The radiographic developmental patterns of osteochondral abnormalities.              
And
The influence of height, weight, growth and condition score on the development of OCD in thoroughbreds.

A study to determine the risk factors for OCD in Thoroughbreds and the developmental patterns. 
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Abstract
Background:

Osteochondrosis (OC) is of great importance to the equine industry due to wastage, economic losses and welfare issues (Rossdale 1999). It has a high incidence (on average 25%) in most Warmblood breeds and racing breeds. The development of OC is multifactorial in origin and aetiopathogenetic factors include rapid growth, genetic predisposition, nutritional excesses or imbalance and trauma (Jeffcot 1991). Most estimations of heritability of OC are around 0.25 (Schougaard et al. 1990, Brendov 1997), therefore more effect can be expected from the manipulation of environmental factors than from genetic selection.

Early identification of animals that are prone to develop osteochondrotic leasions would allow modification of environmental factors such as nutritional level in order to reduce the risk of the development of OCD.

Aims:
To investigate the incidence and radiographic development of OCD in the hock and stifle of New Zealand Thoroughbreds from birth until the age at which they are present at the yearling sales. 
To get a better insight in the etiology of OCD and to determine the role of growth rates and condition score on the development of OCD.

Methods:

A total of 77 foals were followed from birth until yearling sales. The foals were measured each month for height, weight and condition score starting from the day of birth. Also effusion scores of the left and right hock and stifle joint were taken each month. 

At the age of 1, 5, 11 and 15 months radiographs were taken of the left and right hock and stifle joint. The radiographs were scored for abnormalities on the three most common predilection sites. Scoring was done by experienced veterinairians and the scores for each lesion were combined for each joint and each foal in order to get a total joint or total foal OCD score. The scores were also put into a binary scoring system.
Results
In the hock the percentage of osteochondrotic abnormalities was the highest at one month of age (49% medial malleolus of the tibia, 61 % cranial end of the distal intermediate ridge of the tibia and 56 % distal end of the lateral trochlea of the talus). All sites showed a significant regression at 5 months of age (to respectively 1 %, 28% and 16%). After the age of 5 months there was no significant change in percentage of abnormalities. 

In the stifle the percentage of abnormalities were relatively low at one month of age (26% medial femoral condyl, 1% medial trochlear ridge of the femur and 1% lateral trochlear ridge of the femur). The percentages showed a significant increase towards 5 months of age for both the medial femoral condyl and the lateral trochlear ridge of the femur (to respectively 69% and 31%). After that the medial femoral condyl stayed high. The lateral trochlear ridge of the femur showed a significant decrease (to 11%) at 11 months of age and stayed the same after that. The medial trochlear ridge of the femur showed no significant increase or decrease throughout the whole period.

In this study there is no relationship with OCD found for sex, farm, height, weight and condition score or a difference in OCD between the hock and the stifle. 

The study did prove that age, growth (both ADG height and ADG weight) and effusion score are significant factors in the development of OCD.  

It also showed that, in this population, there were more osteochondrotic lesions in the right leg than in the left. (L 12%, R 19 %)
Conclusions
The percentage of radiographic abnormalities in the hock is the largest at one month of age and is significantly decreased at 5 months of age. After that the percentages stay the same.
The percentage of radiographic abnormalities in the hock is low at one month of age. There is a significant increase towards 5 months of age (in two of the three sites).
Sex, height, weight and condition score have showed to have no influence on OCD in this study. Age, growth (average daily gain height / weight) and effusion score do have an effect on the occurrence of osteochondrotic lesions in the hock and the stifle. 
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1 Introduction
Horses are getting faster and the pressure to produce good quality yearlings is getting higher. Racehorses start training at a relatively young age and that is why breeders long for early maturation of there yearlings. In order to achieve this, rapid growth plus large and muscular body type have become the selection criteria for breeding horses (Watkins 1991).

Next to genetic predisposition there is another way to achieve rapid growth; high nutritional input. But rapid growth is not always a positive feature. 

According to some studies rapid growth could result in a higher chance to develop osteochondrosis dissecans (OCD).

Osteochondrosis (OC) is a disease in the cartilage that develops because of a defect in the process of endochondral ossification (Olsson 1978), which results in irregularities in thickness of the epiphyseal cartilage. 

The cartilage becomes abnormal in the hypertrophic zone, the cartilage matrix does not calcify, blood vessels fail to invade, the cartilage is not replaced by bone and the columnar cell arrangement is lost.
There has been some discussion about the nomenclature, here are the definitions we used in this project; Osteochondrosis is the disease in which the cartilage and bone have an abnormal formation. Osteochondritis is the inflammatory response to the disease. Osteochondrosis dissecans (OCD) is the condition in which a flap can be demonstrated.   

In some studies it has been proven that there is a positive correlation between rapid growth and OCD (Strömberg 1979), Donabédian et al. 2006, be it sometimes only with respect to a certain stage of development (van Weeren et al. 1999), but these findings couldn’t be confirmed by others (Glade et al. 1981; Glade and Belling 1984; Hoppe 1984). 
There is more evidence nowadays for the influence of growth rate from a large epidemiological study conducted in Normandy, France, by Johanna Lepeule (who defended her PhD thesis on October 16th this year), but this has not yet been published.

In other species (pigs and chickens) however it has been proven that there is a positive correlation between rapid growth and the development of OCD.

In the late 70’s there was a “seemingly unified hypothesis”; because of the striking similarities in manifestation across species, OC should have a common pathogenesis and etiology. The etiology is principally being growth rate, which consists of energy intake and genetic predisposition (Olsen 1978).

Osteochondrosis (OC) is of great importance to the equine industry (Rossdale 1999) due to wastage, economic losses and welfare issues. It has a high incidence (on average 25%) in most Warmblood breeds and racing breeds. OCD is common in Thoroughbred population (Kane et al 2003; Scott et al 2003) and is an important contributor to lameness and therefore wastage.

That is why lots of research is done to try and find out the key to the pathogenesis. But many of these studies contradict each other and often the only thing that everybody agrees on is the fact that the development of OC is multifactorial in origin. Aetiopathogenetic factors include rapid growth, genetic predisposition, nutritional excesses or imbalance and trauma (Jeffcot 1991). All of these factors play a role, but not all of them need to be present at the same time. Their contribution to the whole process may also vary. 

OCD is a very dynamic disease during the first month’s post partum in which lesions may appear and then regress (Dik et al. 1999). Lesions are most frequent at 5 months and decrease in number afterwards. After the age of one, most remaining lesions will no longer undergo significant alteration, although some activity still will be noted (Enzerink et al. 2000). Also the age at which the lesions no longer can alter varies per joint. 

From the study of Dik et al. it was concluded that there should be a distinction between the pathogenesis triggered by different factors on the one hand and the repair process on the other. 

It is well known that joint effusion is an important clinical sign of OCD. But most detection of OCD occurs at the time radiographs are made. If there are figures on the positive predictable value of effusion scores for OCD at a certain age radiographs could be made earlier and OCD could be detected earlier. Radiographic scores appeared to correlate very well with scores based on necropsy and histology (van Weeren et al, 1999)

Early identification of animals that are prone to develop osteochondrotic leasion would allow for the timely modification of environmental factors such as nutritional level in order to reduce the risk of the development of OC. Most estimations of heritability of OC are around 0.25 (Schougaard et al. 1990, Brendov 1997), so more effect can be expected from the manipulation of environmental factors than from genetic selection. 
2 Hypothesis

2.1 Hypothesis on the developmental patterns of OCD.
1. Foals of 5 months of age will show more abnormalities in their radiographs than foals of 1 month of age.

