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CHAPTER I 

INTRODUCTION 

In previous studies of avian hindlimb locomotion, only the 

still frame camera, the movie camera, and visual observation have 

been employed to record movements in adult birds. The objective 

of this project is to analyze the gaits of the domestic fowl as it 

matures from one to six weeks of age, and to evaluate three photo

graphic methods which are available for recording gait. 

Apparently the first detailed analysis of the avian gait was 

made by Stolpe (1932), who analyzed photographs and made visual ob

servations of several walking and swimming birds. Miller (1937) 

employed photographs and visual observation in his study of walking 

and swimming in the Canada goose, Branta canadensis. The movie camera 

was first used to study avian gait by Sigmund (1956). He photo

graphed three representatives of the family Rallidae (Railus 

aquaticus, Gallinula chloropus, and Fulica atra) with a movie camera 

at 24 to 64 frames per second. Craycroft (1969) analyzed hindlimb 

locomotion in greater detail than these other workers by using high 

speed cinematography (250 frames per second) to record the gait of the 

domestic pigeon moving at three different speeds. The four works cited 

above used images of the bird produced by reflected light as the basis 

for schematic presentation of the gait. Although bones on the inside 

of the animal are not.observed in images produced by reflected light, 

their movements during locomotion have been estimated and incorporated 

1 



by these workers in the stick figures which they analyzed. The 

problem of observing internal movements is particularly difficult in 

birds because, in most cases, the hindlimb is obscured by the wing 

and body feathers. The present study is unique because it incorpo

rates X-ray motion pictures, as well as conventional still and motion 

pictures, to describe the avian gait sequence. Special emphasis is 

given to comparison of gaits prepared from X-ray motion pictures with 

those from conventional motion pictures. 



CHAPTER II 

MATERIALS AND METHODS 

Twenty male white leghorns (Gallus gallus) were obtained 

within one day after hatching and reared on a diet of Purina Star-

tena for four weeks. They were fed Purina Growena for the remainder 

of the experiment. Chickens of up to three weeks of age were kept at 

a temperature of 78-85 degrees with a sixty watt light bulb placed 

18 inches above the floor of a ti'70-foot square cardboard cage. 

Beginning the fourth day of life, the chickens were trained to walk 

down an eight-foot straight alley maze. They were deprived of food 

six hours prior to introduction into the maze. Each individual was 

placed at the end of the runway opposite the food and allowed to walk 

to the food. After reaching the food, the chicken was allowed to eat 

for approximately ten seconds, then returned to the beginning of the 

runway. This procedure was repeated until the specimen was sated. 

Twenty individuals were subjected to identical training methods. The 

procedure was repeated daily on all chickens until the third week. 

Daily runs in the maze took place at 8:00 P.M. in a quiet, well lighted 

room (except the room was darkened when the strobe was employed). 

8 mm Movie Camera 

Three one week old individuals, chosen at random, were photo

graphed while walking down the straight alley maze. A Holiday Mansfield 

8 mm motion picture camera equipped with a fixed-focus lens with a 4 to 1 
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zoom was used. Kodachrome II (ASA 40) color movie film was exposed 

at 18 frames per second. Lighting was provided by two high inten

sity "Tensor" lamps placed one foot from the path line and two feet 

either side of the midpoint perpendicular to the path. The camera 

was placed on a tripod eleven feet from the midpoint of the path of 

the chicken with the axis of the lens perpendicular to the line of 

the path. The camera and subject were equal distances from the floor. 

The zoom was adjusted to obtain maximum telephoto effect. Motion 

pictures of these three individuals were taken every seven days 

through the sixth week. 

X-ray Cinne 

At age one week, three chickens were chosen at random from 

twenty chickens and photographed by an X-ray Cinne operated by tech

nicians at Methodist Hospital in Lubbock, Texas. The apparatus con

sisted of a cardboard runway 70 cm long placed at right angles to the 

horizontal X-ray stream. A Picker X-ray unit using a current of 200 

milliamps generated by forty-eight Kv was used. The chicken followed 

a path forty inches from a flourescing screen. The images produced 

by the X-rays on the flourescent screen were amplified, then photo

graphed by a 16 mm camera (Vertex Development Company) for use with the 

Picker X-ray. DuPont 140 A film was exposed at 15 frames per second. 

