the Livingston et al. (2019) study the birds with AL diet, short egg storage and ge-

netic background of the Growth strain had greater pectoralis major muscle and Pecto-

ralis minor weights. Those muscle weights were higher especially with birds from AL 

diet and Growth genetic strain. In Livingston et al. (2019) study the birds with AL diet 

had larger total breast muscle yield than the birds that were fed with just with TL diet. 

The studied birds with AL diet had also higher 24-h post mortem muscle pH and they 

had also reduced drip loss percentage. The studied Growth broilers had also reduced 

drip loss percentage compared with Yield strain broilers. 

 

The studied feeding programs affected the prevalence WS and WB. The birds that were 

fed with AL diet had higher WS scores than the TL diet birds. AL diet is marked in the 

figure 1. and 2. as AD diet. Birds with TL diet exhibited more milder cases of WS and 

they have higher amount of non-affected breast muscles than AL diet birds. “Over 60% 

of the of AL fed broilers displayed a moderate or severe incidence of WS, whereas over 

80% of TL fed broilers showed mild or no sign of WS” (Livingston et al., 2019, Figure 

2.). 
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Figure 2. The effect of feeding program on frequency percent of white striping. 

(Livingston et al., 2019). 

 

The studied AL diet fed broilers were expressing lower mild and non-affected WB 

amounts than TL diet which showed higher non-affected breast muscle amounts and 

milder WB cases than the AL. Whereas AL diet fed birds showed higher presentences in 

moderate and in severe WB cases. The WB and WS percentages where from 42 d old 

birds. The majority of AL fed broilers exhibited moderate or severe signs of WB (over 

65%), whereas the majority of TL fed broilers exhibited mild or no signs of WB (67%)  

(Livingston et al., 2019, Figure 3.). 
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Figure 3. Effect of the feeding program on wooden breast occurring frequency. Liv-

ingston et al., (2019). 

 

Growth broilers exhibited a greater WS muscle score as compared to Yield broilers with 

over 60% of Yield broilers exhibited mild or no signs of WS. The Yield broilers did 

exhibit over 30% of moderate and severe cases of white striping. The studied Growth 

broilers showed 30% of mild and no signs of white striping and over 40% of Growth 

broilers exhibited moderate or severe cases of white striping in (Figure 4, Livingston et 

al., 2019, Figure 3.).  

 

 

Figure 4. Effect of genetic background to frequency of white striping. Livingston et 

al., (2019). 
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The studied yield broilers exhibited more severe cases of WB than the Growth broilers. 

60 % of the studied yield broilers showed moderate or severe cases of the WB whereas 

growth broilers exhibited just 34% of moderate or severe cases of WB. The Growth strain 

broilers showed more mild and non-signs of WB than Yield strain broilers. “The Growth 

strain showed 66% of no-sign of WB or mild WB and Yield strain broilers exhibited 40% 

of no signs or mild WB” (Livingston et al., 2019, Figure 5.).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Effect of genetic background to frequency of wooden breast. (Livingston 

et al., 2019). 

 

2.1.2 Characterization of the WB myopathy 

 

The characterization of the myopathy is hardened Pectoralis major muscle (Sihvo et al., 

2014). “The hardness is usually located in the cranial and curvilinear parts of the muscle” 

(Puolanne 2015). Breast muscle affected by WB is under severe oxidative stress and in-

flammation (Wang et al., 2020). WB is identified by the palpation of the Pectoralis major 

muscle (Clark & Velleman 2016). The rating of the WB severity can be divided into four 

categories: unaffected breast muscle is getting score of 0 and there is no detectable firm-

ness in muscle, then mild is focally diffused and it is having light firmness and the muscle 

under 25% firmer than the normal muscle and the scores are 1 and 2 (Sihvo et al., 2017, 

Papah et al., 2017).   
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Then moderate WB which is focally diffused and widespread firmness so 25-75% of the 

muscle is firmer than the normal breast muscle and the score is 3, severe WB where WB 

myopathy is diffused and over 75% of the muscle is extremely firm and the score is 4 and 

lastly extremely severe WB where the whole muscle is completely firm and score for that 

is 5 (Sihvo et al., 2017, Papah et al., 2017).  

Photo 1. Main growth-related muscular abnormalities affecting M. pectoralis ma-

jor: white striping, wooden breast and spaghetti meat. Baldi et al. 2020 

 

Clark and Velleman explain the negative effects of the WB myopathy. Myopathy affects 

negatively the muscles water-holding capacity (WTC), textural properties and visual ap-

pearance of the muscle. WB can be painful for the broilers but the topic is still quite 

controversial (Sihvo et al., 2014). 

 

In Petracci et al. (2014) mention also the reduced nutritional value in broiler meat. There 

has been shown that breast muscles with severe and moderate WS had higher fat content 

and lower protein content compared to unaffected breast muscles (Petracci et al., 2014). 

WB containing broiler breast muscles have the highest collagen content of the three stud-

ied myopathies and it have the highest stromal protein denaturation energy compared to 

other myopathies (Baldi et al., 2019).  

 

WB affected breast muscles showed also higher moisture content while white striped 

muscles the results where intermediate (Baldi et al., 2019). Because of these negative 

effects the most of the affected breast muscles are rejected from human consumption and 

that brings significant economic losses to the companies (Sihvo et al., 2014). That and 
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also animal welfare has pushed companies to find ways to get rid of this myopathy (Sihvo 

et al., 2014, Norring et al., 2019).  

 

2.2 White striping  

WS is characterized by white striation which follows parallelly the direction of the muscle 

fibres that are located in broiler breast fillets (Kuttappan et al., 2013, Photo 1). The WS 

are happening usually when WB is occurring (Abasht et al., 2016). Histological observa-

tions indicated an increase in degenerative and atrophic fibres in breast fillets affected by 

WS (Petracci and Cavani., 2012).  

 

In Mudalal et al. (2014) study twelve Pectoralis major muscles were selected from seven-

week-old Ross 708 broilers and there were normal breast muscles and also sever cases of 

WS in breast muscles. In their study the average live weights of these broilers were 2.80 

kg. Mudalal et al. (2014) measured the breast muscles dimensions, total content of myo-

fibrillar and sarcoplasmic proteins by gel electrophoresis and proximate chemical com-

position. 

 

Table 1 Weight and dimensions of normal and WS chicken breast muscle (Mudalal 

et al., 2014).  

 

The studied breast fillets with WS were heavier than breast muscles that were not affected 

by the WS. Average weight the of the WS breast muscles were 290.4 g and the average 

weight of the normal fillets were 243.1 g. The WS affected breast muscles were also 

longer than normal ones, the average length of the WS breast muscles were 19.9 cm and 

the non-affected breast muscles were in average length 18.4 cm (Table 1.). The top height 
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of the WS affected breast muscles were higher than the normal breast muscles, the aver-

age height of the WS affected breast muscles was 3.5 cm and for the normal breast mus-

cles the average height was 3.1 cm (Mudalal et al., 2014, Table 1.). 

 

Table 2 The Chemical composition of normal and white striped breast muscles 

(Mudalal et al., 2014). 

 

WS changes also significantly the chemical composition of the breast muscle. The WS 

affected breast muscles have lower protein content 18.7% than the normal breast muscles 

protein content 22.8% (Mudalal et al., 2014, Table 2.). In Mudalal et al., (2014) and in 

Table 2 the ash content of the WS affected breast muscles lower (1.14%) than the normal 

breast muscle ash content 1.34%.  

 

The WS breast muscles had higher moisture content (75.4%) than the normal Pectoralis 

major muscle 73.8% (Table 2). As shown in the Table 2., the WS affected Pectoralis 

major muscle had also higher intramuscular fat and collagen content: WS muscles had 

intramuscular fat 2.15% where as normal muscle had 0.98%. The collagen content of WS 

muscles were 1.36% and for normal muscles 1.22%.   

 

The WS affected breast muscles exhibited higher cooking loss values than the non-af-

fected broiler breast muscles it turns out in Mudalal et al. (2014). The cooking loss value 

for studied WS affected breast muscle is 33.7% and the non-affected breast muscles had 

cooking loss of 27.4%.  
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2.3 Spaghetti meat 

Spaghetti meat (SM) has poor fibre uniformity between muscle fibre bundles and it is 

located on ventral- cranial part of the M. pectoralis major (Baldi et al., 2018, Photo 1., 

Tasoniero et al. 2020) Baldi et al. 2018 SM affected breast muscles have lower protein 

content and high moisture content. The myopathy was first noticed by Bilgili (2015). 

Bilgili also explains that spaghetti meat has similar cellular changes as other myopathies: 

WB and WS. Other properties, that it has other than loose muscle fibre structure are in-

creased fat and connective tissue areas. The possible reason that spaghetti meat appear is 

that young broiler’s breast muscles do not contain enough collagen that it can hold its 

structure together (Bilgili 2015). 

 

2.4 Morphology 

Oxford Dictionary defines morphology as follows: “Morphology is the branch of biology 

that is dealing with the forms of the living organisms and with relationships between their 

structure”.  

 
Morphology has been studied from WB point of view in previous studies as Clark and 

Velleman from histological samples from breast muscles and how the different samples 

structures differ from each other and which of them are similar in structure. The morpho-

logical dimensions have been measured from four points from WB affected muscles and 

from two broiler lines where WB is seen and one line where the breast muscles where not 

affected with WB. The studied birds were identified as normal or WB affected by palpa-

tion of living birds. The birds were classified as normal and WB affected breast muscles 

(Clark and Velleman 2016). The study demonstrated that the WB morphological charac-

teristics such as fibre necrosis, macrophage infiltration, and the connective tissue deposi-

tion were not uniform throughout the Pectoralis major muscle. 

 

In Verastegui’s Master’s thesis (2015) the morphology measurements were taken from 

breast muscles (thickness, width and weight), keel length and lengths of the two bones: 

Os clavicle and Os coracoid. In her study there were 350 male broiler birds from five 

different broiler hybrids: Ross 508, Cobb, Hubbard H1, Ross 308 and Ross Rowan. These 

measurements were then combined and the rations and relations of the samples were then 

calculated. 
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Tsiouris et al. (2020) studied 128 one day old Ross 308 male broilers which were divided 

into four groups and each group contained 32 broilers: A, B, C and D group. A group was 

chosen as a control group and B, C and D were supplemented with dietary whey with 1, 

2 and 5 % concentrations. The body weights of the broilers were measured on 1st day, 

13th day, 23rd day and 37th day.  

 

Tsiouris et al. (2020) chose four bone parameters for used bone tibiotarsus: weight, 

length, width of the bone in the middle. The bone breaking strength was measured with 

three-point bending test with texture analyser. These measurements were taken on 37th 

day from right tibiotarsus bone per 4 birds from each group. The bones were stored at -

20°C and bones were cleaned without boiling them. The added whey didn’t affect the 

bone weight, diameter and weight and breaking strength ratio but when whey was added 

with concentration of 5% in D-group the tibiotarsus bones were shorter in D- group than 

in control group (A-group).  

 

In Verastegui’s thesis (2015) it is concluded, that there were differences in the morphol-

ogy and growth of body parts between wooden breast affected and non-affected birds. In 

the thesis the most striking result was the relationships between breast muscle thickness 

and three bones: clavicle, keel and Os coracoid.   

 

In Verastegui’s thesis it was shown that if the ratio of the heart weight and breast thickness 

increases the prevalence of WB decreases. In the study it was shown that the WB affected 

birds did have lower heart weights than unaffected birds. Tickle et al. (2014) also showed 

that heart size decreases relatively to size of the broiler over the growth period. There is 

also reduced circulatory and respiratory capacity at the same time, and according to them, 

reason being the genetic selection of fast growth and high body mass. 

 

Güz et al. (2020) studied how the eggshell temperature pattern in incubation will affect 

the tibia bone characteristics at broilers slaughter age. They had 468 Ross 308 eggs that 

were incubated from 0 to 7 days in egg shell temperature of 37.8°C, from 8 to 14 incuba-

tion days two different egg shell temperatures were applied (37.8 °C and 38.9°C) and 

from 15th incubation day forwards two egg shell temperatures were applied (36.7°C and 

37.8°C) till the broilers have hatched. Güz et al. (2020) slaughtered the broilers on the 

days 41 and 42 day. 
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In their research tibia bones measured characteristics were: tibia weight, proximal length 

lateral cortex thickness, proximal head thickness and maximal load of breaking point was 

made with three-point bending test. On week two the tibia weight was higher when com-

pared with the lower and at the same time the normal egg shell temperature tibia weight. 

There are no morphological changes during the week 3. The highest bone strength value 

was on group that had higher egg shell temperature on week 2 and normal egg shell tem-

perature on week 3 (Güz et al., 2020). 