2. Foals of 5 month of age will show more abnormalities in their radiographs than foals of 11 and 15 months of age.
2.2 Hypothesis on the risk factors for the development of OCD. 
1. Foals that grow faster have a higher OCD score, than foals that grow slower. 

a) Foals that have a higher average daily weight gain (kg/day) (ADG Weight) have a higher OCD score.

b) Foals that have a higher average daily height gain (cm/day) (ADG Height) have a higher OCD score. 
2. Foals that are heavier (have a higher weight in kg according to their age) have a higher OCD score.
3. Foals that are larger (are taller in cm’s according to their age) have a higher OCD score.

4. Foals that have a higher condition score have a higher OCD score.
5. Foals that have a higher effusion score at the time of the radiographs have a higher OCD score.

6. There is no difference in OCD score between colts and fillies. 

7. There is no difference in OCD score between left and right.

3 Materials and methods
3.1 Horses

A total of 77 foals were followed for a period of approximately 15 months; until yearling sales. 

The foals were born on two commercial thoroughbred farms. There were 60 foals on farm A and 17 foals on farm B. Both farms were located in the Waikato area, New Zealand. 
All the foals were born between 14/8/2004 and 03/12/2004. 
Prior to the 2004 foaling season the foals we selected in utero. Selection was done by the stud manager and was based on their future value. All foals were targeted to sell in the yearling sales of 2006. Due to their pedigree, their value was such as to warrant inclusion of radiographs in the sales repository.
All horses were kept according to common New Zealand practice; predominantly at free pasture. 
3.2 Moments of measurement

Foals were examined once a month for height, weight, condition score and effusion score. The moment of measurement was related to the date on which the foal was born. 

· Foals born between 1st – 8th of the month were examined on day 4 of the month.

· Foals born between 9th- 15th of the month were examined on day 12 of the month.
· Foals born between 16th- 22nd of the month were examined on day 19 of the month.
· Foals born between 23rd- 31st of the month were examined on day 26 of the month.

Each horse was radiographed at 1, 5, 11 and approximately 15 months of age. The last radiographic measurement was taken at the yearling sales. Due to the sales repository restrictions the age at this moment is less consistent than the age in the previous ones. The radiographs taken at 1, 5 and 11 months will have the same range of days form the actual day of birth as the other data that was monthly collected.  
3.3 Measurement of body weight

The first body weight was measured at the day of foaling. After that the foals were measured each month.
Weighing was done using a digital electronic read-out platform scale.  
3.4 Measurement of height at withers

The first measurement was taken on the day of foaling. The height of the withers was measured using a standard measuring stick. 
The height of the withers was measured at the highest point of the withers (Immediately above the spinous process of the 5th thoracic vertebra).
All horses were measured by a veterinarian while standing on a concrete floor in a square position. 

3.5 Measurement of condition score

The condition of the foals was scored by a veterinarian using the texas a & m procedure  (refer henneke et al 1983 evj 15 pp371-372,  henneke D R , equine praxctise vol 7 ,8 sept 1985 pp13-15)

A score from 1 poor to 9 extremely fat will be allocated for the following sites: neck, withers, loin, tailhead, ribs and shoulder. 

See table 3 for scoring.
3.6 Effusion scores

Each month effusion scores were measured from the left and right stifle and hock joints. Scoring was performed by two experienced veterinarians. 
Effusion was scored using table 1. 
3.7 History

Each month data was recorded of any history of illness, trauma, wounding of lameness or other events that could be of influence on the data that had occurred in the previous month.  
3.8 Diagnosis of OCD 

At 1, 5, 11 and 15 months of age radiographs were taken of all foals. 
The highest incidences of OCD in Thoroughbred yearlings are in the hock and stifle joints (Kane et al, 2003, Scott et al, 2003) 

Radiographs were taken of the left and right hock (tarsocrural joint) and stifle joint (femoropatellar joint). The radiographic views were those used in the accepted protocol for the yearling sales repository.
Stifle: Lateromedial, 10 degrees caudoproximal – craniodistal

Hock: 10 degrees lateral of dorsoplantar, lateromedial, plantarolateral dorsomedial oblique
From the hock joint scores were taken of three points: 
· The medial malleolus of the tibia
· Cranial end of the distal intermediate ridge of the tibia (=DIRT)
·  Distal end of the lateral trochlea of the talus (=Lateral talar ridge)
From the stifle joint scores were taken of three points: Medial femoral condyl

· Medial trochlear ridge of the femur
· Lateral trochlear ridge of the femur
OCD was scored using the scoring system of Dik et al (1999), table 2. The scoring was preformed individually by two experienced veterinarians. They were blinded for the age, sex and other details of the horses while scoring. After they both scored the radiographs individually there scores were compared and discussed in order to achieve the most objective scoring.
3.9 Total OCD scoring

In order to compare all the data two different scoring systems were used; a numeric and a binary system. In the numeric system two scorings were made; Total joint OCD score and Total foal OCD score. To achieve the total joint or total foal OCD score, all scores from one foal or joint at one time were summed. 
To achieve the binary scoring, every site scored ‘zero’ or ‘one’ was called ‘no OCD’ (=0), a score of two or higher was scored as ‘having OCD’ (=1). In the binary we also worked with scoring per joint and scoring per foal.   
3.10 Statistical methods
The statistical analyses and handling data were performed using SPSS version 14.0. For further details see calculations. 
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Figure 1: Timeline 
Table 1: Scoring of joint effusion 

	Joint effusion
	

	0
	No effusion

	1
	Slight effusion

	2
	Moderate effusion

	3
	Marked effusion

	4
	Severe effusion


Table 2: Scoring of OCD (Scoring system of Dik et al. 1999)
	OCD Score 
	Interpretation Contour
	Bone contour
	Bone texture
	Fragment(s)

	0
	Normal view, 
	rounded
	Diffuse density
	Absent

	0.5
	Dubious 
	
	
	

	1
	Minimal 
	Smoothly flattened
	Obscure lucency
	Absent

	2
	Mild
	Irregularly flattened
	Obvious, ill-bordered local lucency
	Absent

	3
	Moderate 
	Small, rounded or irregular concavity
	Obvious well-defined local lucency
	Small fragment(s)

	4
	Severe
	Large, rounded or irregular concavity
	Obvious, well defined extensive lucency
	Large fragment(s)


Table 3: Scoring of condition score

	Condition score
	

	1
	Poor

	2
	Very thin

	3
	Thin

	4
	Moderately thin 

	5
	Moderate 

	6
	Moderate to fleshy

	7
	Fleshy 

	8
	Fat 

	9
	Extremely fat


Figure 2: Sites of condition scoring

[image: image13.png]



4 Calculations
4.1 Calculation to determine the developmental patterns of OCD

For both the hock and the stifle joint we studied the frequency of abnormal radiographic appearances for each of the three sites at a certain age. In all these calculations we made no difference between the left or right leg.
In these calculations all scores that were 1 or higher were called ‘abnormal’. 
Note: an abnormal radiographic appearance is not the same as having OCD. All scores that are 1 or higher are abnormal but a score of 1 is not necessarily seen as OCD.

At first we studied the frequency of the abnormal scores at the different radiographic moments in the different sites. The abnormalities were calculated in percentage of the total number of foals or joints. Radiographic status was compared between month 5 and month 1, between month 11 and month 1 and 5 and between month 15 and the months 11, 5 and 1.

Calculations were made using the K-independent Samples test and a significance level of P< 0.05

After that we studied the classifications that were given to the sites of the both joints on the four age frames. In that way we get a good overview of the severity of the abnormalities.