Still Frame Camera V7ith a Strobe 

At age one week, three chickens were chosen at random from 17 

and photographed in the light of a stroboscope. A Honeywell Pentax 35 mm 



camera with Kodak Tri-X (ASA 400) film was placed on a tripod at a 

distance of trro and one-half feet from the midpoint of the path of 

the subject. Lens axis orientation was the same as that of the 8 mm 

movie camera. A stroboscope (General Radio Strobotac 1531, capable 

of 100 to 25,000 bursts per minute) was placed five and one-half feet 

from the path of the chicken. . The axis of the light of the strobo

scope was at a 45 degree angle from the path line and in the same 

plane as the one formed by the path line and camera lens axis. The 

stroboscopic light axis intersected the path line midpoint. The 

aperture of the camera was set at f: 5.6-8.0. The shutter was opened 

as the chicken walked into the field and held open until a full 

stride had been recorded. Black, water base tempera was applied to 

the leg away from the camera to help clarify the image of the other leg. 

Table and Figure Preparation 

Chickens not photographed, except for one used in 8 mm movies, 

were killed with ether and preserved in formalin. Hindlimbs were dis

sected to obtain lengths of the femur, tibio-tarsus, and tarso-meta-

tarsus with a vernier caliper. Body length (anterior point of neck 

base to cloaca) and position of acetabulum along this line were measured 

with a ruler. Data in Table 3 were calculated from bone measurements. 

Still and conventional motion picture film sequences from all age 

groups were projected on graph paper. The image sizes were adjusted to 

scale. Image to actual size ratio was 1 to 1.57. Stick figures of 

hindlimb movements were reconstructed with bones from preserved specimens. 



Bone images projected from the X-ray Cinne film were used to make 

stick figures directly. These figures were converted to the same 

scale as the others. 



CHAPTER III 

RESULTS -

Stick figures are used in most avian hindlimb locomotion 

studies to represent the bones of the appendages photographed in 

motion. These figures may be considered as free body diagrams of 

the appendages when forces acting on the limb are included 

(cf. Evans, 1961). This representation can be correlated with data 

gathered from studies of the muscles, weight distribution, and forces 

acting on the limb, to arrive at a functional interpretation of the 

gait. 

Figures 1-8 are stick figure gait representations. Enumera

tion of the stick figures will begin at the left side of the page. 

Foot movements are not shown because they unnecessarily complicate 

the diagrams and do not add to the present analysis. 

Figures 1 through 6 represent movements recorded with the 8mm 

movie camera; hence each figure is 1/18 of a second from the succeed

ing one. Stick figures represented by dotted lines are estimates of 

bone positions that were blurred on the picture. Figure 7 was pro

duced from the X-ray Cinne motion pictures. The stick figures are 

1/15 of a second apart. Figure 8 was produced using a stroboscope and 

a still frame camera; the stick figures are 1/11 of a second apart. 

One to three week sequences could not be recorded by the X-ray 

Cinne or the strobe with still frame camera because the chicks in this 

age group were too irritable to manipulate experimentally. 
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Unfortunately the X-ray motion pictures of five week old chicks were 

damaged in the developing process; at six weeks, the chickens were 

so large that only two elements of the hindlimb could be seen in a 

given frame. For this reason, stick figure representations from these 

data were not prepared. Five and six week sequences recorded with the 

strobe and still frame camera varied little from Figure 8. 

The interior angle formed by the femur and the horizontal plane, 

and the speed of the bird at different ages is shown in Table 1. The 

amount of protraction of the femur when the limb is off the ground in 

each Figure is shown in Table 2. The ratio of the length of each bone 

to the length of all three is shown in Table 3. The ratio of femur 

length to the distance between the acetabulum and the midpoint of the 

body length is shown in Table 4. 

8 mm Movie Camera 

The hindlimb locomotor cycle of a one week old Gallus gallus 

is illustrated in Figure 1. 

The bone positions in the surface contact phase, or while the 

foot is in contact with the walking surface are shown in Figure la-f. 

The femur shows little rotation about the acetabulum at this time 

(6 degrees), but the tibio-tarsus rotates posteriorly 40 degrees ac

companied by net flexion about the intertarsal joint of 2 degrees 

(Figure la-f). Extension about the intertarsal joint does occur when 

the foot is lifted from the floor (Figure Ig) as the foot extends. 

Most of the foCTvard horizontal force from the three elements presumably 

result from retractor muscles operating on the tibio-tarsus. Figure Ig 



shows the foot beginning to leave the surface. Here the femur re

tracts 20 degrees with no rotation about the knee or intertarsal 

joint from the previous diagram. Femoral propulsion is detectable in 

Figure Ig, but nowhere else in the figure. Movemenber of the left leg 

while being brought for\̂ 7ard is obscured by blurring but it is clear 

that rotation about the acetabulum accounts for little of the limb 

protraction. Vertical oscillation occurs at the acebabulum. Summits 

are reached when the axis of the supporting limb is approximately ver

tical; the acetabulum falls to its lowest position when one foot is 

fully protracted and the other fully retracted as both feet are on 

the surface. 