 

2.5 Muscles and bones 

 
2.5.1 Development and growth of muscles 

Muscles tissue consists mainly of muscle cells and muscles can be divided in to three 

muscle tissue types: cardiac-, smooth- and skeletal muscle tissue types. The primary func-

tion of the skeletal muscle is to produce movement by contracting and pulling tendons to 

move the bones (Martin et al., 2018). Skeletal muscles are maintaining also the posture 

and the temperature of the body.  

 

Muscle fibres are formed when muscle forming cells, myoblasts, fuse together (Martin et 

al., 2018). This growth phase is called embryonic growth phase (Clark and Velleman 

2016). These embryonic state muscles spread around new muscle cells and the amount of 

muscle fibres will increase (Anton et al., 2019). Not all of the myoblasts will merge to-

gether but some will stay on the surface of fibres to assist, when injury occurs in muscle 

fibres (Martin et al., 2018). These cells are called myosatellite cells and they will fuse 

with the damaged muscle cells. The myosatellite cells are part of the posthatch muscle 

growth phase and they are located between the basement membrane and sarcolemma in 

skeletal muscle fibres (Mauro, 1961; Clark and Velleman., 2016). The post hatch muscle 

will increase its size by increasing its muscle cell size (Anton et al., 2019). The insuffi-

cient nutrition after broilers hatch can lead to spreading of the satellite cells too early on 

and that can lead to degreased muscle grow on broilers later grow phases (Velleman et 

al., 2010) 
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2.5.2 Development and growth of bones 

The bone structure contains four types of cells: osteogenic cells, osteoblasts, osteocytes 

and osteoclasts (Martin et al., 2018). They described: osteogenic cells are stem cells 

which differentiates in to osteoblasts and osteogenic cells. Osteogenic cells are also taking 

care that there are enough osteoblasts in bones. Osteoblasts produce new bone matrix in 

ossification. Osteoblasts make and release proteins and other organic compounds of the 

bone matrix. 

 

Osteocytes are the mature bone cells and they maintain protein and mineral content of the 

matrix which is surrounding it (Martin et al., 2018). The osteocytes can transform itself 

into osteoblasts or osteogenic cells to help to repair the fractured or broken bone. Fourth 

bone cell type is osteoclasts, that break down bone matrix with acids and protein-digesting 

enzymes that the cells produce and this process is called osteolysis which will help the 

recirculation of calcium and phosphate ions in body. 

 

Bone formation (ossification) starts with forming a cartilage model made of hyaline car-

tilage (Martin et al., 2018). Martin et al. explains that cells inside the cartilage, chondro-

cytes, will start to expand and form smaller supporting structures that will start to calcify. 

Blood vessels are forming and growing outside of the cartilage model and chondrocytes 

at the edges of the cartilage convert themselves into osteoblasts.  

 

The previously formed blood vessels penetrate the cartilage walls and they head to the 

centre of the cartilage (Martin et al., 2018). Then spongy bone is formed in the centre of 

the cartilage when blood flow brings fibroblasts that will change to osteoblasts. In the 

centre of the cartilage the medullary cavity increases it size and then the bone growth 

continues with increase of the diameter and the length of the bone. 

 

Bones increase their length by creating new ossification points and transferring osteo-

blasts and capillary blood vessels to the tips of the bones, near epiphysis (Martin et al., 

2018). They explain that the osteoblasts create more spongy bone to fill the epiphyses and 

the epiphyseal cartilage forms new cartilage to be transformed to bone. During puberty 

the cartilage forming slows down and the speed of osteoblasts increases and epiphyseal 

cartilage gets narrower until there is left a closure point and the bone is not growing any-

more. 
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Nakane and Tsudzuki (1999) explains that the bird embryo’s cartilage formation starts 

during the first week of the egg incubation. During their studies second week and forward, 

the ossification continues. In Tickle et al. (2014) review, it is explained that the long bones 

of the leg and wing are almost completely ossified at hatch while for example sternum is 

ossified after hatch. Also, the rapid development of the body mass does not mean that 

also the ossification is going to be fast. The bone growth stays in normal phase while the 

muscle growth goes on at faster speed.  

 

In Havenstein (1994) there was explained that fast growing broilers have higher need for 

nutrients and slower growing broilers do not have that high requirements for nutrients and 

therefore they do not have bone deformative diseases that are more common on fast grow-

ing broilers. Julian (1998) adds that fast growing broilers have also higher risk for me-

chanical damage to their bones than slower growing broilers. Ruiz-Feria et al. (2014) 

explains that bones mechanical strength is depending on bone’s morphological properties 

and its density. 

 

Julian and Mirsalimi (1992) tells in their paper that faster growing broilers have lower 

oxygen content in their blood system than slow growing. This kind of situation can lead 

to oxygen deficiencies throughout the body.  

 
2.5.3 Anatomy of broiler: aviation and movement 

Most aviation related muscles and bones are located in pectoral girdle and the other half 

are located in the wings. Most important bones for wing rising and lowering are Os cor-

acoid, Os humerus and clavicle bones. Os coracoid is rod-shaped bone and it is connected 

to sternum (which forms keel) and Os coracoid is located in the pectoral girdle (Koenig 

et al., 2016). Os coracoid bone is the strongest bone in pectoral girdle (Figure 6.) and it 

has two articular surfaces for scapula (facies articularis scapularis) and for Os humerus 

bone (facies articularis humeri) where they can be attached. Koenig et al. tells that in Os 

coracoid there is supracoracoid groove where the tendon of supracoracoideus is attached 

(Koenig et al., 2016). 

 

In Koenig et al (2016) book another important bone in pectoral gridle is clavicle bone. It 

is thin and curved and rod-shaped and it is connected to Os coracoid bone from its omal 
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extremity. As shown in Figure 6. two clavicle bones form together wishbone. They show 

that the clavicle bone acts like a spring between the shoulder joints while wing is move 

up and down. Os humerus bone is the largest bone in the bird’s wings. They explain that 

Os humerus bone has two heads at its ends and Os humerus is a part of the wing. The Os 

humerus bone is attached to Os coracoid from one of its heads (Figure 6.). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Flying mechanism: muscles and the bones (Koenig et al., 2016). 

 

When the wing is stroked up, furcula draws the shoulder joints closer each other and when 

the wing is stroked down, furcula releases tension and the shoulder joints turn back to 

their starting point (Koenig et al., 2016; Figure 6.). They show that when the wings are 

pulled up the Supracoracoideus muscle is flexing and Pectoralis major muscle is relaxing, 

and when the wings are stroked down Pectoralis major muscle flexes while the Supracora-

coideus relaxes during this phase. 

  

In WB affected breast muscles are growing fast and they are bigger because of the swell-

ing and at the same time the bones are growing at the normal pace. The bones cannot 

support the overly large breast muscles. Puolanne (2015) claims on base on the results of 

Verastegui’s results that there is less room for the breast muscles and the bones to move 

in WB affected birds. He explains that because the muscles grow so fast and the muscle 
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is so ridged, there is higher chance for the birds to injure their breast muscles while they 

flap their wings so fast. The bone strength should be very high to endure high torsion in 

normal and WB cases. 

 

3 Experimental Research 

 

3.1 Aim of the Study 

The project is made as a part of research project “Effect of wing flapping on the preva-

lence of wooden breast syndrome in broilers” at the Department of Food and Nutrition/ 

Meat Science and Technology, led by Per Ertbjerg and Eero Puolanne acted as principal 

investigator. The project was funded by Kyllikki ja Uuolevi Lehikoisen Foundation. Co-

researchers in this project were PhD Liisa Keto from Finnish Institute of Natural Re-

sources (LUKE), Docent Jere Lindén from University of Helsinki, Faculty of Veterinary 

Sciences, Department of Pathology and Professor Jarmo Valaja, Departement of Agricul-

tural Sciences. The effects of exercise (wing flapping) was studied, on the muscles using 

different exercise programs in three experimental groups (A: no wing flapping, B: wing 

flapping from 25 day on and C: wing flapping from 3 day on. Liisa Keto took samples 

for connective tissue analyses as well for oxidative status of live muscles. Jere Lindén 

took histological samples from the breast muscles to study the muscle tissue more closely. 

Eero Puolanne took muscle samples for sarcomere lengths study, and two other Master’s 

thesis students took muscle samples for enzymatic activity and glycolytic potential anal-

yses.  

 

The aim of this master’s thesis is to study effects of wing flapping to morphological prop-

erties of broiler breast muscles and the bones and whether there are links between them 

and WB prevalence. The questions that needs to be answered during the study are: Will 

the wing flapping of the broilers help to reduce the prevalence of WB? and are there 

significant differences between broiler group with excess wing flapping and no excess 

wing flapping within the studied muscle and bone morphological properties? The most 

important variable is the wing flapping groups where Group A where broilers have no 

wing flapping in excess and Group C had to start wing flapping at 3 days old, training the 

muscles from young age. Group B was to show if there were effects of wing flapping to 

WB prevalence, when the exercise starts at age close to slaughter age. The broilers in 

Group B started the wing flapping 25 day old. The breast muscle dimensions 
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measurements were taken from right and left breast muscle. Morphology is also studied 

from bones that are attached to wings and also the size of heart is measured.  

 

3.2 Materials and Methods 

3.2.1 Materials 

As material there were 171 male broiler birds of Ross 308 growing in pens of 20 and 

having three different raising methods. Birds are euthanized at 20, 30 or 41 days old. The 

broilers were held in university’s Large Animal Research Unit. 154 Ross 308 broilers 

were included in the study and while 17 birds died during the study or they were termi-

nated for various reasons during the study.  

 

3.2.2 Sampling methods 

 

Before the real sampling a training day sampling session was held at LUKE. Each task 

was processed through to see how much time it took and how the processing of the sam-

pling could have done in research itself. In the training session eight broilers were used.   

 

Breast muscle for morphological measurements 

 

Both the sampling method and muscle measurements were tested on the eight testing 

broilers. The cutting of the breast muscle from the carcass and the measurements and 

measurement order were also tested. The planned measurements were breast muscle 

weight, breast muscle thickness, width and length and they were made in that order.  

 

Broiler birds were euthanized with cervical dislocation and after that the left breast mus-

cle was removed by pathologist, weighted by scale with accuracy of 0.01 g and then pho-

tographed. Then thickness was measured from the cranial end of the breast muscle from 

the thickest point of the muscle by calliper with accuracy of 1 mm. The severity of 

wooden breast was evaluated and scaled from 0 to 3 by three experts. NoWB status was 

0 and 0.5 (very mild focal lesion) and WB from 1 upwards. Then inspected broiler car-

casses were put in numbered plastic bags and cooled in buckets filled with ice. The wings 

were pressed along the body during the cooling. The right breast muscle was still attached 

to the carcass. Next day the right breast muscles were excised from carcasses and the 

supracoracoideus muscles were removed from M. pectoralis major muscles before the 

measurements. Then breast muscles were weighted by scale with accuracy of 1 gram, the 
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length was measured with measuring tape, thickness was measured with calliper and 

width was measured with measuring tape from the widest part of the breast muscle. The 

results were recorded to result sheets. The WB status was evaluated again, but the results 

were inconsistent, probably due to cold shortening, and were not used for the analyses. 

Bones and bone measurements 

Bone sampling and measuring methods were tested on sixteen bones from eight test broil-

ers, one Os coracoid and Os humerus from each broiler. The boiling time was tested by 

trying different boiling times to remove the cartilage and muscle from the muscle without 

cooking the bone too much. I started with base time of 1 minute and then increased and 

decreased the time until muscle and cartilage were easy to remove and same time tested 

how long should I cook the bones on high heat and in medium stove setting. First, I tried 

to cook the bones with high heat during the whole cooking time and then same cooking 

time with medium setting. I chose the medium heat for being the most suitable for the 

bone cooking and if the water started to boil too much, I decreased the heat. The cooking 

time of 1 minute 30 seconds on medium heat was chosen because in that time bones were 

not cooked through and the muscle pieces and cartilage was easy to remove. 

 

Os coracoid and Os humerus (one of each bird) were removed from broiler carcasses by 

hand. At same measurement day keel lengths were measured with measuring tape. Os 

humerus and Os coracoid were then packed in small Minigrip bags labelled with the 

number of the bird and put in cold storage. Bones were then boiled in saucepan for 1 

minute 30 seconds on medium heath to get still attached muscle parts and cartilages off.  

 

Excess water was then towel dried off the bones and the bones are weighted with scale 

with accuracy of 1 gram and the bone lengths were measured with measuring tape from 

bones one head to another. Then the bones were cut in to two 6 mm slices with two 

spinning blades with fixed gap of 6 mm and the cutting was done from the point where 

the muscle was attached to the bone (Photo 2.). The bone marrow was removed from the 

bone slices. Then the bone slices were crushed with the hydraulic press Instron 33R 4465 

and maximum force resisted was marked down. 