Finally we studied the development of all the scores. By this means it becomes clear which abnormalities regress, progress or stay stationary.  
See tables 4 -17 for results.
4.2 Calculations to determine the risk factors for OCD.
4.2.1 Linear Regression

To determine the risk factors for OCD we first used the linear regression test.
This test is used in order to describe the linear relationship between 2 or more variables. 

Y = dependent

X = independent

In which we assume that Y is being influenced by X.

The results were calculated in two different ways:

· Total OCD score per foal (= total FOAL)
· Total OCD score per joint (= total JOINT)
In order to get these total scores, the scores given to the three different sites in each joint were summed. Therefore the total JOINT is the sum of 3 scores and total FOAL is the sum of all 12 scores.
There was a spreadsheet made of all the foals within the four different x-ray moments. Therefore in this spreadsheet each foal was present 4 times; at 1, 5, 11 and 15 months. For each of these moments the total foal OCD score was calculated.
Another spreadsheet was made of the foals within the different x-ray moments; only on this sheet all different joints are present. Therefore each foal is present 16 times (4 X-ray moments * 4 joints).

These scores were put next to the different independents:
X1 = Age at moment of X-ray
X2 = Farm
X3 = Sex
X 4= Height in cm’s
X5 = Weight in kg’s
X6 = Conditions score

X7= ADG Height in a 3 month window
X8= ADG weight in a 3 month window
X9= Effusion Scores
X10= Left or right
X11= Hock or stifle
X 9, X10 and X11 were only used in the calculations per joint, because they can only be used when looking at each joint separately. 
The dependent and independents were all put into a diagram with a normal curve and subjected to a 1-sample K-S test, to test it for normal distribution. If the data was not normally distributed it was transformed with log or square to make it closer to a normal distribution.  

All the tests were calculated with a 95 % confidence interval.
Distributions

Figure 3: distribution of weight
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Figure 4: distribution of height
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In both histograms of height and weight you can see the effect of the four age clusters. Both figures show multiple peaks, which means it has no use to transform these histograms with either log or square calculations. Transformation will not make the different peaks vanish. 
However, within each age cluster height and weight (with log transformation) are normally distributed.
Figure 5: distribution of ADG weight
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Figure 6: distribution of ADG height
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Both ADG histograms are not normally distributed. You would not expect them to be because they consist of height and weight and those do not have a normally distribution. 

Figure 7: distribution of condition score
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The distribution of condition score appears to be almost normal but is not normally distributed according to 1-sample KS test. 
Figure 8: distribution of effusion-score
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Effusion score is not normally distributed in the population because most foals will have no effusion score.


One-Sample Kolmogorov-Smirnov Test

	
	weight kg
	height cm
	condition score
	ADG weight
	ADG height
	Effusion score

	N
	792
	940
	944
	981
	864
	1248

	Normal Parameters(a,b)
	Mean
	218.659
	132.58
	5.314
	.1671959144
	1.06247037187738
	.04

	 
	Std. Deviation
	102.7309
	15.067
	.8549
	.17107091101
	.436948231156328
	.196

	Most Extreme Differences
	Absolute
	.194
	.143
	.183
	.190
	.071
	.541

	 
	Positive
	.194
	.143
	.113
	.178
	.071
	.541

	 
	Negative
	-.085
	-.099
	-.183
	-.190
	-.046
	-.419

	Kolmogorov-Smirnov Z
	5.461
	4.386
	5.625
	5.958
	2.079
	19.106

	Asymp. Sig. (2-tailed)
	.000
	.000
	.000
	.000
	.000
	.000


a  Test distribution is Normal.

b  Calculated from data.

From this KS-test you can see that none of the parameters above is normally distributed. 
4.2.2 Binary Regression

After the linear regression we made similar calculations with the binary regression. To be able to do this we put all the OCD data into a binary scoring; all scores of grade 0 or grade 1 were classified as ‘0’, all scores that were grade 2 or higher were classified as a ‘1’.

Again the results were calculated in two different ways:

· Binary OCD score per foal (= bin FOAL)

· Binary OCD score per joint (= bin JOINT)

The same spreadsheets were made for these calculations and the same independents were used in the calculations. 

After the first calculations were made we found that height and weight were significant but that could be explained by the age. Therefore we put the height and weight into quartiles per age cluster and calculated it again but clustered. In that way it shows the real effect of height and weight on the development of OCD.  

5  Results
5.1 Developmental patterns

1. The Hock

Table 4: percentage of sites in the hock with abnormal appearance

	
	Medial malleolus of the tibia
	Cranial end of the distal 

intermediate ridge of the tibia
	Distal end of the lateral 

trochlea of the talus

	
	Age in months
	Age in moths
	Age in months

	
	1
	5
	11
	15
	1
	5
	11
	15
	1
	5
	11
	15

	Total (n)
abnormal
	152
75
	151
2
	144
3
	98
6
	152
92
	151
41
	144
40
	98
37
	152
85
	151
24
	144
18
	98
8

	Percentage abnormal1 
	49%a
	1%b
	2%b
	6%b
	61%a
	27%b
	28%b
	38%b
	56%a
	16%b
	13%b
	8%b


n = number of joints
1 Abnormal is everything that is scored 1 or higher.

Statistical significant differences are presented by figures with different superscript.

a,b  P<0.001 

Figure 9: Histogram of the development of radiographic abnormalities in the hock
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From Figure 9 you can see that in all the different sites in the hock the development of radiographic abnormalities is almost the same. In the first period there is a significant drop and after that they form a sort of plateau.

1.1. Medial malleolus  
Table 5: The medial malleolus of the tibia.

Radiographic osteochondrosis classification vs. age from 1- 15 months.

	Age in months

	
	1
	5
	11
	15

	0
	77
	149
	141
	92

	1
	75
	2
	3
	6

	2
	0
	0
	0
	0

	3
	0
	0
	0
	0

	4
	0
	0
	0
	0

	Total
	152
	151
	144
	98


This table tells us the severity and development trough time of the radiographic abnormalities.  

Table 6: The medial malleolus of the tibia. 

Development of radiographic appearance from 1-15 months.  
	
	Change 5 -1
	Change 11 - 5
	Change 15-11

	Stationary
	79
	140
	89

	Points of Regression
	1
	73
	1
	1

	
	2
	0
	0
	0

	
	3
	0
	0
	0

	
	4
	0
	0
	0

	
	Total
	73
	1
	1

	Points of Progression
	1
	0
	2
	6

	
	2
	0
	0
	0

	
	3
	0
	0
	0

	
	4
	0
	0
	0

	
	Total
	0
	2
	6

	Total 
	151
	144
	98


This table shows us the progression or regression of the radiographic appearances. In this way we can draw better conclusions about the linear regression. In this table we do not only look at the age at which progression or regression takes place but we also look at the number of points the radiographic appearance chances. The only thing we can not see in this table is from which grade the decrease or increase happens. (eg. Is the 1 point regression happening from a grade 1 to a grade 0 and is therefore the abnormality gone, or is it happening from a grade 2 to a grade1?) 
Results tables 4-6: 
The number of joints that had a radiographic abnormal appearance was 49 % at one month of age and decreased significantly to 1 % at 5 months. After month 5 it increases again slightly with 2 % at 11 months and 6% at 15 months of age, but these two increases are not significant. 
At all the different ages there were only grade 1 abnormalities found. At none of the foals was there any grade 2-4 abnormalities observed in the medial malleolus. 
From month 1 until 15 there were 75 regressions (= improvements, the OCD score is getting lower) all of only one point. There were a total of 8 progressions (=worsening, getting a higher OCD score) also all of one point. 

Most regressions (73 of the 75 cases) were found in the period from 1 to 5 months. In this early period there was no progression. Most progression took place from 11 to 15 months. 