The hindlimb locomotor cycle of the two-week old chick is 

shown in Figure 2. Figure la-e shows the limb in the surface contact 

phase. As in the one week old chick, rotation about the acetabulum is 

limited, only 2.5 degrees during this time, and the rotation is directed 

dorsally. It is clear that the femur is not participating in propulsion 

in this figure. The tibio-tarsus rotates 42 degrees posteriorly with 

7 degree intertarsal extension in these five diagrams. As the foot 

leaves the surface and swings forward (Figure 2f-i), the femur remains 

virtually stationary on the hip as the latter moves forward. As in the 

one week bird, the tibio-tarsus rotates anteriorly to bring the limb 

forward when it is off the surface (Figure 2f-i). Vertical oscillations 

at the acetabulum are similar to the one week chick. 

The greatest difference in the first two figures is the position 

of the femur in the surface contact phase (Table 1). 
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TABLE 1 

SPEED (MM/SEC) AND INTERIOR ANGLE (IN DEGREES) FORMED BY THE FEMUR AND 
HORIZONTAL IN SIMILAR POSITIONS OF DIFFERENT FIGURES 

Figure 

If 

2e 

3e 

4e 

5d 

6g 

7c 

8b 

Interior Angle of Femur 
and Horizontal 

69 

21 

30 

30 

32 

22 

39 

34 

Speed 

295 

300 

360 

460 

505 

390 

360 

560 
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The hindlimb locomotor cycle of the three-week bird is shown 

in Figure 3. Figure 3a-f shows the limb in the surface contact phase. 

The femur shows little retraction about the hip (6 degrees), while the 

tibio-tarsus is rotated about the knee 19 degrees (figures 1-6). 

Extension about the intertarsal joint is more pronounced (21 degrees) 

during the surface contact phase of the figure than in the two 

previous phases. Here again, the factors largely responsible for 

limb protraction while not in contact with the surface are rotation of 

the tibio-tarsus about the knee, and intertarsal extension. Vertical 

oscillation of the acetabulum is in the same pattern as in the younger 

chicks, but the amplitude is less. Vertical oscillation of the knee, 

though in the same general pattern as before, is greatly distorted 

while the limb is off the ground. The change in knee position is a 

result of increased protraction of the femur while the limb is off the 

surface (Table 2). 

The hindlimb locomotor cycle of the four-week chickens is shown 

in Figure 4. Only the first five diagrams are defined as the surface 

contact phase, although the sixth touches the surface when the foot is 

considered. The femur shows no rotation at this time while the tibio-

tarsus retracts 49 degrees. There is a net flexion of 10 degrees about 

the intertarsal joint during this phase. However, extension occurs 

about this joint (6 degrees) between the fourth and sixth figures. The 

limb movements were blurred when the limb left the surface, but it was 

clear that the femur rotated dorsally as the tibio-tarsus and tarso-
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TABLE 2 

MINIMUM INTERIOR ANGLE (IN DEGREES) FORMED BY THE FEMUR AND HORIZONTAL 
IN SIMILAR POSITIONS OF DIFFERENT FIGURES 

Interior Angle of Femur 
Figure and Horizontal 

Ij 59 

2i 15 

3j 5 

4i 14 

5g 8 

6k 0 

7g 30 

8d 19 
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metatarsus swung forward (Table 2), Vertical oscillation about the 

acetabulum is similar to that of Figure 3, 

Major locomotor patterns of Figure 4 do not differ significant

ly from those of Figure 3. 

The five-week chicken hindlimb locomotor cycle is represented 

in Figure 5, The surface contact phase. Figure 5a-f, shows that the 

femur protracts 8 degrees (Figure 5a-b), retracts 5 degrees (Figure 

53-f). There is a 62 degree flexion about the knee between Figure 5a 

and 5f. The intertarsal joint rotation pattern of Figures 3 and 4 is 

present here, but more pronounced. There is 26 degree flexion about 

this joint (Figure 5a-c), followed by 21 degree extension (Figure 5c-e). 

The femur protracts 31 degrees as the foot leaves the surface (Figure 

5f-g). Further protraction may occur at Figure 5h, but the femur 

position is obscured by blurring. Vertical oscillation about the 

acetabulum is similar in pattern and amplitude to that of Figures 3 

and 4. 