 21 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 2. Os humerus bone and double blades. Picture taken by Jasmin Brandes 

 

Eight Os humerus and Os coracoid bones were cut into two 6 mm bone slices. The bone 

strength method was compression test and the compression program was made to measure 

6 mm Os humerus and Os coracoid bone slices. The lowering distance was tested that if 

it was too high then the bone is not crushed and when it was too low the bone broke into 

smaller pieces. The chosen lowering distance was 18 mm were the bone broke down 

without flattening the bone slice.  

 

Method used for bone strength was compression test. Used probe was flat tipped and with 

diameter of 20 mm (Photo 3.). Power cell used was 5 kN. The lowering distance between 

the probe and the sample was 18 mm and the height of the probe was increased or de-

creased about 1 mm depending on the size of the sample. The speed of the probe was 120 

mm/min. 
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In my thesis the topic of the study was to study the morphological aspects linked to 

wooden breast syndrome in broilers. The studied features were breast muscle thickness, 

breast muscle weight and width and length, Os humerus and Os coracoid bone lengths 

and weights and also the bone 

strength (maximal force). D0 

breast muscle thickness and 

weight and heart weight were 

measured at sampling Day 20, 

Day 30 and Day 41. D1 breast 

muscle thickness and weight 

and width and length were 

measured few days later. The 

first breast muscle weight and 

thickness were measured from 

left breast muscle with balance 

and calliper on sampling day 

right after the termination. 

Heart weights were measured 

from the emptied hearts. 

 

Photo 3. Os humerus bone and 20 mm probe. Picture taken by Jasmin Brandes 

 

3.2.3 Statistical analysis 

The used statistical programs were IMB SPSS Statistics 25 and Microsoft Office Home 

and Student: Excel 2016. The made analyses were ANOVA, UNOVA and Pearson cor-

relation. In UNOVA analyses the dependent variables were the studied morphological 

properties of muscles and bones and the fixed factors were wing flapping groups: Group 

A and C, termination days: 20, 30 and 41 and WB/ -NoWB classifications. Descriptive 

statistics, estimates of the effect size, observed power, parameter estimates, homogeneity 

tests, residual plot and F test were displayed from analyse in SPSS. The Significance level 

for the analyse was 0.05 and confidence intervals were 95.0%. For the Pearson correlation 

that was made with variables being the morphological properties of the studied muscle 

and bone properties and live weight of the broiler. The means and standard deviations 
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were displayed and the test of the significance was made two-tailed. For the statistical 

analyses B group is dropped out because of technical reasons. 

 

3.3 Results 

3.3.1 Average by each group and property 

At day 20 there were no statistically significant differences between live weights of Group 

A and Group C (Table 63.). The average live weight showed significant difference during 

Day 30 (p≤0.001) between Group A and C (Table 64.). At Day 41 within Group A and 

Group C there were no statistically significant differences between the average live 

weights (Table 65.). 

 
In the following comparisons between the WB and NoWB groups, no statistical tests were 

done, due to the sometimes small and uneven numbers of birds in the comparisons. At 

Day 41, the live weights show differences of 100-300 g between WB and NoWB samples 

between the wing flapping groups (Table 3.). The average live weight in Group A NoWB 

was at Day 41: 3344 g and in Group A WB samples was at Day 41: 3669 g. The average 

live weight in Group B NoWB at Day 41 was 3073 g and in Group A WB at Day 41 was 

3206 g. At Day 41 in Group C NoWB the average live weight was 3205 g and in Group 

C WB was 3645 g.  

 
Between Groups A, Group B and Group C in NoWB samples the average breast muscle 

weight showed no differences (Table 4.). In WB samples at Day 30 the differences started 

to appear. The average breast muscle weight in Group A was lighter than the average 

breast muscle weight of Group C but Group B average breast muscle weight was the 

lightest of them all with weight of 166.8 g whereas the Group A and Group C average 

breast muscle weights were 199.5 g and 216.2 g. The lowest average breast muscle weight 

on day 41 was in Group B was 285.8 g while in Group A the average breast muscle weight 

was 363.8 g and the average breast muscle weight in Group C was 369.4g. The average 

breast muscle weights at the Day 20 were same size in between Group A and Group C 

but on day 30 in Group C the average breast muscle weights were higher than Group A 

average breast muscle weights. Between Group A and Group C at Day 41 the average 

breast weights were similar.  
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The average breast muscle thickness showed no difference within the wing flapping 

groups in NoWB samples (Table 5.). Group A had the thickest average breast muscle 

thickness 37.9 mm and the lowest thickness average thickness was in Group B 31.5 mm. 

Between Group A and Group B and Group C and Group B at Day 41 the results started 

to differ. Group A average breast muscle thickness was 42.3 mm, in Group C 41.0 mm 

and in Group B 35.9 mm. 

 

Breast muscle weights and breast muscle thicknesses increased between the termination 

days and WB samples and NoWB samples and Group A, B and C. At Day 20 the breast 

weight showed no significant difference between Group A and Group C (Table 63.) and 

at Day 30 there were significant difference (p≤0.05) between Group A and Group C (Ta-

ble 64.). Between Group A and Group C at Day 41 there were no significant difference 

between the breast weights (Table 65.). Between Group A and Group C the average breast 

muscle thickness showed no difference (Table 65.). 

 

The lowest average heart weight at day 20 was in group C NoWB 7.9 g and the heaviest 

average heart weight was in Group A 8.5 g (Table 6.). The lightest average heart weight 

at Day 30 in Group B NoWB was 11.4 g and the heaviest average heart weight was in 

Group C NoWB 14.5 g. The lightest average heart weight at Day 41 was in Group C 

NoWB 15.1 g and the heaviest average heart weight was in Group A NoWB 16.3 g. In 

WB samples Group C had the smallest average heart weights at Day 20 of 8.6 g and at 

Day 41 the average heart weight was 17.0 g and at Day 30 Group B WB had the smallest 

average heart weight 12.5 g. The WB samples and NoWB samples showed no large dif-

ferences. There were no significant differences between the average heart weights within 

wing flapping groups (Table 65.). The average heart weight differences were not signifi-

cant at termination Days 20, 30 and 41 (Table 63., Table 64. and Table 65.). 

 

Average keel lengths showed no large differences within each wing flapping Group A, B 

and C (Table 7.). The keel length seems to be equal length in Group A and Group C 

(Table 7.). Group B has the shortest average keel lengths (Table 7.). Differences within 

wing flapping groups Group A and Group C were not statistically significant at termina-

tion Days 20, 30 and 41 (Table 63., Table 64. and Table 65.).  
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Average Os humerus weights seem to be heavier in WB samples than in NoWB samples 

(Table 8.). The heaviest average Os humerus weight was at Day 41 in Group C 8.8 g. The 

Os humerus weight showed no significant difference between Group A and Group C at 

Day 20 but Os humerus weight showed significant difference between Group A and 

Group C at Day 30 (p<0.001) and at Day 41 (p<0.05) (Table 63., Table 64. and Table 

65.).  

 

Os humerus length average seem to be almost identical in each group and termination 

days (Table 9.). Os humerus length showed significant difference between Group A and 

Group C at Day 20 (p<0.05) and at Day 30 (p<0.05) and at Day 41 Os humerus length 

showed no significant difference within the wing flapping groups Group A and Group C 

(Table 63., Table 64. and Table 65.). 

 

The Os humerus strength showed significant difference between Group A and Group C 

at Day 20 (p<0.05) and at Day 41 (p<0.05) (Table 63. and Table 65.) and at Day 30 there 

were no significance between Group A and Group C Os humerus strength (Table 64.). 

Average Os humerus strength vary greatly and WB samples had higher Os humerus 

strength than NoWB samples (Table 10.). At Day 41 the lowest average Os humerus 

strength was in NoWB samples and Group A 59.3 N and highest was in Group B and WB 

samples 97 N (Table 10.).  

 

The Os coracoid weight showed significant difference between wing flapping groups 

Group A and Group C at Day 30 (p<0.05) (Table 64.). Os coracoid weight showed no 

significant differences between Group A and Group C at Days 20 and 41 (Table 63. and 

Table 65.). The average Os coracoid weight at Day 41 in NoWB samples are higher than 

in WB samples (Table 11.). Heaviest Os coracoid weight average was in Group C and 

lightest in Group B. The average Os coracoid lengths showed no difference within the 

wing flapping groups (Table 12.) and there were no significant differences between wing 

flapping groups and termination days (Table 63., Table 64. and Table 65.). Os coracoid 

average strength where higher in NoWB samples at Days 20 and 41 (Table 13.). There 

were no significant differences between wing flapping groups and termination days (Ta-

ble 63., Table 64. and Table 65.). 
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3.3.2 Cross table analysis 

Cross table is gathering of broiler amounts in each group in each termination day and WB 

samples and NoWB samples. The cross table shows the distribution of the WB and NoWB 

in the Group A and Group C. Group A had total of 21 broilers that were affected with 

WB and total of 36 broilers that were having NoWB (Table 14.). Group C had total of 32 

WB affected broilers and total of 24 broilers that were having NoWB.  

 
3.3.3 Correlations 

Day 20  

When combined Group A and Group C the breast muscle weight and heart weight corre-

lation was significant r=0.5 (p<0.01) (Table 15.). When separated Group A and C corre-

lation in Group A NoWB samples between breast muscle weight and heart weight was 

significant correlation r=0.7 (p<0.01) (Table 16.). Group A WB samples showed no sig-

nificant correlation, but the studied sample size was 2 broilers. Group C WB samples 

showed no significant correlation.  

 

Between Group A and Group C when combined the correlation between breast muscle 

thickness and heart weight showed no significant correlation (Table 17.). When separated 

Group A and C there were no significant correlations between breast muscle thickness 

and heart weight (Table 18.).  

 

When combined Group A and Group C showed significant correlation of r=0.6 (p<0.01) 

between breast muscle thickness and keel length (Table 19.). As shown in Table 20. breast 

muscle thickness correlates with keel length in Group A NoWB r=0.5 (p<0.05). Group C 

WB showed no significant correlation while Group C NoWB samples showed correlation 

r=0.6 (p<0.01). NoWB samples within Group A and Group C breast muscle weight and 

keel length correlated together at the significant level, so keel length and breast weight 

are growing same rate. WB samples within Group A and Group C showed that Group C 

breast weight and keel length showed no correlation on significant level with each other. 

 

When combined Group A and Group C showed no correlation between breast muscle 

thickness and keel length (Table 21.). When separated Group A and Group C showed 

significant correlation between breast muscle thickness and keel length in Group C WB 

r=0.8 (p<0.05) (Table 22.). 
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When combined Group of A and Group C breast muscle weight showed correlation of 

r=0.7 (p<0.01) with Os humerus weight (Table 23.). Group A NoWB samples showed 

correlation of r=0.7 (p<0.01) between breast muscle weight and Os humerus weight and 

r=0.5 (p<0.05) between breast muscle weight and Os humerus length (Table 24.). Group 

C WB samples showed significant correlations between breast muscle weight and Os hu-

merus weight r=0.8 (p<0.05) and Os humerus length r=0.8 (p<0.05) amount of the broil-

ers in this analysis there were just six broilers what is insufficient that real significance 

could be reached. When separated Group A and Group C NoWB samples showed no 

significant correlations between breast muscle weight and Os humerus dimensions. 

 

When combined Group A and Group C showed correlation r=0.4 (p<0.05) between breast 

muscle thickness and Os humerus weight (Table 25.). In Group A NoWB samples showed 

significance correlation r=0.6 (p<0.01) between breast muscle thickness and Os humerus 

length (Table 26.). Group C WB showed correlations between Os humerus weight and 

Os humerus length and breast muscle thickness r=0.8 (p<0.05) and r=0.9 (p<0.05) (Table 

26.). Group C NoWB samples showed no correlations between breast muscle thickness 

and Os humerus weight and Os humerus length (Table 26.). 

 

When combined Group A and Group C showed correlation r=0.7 (p<0.01) between breast 

muscle weight and Os coracoid weight (Table 27.). Breast muscle weight showed also 

correlation between Os coracoid length r=0.4 (p<0.05). Group A NoWB samples showed 

correlations between breast muscle weight and Os coracoid weight r=0.8 (p<0.01) and 

breast muscle weight and Os coracoid length r=0.6 (p<0.05) (Table 28.). The Group C 

WB samples showed no significant correlations but in NoWB samples there were signif-

icant correlation between breast muscle weight and Os coracoid weight r=0.6 (p<0.05). 

 

When combined Group A and Group C showed correlation r=0.3 (p<0.05) between breast 

muscle thickness and Os coracoid weight (Table 29.). When separated Group A and 

Group C showed no correlations between breast muscle thickness and Os coracoid di-

mensions (Table 30.). 
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Day 30 

When combined Group A and Group C showed significant correlation between breast 

muscle weight and heart weight r=0.5 (p<0.01) (Table 31.). When separated Group A and 

Group C showed no significant correlations between breast muscle weight and heart 

weight (Table 32.). 