1.2. The cranial end of the distal intermediate ridge of the tibia ( =DIRT)
Table 7: The cranial end of the distal intermediate ridge of the tibia.
Radiographic osteochondrosis classification vs. age from 1- 15 months.
	Age in months

	
	1
	5
	11
	15

	0
	60
	109
	104
	61

	1
	68
	35
	34
	31

	2
	13
	3
	2
	1

	3
	11
	3
	4
	5

	4
	0
	0
	0
	0

	Total
	152
	151
	144
	98


Table 8: The cranial end of the distal intermediate ridge of the tibia.
Development of radiographic appearance from 1-15 months. 

	
	Change 5 -1
	Change 11 - 5
	Change 15-11

	Stationary
	66
	103
	65

	Points of Regression
	1
	52
	16
	10

	
	2
	13
	1
	2

	
	3
	5
	1
	0

	
	4
	0
	0
	0

	
	Total
	70
	18
	12

	Points of Progression
	1
	13
	19
	15

	
	2
	2
	3
	2

	
	3
	0
	0
	1

	
	4
	0
	0
	0

	
	Total
	15
	22
	18

	Total 
	151
	143
	95


Results tables 4, 7-8:
The number of joints that had an abnormal radiographic appearance at 1 month was relatively high with 61%. After that there was a significant drop to 27% at 5 months. The number of joints with abnormalities stays more or less the same throughout the rest of the period, but at 15 months the total number of foals (especially the total number of foals that have no abnormalities) decreases which causes an increased percentage. This explains the slight rise in the percentage of abnormalities in figure 2. 
At this site of the joint there were no grade 4 lesions found and with exception from the first month only a few grade 2 and 3 lesions.  

In the first month there is a lot of regression with even 2 or 3 points at a time. Only 66 of the 151 joints (44%) stayed stationary during this first period. In the following periods more joints stayed stationary (respectively 72 and 68 %).

Throughout the whole period there was relatively a lot of progression, sometimes even with two points at a time. There was a slightly peak in progression in the period from 5 to 11 months. 

1.3. The distal end of the lateral trochlea of the talus.
Table 9: The distal end of the lateral trochlea of the talus. 

Radiographic osteochondrosis classification vs. age from 1- 15 months.

	Age in months

	
	1
	5
	11
	15

	0
	67
	127
	126
	90

	1
	59
	20
	14
	5

	2
	13
	1
	2
	1

	3
	11
	0
	0
	0

	4
	2
	3
	2
	2

	Total
	152
	151
	144
	98


.  

Table 10: The distal end of the lateral trochlea of the talus.
Development of radiographic appearance from 1-15 months. 
	
	Change 5 -1
	Change 11 - 5
	Change 15-11

	Stationary
	66
	118
	82

	Points of Regression
	1
	56
	12
	7

	
	2
	10
	1
	2

	
	3
	9
	0
	0

	
	4
	0
	1
	0

	
	Total
	75
	14
	9

	Points of Progression
	1
	8
	10
	4

	
	2
	0
	0
	0

	
	3
	1
	0
	0

	
	4
	1
	1
	1

	
	Total
	10
	11
	5

	Total 
	151
	143
	96


Results Tables 4, 9-10:

Again we can see from these tables that the percentage of abnormalities is the greatest at one month of age (56 %). After that there is a significant decrease to 16 % at the age of 5 months, 13% at 11 months and 8% at 15 months.   
At this site there were a few grade 4 lesions found and very little grade 2 and 3 lesions (with exception of the first month). 

At the first period there is a lot of movement, mainly regression. In the second period we see that there is almost an equal amount of progression as regression. 

In this site we also see that there is some regression and progression of 4 points at a time. Therefore we know that the grade 4 lesions were not stable at this site. However we do not know if the regression is maybe caused by an operation or just repaired itself and if the progression is really caused by a sudden appearance of a fragment or that the abnormality was missed in the previous radiograph. 

2. The Stifle
Table 11:  Percentage of sites in the stifle with abnormal appearance

	
	Medial femoral condyl
	Medial trochlear ridge of the femur


	Lateral trochlear ridge of the femur



	
	Age in months
	Age in moths
	Age in months

	
	1
	5
	11
	15
	1
	5
	11
	15
	1
	5
	11
	15

	Total (n) 
Abnormal
	152
39
	151
104
	144
89
	98
69
	152
1
	151
5
	144
4
	98
3
	152
2
	150
46
	144
16
	98
10

	Percentage abnormal1 
	26%a
	69%b
	62%b
	70%b
	1%
	3%
	3%
	3%
	1%a
	31%b
	11%c
	10%c


n = number of joints

1 Abnormal is everything that is scored 1 or higher.
a,b P < 0.001
Statistical significant differences are presented by figures with different superscript.

Figure 10: Histogram of the development of radiographic abnormalities in the Stifle.
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From figure 3 you can see that in contradiction to the development in the hock were the different sites describe an almost similar tendency, here only two of the three sites describe a similar line in only the first period. 
The medial trochlear ridge has no significant increase of decrease throughout the whole period. 
The two other sites show a similar increase in abnormalities in the first period. The lateral trochlea shows a significant drop and forms a plateau after that. The medial femoral stays high after the initial rise. But if we look at the actual figures you can see that the total amount of radiographic abnormalities is decreasing, but not as fast as in the lateral trochlea. 
2.1. Medial femoral condyl
Table 12: Medial femoral condyl.

Radiographic osteochondrosis classification vs. age from 1-15 months.
	Age in months

	
	1
	5
	11
	15

	0
	113
	46
	52
	27

	1
	33
	87
	78
	57

	2
	5
	15
	8
	9

	3
	1
	1
	1
	0

	4
	0
	1
	2
	3

	Total
	152
	151
	144
	98


Table 13: Medial femoral condyl.

Development radiographic appearance from 1-15 months.
	
	Change 5 -1
	Change 11 - 5
	Change 15-11

	Stationary
	51
	71
	61

	Points of Regression
	1
	13
	36
	13

	
	2
	2
	4
	0

	
	3
	1
	0
	0

	
	4
	0
	0
	0

	
	Total
	16
	40
	13

	Points of Progression
	1
	70
	27
	12

	
	2
	12
	1
	4

	
	3
	0
	0
	0

	
	4
	1
	0
	1

	
	Total
	83
	28
	17

	Total 
	151
	143
	96


Results Tables 11, 12-13:

From table 11 we see that at age 1 month the majority of the joints are normal (74%). At the age 5, 11 and 15 months the percentage of abnormalities has had a significant increase and stays high during the rest of the period.

However if we look at the actual figures we can see that at 15 months the number of abnormal joints is decreased, but the number of normal joints in decreasing faster (due to selling) and therefore the percentage of abnormal joints is increased.
Again we see that grade 1 is most common and that the frequency of abnormalities decreases as the grades get higher. 

The higher the age, the more stationary become the figures. But overall we can say that there is a lot of progression at this particular site.     

2.2. Medial trochlear ridge of the femur
Table 14: Medial trochlear ridge of the femur.

Radiographic osteochondrosis classification vs. age from 1- 15 months.

	Age in months

	
	1
	5
	11
	15

	0
	151
	146
	140
	95

	1
	1
	2
	2
	2

	2
	0
	2
	2
	1

	3
	0
	0
	0
	0

	4
	0
	1
	0
	0

	Total
	152
	151
	144
	98


.  

Table 15: Medial trochlear ridge of the femur.

Development of radiographic appearance from 1-15 months. 