Major locomotor patterns of Figure 5 are similar to those of 

Figures 3 and 4. 

The hindlimb locomotor cycle of the six-week old bird is illus

trated in Figure 6. Figure 6a-h represents the surface contact phase of 

the cycle. Femoral rotation about the acetabulum is slight at this 

time. There is 7 degree protraction (Figure 6a-d) followed by 

12 degree retraction (Figure 6d-h), a net retraction of 5 degrees. 

Flexion about the knee in this phase is 53 degrees. Knee flexion be

gins rapidly, 28 degrees between Figure 6a-c, then slows at the end of the 
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phase, 7 degrees between Figure 6f-h. Intertarsal rotation follows 

the pattern of Figures 4 and 5. At surface contact, this joint is 

extended, but flexes sharply upon impact, 11 degrees between Figure 

6a and 6b. Extension then proceeds slowly to the end of the phase, 

17 degrees betC'/een Figure 6b and 6h, The femur protracts to a 

horizontal position when the limb is off the surface (Figure 6k), 

which is a 25 degree rotation from Figure 6h, The accuracy of Figure 

6k is questionable because the image used to prepare it \<ras not as 

clear as the ones used for the surface contact phase figures. Verti

cal oscillation about the acetabulum is similar in pattern and ampli

tude to those of Figures 3, 4 and 5, 

Major locomotor patterns in Figure 6 are similar to those of 

Figures 3, 4 and 5. However, at comparable positions in the surface 

contact phase, the femur assumes a more protracted position in Figure 6 

than in the three previous figures (Table i). For reasons discussed in 

the next section, this difference does not necessarily indicate a major 

hindlimb locomotor pattern change resulting from growth. 

X-ray Cinne 

The hindlimb locomotor cycle of the four-week old fowl recorded 

by the X-ray Cinne is shown in Figure 7. Locomotor patterns of the 

four week movie recorded cycle are present here also, namely, slight 

femoral rotation (one degree protraction), little intertarsal joint 

rotation (5 degrees extension), and substantial flexion about the knee 

(31 degrees), all occurring between Figure 7a and 7d (surface contact 

phase). 



15 

When the limb is off the surface, there is a protraction of the femur, 

9 degrees from the position in the surface contact phase (Table 2). 

Vertical oscillation of the acetabulum is also similar to that of 

Figure 4. 

There are differences between the cycle in Figure 7 and those 

of Figures 4 and 8; only differences between Figures 7 and 4 are 

noted here because the difference in speed is less than that between 

Figures 7 and 8. (Table 1). 

First, in Figure 7, the femur forms a greater interior angle 

with the horizontal in the surface contact phase than either femur of 

a similarly positioned diagram in the other two four-week sequences 

(Table 2). Secondly, reduction of this interior angle when the foot 

leaves the surface is not as great in Figure 7 as in 4 or 8. (Table 2), 

Third, the cycle is shorter in the X-ray recorded sequence (188 mm) 

than the movie recorded sequence (254 mm). And, fourth, in Figure 7a-d 

(surface contact phase), the limb axis rotates from 74 to 88 degrees 

(contact point being the origin and the ground surface, the abscissa) 

while the same axis moves from 51 to 81 degrees in Figure 7a-e. Two 

other comparable diagrams. Figures 7h and 4i, show axis inclinations 

of 56 and 44 degrees, respectively. 

Still Frame Camera with a Strobe 

The hindlimb locomotor cycle of the four-week chicken recorded 

with a still frame camera and a strobe is shown in Figure 8. Most of 

the same general features that appeared in the movie recorded cycle at 
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this age can be seen here. During the surface contact phase (Figure 

8a-c) there is little femoral rotation about the acetabulum, except 

between Figures 8b and 8c, which show a retraction of 20 degrees by 

the femur. This results in increased limb extension, and probably 

increased horizontal thrust. Flexion about the knee is 6 degrees less 

in the last surface contact figure of Figure 8 than in Figure 4e. 

Flexion about the knee in the surface contact phase of Figure 8 

occurs between diagrams a and b (36 degrees), followed by 6 degree 

extension between diagrams b and c. Extension about the intertarsal 

in this phase of Figure 8 is 12 degrees. Thirteen-degree flexion 

about this joint occurs between the beginning and middle of the surface 

contact phase (Figure 8a-b), followed by 25 degree extension in the 

latter part of the phase (Figure 8b-c), The femur protracts 38 degrees 

as the limb leaves the surface (Figure 8c-d). The femur retracts 

13 degrees as knee and intertarsal joint extension measure 94 and 2 

degrees, respectively (Figure 8d-e), Vertical oscillations about the 

acetabulum are absent in this cycle. 