 

When combined Group A and Group C showed no significant correlation between breast 

muscle thickness and heart weight (Table 33.). When separated Group A and Group C 

showed not significant correlations between breast muscle thickness and the heart weight 

(Table 34.).    

 

When combined Group A and Group C showed no significant correlation between breast 

muscle weight and keel length (Table 35.). When separated Group A and Group C showed 

no significant correlations between breast muscle weight and keel length (Table 36.). 

 

When combined Group A and Group B correlation analysis showed no significant corre-

lation between breast muscle thickness and keel length (Table 37.). When separated 

Group A and Group C there were no significant correlations between breast muscle thick-

ness and keel length (Table 38.). 

 

When combined Group A and Group C there were significant correlation between breast 

muscle weight and Os humerus weight r=0.7 (p<0.01) (Table 39.). Within combined 

Group A and Group C there was also significant correlation between breast muscle weight 

and Os humerus length r=0.5 (p<0.01) (Table 39.). When separated Group A and Group 

C showed significant correlation in Group A WB between breast muscle weight and Os 

humerus weight r=0.8 (p<0.05) (Table 40.). 

 

When combined Group A and Group C there was significant correlation between breast 

muscle thickness and Os humerus dimensions r=0.5 (p<0.01) (Table 41.). When separated 

Group A and Group C there were no significant correlations between breast muscle thick-

ness and Os humerus dimensions (Table 42.).  

 

When combined Group A and Group C showed significant correlation between breast 

muscle weight and Os coracoid weight r=0.6 (p<0.01) (Table 43.). When combined 
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Group A and Group C showed significant correlation between breast muscle weight and 

Os coracoid length r= 0.4 (p<0.01) (Table 43.). When separated Group A and Group C 

showed significant correlation between breast muscle weight and Os coracoid weight in 

Group A WB samples r=0.8 p<0.05 (Table 44.). 

 

When combined Group A and Group C showed significant correlation between breast 

muscle thickness and Os coracoid weight r=0.04 (p<0.01) (Table 45.). When combined 

Group A and Group C showed significant correlation r=0.04 (p<0.05) breast muscle 

thickness and Os coracoid length (Table 45.). When separated Group A and Group C 

showed no significant correlation between breast muscle thickness and Os coracoid di-

mensions (Table 46.). 

 

Day 41 

When combined Group A and Group C showed significant correlation between breast 

muscle weight and heart weight r=0.4 (p<0.05) (Table 47.). When separated Group A and 

Group C showed no significant correlations between breast muscle weight and heart 

weight (Table 48.). 

 

When combined Group A and Group C showed no significant correlation between breast 

muscle thickness and heart weight (Table 49.). When separated Group A and Group C 

showed no significant correlations between breast muscle thickness and heart weight (Ta-

ble 50.). 

 

When combined Group A and Group C showed no significant correlation between breast 

muscle weight and keel length (Table 51.). When separated Group A and Group C showed 

no significant correlations between breast muscle weight and keel length (Table 52.). 

 

When combined Group A and Group C showed no significant correlation between breast 

muscle thickness and keel length (Table 53.). When separated Group A and Group C 

showed no significant correlations between breast muscle thickness and keel length (Ta-

ble 54.). 

 

When combined Group A and Group C showed significant correlation between breast 

muscle weight and Os humerus weight r=0.6 (p<0.01) (Table 55). When combined Group 
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A and Group C showed also significant correlation between breast muscle weight and Os 

humerus strength r=0.5 (p<0.01) (Table 55.). When separated Group A and Group C 

showed significant correlation in Group C WB samples between breast muscle weight 

and Os humerus weight r=0.6 (p<0.05) (Table 56.). 

 

When combined Group A and Group C showed significant correlation between breast 

muscle thickness and Os humerus weight r=0.5 (p<0.01) (Table 57.). When separated 

Group A and Group C showed no significant correlations between breast muscle thick-

ness and Os humerus dimensions (Table 58.). 

 

When combined Group A and Group C showed no significant correlation between breast 

muscle weight and Os coracoid dimensions (Table 59.). When separated Group A and 

Group C showed no significant correlations between breast muscle thickness and Os cor-

acoid dimensions (Table 60.). 

 

When combined Group A and Group C showed no significant correlation between breast 

muscle thickness and Os coracoid dimensions (Table 61.). When separated Group A and 

Group C showed no significant correlation between breast muscle thickness and Os cor-

acoid dimensions (Table 62.). 

 

3.4 Discussion 

In this thesis it has been studied, how the wing flapping affects the morphologic properties 

of muscles and bones and how the affected morphology affects the prevalence of WB in 

broilers. The hypothesis of this thesis was that if broilers use their wing more frequently 

there could be changes in the broiler morphology. 

 

The studied broiler groups were wing flapping groups where Group A was not moving 

its wings excessively, Group B was moving their wings excessively from day 25 on and 

Group C was moving their wings excessively from day 3 on. According to Anton et al. 

(2019) on the broiler wing flapping “there is no evidence that breast muscle diseases can 

be induced by excessive bird activity” and also “the wing flapping activity should be 

minimized during broilers live that there is no possibility that myopathies can emerge”, 

Anton et al. study have been made before slaughter and our broilers were not traveling to 

slaughter plant. Anton et al. (2019) and Lien et al. (2012) explain that deep pectoral 
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myopathy can emerge when broilers and turkeys flap their wings rapidly then breast mus-

cles contract and blood flows to deep pectoral muscle after that a dense muscle film pre-

vents the normal blood flow in and out of the breast muscle (hypoxia). The deep pectoral 

myopathy is forming in M. pectoralis minor not in M. pectoralis major were the WB is 

forming and deep pectoral myopathy is forming to M. pectoralis minor because of the 

muscle cannot get enough oxygen. The unbalanced growth of the connective tissue and 

fast growth of the breast muscle lead to reduce of blood flow to tissue and then to hypoxia 

(Petracci et al., 2019). 

 

There were no significant differences in heart weights between Group A and Group C. In 

Verastegui (2015) and Tickle et al. (2014) had different results where the heart weight 

was lower in broilers that showed WB and broilers without WB broilers had higher heart 

weight than WB affected broilers. In my thesis the heart weights were not significantly 

different within the wing flapping groups. Our broilers showed no similar heart weight 

differences between the WB affected and NoWB broilers as in Verastegui’s thesis (2015) 

and Tickle et al. (2014) article, in their studies they were not studying the wing flapping 

effects on broiler morphology. One possible reason for this lack of variation in my thesis 

is the small broiler sample size. 

 

In Verastegui’s thesis bone lengths showed no differences between WB samples and 

NoWB samples. In my thesis Os humerus weight changed much depending on termina-

tion days and wing flapping groups. In Verastegui’s thesis there were no study about the 

wing flapping so that is one reason why there is differences between the bone dimension 

in my thesis and in Verastegui’s thesis. 

 

There were no statically significant differences between breast muscle weight and breast 

muscle thickness between wing flapping groups. However, there were differences be-

tween WB and NoWB samples in breast muscle weights and breast muscle thicknesses. 

The wing flapping showed no effect on the wing flapping groups Group A and Group C 

in breast muscle weight and breast muscle thickness but in Group B there were differences 

in breast muscle thickness and breast muscle weight. Lien et al. (2012) studied the wing 

flapping effects on turkey but on deep pectoral myopathy prevalence and exercise showed 

increase in prevalence of the deep pectoral myopathy. Where the disease forms and how 

the disease forms are not exactly same as with WB, but there are similarities. 
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There were no significant differences between live weights within wing flapping groups. 

In Sihvo (2019) doctoral thesis there was no significance in mean live weight and between 

WB samples and No WB samples. The wing flapping showed no effect within Group A 

and Group C live weights but wing flapping affected Group B live weight. 

 

4 Conclusions 

 
1. Will the wing flapping of the broilers help to reduce the prevalence of WB?  

 

The wing flapping of the broilers show no reduction on prevalence of WB. The 

wing flapping in excess has more WB cases than the control group. 

 

2. Are there significant differences between broiler group with excess wing flap-

ping and no excess wing flapping within the studied muscle and bone mor-

phological properties? 

 

There are no significant differences between wing flapping Group A and Group 

C within studied muscle and bone morphological properties. Some exceptions are 

Os humerus weight and length which show significant differences at two later 

termination days. The Os humerus strength show significant differences at first 

termination day and last termination day.  

 

Future studies 

 

Wing flapping should be studied more closely and the tests should be shorter. 

Bone dimensions of Os humerus and Os coracoid, heart weight of the broiler and 

broiler breast muscle dimensions should be studied again in larger broiler samples 

in wing flapping groups. Especially the heart weight is interesting that in this study 

it is higher for WB broilers than in NoWB broilers.  
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6 Appendices 

 
Appendix 1 

Table 3 Live weight average results in grams in different wing flapping groups: 

Group A (no ex) = no exercise, Group B ex 25 (exercise from day 25 forward) and 

Group C ex 3 (exercise from day 3 forward) and SEM (standard error of the mean). 

The wing flapping groups are divided into WB and NoWB samples and the results 

are presented in termination Days 20, 30 and 41. 

* Group B no sampling 

 

Table 4  Breast weight average results in grams in different wing flapping groups: 

Group A (no ex) = no exercise, Group B ex 25 (exercise from day 25 forward) and 

Group C ex 3 (exercise from day 3 forward) and SEM (standard error of the mean). 

The wing flapping groups are divided into WB and NoWB samples and the results 

are presented in termination Days 20, 30 and 41. 

* Group B no sampling 

 

 

Live weight g                

NoWB A) no ex SEM N B) ex 25 SEM N C) ex 3 SEM N 

20 1143.4 32.1 18 *  * * 1089.6 36.4 14 

30 2011.2 59.0 12 1943.3 62.9 14 2297.7 77.2 6 

41 3344.3 107.0 7 3073.3 75.6 9 3205.0 151.3 2 

                 

WB A) no ex SEM N B) ex 25 SEM N C) ex 3 SEM N 

20 1221.5 96.4 2 *   * * 1217.7 55.6 6 

30 2290.9 77.2 7 2060.2 92.6 6 2441.3 59.0 13 

41 3669.2 75.7 13 3206.4 68.4 11 3645.7 70.1 14 

D1 Breast 
weight g   

 

    

 

    

 

  

NoWB A) no ex SEM N B) ex 25 SEM N C) ex 3 SEM N 

20 78.6 7.3 18 *  * * 77.2 8.3 14 
30 166.0 9.0 12 144.9 9.1 14 183.1 11.8 6 

41 311.7 11.8 7 264.0 11.0 9 276.3 22.0 2 

                 
WB A) no ex SEM N B) ex 25 SEM N C) ex 3 SEM N 

20 80.8 22.0 2 *   * * 88.4 12.7 6 

30 199.5 11.8 7 166.8 13.5 6 216.2 9.0 13 

41 363.8 8.6 13 285.8 9.9 11 369.4 8.3 14 
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Appendix 2 

Table 5 Breast thickness average results in millimetres in different wing flapping 

groups: Group A no ex (no exercise), Group B ex 25 (exercise from day 25 forward) 

and Group C ex 3 (exercise from day 3 forward) and SEM (standard error of the 

mean). The wing flapping groups are divided into WB and NoWB samples and the 

results are presented in termination Days 20, 30 and 41. 

 

*Group B no sampling 

 

Table 6 Heart weight average results in grams in different wing flapping groups: 

Group A no ex (no exercise), Group B ex 25 (exercise from day 25 forward) and 

Group C ex 3 (exercise from day 3 forward) and SEM (standard error of the mean). 

The wing flapping groups are divided into WB and NoWB samples and the results 

are presented in termination Days 20, 30 and 41. 

*Group B no sampling. 

 

D1 Breast thick-
ness mm    

 

    

 

    

 

  

NoWB A) no ex SEM N B) ex 25 SEM N C) ex 3 SEM N 

20 18.9 0.7 18  *  * * 20.0 0.8 14 
30 27.9 0.9 12 25.1 0.9 14 28.1 1.2 6 

41 37.9 1.2 7 31.5 1.1 9 33.7 2.2 2 

                 

WB A) no ex SEM N B) ex 25 SEM N C) ex 3 SEM N 

20 21.3 2.2 2  *  * * 20.5 1.3 6 

30 32.5 1.2 7 29.5 1.3 6 33.7 0.9 13 

41 42.3 0.9 13 35.9 1.0 11 41.0 0.8 14 

Heart weight 
g   

 

    

 

    

 

  

NoWB A) no ex SEM N B) ex 25 SEM N C) ex 3 SEM N 

20 8.5 0.4 18  *  * * 7.9 0.4 14 

30 12.3 0.5 12 11.4 0.473 14 14.5 0.6 6 
41 16.3 0.6 7 15.2 0.568 9 15.1 1.2 2 

                 

WB A) no ex SEM N B) ex 25 SEM N C) ex 3 SEM N 

20 8.8 1.2 2  *  * * 8.6 0.7 6 
30 13.7 0.6 7 12.5 0.696 6 13.5 0.5 13 

41 17.1 0.5 13 17.1 0.514 11 17.0 0.4 14 
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 Appendix 3 

Table 7 Keel length average results in centimetres in different wing flapping 

groups: Group A no ex (no exercise), Group B ex 25 (exercise from day 25 forward) 

and Group C ex 3 (exercise from day 3 forward) and SEM (standard error of the 

mean). The wing flapping groups are divided into WB and NoWB samples and the 

results are presented in termination Days 20, 30 and 41. 