	
	Change 5 -1
	Change 11 - 5
	Change 15-11

	Stationary
	145
	135
	93

	Points of Regression
	1
	1
	2
	0

	
	2
	0
	2
	0

	
	3
	0
	1
	0

	
	4
	0
	0
	0

	
	Total
	1
	5
	0

	Points of Progression
	1
	2
	1
	3

	
	2
	2
	2
	0

	
	3
	0
	0
	0

	
	4
	1
	0
	0

	
	Total
	5
	3
	3

	Total 
	151
	143
	96


Results tables 11, 14-15:

The first thing that will be noticed when looking at the figures is that through all the age clusters most joints appear to be normal in this site. There is no significant difference of abnormalities between the different age clusters. 

At 1 month of age all but one are normal. After that there is a slight progression and most found abnormalities are grade 1 and 2. 

Far-out most joints stay stationary at this site. However 2 of the 3 age clusters have more progression than regression.  

2.3. Lateral trochlear ridge of the femur
Table 16: Lateral trochlear ridge of the femur.

Radiographic osteochondrosis classification vs. age from 1- 15 months.

	Age in months

	
	1
	5
	11
	15

	0
	150
	104
	128
	88

	1
	2
	35
	7
	6

	2
	0
	7
	3
	0

	3
	0
	4
	1
	3

	4
	0
	0
	5
	1

	Total
	152
	150
	144
	98


Table 17: Lateral trochlear ridge of the femur.

Development of radiographic appearance from 1-15 months. 

	
	Change 5 -1
	Change 11 - 5
	Change 15-11

	Stationary
	104
	89
	81

	Points of Regression
	1
	1
	33
	6

	
	2
	0
	5
	1

	
	3
	0
	2
	0

	
	4
	0
	0
	0

	
	Total
	1
	40
	7

	Points of Progression
	1
	34
	6
	6

	
	2
	7
	2
	1

	
	3
	4
	3
	1

	
	4
	0
	2
	0

	
	Total
	45
	13
	8

	Total 
	150
	142
	96


Results tables 11, 16-17:

This case follows the observed tendency that was found in previous research the closest (see the discussion). At the age of one month almost all joints appear to be normal. At the age of 5 months there is a significant increase in abnormalities. At 11 months the frequency is decreased again and stays more or less the same until 15 months of age.

At the age of 1 month there are only grade 1 lesions. After that lesions tend to get worse with grade 2 and 3 at 5 months and also grade 4 at 11 and 15 months. 

5.2    Binary logistic regression
1. Binary FOAL
Table 18
	
	
	OCD y/n
	OR ( 95% CI )
	P-value

	Age in months
	All
	167 : 104
	0.952 (0.907-0.999)
	0.046

	
	1
5

11

15
	40 : 35
45 : 31

50 : 22

32: 16
	Not significant
	


From this table you can see that there is a significant difference in the OCD score per foal using the binary system when compared to age. When we divide the foals into the different age clusters the significance disappears. So from this data we were not able to distinguish which age cluster had the most influence. 

From this table we can conclude that a younger foal is more likely to develop OCD.
Table 19
	
	
	OCD y/n
	OR ( 95% CI )
	P-value

	Height in cm’s
	All
	167 :104
	0.977 (0.959-0.995)
	0.013

	(Quartiles)
	1
2

3

4
	46: 24
41: 29

43 : 24

37 : 27
	Not significant
	


From this table you can see that there is a significant difference in the OCD score per foal using the binary system when compared to Height in cm’s. When we divided the scores into quartiles (based on the height in the four different age clusters) the significance disappeared. This shows us that there is in fact no significance in OCD score per foal when compared to height. The low P-value can be explained by the strong correlation between height and age. 
No significance could be found for sex, farm, weight, ADG weight, ADG height, or condition score.
2. Binary JOINT
Table 20
	
	
	OCD y/n
	OR (95% CI)
	P-value

	Age
	All
	936 : 144
	0.966 (0.933-1.00)
	0.052

	
	1

5

11

15
	250 :50

259 : 41

259 : 29

168 : 24
	Not significant
	


From this table you can see that there is no significance in the OCD score per joint using the binary system when compared to age. However there is a very strong tendency. When we divided the foals into the different age clusters however this tendency disappeared. So from this data we were not able to distinguish which age cluster had the most influence.
Table 21
	
	
	OCD y/n
	OR (95% CI)
	P-value

	Height
	All
	936 : 144
	0.980 (0.967-0.993)
	0.002

	(Quartiles)
	1
2

3

4
	Not significant
	
	


From this table you can see that there is a significant difference in the OCD score per joint using the binary system when compared to Height in cm. When we divided the scores into quartiles (based on the height in the four different age clusters) the significance disappeared. This shows us that there is in fact no significance in height. The low P-value can be explained by the strong correlation between height and age.  
Table 22
	
	
	OCD y/n
	OR (95% CI)
	P-value

	Weight
	All
	936 : 144
	0.998 (0.996-1.000)
	0.072

	(Quartiles)
	1
2

3

4
	Not significant
	
	


From this table you can see that there is no significant difference in the OCD score per joint using the binary system when compared to weight in kg. However the P-value shows us that there might be a trend. When we divided the foals into quartiles (based on the weight in the four different age clusters) this trend disappeared. This shows us that the trend we saw might be false. The low P-value can be explained by the strong correlation between age and weight. 
Table 23
	
	
	OCD y/n
	OR (95% CI)
	P-value

	Left / Right
	Left
Right
	481 : 59
455 : 85
	1.523 (1.067 – 2.174)
	0.021


From this table you can see that there is a significant difference in the OCD score per joint using the binary system when compared to left or right leg. In this study we found that foals were more likely to develop OCD in the right leg than in the left.  

The odd ratio is high in which you can see that there is a great difference between left and right, but the coincidence interval is very big too, which means that there is also a lot of variation.  

No significance could be found for sex, farm, ADG height, ADG weight, condition score, effusion score and hock or stifle. 

5.3 Linear Regression

1. Numeric FOAL
Age
Model Summary

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	.170(a)
	.029
	.025
	.245827642645306


a  Predictors: (Constant), age


ANOVA(b)

	Model
	 
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	.484
	1
	.484
	8.008
	.005(a)

	 
	Residual
	16.316
	270
	.060
	 
	 

	 
	Total
	16.800
	271
	 
	 
	 


a  Predictors: (Constant), age

b  Dependent Variable: Log 10 (total OCD score +1)

Coefficients(a)

	Model
	 
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	95% Confidence Interval for B

	 
	 
	B
	Std. Error
	Beta
	 
	 
	Lower Bound
	Upper Bound

	1
	(Constant)
	.685
	.026
	 
	26.584
	.000
	.635
	.736

	 
	age
	-.008
	.003
	-.170
	-2.830
	.005
	-.014
	-.002


a  Dependent Variable: Log 10 (total OCD score +1)

From these calculations is becomes clear that age is a significant factor. For every point that the Total OCD score per foal is lower, the foal is 0.008 months younger.  