Figures 8 and 4 recorded with the strobe and camera and those 

recorded with the 8mm movie camera at the same age are different. The 

speed of the bird in Figure 8 is greater than in Figure 4a (Table 1), 

The femur assumes a more retracted position in the former. Further, 

retraction of the femur at the end of the surface contact phase in 

Figure 8 is absent in Figure 4. The same applies to five and six-week 

old chickens. Finally, vertical oscillation about the acetabulum, seen 

in Figure 4, is not present in Figure 8, 
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Five and six week hindlimb locomotor cycles were recorded with a 

still frame camera and strobe, as mentioned earlier. These cycles 

differ from that in Figure 8 in that vertical oscillation about the 

acetabulum is present. However, this oscillation is less than one-

half the amplitude of that in 8 mm movie recorded sequences at the 

same age. 



18 



19 



20 

uim 



21 

mm 

^ ^ ^ ^ ^ ' ^ ^ - — • - • ^ 



22 

mm 



u 

u 

<u 
•t-l 

> 

00 

a 
cd 
X 
•u 

IS 
•o 
0) 

M 
o 
o 
(U 
(4 

u 
•r-1 
4J 
CO 

(U a 
o 

•T3 

23 

(U 

0] 

a 
(U 0) 

? e 
X --• 
CO 

0) S 
4J . - I 

M-i m 
o o 
(u c: 

1-1 o 
o -H 
O -H 

CO 
!-i O 
O PU 
4J 
Q "O 
6 <u 
o u 
o 
o 

l - l 

•H 
4J 
CO 

<u 
4J 

c 
(U 
CO W <u 

I u 
I o . 
• QJ 

vo U 
• CO 

60 (S3 
•H C 

w 
o 



24 

CH 

O 
• H 
4-1 
CO 

o 
•a 

& 
u 
3 
o 

>4-l 

V 

4J 

o 

u 
u 
o 
4J 

§ 
o o • 
0 <u .-' c 

c 
-9 ••̂  
S C3 

•r-l 
TS cd 
C >4 

•r l I W X 
I 
1 C! 

• CI) 

. 4J 

bO-H 

(U 

•o 
u 
o 
o 
<u 



25 



CHAPTER IV 

DISCUSSION 

8 mm Movie Camera 

The hindlimb locomotor cycles recorded with the 8 mm movie 

camera provide the basis for determining changes in the gait resulting 

from growth. Three major changes occurred between one and six weeks 

of age. First, the femur assumed a more protracted position in the 

surface contact phase of the two-week old chick than in the one-week 

chick. Second, protraction of the femur, while the limb was off the 

surface, was more pronounced at age 3 weeks than at one or two weeks. 

These two changes were retained in subsequent gaits. Third, the 

femur assumed a more protracted position in the surface contact phase 

of the six-week old subject (Figure 6) than in this phase of other 

movie recorded sequences. It was not possible to determine from the 

data whether or not this trait was retained. 

The change occurring at age two weeks (protraction of the femur 

in the surface contact phase) was probably made possible by increase 

in size of extrinsic retractor muscles between one and two weeks of 

age. Extrinsic muscle tension is directly proportional to the short

est distance between the knee and limb mechanical axis (Gray, 1968). 

As limb axes approached vertical as seen in Figure le and Figure 2e, 

the distance between the knee and the axis was three and one-half times 

greater in the latter. Extrinsic retractors of the two-week subject 

(Figure 2) would have had to apply greater force to hold the femur in 

position. Increased muscle size probably supplied most of the in

creased strength required to protract the femur in the surface 
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contact phase. Other factors such as location of extrinsic retractor 

attachment, fiber orientation, and bird weight must be considered 

before conclusive statements can be made about the role of the ex

trinsic retractor muscles. 

The second change in the hindlimb locomotor cycle (increased 

femoral protraction when the limb was off the surface, occurring at 

three weeks) could not be adequately explained in bioraechanical terms. 

First, limb element ratios did not change significantly between two 

and three weeks (Table 3), therefore, greater increase in length of 

the tibio-tarsus probably did not affect the femoral protraction 

t̂ hange. Second, it is impossible to prove that the protracted femur 

acted to balance the bird by moving the center of gravity anteriorly. 