*Group B no sampling. 

 

Table 8 Os humerus weight average results in grams in different wing flapping 

groups: Group A no ex (no exercise), Group B ex 25 (exercise from day 25 forward) 

and Group C ex 3 (exercise from day 3 forward) and SEM (standard error of the 

mean). The wing flapping groups are divided into WB and NoWB samples and the 

results are presented in termination Days 20, 30 and 41. 

Os humerus 
weight g   

 

    

 

    

 

  
NoWB A) no ex SEM N B) ex 25 SEM N C) ex 3 SEM N 

20 2.8 0.1 18  *  * * 2.7 0.2 14 

30 4.7 0.2 12 4.5 0.2 14 5.7 0.2 6 

41 7.4 0.2 7 7.3 0.2 9 7.8 0.4 2 
                 

WB A) no ex SEM N B) ex 25 SEM N C) ex 3 SEM N 

20 2.9 0.4 2  *  * * 3.0 0.3 6 

30 5.2 0.2 7 5.1 0.3 6 5.6 0.2 13 
41 8.2 0.2 13 7.5 0.2 11 8.8 0.2 14 

 

*Group B no sampling. 

 

 

 

Keel length cm                
NoWB A) no ex SEM N B) ex 25 SEM N C) ex 3 SEM N 

20 8.1 0.1 18  *  * * 8.04 0.1 14 

30 9.7 0.2 12 9.6 0.2 14 9.9 0.2 6 

41 11.5 0.2 7 11.1 0.2 9 11.3 0.4 2 

                 

WB A) no ex SEM N B) ex 25 SEM N C) ex 3 SEM N 

20 7.3 0.4 2  *  * * 8.2 0.2 6 

30 9.7 0.2 7 9.3 0.2 6 9.9 0.2 13 
41 11.4 0.2 13 11.2 0.2 11 11.4 0.1 14 
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Appendix 4 

Table 9  Os humerus length average results in centimetres in different wing flap-

ping groups: Group A no ex (no exercise), Group B ex 25 (exercise from day 25 for-

ward) and Group C ex 3 (exercise from day 3 forward) and SEM (standard error of 

the mean). The wing flapping groups are divided into WB and NoWB samples and 

the results are presented in termination Days 20, 30 and 41. 

*Group B no sampling. 

Table 10  Os humerus strength average results in newtons in different wing flapping 

groups: Group A no ex (no exercise), Group B ex 25 (exercise from day 25 forward) 

and Group C ex 3 (exercise from day 3 forward) and SEM (standard error of the 

mean). The wing flapping groups are divided into WB and NoWB samples and the 

results are presented in termination Days 20, 30 and 41. 

*Group B no sampling. 

 

 

 

 

Os humerus 
length cm   

 

    

 

    

 

  

NoWB A) no ex SEM N B) ex 25 SEM N C) ex 3 SEM N 

20 5.0 0.045 17  *  * * 4.8 0.050 14 
30 6.0 0.1 12 6.0 0.1 14 6.2 0.070 6 

41 7.1 0.1 7 7.0 0.1 9 7.1 0.131 2 

                 

WB A) no ex SEM N B) ex 25 SEM N C) ex 3 SEM N 

20 5.0 0.1 2  *  * * 5.0 0.1 6 

30 6.0 0.1 7 5.92 0.1 6 6.1 0.1 13 

41 7.1 0.1 13 7.06 0.1 11 7.1 0.1 14 

Os humerus 
strength N   

 

    

 

    

 

  
NoWB A) no ex SEM N B) ex 25 SEM N C) ex 3 SEM N 

20 82 4.2 18  *  * * 95 4.8 14 

30 82 5.2 12 77 5.1 14 86.4 6.8 6 

41 59.3 6.8 7 96.2 6.1 9 68.2 12.6 2 
                 

WB A) no ex SEM N B) ex 25 SEM N C) ex 3 SEM N 

20 57.1 12.6 2  *  * * 95 7.3 6 

30 86.4 6.8 7 91 7.5 6 86.3 5.2 13 
41 70.4 5.0 13 97 5.6 11 83.1 4.8 14 
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Appendix 5 

Table 11  Os coracoid weight average results in grams in different wing flapping 

groups: Group A no ex (no exercise), Group B ex 25 (exercise from day 25 forward) 

and Group C ex 3 (exercise from day 3 forward) and SEM (standard error of the 

mean). The wing flapping groups are divided into WB and NoWB samples and the 

results are presented in termination Days 20, 30 and 41. 

*Group B no sampling. 

 

Table 12 Coracoid length average results in centimetres in different wing flapping 

groups: Group A no ex (no exercise), Group B ex 25 (exercise from day 25 forward) 

and Group C ex 3 (exercise from day 3 forward) and SEM (standard error of the 

mean). The wing flapping groups are divided into WB and NoWB samples and the 

results are presented in termination Days 20, 30 and 41. 

Os coracoid length 
cm   

 

    

 

    

 

  

NoWB A) no ex SEM N B) ex 25 SEM N C) ex 3 SEM N 
20 3.7 0.04 17 *   * * 3.6 0.04 14 

30 4.4 0.1 12 4.5 0.1 14 4.5 0.1 6 

41 5.3 0.1 7 5.2 0.1 9 5.3 0.1 2 

                 

WB A) no ex SEM N B) ex 25 SEM N C) ex 3 SEM N 

20 3.8 0.1 2  *  * * 3.8 0.1 6 

30 4.5 0.1 7 4.4 0.1 6 4.5 0.1 13 

41 5.2 0.1 13 5.2 0.1 11 5.2 0.0 14 

*Group B no sampling. 

 

 

 

Os coracoid 
weight g   

 

    

 

    

 

  

NoWB A) no ex SEM N B) ex 25 SEM N C) ex 3 SEM N 
20 1.7 0.1 18  *  * * 1.6 0.1 14 

30 2.5 0.1 12 2.5 0.1 14 2.8 0.1 6 

41 4.3 0.1 7 3.9 0.1 9 4.3 0.3 2 

                 
WB A) no ex SEM N B) ex 25 SEM N C) ex 3 SEM N 

20 1.8 0.3 2  *  * * 1.8 0.1 6 

30 2.7 0.1 7 2.7 0.2 6 3.0 0.1 13 

41 4.0 0.1 13 3.7 0.1 11 4.2 0.1 14 
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Appendix 6 

Table 13 Coracoid strength average results in newtons in different wing flapping 

groups: Group A no ex (no exercise), Group B ex 25 (exercise from day 25 forward) 

and Group C ex 3 (exercise from day 3 forward) and SEM (standard error of the 

mean). The wing flapping groups are divided into WB and NoWB samples and the 

results are presented in termination Days 20, 30 and 41. 

Os coracoid 
strength N   

 

    

 

    

 

  

NoWB A) no ex SEM N B) ex 25 SEM N C) ex 3 SEM N 

20 30.2 2.5 16 *   * * 39.3 2.8 13 
30 33.4 2.9 12 28.2 2.7 13 35 3.8 6 

41 27 3.8 7 34.4 3.1 9 29 7.2 2 

                 

WB A) no ex SEM N B) ex 25 SEM N C) ex 3 SEM N 
20 17.1 10.1 1  *  * * 33 4.1 6 

30 35 4.1 6 27.3 3.9 6 31.2 2.9 13 

41 31 2.9 12 36 2.8 11 31 2.7 14 

*Group B no sampling. 

 

Table 14 Cross table of Group A and Group C in each termination days and WB 

affected and NoWB broiler amounts. 

  A C 

  WB NoWB WB NoWB 

20 2 18 6 14 

30 7 12 12 7 

41 12 6 14 3 

Sum 21 36 32 24 
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Appendix 7 

Table 15 Day 20 breast muscle weight correlation with heart weight when Group A 

and Group C are combined. 

 

Correlations 

 Heart weight 

D1 Breast 

weight 

D1 Breast weight Pearson Correlation ,485** 1 

Sig. (2-tailed) ,002  

N 40 40 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

Table 16 Day 20 breast muscle weight correlation with heart weight between Group 

A and Group C and the results are divided into WB and NoWB. 

Correlations 

Group A and Group C 
D1 Breast 

weight 
Heart 
weight 

A WB D1 Breast 
weight 

Pearson 
Correla-
tion 

1 -1,000** 

Sig. (2-
tailed) 

    

N 2 2 

NoWB D1 Breast 
weight 

Pearson 
Correla-
tion 

1 ,659** 

Sig. (2-
tailed) 

  0,003 

N 18 18 

C WB D1 Breast 
weight 

Pearson 
Correla-
tion 

1 0,551 

Sig. (2-
tailed) 

  0,258 

N 6 6 

NoWB D1 Breast 
weight 

Pearson 
Correla-
tion 

1 0,391 

Sig. (2-
tailed) 

  0,167 

N 14 14 

**. Correlation is significant at the 0.01 level (2-tailed). 
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Appendix 8 

Table 17 Day 20 heart weight correlation with breast thickness when Group A and 

Group C are combined. 

 

Correlations 

 

D1 Breast thick-

ness Heart weight 

D1 Breast thickness Pearson Correlation 1 ,212 

Sig. (2-tailed)  ,188 

N 40 40 

 

Table 18 Day 20 breast muscle thickness correlation with heart weight when Group 

A and Group C are separated and the results are divided into WB and NoWB. 

Correlations 

Group A and Group C 
D1 Breast 
thickness 

Heart 
weight 

A WB D1 Breast 
thickness 

Pearson 
Correla-
tion 

1 -1,000** 

Sig. (2-
tailed) 

    

N 2 2 

NoWB D1 Breast 
thickness 

Pearson 
Correla-
tion 

1 0,309 

Sig. (2-
tailed) 

  0,213 

N 18 18 

C WB D1 Breast 
thickness 

Pearson 
Correla-
tion 

1 0,375 

Sig. (2-
tailed) 

  0,463 

N 6 6 

NoWB D1 Breast 
thickness 

Pearson 
Correla-
tion 

1 0,298 

Sig. (2-
tailed) 

  0,300 

N 14 14 
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Appendix 9 

Table 19 Day 20 keel length correlation with breast muscle weight when Group A 

and Group C are combined. 

 

 

 

 

 

 

 

 

 

Table 20  Day 20 breast muscle weight correlations with keel length when Group 

A and Group C are separated and the results are divided into WB and NoWB. 

 

 

 

 

 

 

Correlations 

 Keel length 

D1 Breast 

weight 

D1 Breast weight Pearson Correlation ,558** 1 

Sig. (2-tailed) ,000  

N 40 40 

**. Correlation is significant at the 0.01 level (2-tailed). 

Correlations 

Group A and 

Group C WB/ no WB D1 Breast weight Keel length 

A WB D1 Breast weight Pearson Correlation 1 1,000** 

Sig. (2-tailed)  . 

N 2 2 

NoWB D1 Breast weight Pearson Correlation 1 .537* 

Sig. (2-tailed)  .021 

N 18 18 

C WB D1 Breast weight Pearson Correlation 1 .472 

Sig. (2-tailed)  .344 

N 6 6 

NoWB D1 Breast weight Pearson Correlation 1 .552* 

Sig. (2-tailed)  .041 

N 14 14 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

a. Cannot be computed because at least one of the variables is constant. 



 45 

 

Appendix 10 

Table 21 Day 20 breast muscle thickness correlations with keel length when 

Group A and Group C are combined. 

 

Correlations 

 

D1 Breast thick-

ness Keel length 

D1 Breast thickness Pearson Correlation 1 ,267 

Sig. (2-tailed)  ,096 

N 40 40 

 

Table 22 Day 20 breast muscle thickness correlations with keel length when 

Group A and Group C are separated and the results are divided into WB and NoWB. 

Correlations 

Group A 

and 

Group C WB/ no WB 

D1 Breast thick-

ness Keel length 

A WB D1 Breast thickness Pearson Correlation 1 1,000** 

Sig. (2-tailed)  . 

N 2 2 

NoWB D1 Breast thickness Pearson Correlation 1 ,034 

Sig. (2-tailed)  ,894 

N 18 18 

C WB D1 Breast thickness Pearson Correlation 1 ,821* 

Sig. (2-tailed)  ,045 

N 6 6 

NoWB D1 Breast thickness Pearson Correlation 1 ,365 

Sig. (2-tailed)  ,199 

N 14 14 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 
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Appendix 11 

Table 23 Day 20 breast weight correlation with Os humerus dimensions when 

Group A and Group C are combined. 