The R square is very small, which tells you that only a small percentage of the total is explained by the linear model. For this it becomes clear that there are multiple other factors that play a role in the determination of the total OCD score. 
Height  

Model Summary

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	.278(a)
	.078
	.073
	.248620009785523


a  Predictors: (Constant), height cm


ANOVA(b)

	Model
	 
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	1.179
	1
	1.179
	19.082
	.000(a)

	 
	Residual
	14.031
	227
	.062
	 
	 

	 
	Total
	15.211
	228
	 
	 
	 


a  Predictors: (Constant), height cm

b  Dependent Variable: Log 10 (total OCD score +1)

Coefficients(a)

	Model
	 
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	95% Confidence Interval for B

	 
	 
	B
	Std. Error
	Beta
	 
	 
	Lower Bound
	Upper Bound

	1
	(Constant)
	1.262
	.148
	 
	8.536
	.000
	.971
	1.553

	 
	height cm
	-.005
	.001
	-.278
	-4.368
	.000
	-.007
	-.003


a  Dependent Variable: Log 10 (total OCD score +1)

Weight 

Model Summary

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	.223(a)
	.050
	.045
	.253209031130952


a  Predictors: (Constant), weight kg


ANOVA(b)

	Model
	 
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	.649
	1
	.649
	10.118
	.002(a)

	 
	Residual
	12.374
	193
	.064
	 
	 

	 
	Total
	13.023
	194
	 
	 
	 


a  Predictors: (Constant), weight kg

b  Dependent Variable: Log 10 (total OCD score +1)

Coefficients(a)

	Model
	 
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	95% Confidence Interval for B

	 
	 
	B
	Std. Error
	Beta
	 
	 
	Lower Bound
	Upper Bound

	1
	(Constant)
	.763
	.043
	 
	17.824
	.000
	.679
	.848

	 
	weight kg
	-.001
	.000
	-.223
	-3.181
	.002
	-.001
	.000


a  Dependent Variable: Log 10 (total OCD score +1)
ADG Height

Model Summary

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	.193(a)
	.037
	.032
	.250950759000973


a  Predictors: (Constant), ADG height


ANOVA(b)

	Model
	 
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	.509
	1
	.509
	8.083
	.005(a)

	 
	Residual
	13.225
	210
	.063
	 
	 

	 
	Total
	13.734
	211
	 
	 
	 


a  Predictors: (Constant), ADG height

b  Dependent Variable: Log 10 (total OCD score +1)

Coefficients(a)

	Model
	 
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	95% Confidence Interval for B

	 
	 
	B
	Std. Error
	Beta
	 
	 
	Lower Bound
	Upper Bound

	1
	(Constant)
	.507
	.045
	 
	11.244
	.000
	.418
	.596

	 
	ADG height
	.112
	.039
	.193
	2.843
	.005
	.034
	.189


a  Dependent Variable: Log 10 (total OCD score +1)

ADG Weight 


Model Summary

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	.213(a)
	.046
	.041
	.243355572712361


a  Predictors: (Constant), ADG weight


ANOVA(b)

	Model
	 
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	.656
	1
	.656
	11.077
	.001(a)

	 
	Residual
	13.739
	232
	.059
	 
	 

	 
	Total
	14.396
	233
	 
	 
	 


a  Predictors: (Constant), ADG weight

b  Dependent Variable: Log 10 (total OCD score +1)

Coefficients(a)

	Model
	 
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	95% Confidence Interval for B

	 
	 
	B
	Std. Error
	Beta
	 
	 
	Lower Bound
	Upper Bound

	1
	(Constant)
	.549
	.026
	 
	21.272
	.000
	.498
	.600

	 
	ADG weight
	.415
	.125
	.213
	3.328
	.001
	.169
	.660


a  Dependent Variable: Log 10 (total OCD score +1)
For the calculations above we can conclude that:
·  Height: For every point that the Total FOAL is higher, the foal is 0.005 cm smaller

· Weight: For every point that the Total FOAL is higher, the foal is 0.001 kg lighter.

· ADG Height: For every point that the Total FOAL is higher, the foal is growing 0.112 cm a day more

· ADG Weight: For every point that the Total FOAL is higher, the foal is growing 0.415 kg a day more. 

From this we could conclude that a foal that is lighter and smaller has more change to develop OCD. From this we could also conclude that a foal that is growing faster in height or in weight has a higher change on developing OCD.   

These two seem to contradict each other, you would expect that the large and heavy foals are the ones that have grown the fastest and therefore are more likely to develop OCD. However height and weight are heavily correlated with age and again, as in the binary system, the significance we found is the effect of age and not of height and weight itself.

ADG Height and ADG weight are also correlated with age but in lesser degree than height and weight. From our data we can conclude that a foal that is growing faster has a higher change on a higher OCD score.

For further research it is therefore important to look at which growth spurt is most likely to be responsible for the development of OCD. Also is it important to find a way of calculation in which growth is minimally influenced by the age effect.

In all calculations above the R square is very low, this tells us that only a small percentage of the data correlates with the linear line. From this we know that all the independents play a part in the whole process but there are other factors that also play a part.   

No significance could be found for sex, farm and condition score.

2. Numeric JOINT
Age


Model Summary

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	.071(a)
	.005
	.004
	.230184123662963


a  Predictors: (Constant), age


ANOVA(b)

	Model
	 
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	.299
	1
	.299
	5.635
	.018(a)

	 
	Residual
	58.389
	1102
	.053
	 
	 

	 
	Total
	58.688
	1103
	 
	 
	 


a  Predictors: (Constant), age

b  Dependent Variable: log 10 (total joint ocd +1)


Coefficients(a)

	Model
	 
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	95% Confidence Interval for B

	 
	 
	B
	Std. Error
	Beta
	 
	 
	Lower Bound
	Upper Bound

	1
	(Constant)
	.250
	.012
	 
	20.999
	.000
	.227
	.274

	 
	age
	-.003
	.001
	-.071
	-2.374
	.018
	-.006
	-.001


a  Dependent Variable: log 10 (total joint ocd +1)

In above calculations you can see that if we look the risk factors for the development of OCD per joint, age is a significant factor. We see that a younger foal has a higher change of developing a higher total JOINT score.

However, again the R square is very small which tells us that only a small percentage of the figures of age can be explained by the linear line and a lot of other factors play a role. 
Height


Model Summary

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	.116(a)
	.013
	.012
	.232464107073294


a  Predictors: (Constant), height cm


ANOVA(b)

	Model
	 
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	.681
	1
	.681
	12.595
	.000(a)

	 
	Residual
	50.041
	926
	.054
	 
	 

	 
	Total
	50.721
	927
	 
	 
	 


a  Predictors: (Constant), height cm

b  Dependent Variable: log 10 (total joint ocd +1)


Coefficients(a)

	Model
	 
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	95% Confidence Interval for B

	 
	 
	B
	Std. Error
	Beta
	 
	 
	Lower Bound
	Upper Bound

	1
	(Constant)
	.468
	.068
	 
	6.832
	.000
	.333
	.602

	 
	height cm
	-.002
	.001
	-.116
	-3.549
	.000
	-.003
	-.001


a  Dependent Variable: log 10 (total joint ocd +1)

Weight


Model Summary

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	.086(a)
	.007
	.006
	.238854908056020


a  Predictors: (Constant), weight kg


ANOVA(b)

	Model
	 
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	.334
	1
	.334
	5.854
	.016(a)

	 
	Residual
	45.071
	790
	.057
	 
	 

	 
	Total
	45.405
	791
	 
	 
	 


a  Predictors: (Constant), weight kg

b  Dependent Variable: log 10 (total joint ocd +1)

Coefficients(a)

	Model
	 
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	95% Confidence Interval for B

	 
	 
	B
	Std. Error
	Beta
	 
	 
	Lower Bound
	Upper Bound

	1
	(Constant)
	.278
	.020
	 
	13.924
	.000
	.239
	.317

	 
	weight kg
	.000
	.000
	-.086
	-2.419
	.016
	.000
	.000


a  Dependent Variable: log 10 (total joint ocd +1)

ADG Height


Model Summary

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	.082(a)
	.007
	.005
	.233353764776905


a  Predictors: (Constant), ADG height


ANOVA(b)

	Model
	 
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	.314
	1
	.314
	5.767
	.017(a)

	 
	Residual
	46.939
	862
	.054
	 
	 

	 
	Total
	47.253
	863
	 
	 
	 


a  Predictors: (Constant), ADG height

b  Dependent Variable: log 10 (total joint ocd +1)


Coefficients(a)

	Model
	 
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	95% Confidence Interval for B