In order to test this assumption (the femur protracted to balance the 

bird), thrust vector of the opposite limb and center of gravity would 

have to be determined. The data obtained would indicate that thrust 

would pass through the center of gravity, regardless of femoral pro

traction (Gray, 1968), Hence, the conclusion from these experimental 

determinations would be that the bird were balanced. This gait charac

teristic in chickens of age three weeks and older was possibly a be

havioral adaptation. Jungle fowls, from which the domestic fowl were 

derived, might have acquired the trait. A careful study of habits of 

Asian jungle fowls in their natural habitat may provide an explanation 

for the increase in protraction of the femur when the limb is off the 

surface. 
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TABLE 3 

RATIO OF THE LENGTH OF EACH LIMB BONE TO THE LENGTH OF ALL THREE AT 
DIFFERENT AGES 

Age in Days 

0-1 

4 

8 

12 

16 

21 

26 

31 

37 

42 

Femur 

,28 

,28 

.27 

,27 

.28 

.27 

.28 

.27 

.28 

.29 

T i b i o - t a r s u s 

.39 

.39 

.40 

.41 

.41 

.40 

.42 

.41 

.41 

.41 

Tarso-meta ta r sus 

.33 

.33 

.33 

.32 

.31 

.33 

.30 

.32 

.31 

.30 
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The final change in the hindlimb locomotor pattern (increase 

in surface contact phase femoral protraction at six weeks) probably 

resulted from anatomical differences in the six-week old subject. 

As the chicken grew, the acetabulum was displaced from the midpoint 

of body length in approximate proportion to femoral elongation 

(Table 4). The subject in Figure 6 (42 day specimen in Table 4) 

had a greater acetabulum-midpoint distance to femur length ratio than 

other specimens of Table 4. 

The greater ratio (Table 4) may explain the gait difference 

if certain assumptions are made. First, midpoint to center of grav

ity distance may show constant variation with body length, regardless 

of age. Second, the thrust may act from the knee. And third, the 

limb as shown in Figure 6g may not be applying significant forward 

horizontal thrust on the body. 

It is evident that thrust from the limb must pass through the 

center of gravity if the animal is to remain balanced (Gray, 1968). 

Therefore, when limb thrust has an undetectable horizontal component, 

the center of gravity must be vertical to the knee, from which the 

thrust is being directed. The femur of the six-week bird has to pro

tract more than that of the younger specimens if the knee is to be 

placed under the center of gravity. 

The assumption that the knee is-the point through which the 

thrust acts on the body is supported by the fact that the limb's 

mechanical axis is inclined posteriorly, as shown in Figure 6a-f and 
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TABLE 4 

RATIO OF BODY MIDPOINT TO ACETABULUM LENGTH TO FEMUR LENGTH (m) AT 
DIFFERENT AGES 

Age in Days 

0-1 

4 

8 

12 

16 

21 

26 

31 

37 

42 

Body Length 

55 

60 

75 

82 

90 

99 

107 

114 

127 

136 

Acetabulum-
Midpoint 

10.5 

12 

15.5 

16 

20 

26 

25.5 

23 

30.5 

46 

Femur 
Length 

20,8 

22.0 

24.6 

27.8 

33.5 

39.9 

44.5 

47.2 

56.5 

60.6 

Acetabulum-Midpoint 
Femur Length Ratio 

.505 

.546 

.630 

.575 

.597 

.626 

.575 

.488 

.540 

,759 
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is inclined anteriorly in Figure 6h (limb mechanical axis in Figure 

6g is vertical). If thrust is acting through the acetabulum, as seen 

in these figures, then the net horizontal component was directed 

posteriorly. 

From anatomical difference indicated in Table 4, it can be 

inferred that the resulting change in gait is not due to growth. 

To test this, gait analysis of several individual at age six weeks, 

and older, should provide an answer to the question of gait in rela

tion to growth (three individuals were used, but only photographs of 

one were sufficiently clear), 

It appears that the anatomical difference shown in Table 4 

is largely responsible for the increase in femoral protraction in 

the surface contact phase at six weeks. Change in the hindlimb locomotor 

cycle was probably not due to growth. 

X-ray Cinne 

Comparisons of Figure 7 to 4 show bone movements recorded 

with two methods, the X-ray Cinne (Figure 7) and the conventional movie 

camera (Figure 4). There were four differences in the results shown 

in these figures. Two of the differences involved the position of the 

femur, when the limb was in the surface contact phase and when it was 

off the surface. In both positions, the femur was more retracted in 

the X-ray recorded sequence. A third difference is that the stride was 

shorter in the X-ray sequence. Fourth, the limb axis inclined less from 

the vertical in the X-ray recorded sequence than in the movie sequence. 
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An explanation for these discrepancies, other than inac

curacies inherent in stick figure presentations made from the 8 mm 

movie camera, is that the technique used to induce walking in the 

X-ray experiments could have resulted in a change in the normal gait. 