Correlations 

 

D1 Breast 

weight 

Os humerus 

weight 

Os humerus 

length 

Os humerus 

strength 

D1 Breast weight Pearson Correlation 1 .690** .291 .290 

Sig. (2-tailed)  .000 .072 .069 

N 40 40 39 40 

Os humerus weight Pearson Correlation .690** 1 .570** .342* 

Sig. (2-tailed) .000  .000 .031 

N 40 40 39 40 

Os humerus length Pearson Correlation .291 .570** 1 .013 

Sig. (2-tailed) .072 .000  .939 

N 39 39 39 39 

Os humerus 

strength 

Pearson Correlation .290 .342* .013 1 

Sig. (2-tailed) .069 .031 .939  

N 40 40 39 40 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

 

Table 24 Day 20 breast weight correlations with Os humerus dimensions when 

Group A and Group C are separated and the results are divided into WB and NoWB.  

Correlations 

Group A and Group C 
D1 Breast 

weight 
Os humerus 

weight 
Os humerus 

length 
Os humerus 

strength 

A NoWB D1 Breast 
weight 

Pearson 
Correlation 

1 ,746** ,485* 0,283 

Sig. (2-tai-
led) 

  0,000 0,048 0,255 

N 18 18 17 18 

C WB D1 Breast 
weight 

Pearson 
Correlation 

1 ,848* ,818* 0,425 

Sig. (2-tai-
led) 

  0,033 0,047 0,401 

N 6 6 6 6 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

 

 

 



 47 

Appendix 12 

Table 25 Day 20 breast thickness correlation with Os humerus dimensions when 

Group A and Group C are combined. 

Correlations 

 

Os humerus 

weight 

Os humerus 

length 

Os humerus 

strength 

D1 Breast 

thickness 

Os humerus weight Pearson Correlation 1 .570** .342* .375* 

Sig. (2-tailed)  .000 .031 .017 

N 40 39 40 40 

Os humerus length Pearson Correlation .570** 1 .013 .193 

Sig. (2-tailed) .000  .939 .239 

N 39 39 39 39 

Os humerus strength Pearson Correlation .342* .013 1 .085 

Sig. (2-tailed) .031 .939  .604 

N 40 39 40 40 

D1 Breast thickness Pearson Correlation .375* .193 .085 1 

Sig. (2-tailed) .017 .239 .604  

N 40 39 40 40 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 
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Appendix 13 

Table 26 Day 20 breast muscle thickness correlation with Os humerus dimensions 

when Group A and Group C are separated and the results are divided into WB and 

NoWB. 

Correlations 

Group A and Group C 
D1 Breast 
thickness 

Os humerus 
weight 

Os humerus 
length 

Os humerus 
strength 

A WB D1 Breast 
thickness 

Pearson 
Correlation 

1 1,000** .a -1,000** 

Sig. (2-tai-
led) 

        

N 2 2 2 2 

NoWB D1 Breast 
thickness 

Pearson 
Correlation 

1 0,361 ,626** 0,044 

Sig. (2-tai-
led) 

  0,141 0,007 0,864 

N 18 18 17 18 

C WB D1 Breast 
thickness 

Pearson 
Correlation 

1 ,845* ,891* 0,125 

Sig. (2-tai-
led) 

  0,034 0,017 0,814 

N 6 6 6 6 

NoWB D1 Breast 
thickness 

Pearson 
Correlation 

1 0,174 -0,031 0,128 

Sig. (2-tai-
led) 

  0,551 0,916 0,662 

N 14 14 14 14 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

a. Cannot be computed because at least one of the variables is constant. 
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Appendix 14 

Table 27 Day 20 breast muscle weight correlation with Os coracoid dimensions 

when Group A and Group C are combined. 

 

Correlations 

 D1 Breast weight 

Os coracoid 

weight 

Os coracoid 

length 

Os coracoid 

strength 

D1 Breast weight Pearson Correlation 1 .717** .389* -.094 

Sig. (2-tailed)  .000 .014 .587 

N 40 40 39 36 

Os coracoid weight Pearson Correlation .717** 1 .505** .022 

Sig. (2-tailed) .000  .001 .899 

N 40 40 39 36 

Os coracoid length Pearson Correlation .389* .505** 1 -.036 

Sig. (2-tailed) .014 .001  .836 

N 39 39 39 35 

Os coracoid strength Pearson Correlation -.094 .022 -.036 1 

Sig. (2-tailed) .587 .899 .836  

N 36 36 35 36 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 
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Appendix 15 

Table 28 Day 20 breast muscle weight correlation with Os coracoid dimensions 

when Group A and Group C are separated and the results are divided into WB and 

NoWB. 

Correlations 

Group A and Group C 
D1 Breast 

weight 
Os coracoid 

weight 
Os coracoid 

length 
Os coracoid 

strength 

A NoWB D1 Breast 
weight 

Pearson 
Correlation 

1 ,838** ,590* -0,388 

Sig. (2-tai-
led) 

  0,000 0,013 0,138 

N 18 18 17 16 

C NoWB D1 Breast 
weight 

Pearson 
Correlation 

1 ,648* 0,389 0,352 

Sig. (2-tai-
led) 

  0,012 0,169 0,239 

N 14 14 14 13 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

 

Table 29 Day 20 breast muscle thickness correlation with Os coracoid dimensions 

when Group A and Group C are combined. 

Correlations 

 

D1 Breast thick-

ness 

Os coracoid 

weight 

Os coracoid 

length 

Os coracoid 

strength 

D1 Breast thickness Pearson Correlation 1 .384* .123 -.069 

Sig. (2-tailed)  .014 .457 .691 

N 40 40 39 36 

Os coracoid weight Pearson Correlation .384* 1 .505** .022 

Sig. (2-tailed) .014  .001 .899 

N 40 40 39 36 

Os coracoid length Pearson Correlation .123 .505** 1 -.036 

Sig. (2-tailed) .457 .001  .836 

N 39 39 39 35 

Os coracoid strength Pearson Correlation -.069 .022 -.036 1 

Sig. (2-tailed) .691 .899 .836  

N 36 36 35 36 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 
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Appendix 16 

Table 30 Day 20 Breast muscle thickness correlation with Os coracoid dimensions 

when Group A and Group C are separated and the results are divided into WB and 

NoWB. 

 

Correlations 

Group A and Group C 
D1 Breast 
thickness 

Os coracoid 
weight 

Os coracoid 
length 

Os coracoid 
strength 

A WB D1 Breast 
thickness 

Pearson Cor-
relation 

1 -1,000** -1,000** .a 

Sig. (2-tailed)         

N 2 2 2 1 

NoWB D1 Breast 
thickness 

Pearson Cor-
relation 

1 0,451 0,258 -0,469 

Sig. (2-tailed)   0,061 0,317 0,067 

N 18 18 17 16 

C WB D1 Breast 
thickness 

Pearson Cor-
relation 

1 0,470 0,273 0,678 

Sig. (2-tailed)   0,347 0,601 0,139 

N 6 6 6 6 

NoWB D1 Breast 
thickness 

Pearson Cor-
relation 

1 0,332 0,104 0,184 

Sig. (2-tailed)   0,246 0,723 0,547 

N 14 14 14 13 

**. Correlation is significant at the 0.01 level (2-tailed). 

a. Cannot be computed because at least one of the variables is constant. 
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Appendix 17 

Table 31 Day 30 breast muscle weight correlation with heart weight when Group A 

and Group C are combined.  

 

Correlations 

 

D1 Breast 

weight Heart weight 

D1 Breast weight Pearson Correlation 1 ,453** 

Sig. (2-tailed)  ,004 

N 38 38 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

Table 32 Day 30 heart weight correlation with breast muscle weight when Group A 

and Group C are separated and the results are divided into WB and NoWB. 

 

Correlations 

Group A and Group C  
D1 Breast 

weight 
Heart 
weight 

A WB D1 Breast 
weight 

Pearson 
Correla-
tion 

1 0,534 

Sig. (2-
tailed) 

  0,217 

N 7 7 

NoWB D1 Breast 
weight 

Pearson 
Correla-
tion 

1 0,557 

Sig. (2-
tailed) 

  0,060 

N 12 12 

C WB D1 Breast 
weight 

Pearson 
Correla-
tion 

1 0,309 

Sig. (2-
tailed) 

  0,328 

N 12 12 

NoWB D1 Breast 
weight 

Pearson 
Correla-
tion 

1 0,456 

Sig. (2-
tailed) 

  0,304 

N 7 7 
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Appendix 18 

Table 33 Day 30 breast muscle thickness correlation with heart weight when Group 

A and Group C are combined. 

 

Correlations 

 

D1 Breast thick-

ness Heart weight 

D1 Breast thickness Pearson Correlation 1 ,253 

Sig. (2-tailed)  ,125 

N 38 38 

 

Table 34 Day 30 breast muscle thickness correlation with heart weight when Group 

A and Group C are separated and the results are divided into WB and NoWB. 

 

Correlations 

Group A and Group C  
D1 Breast 
thickness 

Heart 
weight 

A WB D1 Breast 
thickness 

Pearson 
Correla-
tion 

1 0,421 

Sig. (2-
tailed) 

  0,347 

N 7 7 

NoWB D1 Breast 
thickness 

Pearson 
Correla-
tion 

1 0,379 

Sig. (2-
tailed) 

  0,225 

N 12 12 

C WB D1 Breast 
thickness 

Pearson 
Correla-
tion 

1 -0,089 

Sig. (2-
tailed) 

  0,784 

N 12 12 

NoWB D1 Breast 
thickness 

Pearson 
Correla-
tion 

1 0,065 

Sig. (2-
tailed) 

  0,889 

N 7 7 
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Appendix 19 

Table 35 Day 30 breast muscle weight correlation with keel length when Group A 

and Group C are combined. 

 

Correlations 

 

D1 Breast 

weight Keel length 

D1 Breast weight Pearson Correlation 1 ,192 

Sig. (2-tailed)  ,249 

N 38 38 

 

Table 36  Day 30 breast muscle weight correlation with keel length when Group A 

and Group C are separated and the results are divided into WB and NoWB. 

Correlations 

Group A and Group C  
D1 Breast 

weight 
Keel 

length 

A WB D1 Breast 
weight 

Pearson 
Correla-
tion 

1 0,553 

Sig. (2-
tailed) 

  0,198 

N 7 7 

NoWB D1 Breast 
weight 

Pearson 
Correla-
tion 

1 0,026 

Sig. (2-
tailed) 

  0,935 

N 12 12 

C WB D1 Breast 
weight 

Pearson 
Correla-
tion 

1 -0,103 

Sig. (2-
tailed) 

  0,750 

N 12 12 

NoWB D1 Breast 
weight 

Pearson 
Correla-
tion 

1 0,228 

Sig. (2-
tailed) 

  0,624 

N 7 7 

 

 

 

 

 

 

 



 55 

Appendix 20 

Table 37 Day 30 breast muscle thickness correlation with keel length when Group 

A and Group C are combined. 

 

Correlations 

 

D1 Breast thick-

ness Keel length 

D1 Breast thickness Pearson Correlation 1 ,108 

Sig. (2-tailed)  ,518 

N 38 38 

 

Table 38 Day 30 breast muscle thickness correlation with keel length when Group 

A and Group C are separated and the results are divided into WB and NoWB. 

Correlations 

Group A and Group C  
D1 Breast 
thickness 

Keel 
length 

A WB D1 Breast 
thickness 

Pearson 
Correla-
tion 

1 0,235 

Sig. (2-
tailed) 

  0,612 

N 7 7 

NoWB D1 Breast 
thickness 

Pearson 
Correla-
tion 

1 0,112 

Sig. (2-
tailed) 

  0,729 

N 12 12 

C WB D1 Breast 
thickness 

Pearson 
Correla-
tion 

1 -0,146 

Sig. (2-
tailed) 

  0,652 

N 12 12 

NoWB D1 Breast 
thickness 

Pearson 
Correla-
tion 

1 -0,141 

Sig. (2-
tailed) 

  0,762 

N 7 7 
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Appendix 21 

Table 39 Day 30 breast muscle weight correlations with Os humerus dimensions 

when Group A and Group C are combined. 

Correlations 

 

D1 Breast 

weight 

Os humerus 

weight 

Os humerus 

length 

Os humerus 

strength 

D1 Breast weight Pearson Correlation 1 ,689** ,454** ,185 

Sig. (2-tailed)  ,000 ,004 ,266 

N 38 38 38 38 

Os humerus weight Pearson Correlation ,689** 1 ,533** ,284 

Sig. (2-tailed) ,000  ,001 ,084 

N 38 38 38 38 

Os humerus length Pearson Correlation ,454** ,533** 1 ,131 

Sig. (2-tailed) ,004 ,001  ,432 

N 38 38 38 38 

Os humerus 

strength 

Pearson Correlation ,185 ,284 ,131 1 

Sig. (2-tailed) ,266 ,084 ,432  

N 38 38 38 38 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

Table 40 Day 30 breast muscle weight correlations with Os humerus dimensions 

when Group A and Group C are separated and the results are divided into WB and 

NoWB. 