	 
	 
	B
	Std. Error
	Beta
	 
	 
	Lower Bound
	Upper Bound

	1
	(Constant)
	.181
	.021
	 
	8.658
	.000
	.140
	.222

	 
	ADG height
	.044
	.018
	.082
	2.401
	.017
	.008
	.079


a  Dependent Variable: log 10 (total joint ocd +1)

ADG Weight


Model Summary

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	.091(a)
	.008
	.007
	.225793240411357


a  Predictors: (Constant), ADG weight


ANOVA(b)

	Model
	 
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	.408
	1
	.408
	7.997
	.005(a)

	 
	Residual
	48.484
	951
	.051
	 
	 

	 
	Total
	48.892
	952
	 
	 
	 


a  Predictors: (Constant), ADG weight

b  Dependent Variable: log 10 (total joint ocd +1)

Coefficients(a)

	Model
	 
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	95% Confidence Interval for B

	 
	 
	B
	Std. Error
	Beta
	 
	 
	Lower Bound
	Upper Bound

	1
	(Constant)
	.198
	.012
	 
	16.656
	.000
	.175
	.222

	 
	ADG weight
	.163
	.057
	.091
	2.828
	.005
	.050
	.275


a  Dependent Variable: log 10 (total joint ocd +1)
Effusion score 

Model Summary

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	.072(a)
	.005
	.004
	.230166359612927


a  Predictors: (Constant), Effusionscore


ANOVA(b)

	Model
	 
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	.308
	1
	.308
	5.806
	.016(a)

	 
	Residual
	58.380
	1102
	.053
	 
	 

	 
	Total
	58.688
	1103
	 
	 
	 


a  Predictors: (Constant), Effusionscore

b  Dependent Variable: log 10 (total joint ocd +1)

Coefficients(a)

	Model
	 
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	95% Confidence Interval for B

	 
	 
	B
	Std. Error
	Beta
	 
	 
	Lower Bound
	Upper Bound

	1
	(Constant)
	.224
	.007
	 
	31.558
	.000
	.210
	.238

	 
	Effusionscore
	.080
	.033
	.072
	2.410
	.016
	.015
	.146


a  Dependent Variable: log 10 (total joint ocd +1)

Left / Right

Model Summary

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	.057(a)
	.003
	.002
	.230399167128781


a  Predictors: (Constant), left= 0 / right= 1


ANOVA(b)

	Model
	 
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	.189
	1
	.189
	3.568
	.059(a)

	 
	Residual
	58.498
	1102
	.053
	 
	 

	 
	Total
	58.688
	1103
	 
	 
	 


a  Predictors: (Constant), left= 0 / right= 1

b  Dependent Variable: log 10 (total joint ocd +1)

Coefficients(a)

	Model
	 
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	95% Confidence Interval for B

	 
	 
	B
	Std. Error
	Beta
	 
	 
	Lower Bound
	Upper Bound

	1
	(Constant)
	.214
	.010
	 
	21.850
	.000
	.195
	.234

	 
	left= 0 / right= 1
	.026
	.014
	.057
	1.889
	.059
	-.001
	.053


a  Dependent Variable: log 10 (total joint ocd +1)

 For the calculations above we can conclude that:
· Age: For every point that the Total JOINT is higher, the foal is 0.003 months younger.
· Height: For every point that the Total JOINT is higher, the foal is 0.002 cm’s smaller

· ADG Height: For every point that the Total JOINT is higher, the foal is 0.044 cm’s/day growing faster

· ADG Weight: For every point that the Total JOINT is higher, the foal is 0.163 kg/day growing faster.

· Effusion score: For every point that the Total JOINT is higher, the effusion score is 0.080 point higher.

· Left/Right: A foals has more change to have OCD in the right leg, than in the left.
Again we see a seemingly contradiction in the figures; smaller en lighter foals have a higher chance on a higher Total JOINT and faster growing foals (height and weight) have a higher chance on a higher Total JOINT.

However height and weight are heavily correlated with age and again as in the binary system and in the linear system per foal, we see only the effect of age and not of height and weight itself.

ADG Height and ADG weight are also correlated with age but in lesser degree than height and weight. From this we can conclude that a foal that is growing faster has a higher change on a higher Total JOINT.

For further research it is therefore important to look at which growth spurt is most likely to be responsible for the development of OCD. Also is it important to find a way of calculation in which growth is minimally influenced by the age effect.

In all calculations above you can see that the R square is very low, this tells us that only a small percentage of the data correlates with the linear line. Form this we know that all the independents play a part in the whole process but there are other factors that also play a part.   
No significance could be found for sex, farm, condition score and hock/stifle. 
6 Discussion

Developmental patterns
Figure 11: radiographic abnormalities in the hock (Cranial end of the distal intermediate ridge of the tibia) 
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Figure 11 shows us the development of radiographic abnormalities in the hock in the study of Dik et al (1999). If we compare it with the results from this study (here we compare only the cranial end of the distal intermediate ridge of the tibia), we can see that the beginning of both figures is quite similar. However after the age of 5 months we found a plateau forming instead of the further decrease that was found in the study of Dik et al.
As stated earlier in this study the rise in abnormalities we found at 15 months of age is not significant and is caused by the fact that a lot of horses without osteochondrotic abnormalities are being sold before the yearling sales. In that way the percentage of horses with abnormalities increases, while the exact number of horses with abnormalities is even decreasing. 

 In the figures of Dik et al the decrease continues, which indicates that the repair progress is still going on. The reason that we did not found any improvement of the osteochondrotic lesions in the hock after 5 months of age could be multiple. First of all, the two studies worked with different horse breeds which could cause a different response or even a different overall incidence. Secondly in the study of Dik et al. horses were used that were predisposed to develop OCD (selection of foals by sires with known OCD). This could be of influence on the initial repair processes. Another factor could be the sample size, the study of Dik et al. are the result of 43 foals.
Figure 12: radiographic abnormalities in the stifle (Lateral trochlear ridge of the femur)
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In figure 12 we compared the results from the study of Dik et al with our own findings. Here we compare the percentage of radiographic abnormalities in the lateral trochlear ridge of the femur. 

Both lines start out at almost the same point and increase significantly towards 5 months and show a decrease at 11 months of age. The figures form this study however, are higher from 5 months and on. From the age of 11 months they form a plateau. Unfortunately we have no data from the other study to compare this with.

Overall we can state that both studies follow the same line, but the percentages we found are slightly higher. 

There could be multiple factors to explain the differences we found. The two studies worked with different horse breeds which could cause a different response or even a different overall incidence. The rates in the study of Dik et al were high due to the use of predisposed foals (selection of foals by sires with known OCD).
The studies of Kane et al (2003) and Scott et al (2003) indicates an incidence of approximately 3-6% of OC in the hock of thoroughbred yearlings radiographed at the yearling sales. With these figures we have to realise again that there is a difference between OCD diagnosed at the yearling sales and radiographic abnormalities described in this study. As stated before, a osteochondrotic abnormality is not the same as OCD. Therefore no comparison can be made between the incidence Kane and Scott found and the data we collected.  
Risk Factors

From the binary system we could see that a couple of independents showed us significance in the beginning, but when we corrected them for age the significance disappeared. This tells us that the first significance we found was only explained by age. Because age is so greatly correlated with height and weight, we actually described age in those calculations and not height or weight.

We saw that age was significant, but we were not able to determine the different age clusters separately. Due to a too small sample size and variation within the figures, a specific determination between the different months could not be made
In the linear system we could see the same thing for height and weight as in the binary system; the found significance describing age instead of height and weight due to the high correlation between the independents.

Age, growth (both ADG height and ADG weight) and effusion score were significant factors and are proven to be risk factors for the development of OCD.  