The chicken photographed with the X-ray Cinne was induced to 

walk by withdrawing food. Food was held high to prevent the chick 

from eating while walking. The bird moved the head higher than 

subjects recorded with the 8 mm movie camera. Moving the head proba

bly involved upward pitch about the acetabulum, making retraction of 

the femur necessary to move the knee below the center of gravity. 

Since the head remained at the level of the food, neck thrusts proba

bly were not as long as normal. Neck extensions reach maximum as the 

limb touches the walking surface. They presumably act to move the 

center of gravity anteriorly so limb thrust can pass through it. If 

the neck could not be extended normally, the horizontal component of 

the thrust would be less. Normal speed could be maintained, but 

stride length would be shorter. Reduced limb axis inclination probably 

would result from shorter stride. Reduced femoral protraction, when 

the limb was off the surface (X-ray recorded cycle), might have been 

related to length of stride. A limb moving through a short stride 

would rotate about the acetabulum less than a similar limb moving 

through a longer stride. Femur protraction could augment limb 

protraction. 

The differences betv7een the X-ray recorded and movie recorded 

gaits were probably not related to the difference in speed (Table 1), 
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The femur moved to a more protracted position during the surface 

contact phase in slower subjects (Table 1, Figures 5-8. One to 

three week subjects were not considered because of technical diffi

culty). The X-ray recorded gait (Figure 7) was an exception. Speed 

probably did not affect the length of stride in the X-ray sequence. 

The speed of the four week subject in the 8 mm movie sequences was 

460 mm per second, and the stride was 255 mm. In Figure 8, the 

speed and stride were 560 mm per second and 250 mm, respectively. 

Further, speed probably did not affect the femur position when the 

limb was off the surface. No conclusive correlation can be made 

between speed and femur position (Table 2, Figures 5-7) when the 

limb was off the surface. 

The different technique in obtaining X-ray movies may have 

been responsible for the difference shown in the movie recorded 

sequences. The gait recorded by the X-ray Cinne probably was not 

normal. For this reason, a more meaningful comparison of the two 

techniques is needed. This could best be accomplished by recording 

the gait simultaneously with the two instruments. Since this was 

not possible (due to the structure of the X-ray apparatus), use of 

similar techniques to induce walking could suffice to provide a 

better comparison. 

Still Frame Camera with a Strobe 

Recordings with a camera (strobe attachment) and a movie camera 

produced different results (Figures 8 and 4), First, greater speed 
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and more femoral retraction in the surface contact phase appeared 

in gaits recorded with the camera and strobe (Table 1), Second, 

further femoral retraction appeared as the limb completed the sur

face contact phase in the camera and strobe recorded gait (Figure 8c), 

Third, vertical oscillation about the acetabulum did not appear in 

the camera and strobe recorded gait, as it did in movie recorded 

sequences. The first two differences appeared to be related. 

It can be inferred from Table 1 (Figures 4-6, and 8) that 

increased speed of the chicken is related to the femur position in 

the surface contact phase. Craycroft's (1969) data show similar 

speed to femur position relationships. This relationship may be a 

result of an increased horizontal component in the limb thrust of 

faster moving birds. Thrust must act through the center of gravity, 

and probably acts from the knee. The thrust of a faster m.oving bird 

would have a greater horizontal component than that of a slower moving 

one. In the faster bird, the femur would retract, moving the knee 

posteriorly, so that thrust passes through the center of gravity. To 

my knowledge, this relationship has not been noted before. This 

hypothesis can be tested by determining the center of gravity and 

thrust at the same instant in a cycle. Thrust can be determined by 

finding the resultant of forces exerted by the limb against the appara

tus designed by Barclay (1953). Barclay's apparatus measures force 

(in three axes) exerted by a limb while the subject walks. The addi

tion of data relating neck extension to center of gravity change in 

the locomotor cycle would further clarify the function of the femur 
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during walking. The neck extends to move the center of gravity 

to the appropriate point on the thrust vector. These experiments 

could provide evidence that the femur is a balancing device. Its 

action would move the knee so that thrust will pass through the 

center of gravity. 

Retraction of the femur in the camera and strobe recorded 

sequence (Figure 8c) extended the limb when inclined anteriorly. 

This might increase the forward horizontal component of the thrust, 

which would be compatable with greater speed indicated in Figure 8. 