Correlations 

Group A and Group C  
D1 Breast 

weight 
Os humerus 

weight 
Os humerus 

length 
Os humerus 

strength 

A WB D1 Breast 
weight 

Pearson 
Correlation 

1 ,837* 0,569 0,473 

Sig. (2-tai-
led) 

  0,019 0,182 0,284 

N 7 7 7 7 

NoWB D1 Breast 
weight 

Pearson 
Correlation 

1 0,338 0,239 -0,008 

Sig. (2-tai-
led) 

  0,283 0,455 0,980 

N 12 12 12 12 

C WB D1 Breast 
weight 

Pearson 
Correlation 

1 0,561 0,335 0,115 

Sig. (2-tai-
led) 

  0,058 0,287 0,722 

N 12 12 12 12 

NoWB D1 Breast 
weight 

Pearson 
Correlation 

1 0,586 0,308 -0,116 

Sig. (2-tai-
led) 

  0,166 0,502 0,805 

N 7 7 7 7 

*. Correlation is significant at the 0.05 level (2-tailed). 
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Appendix 22 

Table 41 Day 30 breast muscle thickness correlations with Os humerus dimensions 

when Group A and Group C are combined. 

 

Table 42 Day 30 breast muscle thickness correlations with Os humerus dimensions 

when Group A and Group C are separated and the results are divided into WB and 

NoWB. 

 
Correlations 

Group A and Group C 
D1 Breast 
thickness 

Os hume-
rus weight 

Os hume-
rus length 

Os hume-
rus strength 

A WB D1 Breast 
thickness 

Pearson 
Correlation 

1 0,537 0,566 0,338 

Sig. (2-tai-
led) 

  0,214 0,185 0,459 

N 7 7 7 7 

NoWB D1 Breast 
thickness 

Pearson 
Correlation 

1 0,306 -0,007 -0,063 

Sig. (2-tai-
led) 

  0,334 0,983 0,847 

N 12 12 12 12 

C WB D1 Breast 
thickness 

Pearson 
Correlation 

1 0,322 -0,099 0,398 

Sig. (2-tai-
led) 

  0,307 0,760 0,200 

N 12 12 12 12 

NoWB D1 Breast 
thickness 

Pearson 
Correlation 

1 0,235 -0,016 -0,096 

Sig. (2-tai-
led) 

  0,612 0,973 0,838 

N 7 7 7 7 

 

Correlations 

 

D1 Breast thick-

ness 

Os humerus 

weight 

Os humerus 

length 

Os humerus 

strength 

D1 Breast thickness Pearson Correlation 1 ,486** ,272 ,185 

Sig. (2-tailed)  ,002 ,098 ,266 

N 38 38 38 38 

Os humerus weight Pearson Correlation ,486** 1 ,533** ,284 

Sig. (2-tailed) ,002  ,001 ,084 

N 38 38 38 38 

Os humerus length Pearson Correlation ,272 ,533** 1 ,131 

Sig. (2-tailed) ,098 ,001  ,432 

N 38 38 38 38 

Os humerus strength Pearson Correlation ,185 ,284 ,131 1 

Sig. (2-tailed) ,266 ,084 ,432  

N 38 38 38 38 

**. Correlation is significant at the 0.01 level (2-tailed). 
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Appendix 23 

Table 43 Day 30 breast muscle weight correlations with Os coracoid dimension 

when Group A and Group C are combined. 

Correlations 

 

D1 Breast 

weight 

Os coracoid 

weight 

Os coracoid 

length 

Os coracoid 

strength 

D1 Breast weight Pearson Correlation 1 ,643** ,437** -,155 

Sig. (2-tailed)  ,000 ,006 ,360 

N 38 38 38 37 

Os coracoid weight Pearson Correlation ,643** 1 ,511** -,076 

Sig. (2-tailed) ,000  ,001 ,653 

N 38 38 38 37 

Os coracoid length Pearson Correlation ,437** ,511** 1 -,131 

Sig. (2-tailed) ,006 ,001  ,438 

N 38 38 38 37 

Os coracoid 

strength 

Pearson Correlation -,155 -,076 -,131 1 

Sig. (2-tailed) ,360 ,653 ,438  

N 37 37 37 37 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

Table 44 Day 30 breast muscle weight correlations with Os coracoid dimensions 

when Group A and Group C are separated and the results are divided into WB and 

NoWB.  

Correlations 

Group A and Group C  
D1 Breast 

weight 
Os coracoid 

weight 
Os coracoid 

length 
Os coracoid 

strength 

A WB D1 Breast 
weight 

Pearson 
Correlation 

1 ,835* 0,678 -0,221 

Sig. (2-tai-
led) 

  0,019 0,094 0,674 

N 7 7 7 6 

NoWB D1 Breast 
weight 

Pearson 
Correlation 

1 0,400 0,247 -0,391 

Sig. (2-tai-
led) 

  0,197 0,440 0,209 

N 12 12 12 12 

C WB D1 Breast 
weight 

Pearson 
Correlation 

1 0,392 0,330 -0,084 

Sig. (2-tai-
led) 

  0,207 0,295 0,795 

N 12 12 12 12 

NoWB D1 Breast 
weight 

Pearson 
Correlation 

1 0,456 -0,547 0,221 

Sig. (2-tai-
led) 

  0,304 0,203 0,634 

N 7 7 7 7 

*. Correlation is significant at the 0.05 level (2-tailed). 
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Table 45 Day 30 breast muscle thickness correlations with Os coracoid dimensions 

when Group A and Group C are combined. 

 

Correlations 

 

D1 Breast thick-

ness 

Os coracoid 

weight 

Os coracoid 

length 

Os coracoid 

strength 

D1 Breast thickness Pearson Correlation 1 ,487** ,368* -,066 

Sig. (2-tailed)  ,002 ,023 ,696 

N 38 38 38 37 

Os coracoid weight Pearson Correlation ,487** 1 ,511** -,076 

Sig. (2-tailed) ,002  ,001 ,653 

N 38 38 38 37 

Os coracoid length Pearson Correlation ,368* ,511** 1 -,131 

Sig. (2-tailed) ,023 ,001  ,438 

N 38 38 38 37 

Os coracoid strength Pearson Correlation -,066 -,076 -,131 1 

Sig. (2-tailed) ,696 ,653 ,438  

N 37 37 37 37 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

 

Table 46 Day 30 breast muscle thickness correlations with Os coracoid dimensions 

when Group A and Group C are separated and the results are divided into WB and 

NoWB. 

Correlations 

Group A and Group C  
D1 Breast 
thickness 

Os coracoid 
weight 

Os coracoid 
length 

Os coracoid 
strength 

A WB D1 Breast 
thickness 

Pearson 
Correlation 

1 0,648 0,731 0,018 

Sig. (2-tai-
led) 

  0,115 0,062 0,974 

N 7 7 7 6 

NoWB D1 Breast 
thickness 

Pearson 
Correlation 

1 0,332 0,191 -0,266 

Sig. (2-tai-
led) 

  0,292 0,553 0,404 

N 12 12 12 12 

C WB D1 Breast 
thickness 

Pearson 
Correlation 

1 0,170 0,107 0,326 

Sig. (2-tai-
led) 

  0,598 0,739 0,302 

N 12 12 12 12 

NoWB D1 Breast 
thickness 

Pearson 
Correlation 

1 0,232 -0,439 -0,189 

Sig. (2-tai-
led) 

  0,617 0,325 0,686 

N 7 7 7 7 
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Table 47 Day 41 breast muscle weight correlation with heart weight when Group A 

and Group C are combined. 

 

Correlations 

 D1 Breast weight Heart weight 

D1 Breast weight Pearson Correlation 1 ,409* 

Sig. (2-tailed)  ,015 

N 35 35 

*. Correlation is significant at the 0.05 level (2-tailed). 

 

Table 48 Day 41 breast muscle weight correlation with heart weight when Groups 

A and Group C are separated and the results are divided into WB and NoWB. 

 

Correlations 

Group A 

and Group 

C  D1 Breast weight Heart weight 

A WB D1 Breast weight Pearson Correlation 1 ,351 

Sig. (2-tailed)  ,264 

N 12 12 

NoWB D1 Breast weight Pearson Correlation 1 ,447 

Sig. (2-tailed)  ,374 

N 6 6 

C WB D1 Breast weight Pearson Correlation 1 -,044 

Sig. (2-tailed)  ,882 

N 14 14 

NoWB D1 Breast weight Pearson Correlation 1 ,992 

Sig. (2-tailed)  ,080 

N 3 3 

 

Table 49 Day 41 breast muscle thickness correlation with heart weight when Group 

A and Group C are combined. 

 

Correlations 

 

D1 Breast thick-

ness Heart weight 

D1 Breast thickness Pearson Correlation 1 ,260 

Sig. (2-tailed)  ,131 

N 35 35 
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Table 50 Day 41 breast muscle thickness correlation with heart weight when Group 

A and Group C are separated and the results are divided into WB and NoWB. 

Correlations 

Group A and Group C 
D1 Breast thick-

ness Heart weight 

A WB D1 Breast thick-
ness 

Pearson Corre-
lation 

1 -0,019 

Sig. (2-tailed)   0,952 

N 12 12 

NoWB D1 Breast thick-
ness 

Pearson Corre-
lation 

1 0,140 

Sig. (2-tailed)   0,792 

N 6 6 

C WB D1 Breast thick-
ness 

Pearson Corre-
lation 

1 0,038 

Sig. (2-tailed)   0,896 

N 14 14 

NoWB D1 Breast thick-
ness 

Pearson Corre-
lation 

1 0,731 

Sig. (2-tailed)   0,479 

N 3 3 

 

Table 51 Day 41 breast muscle weight correlation with keel length when Group A 

and Group C are combined. 

 

Correlations 

 

D1 Breast 

weight Keel length 

D1 Breast weight Pearson Correlation 1 ,112 

Sig. (2-tailed)  ,521 

N 35 35 
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Table 52 Day 41 breast muscle weight correlation with keel when Groups A and 

Group C are separated and the results are divided into WB and NoWB. 

 

Correlations 

Group A 

and 

Group C  

D1 Breast 

weight Keel length 

A WB D1 Breast weight Pearson Correlation 1 ,249 

Sig. (2-tailed)  ,435 

N 12 12 

NoWB D1 Breast weight Pearson Correlation 1 -,052 

Sig. (2-tailed)  ,922 

N 6 6 

C WB D1 Breast weight Pearson Correlation 1 ,093 

Sig. (2-tailed)  ,753 

N 14 14 

NoWB D1 Breast weight Pearson Correlation 1 ,562 

Sig. (2-tailed)  ,620 

N 3 3 

 

 

Table 53 Day 41 breast muscle thickness correlation with keel length when Group 

A and Group C are combined. 

 

Correlations 

 

D1 Breast thick-

ness Keel length 

D1 Breast thickness Pearson Correlation 1 -,001 

Sig. (2-tailed)  ,995 

N 35 35 
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Table 54 Day 41 breast muscle thickness correlation with keel when Groups A and 

Group C are separated and the results are divided into WB and NoWB. 

Correlations 

Group A 

and 

Group C  

D1 Breast thick-

ness Keel length 

A WB D1 Breast thickness Pearson Correlation 1 -,347 

Sig. (2-tailed)  ,269 

N 12 12 

NoWB D1 Breast thickness Pearson Correlation 1 ,536 

Sig. (2-tailed)  ,273 

N 6 6 

C WB D1 Breast thickness Pearson Correlation 1 ,099 

Sig. (2-tailed)  ,737 

N 14 14 

NoWB D1 Breast thickness Pearson Correlation 1 -,029 

Sig. (2-tailed)  ,981 

N 3 3 

 

Table 55 Day 41 breast muscle weight correlations with Os humerus dimensions 

when Group A and Group C are combined. 

 

Correlations 

 

D1 Breast 

weight 

Os humerus 

weight 

Os humerus 

length 

Os humerus 

strength 

D1 Breast weight Pearson Correlation 1 ,634** ,230 ,478** 

Sig. (2-tailed)  ,000 ,185 ,004 

N 35 35 35 35 

Os humerus weight Pearson Correlation ,634** 1 ,365* ,458** 

Sig. (2-tailed) ,000  ,031 ,006 

N 35 35 35 35 

Os humerus length Pearson Correlation ,230 ,365* 1 -,098 

Sig. (2-tailed) ,185 ,031  ,576 

N 35 35 35 35 

Os humerus strength Pearson Correlation ,478** ,458** -,098 1 

Sig. (2-tailed) ,004 ,006 ,576  

N 35 35 35 35 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 
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Table 56 Day 41 breast muscle weight correlations with Os humerus dimensions 

when Groups A and C are separated and the results are divided into WB and NoWB. 