In both systems we could find no significance for sex, farm, condition score and a difference between hock and stifle. 

If we compare our findings with former research we see that as stated in the introduction that lot of research contradicts each other.
As in the studies from Stromberg (1979), Donabédian et al.(2006) and van Weeren et al. (1999) this study also proved that there is a positive correlation between rapid growth and OCD. Most of the other studies also found height and weight to be a significant factor, a thing we were not able to prove.

Other studies could not confirm these findings (Glade et al. 1981; Glade and Belling 1984; Hoppe 1984). 
 Further research is needed to determine which growth spurt has the biggest influence.
Our study showed the same as the studies from Hoppe (1984) and van Weeren et al (1999); no relationship between sex and OCD was found. Again the literature contradicts each other. The studies form Strömberg and Rejnö (1978), Alvarado et al (1989) and De Moor (1972) all found a higher prevalence in males.
Numeric vs. binary
The OCD scores for each foal were summed in order to get to a total foal OCD score (total FOAL) or the total OCD joint score (total JOINT).
With this summed value we try to achieve a better overall view of the foal. Foals with OCD in more than one joint get a higher score. There is a strong correlation between OCD in the same joint on the left and right side (McIlwraith 1993) therefore there is a smaller chance of having a false positive value. But we also have to take in account that this study showed a significant difference between left and right.
The downside is that there is a high chance of getting a false positive value if there are minor radiographic abnormalities in multiple joints. For example a foal that has severe OCD on one joint gets the same total score as a foal that has minor abnormalities in 4 different sites. 
To avoid this problem we also calculated everything in a binary scoring system. The binary scoring system presents a cleaner data system. In the binary system the low scores (grade 1; we do not call this OCD but is a radiographic abnormality) are not counted and therefore we have less false positives. There are also less false negative figures; foals with only mild OCD on one site are recognised in this system.
A disadvantage is that in the binary system you can make no difference between mild or severe OCD. Also it is not possible to see whether a foal has OCD at one joint or that it is multiple effected. 

In conclusion; with the total foal OCD score we miss foals with strong OCD at one joint and add the foals that have minor OCD at all joints. With the binary OCD score we exclude the false positives from the total OCD score, but we lose a lot of information because we can not see any distinction between moderate or severe and single or multiple OCD lesions. 

Correlation between independents

One of the problems we had with the statistics in this study is that almost all the independents are strongly correlated. If the correlation between two independents is +/- 1 than it is called collinearity. If there is a strong correlation, the standard errors are extremely large, leading to test statistics that are very small so that the associated coefficients in the model are not statistically significant.  
The correlation between the independents was high but not +/- 1 because there are a lot of other factors that influence the independents we used. For example weight is not only influenced by age, but also by height, sex, nutritional factors etc. Therefore we can never correct it completely. 
Because of this correlation, it was not possible to calculate all the independents at the same time. Also because of this correlation we were forced to work with quartiles (divide the independents into 4 different groups within the same age cluster, where 1 are the ones with the lowest scores and 4 the ones with the highest scores). In this way we could see the real effect of the independents on the OCD score and the independents were corrected from the correlation with age. 

Normal distribution
When using the linear regression test, one of the assumptions you make is that at least one of the two variables is normally distributed.

The variables were tested for normal distribution by using the 1-sample-Kolmogorov-Smirnov test. If the data was not normally distributed it was transformed with log or square to make it closer to a normal distribution.  
Total OCD score per foal or per joint is not normally distributed. It is not possible to get it to be normal (according to the 1-sample K-S test) not even with log10 transformation. We would not expect the total OCD score to be normally distributed, because most foals will have scored a 0; most foals will be healthy.
Height and weight are not normally distributed in the total picture due to the different time clusters. There are four peaks for the four different time clusters. But within these peaks (within the different time clusters) height and weight are normally distributed.
The window of ADG weight/height 

ADG height and ADG weight were calculated in a 3 month window. This was done to make the influence of mistakes of measurement of a lesser influence on the figures. The disadvantage of this is that it flattens out the growth peak.
Looking back it would be better to use the average daily weight and height gain as they were calculated in a monthly perspective. In that way calculations can be made to determine which growth spurt is the most important for the development of OCD.
Left vs. right
In the incidence calculation no difference is made between left and right. This is because in former research was proven that there is a strong correlation between OCD on the left and right sites within the same joint (McIlwraith 1993). 
However in this research we found an OR 1.523 in the relation of OCD and left/right. This states that it is 1.523 times more likely to have OCD on the right-hand side than on the left hand side. This is contradictory to the results that McIlwraith found in his study. 
Maybe an explanation for this could be found when looking closely to the angle by which the radiographs were taken or we have to take a closer look to the way the data was collected and processed or maybe an explanation could be found within the population itself.   
Sample size

Calculated is that a minimal sample size of 138 joints (70 foals) was needed to detect a difference of 20% between month 1 and month 5. (Used a power of 0.80 and a Alpha of 0.01) 
From these figures is can be concluded that the sample size was too small. The study started out with 152 joints at one month but ended with 98 joints at 15 months. Therefore the last calculations (from 11 to 15 months) are not accurate due to a sample size that is too small.  

Further research that is needed 
Further research is needed to determine the cause of the found difference in incidence of OCD in the left and right leg.
Further research with a bigger sample size is needed to determine the contribution of the different risk factors on the development of OCD.
Further research is needed to determine if effusion at a certain age can be used as a positive predictable value for OCD.
7 Conclusion
7.1 Conclusions on the developmental patterns of radiographic abnormalities
In the hock the percentage of osteochondrotic abnormalities was the highest at one month of age (respectively 49%, 61 % and 56 % abnormal in the different sites). All sites showed a significant regression at 5 months of age (to respectively 1 %, 28% and 16%). After the age of 5 months there was no significant change in percentage of abnormalities in the hock. 
In the stifle the percentage abnormalities were relatively low at one month of age (respectively 26%, 1% and 1%). The percentages showed a significant increase towards 5 months of age for both the medial femoral condyl and the lateral trochlear ridge of the femur (to respectively 69% and 31%). After that the percentage in medial femoral condyl stayed high, the lateral trochlear ridge of the femur showed a significant increase (to 11%) and stayed the same after that. The medial trochlear ridge of the femur showed no significant increase or decrease throughout the whole period. 
7.2 Conclusions on the risk factors for the development of OCD

Table 24: Summary results Binary scoring
	
	Bin FOAL
	
	Bin JOINT

	
	P-value
	
	P-value

	Age

Height

Weight

Left / Right
	0.046
	
	0.052

	
	0.013
	
	0.002

	
	-
	
	0.072

	
	-
	
	0.021


In the binary regression we found no relation with OCD for sex, farm, height, weight, condition score, ADG height, ADG weight and hock/stifle.  
However the binary regression did prove that age is a significant factor, but was not able to determine a specific age cluster.
It also showed that there is more OCD in the right leg than in the left.
Table 25: Summary results Numeric scoring 

	
	Total FOAL
	Total JOINT

	
	P-value
	P-value

	Age
	
	0.005
	0.018

	Height
	
	<0.001
	<0.001

	Weight
	
	0.002
	0.016

	ADG Height
	
	0.005
	0.017

	ADG Weight
	
	0.001
	0.005

	Effusion score
	
	-
	0.016

	Left / Right
	
	-
	0.059


In the linear regression there is no relationship with OCD for sex, farm, height, weight and condition score and between hock/stifle. 
However it did prove that age, growth (both ADG height and ADG weight) and effusion score are significant factors in the development of OCD. Again was the regression not able to determine a specific age cluster.
It also showed that there is more OCD in the right leg than in the left.
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