The difference in vertical oscillation about the acetabulum 

in camera-strobe and movie recorded gaits (Figures 8 and 4) might 

have been related to behavior of the chicken in the flashing strobe 

light instead of to the animal's speed. The photographs indicate that 

the birds in the strobe light kept the head lower and held the 

longitudinal axis of the body more rigidly and closer to a horizon

tal position than birds in normal lighting. However, rapidly walking 

birds imitated the posture they held in the strobe light. Posture of 

birds in normal light never fully imitated those in strobe light. 

It appeared that the differences between the camera (with 

strobe) and movie camera recorded gaits (Figures 8 and 4) are related 

to a difference in the speed of the subjects. This relationship may 

not involve the vertical oscillation difference, but the gait repre

sented in Figure 8 is probably normal. 
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Evaluation of Techniques 

Each technique shov/ed certain advantages and disadvantages 

when compared. 

The major disadvantage of the 8 mm movie camera technique 

was the poor resolution of the image, compared to those produced 

by the other instruments. The recording surface of the 8 mm film 

was smaller than others, and the shutter speed was slower (1/25 of a 

second). Due to shutter speed, it was necessary to film the younger 

chicks (one to three weeks) at a slow gait. They appeared to have 

difficulty maintaining constant speed throughout a given cycle. The 

results at one to three weeks of age were described in less detail 

than those of older chickens. A movie camera with a higher rate of 

film advance and a faster shutter speed was needed. 

The camera and stroboscope method gave adequate image resolu

tion at normal speeds. However, as the number of superimposed images 

increased, so did the difficulty in discerning them. Eleven images 

per second was found to be the maximum rate the images could be re

corded. This resulted in fewer stick figures seen in the camera and 

strobe recorded sequence (Figure 8) than in the movie camera recorded 

sequence using a subject at the same age (Figure 4). Another disad

vantage of this technique was the inability to record gaits of one to 

three-week old chickens. 

The X-ray Cinne demonstrated one major advantage over the other 

recording instruments. Bone movements could be observed directly from 
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the films. Disadvantages of the X-ray Cinne include the inability 

to record gaits of chickens up to three weeks of age, as well as the 

failure to produce large image size of the older chickens. Exten

sive use of the X-ray Cinne was prohibitive due to cost. In spite 

of these complications, the X-ray Cinne could probably be the most 

valuable instrument of the three for analyzing avian gait. 
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CHAPTER V 

SUMMARY 

The hindlimb locomotor cycle of the domestic fowl (Gallus 

gallus) of one to six weeks of age was described at one v/eek 

intervals. Three techniques were used to record the gait, includ

ing the X-ray Cinne, which has not been used previously in avian 

locomotor studies. The objectives of this study were to (1) ob

serve changes in the gait due to growth between one and six weeks, 

and (2) compare the techniques used in studying avian locomotion. 

The cycles recorded with an 8 mm movie camera served as the 

basis for describing gait changes due to growth. Three changes in 

the hindlimb locomotor cycle were observed in subjects one through 

six weeks of age. First, the femur assumed a more protracted 

position in the surface contact phase at two v/eeks and later than 

at one week. Second, the femur of chickens three weeks and older 

protracted more when the limb was off the surface than at one or two 

weeks. Third, the femur assumed a still more protracted position in 

the surface contact phase of the six-week old chicken. It was suggested 

that the change at six weeks was due to anatomical differences of 

subjects six weeks and younger. These differences were probably not 

due to grov7th. 

Hindlimb locomotor cycles recorded with the 8 mm movie camera 

were compared with those recorded with an X-ray Cinne, and a still 

frame camera with a stroboscope. The X-ray Cinne recorded gait differed 

from those recorded with a movie camera in that (1) the femur was more 
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retracted during the surface contact phase, (2) the femur pro

tracted less while the limb was off the surface, (3) stride vras 

shorter, and (4) limb axis was inclined less at the onset of the 

surface contact phase. These differences might have been due to 

abnormal posture of the subject in the X-ray Cinne recorded gait. 

Gaits recorded with a still frame camera and strobe differed from 

those recorded with the movie camera in that (1) the femur assumed 

a more retracted position in the surface contact phase, (2) femoral 

retraction occurred as the limb completed the surface contact phase, 

and (3) vertical oscillation about the acetabulum was absent. 

These differences might have been related to differences in the 

speed of the subjects. 

It was concluded that high speed motion pictures would have 

given the best results in a study of this type. It was proposed 

that the X-ray Cinne could be the superior instrument for recording 

avian gait if the limitations are resolved. 
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