Correlations 

Group A 

and Group 

C  

D1 Breast 

weight 

Os humerus 

weight 

Os humerus 

length 

Os humerus 

strength 

A WB D1 Breast weight Pearson Corre-

lation 

1 ,540 ,214 ,540 

Sig. (2-tailed)  ,070 ,504 ,070 

N 12 12 12 12 

NoWB D1 Breast weight Pearson Corre-

lation 

1 -,013 ,246 ,312 

Sig. (2-tailed)  ,980 ,639 ,547 

N 6 6 6 6 

C WB D1 Breast weight Pearson Corre-

lation 

1 ,614* ,113 ,165 

Sig. (2-tailed)  ,019 ,699 ,572 

N 14 14 14 14 

NoWB D1 Breast weight Pearson Corre-

lation 

1 ,886 ,900 -,070 

Sig. (2-tailed)  ,307 ,287 ,956 

N 3 3 3 3 

*. Correlation is significant at the 0.05 level (2-tailed). 
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Table 57 Day 41 breast muscle thickness correlations with Os humerus dimensions 

when Group A and Group C are combined. 

Correlations 

 

D1 Breast 

thickness 

Os humerus 

weight 

Os humerus 

length 

Os humerus 

strength 

D1 Breast thick-

ness 

Pearson Correla-

tion 

1 ,499** ,045 ,323 

Sig. (2-tailed)  ,002 ,799 ,058 

N 35 35 35 35 

Os humerus 

weight 

Pearson Correla-

tion 

,499** 1 ,365* ,458** 

Sig. (2-tailed) ,002  ,031 ,006 

N 35 35 35 35 

Os humerus length Pearson Correla-

tion 

,045 ,365* 1 -,098 

Sig. (2-tailed) ,799 ,031  ,576 

N 35 35 35 35 

Os humerus 

strength 

Pearson Correla-

tion 

,323 ,458** -,098 1 

Sig. (2-tailed) ,058 ,006 ,576  

N 35 35 35 35 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 66 

Appendix 31 

Table 58  Day 41 breast muscle thickness correlation with Os humerus dimensions 

when Group A and Group C are separated and the results are divided into WB and 

NoWB 

 

Table 59 Day 41 breast muscle weight correlations with Os coracoid dimensions 

when Group A and Group C are combined. 

Correlations 

 D1 Breast weight 

Os coracoid 

weight 

Os coracoid 

length 

Os coracoid 

strength 

D1 Breast weight Pearson Correlation 1 ,161 -,120 -,012 

Sig. (2-tailed)  ,356 ,492 ,946 

N 35 35 35 34 

Os coracoid weight Pearson Correlation ,161 1 ,602** ,079 

Sig. (2-tailed) ,356  ,000 ,658 

N 35 35 35 34 

Os coracoid length Pearson Correlation -,120 ,602** 1 -,110 

Sig. (2-tailed) ,492 ,000  ,537 

N 35 35 35 34 

Os coracoid strength Pearson Correlation -,012 ,079 -,110 1 

Sig. (2-tailed) ,946 ,658 ,537  

N 34 34 34 34 

**. Correlation is significant at the 0.01 level (2-tailed). 

Correlations 

Group A 

and 

Group C  

D1 Breast 

thickness 

Os humerus 

weight 

Os humerus 

length 

Os humerus 

strength 

A WB D1 Breast thickness Pearson Correlation 1 ,277 -,355 ,335 

Sig. (2-tailed)  ,384 ,258 ,287 

N 12 12 12 12 

NoWB D1 Breast thickness Pearson Correlation 1 ,452 ,455 ,271 

Sig. (2-tailed)  ,368 ,365 ,603 

N 6 6 6 6 

C WB D1 Breast thickness Pearson Correlation 1 ,517 -,025 ,266 

Sig. (2-tailed)  ,058 ,933 ,358 

N 14 14 14 14 

NoWB D1 Breast thickness Pearson Correlation 1 ,990 ,474 -,641 

Sig. (2-tailed)  ,092 ,685 ,557 

N 3 3 3 3 

*. Correlation is significant at the 0.05 level (2-tailed). 
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Table 60 Day 41 breast muscle weight correlations with Os coracoid dimensions 

when Group A and Group C are separated and the results are divided into WB and 

NoWB. 

Correlations 

Group 

A and 

Group 

C  

D1 Breast 

weight 

Os coracoid 

weight 

Os coracoid 

length 

Os coracoid 

strength 

A WB D1 Breast weight Pearson Correla-

tion 

1 ,131 ,035 -,056 

Sig. (2-tailed)  ,685 ,915 ,870 

N 12 12 12 11 

NoWB D1 Breast weight Pearson Correla-

tion 

1 -,061 ,433 -,476 

Sig. (2-tailed)  ,909 ,391 ,340 

N 6 6 6 6 

C WB D1 Breast weight Pearson Correla-

tion 

1 ,436 ,114 ,101 

Sig. (2-tailed)  ,119 ,698 ,732 

N 14 14 14 14 

NoWB D1 Breast weight Pearson Correla-

tion 

1 ,551 -,073 -,775 

Sig. (2-tailed)  ,629 ,954 ,435 

N 3 3 3 3 

*. Correlation is significant at the 0.05 level (2-tailed). 
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Table 61 Day 41 breast muscle thickness correlations with Os coracoid dimensions 

when Group A and Group C are combined. 

 

Table 62 Day 41 breast muscle thickness correlations with Os coracoid dimensions 

when Groups A and C are separated and the results are divided into WB and NoWB. 

Correlations 

Group A 

and Group 

C  

D1 Breast 

thickness 

Os coracoid 

weight 

Os coracoid 

length 

Os coracoid 

strength 

A WB D1 Breast thickness Pearson Correlation 1 -,090 -,124 ,143 

Sig. (2-tailed)  ,781 ,700 ,674 

N 12 12 12 11 

NoWB D1 Breast thickness Pearson Correlation 1 -,485 -,181 -,680 

Sig. (2-tailed)  ,330 ,731 ,138 

N 6 6 6 6 

C WB D1 Breast thickness Pearson Correlation 1 ,299 -,018 ,136 

Sig. (2-tailed)  ,298 ,953 ,643 

N 14 14 14 14 

NoWB D1 Breast thickness Pearson Correlation 1 ,935 ,525 -,259 

Sig. (2-tailed)  ,230 ,648 ,833 

N 3 3 3 3 

*. Correlation is significant at the 0.05 level (2-tailed). 

 

 

Correlations 

 

D1 Breast thick-

ness 

Os coracoid 

weight 

Os coracoid 

length 

Os coracoid 

strength 

D1 Breast thickness Pearson Correlation 1 ,008 -,202 -,029 

Sig. (2-tailed)  ,963 ,244 ,871 

N 35 35 35 34 

Os coracoid weight Pearson Correlation ,008 1 ,602** ,079 

Sig. (2-tailed) ,963  ,000 ,658 

N 35 35 35 34 

Os coracoid length Pearson Correlation -,202 ,602** 1 -,110 

Sig. (2-tailed) ,244 ,000  ,537 

N 35 35 35 34 

Os coracoid strength Pearson Correlation -,029 ,079 -,110 1 

Sig. (2-tailed) ,871 ,658 ,537  

N 34 34 34 34 

**. Correlation is significant at the 0.01 level (2-tailed). 
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Table 63 One-way ANOVA analyses of Group A and Group C breast muscle and 

bone morphological properties at Day 20. 

 

 

ANOVA 

 Sum of Squares df Mean Square F Sig. 

Live weight Between Groups 5405,625 1 5405,625 ,274 ,603 

Within Groups 748379,750 38 19694,204   

Total 753785,375 39    

Heart weight Between Groups 1,166 1 1,166 ,681 ,414 

Within Groups 65,083 38 1,713   

Total 66,249 39    

D1 Breast weight Between Groups 29,584 1 29,584 ,176 ,677 

Within Groups 6397,295 38 168,350   

Total 6426,879 39    

D1 Breast thickness Between Groups 10,000 1 10,000 2,239 ,143 

Within Groups 169,731 38 4,467   

Total 179,731 39    

Keel length Between Groups ,100 1 ,100 ,239 ,627 

Within Groups 15,875 38 ,418   

Total 15,975 39    

Coracoid weight Between Groups ,000 1 ,000 ,000 1,000 

Within Groups 1,996 38 ,053   

Total 1,996 39    

Coracoid length Between Groups ,004 1 ,004 ,073 ,788 

Within Groups 2,015 37 ,054   

Total 2,019 38    

Coracoid strength Between Groups 553,968 1 553,968 3,398 ,074 

Within Groups 5542,632 34 163,019   

Total 6096,600 35    

Os humerus weight Between Groups ,006 1 ,006 ,055 ,816 

Within Groups 4,304 38 ,113   

Total 4,310 39    

Os humerus length Between Groups ,233 1 ,233 7,331 ,010 

Within Groups 1,177 37 ,032   

Total 1,411 38    

Os humerus strength Between Groups 2428,221 1 2428,221 6,533 ,015 

Within Groups 14123,334 38 371,667   

Total 16551,555 39    
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Table 64 One-way ANOVA analyses of Group A and Group C breast muscle and 

bone morphological properties at Day 30. 

 

ANOVA 

 Sum of Squares df Mean Square F Sig. 

Live weight Between Groups 754068,658 1 754068,658 14,893 ,000 

Within Groups 1822742,105 36 50631,725   

Total 2576810,763 37    

Heart weight Between Groups 10,421 1 10,421 2,570 ,118 

Within Groups 145,987 36 4,055   

Total 156,409 37    

D1 Breast weight Between Groups 7110,317 1 7110,317 5,764 ,022 

Within Groups 44411,716 36 1233,659   

Total 51522,033 37    

D1 Breast thickness Between Groups 49,796 1 49,796 2,959 ,094 

Within Groups 605,838 36 16,829   

Total 655,634 37    

Keel length Between Groups ,421 1 ,421 1,704 ,200 

Within Groups 8,895 36 ,247   

Total 9,316 37    

Coracoid weight Between Groups 1,112 1 1,112 11,765 ,002 

Within Groups 3,402 36 ,095   

Total 4,514 37    

Coracoid length Between Groups ,059 1 ,059 2,978 ,093 

Within Groups ,716 36 ,020   

Total ,775 37    

Coracoid strength Between Groups 22,005 1 22,005 ,280 ,600 

Within Groups 2748,271 35 78,522   

Total 2770,277 36    

Os humerus weight Between Groups 5,012 1 5,012 14,857 ,000 

Within Groups 12,143 36 ,337   

Total 17,155 37    

Os humerus length Between Groups ,192 1 ,192 4,885 ,034 

Within Groups 1,414 36 ,039   

Total 1,606 37    

Os humerus strength Between Groups 69,255 1 69,255 ,202 ,656 

Within Groups 12351,344 36 343,093   

Total 12420,599 37    
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Table 65 One-way ANOVA analyses of Group A and C breast muscle and bone 

morphological properties at Day 41. 

 

ANOVA 

 Sum of Squares df Mean Square F Sig. 

Live weight Between Groups 14011,438 1 14011,438 ,158 ,693 

Within Groups 2920788,562 33 88508,744   

Total 2934800,000 34    

Heart weight Between Groups ,120 1 ,120 ,046 ,832 

Within Groups 86,727 33 2,628   

Total 86,847 34    

D1 Breast weight Between Groups 2633,284 1 2633,284 1,033 ,317 

Within Groups 84086,858 33 2548,087   

Total 86720,142 34    

D1 Breast thickness Between Groups ,180 1 ,180 ,010 ,922 

Within Groups 606,627 33 18,383   

Total 606,807 34    

Keel length Between Groups ,009 1 ,009 ,047 ,830 

Within Groups 6,562 33 ,199   

Total 6,571 34    

Coracoid weight Between Groups ,408 1 ,408 1,745 ,196 

Within Groups 7,714 33 ,234   

Total 8,122 34    

Coracoid length Between Groups ,000 1 ,000 ,000 ,985 

Within Groups ,730 33 ,022   

Total ,730 34    

Coracoid strength Between Groups 1,565 1 1,565 ,025 ,875 

Within Groups 2007,880 32 62,746   

Total 2009,445 33    

Os humerus weight Between Groups 6,157 1 6,157 7,501 ,010 

Within Groups 27,089 33 ,821   

Total 33,247 34    

Os humerus length Between Groups ,000 1 ,000 ,006 ,938 

Within Groups ,996 33 ,030   

Total ,996 34    

Os humerus strength Between Groups 1587,340 1 1587,340 6,167 ,018 

Within Groups 8494,246 33 257,401   

Total 10081,586 34    

 


