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Falls and near-falls from tractors during 
ingress and egress are a health hazard that researchers should 
work to prevent. To gain an understanding of the factors 
contributing to such falls, a pilot study was completed in which 
kinematic analysis of tractor egress was performed using three 
individuals whose heights represent 5th, 50th and 95th population 
percentiles, respectively. The three participants were instructed to 
ingress and egress from the tractor. They always faced toward the 
tractor during ingress, however, egress involved two positions: 
facing toward the tractor (i.e., climbing down as one climbs 
down a ladder; hereafter referred to as backward facing egress or 
BFE) and facing away from the tractor (i.e., stepping down as 
one walks down a staircase; hereafter referred to as forward 
facing egress or FFE). Each participant completed three BFE 
replicates and three FFE replicates on each of the five tractors 
selected for this pilot study, yielding a total of 90 ingress/egress 
measurements. The participants’ movements were recorded with 
two digital video cameras to capture motion in two perpendicular 
planes. Kinovea motion analysis software was used to complete 
kinematic analysis. The observed time of descent was greater for 
BFE than FFE with many of the differences statistically 
significant at the 5% level. On average, BFE required 
approximately 1.4 times longer than FFE. Three-point contact 
was maintained 56% of the time during FFE and 68% of the time 
during BFE, with this difference significant at the 5% level. 
Maximum values for excursion of the knee joint ranged from 73 
to 131° for FFE and from 44 to 111° for BFE. Although 
statistical analysis could not be completed because knee flexion 
was not visible for every step, the data suggest that the activity of 
FFE requires greater excursion of the knee joint than does the 
activity of BFE. Jumps from the bottom step to the ground were 
observed in 3 instances for BFE (7% of BFE trials) and in 26 
instances for FFE (58% of FFE trials). Overall, it has been 
confirmed that kinematic analysis is able to detect differences 
between forward facing egress (FFE) and backward facing egress 
(BFE). The experimental evidence suggests that BFE is safer 
behaviour than FFE. Keywords: falls-from-height, tractor egress, 
kinematic analysis, operator behaviour, agricultural safety 
 Les chutes et les pertes d’équilibre en montant ou en 
descendant d’un tracteur sont des risques à la santé que les 
chercheurs devraient viser à prévenir. Pour arriver à comprendre 
les facteurs qui contribuent à de telles chutes, une étude pilote a 
été réalisée. Le processus de descente d’un tracteur a fait l’objet 
d’une étude cinématique avec des individus dont la masse 
représentait les 5es, 50es et 95es percentiles de la population, 
respectivement. Les trois participants avaient comme consigne de 
monter et de descendre d’un tracteur. Ils faisaient toujours face 
au tracteur lors de la montée. Toutefois, deux positions étaient 
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étudiées pour la descente : faisant face au tracteur (c’est-à-dire 
une descente comme lors de la descente d’une échelle ; ci-après 
référée par une descente à reculons ou BFE) et faisant dos au 
tracteur (c’est-à-dire une descente comme lorsqu’on descend un 
escalier ; ci-après référée par une descente d’avant ou FFE). 
Chaque participant a complété trois répétitions de BFE et trois 
répétitions de FFE sur chacun des cinq tracteurs sélectionnés 
pour cette étude, pour un nombre total de 90 montée/descente. 
Les déplacements des participants ont été filmés à l’aide de deux 
caméscopes dans le but de capturer leurs mouvements dans deux 
plans perpendiculaires. Le logiciel d’analyse de mouvement 
Kinovea a été utilisé pour compléter l’analyse cinématique. Le 
temps mesuré pour la descente était plus long pour la BFE que 
pour la FFE avec plusieurs des différences qui étaient 
statistiquement significatives à 5 %. En moyenne, la BFE prenait 
1,4 fois plus de temps que la FFE. Trois points de contact étaient 
maintenus 56 % du temps durant la FFE et 68 % du temps durant 
la BFE, et ce pour une différence significative à 5 %. Les valeurs 
maximales d’extension de l’articulation du genou variaient entre 
73 et 131° pour la FFE et de 44 à 111° pour la BFE. La flexion 
des genoux n’ayant pas pu être enregistrée à chaque étape, une 
analyse statistique de ce paramètre n’a pas pu être complétée. Les 
données recueillies suggèrent cependant que la FFE nécessite une 
extension de l’articulation du genou plus importante que la BFE. 
Des sauts au sol à partir de la marche du bas ont été observés à 
trois reprises pour la BFE (7 % des répétitions de BFE) et à 26 
reprises pour la FFE (58 % des répétitions de FFE). Globalement, 
il a été confirmé que l’analyse cinématique peut détecter les 
différences entre une descente d’avant (FFE) et une descente à 
reculons (BFE). Les résultats expérimentaux suggèrent que la 
BFE est un comportement plus sécuritaire que la FFE.  Mots 
clés: chutes d’une hauteur, descente d’un tracteur, analyse 
cinématique, comportement de l’opérateur, sécurité agricole 

INTRODUCTION 
As a sector, agriculture continues to experience many fatal 
and non-fatal accidents each year (CAIR 2011).  The focus 
of this paper is the category of non-fatal accidents 
associated with falls during tractor ingress or egress.  
Published sources have reported that a substantial 
proportion of non-fatal tractor accidents involve slips and 
falls during the routine task of getting into or out of the 
cab of a mobile agricultural machine.  Latif and 
Christianson (1988) conducted a study of tractor cab 
accessibility (for chore tractors) in South Dakota. Survey 
results indicated that operators are expected to enter the 
cab more than 10 times per day when completing chore 
tasks as part of livestock operations.  Consequently, cab 
accessibility was a “major concern” for almost half of 
survey respondents.  Most accidents related to cab 



2.2	 LE	GÉNIE	DES	BIOSYSTÈMES	AU	CANADA	 			Mann	et	al.	
	

3

accessibility occurred on the steps; participants identified 
step design as one of the most inconvenient features of cab 
accessibility. Hammer (1991) reported that the proportion 
of tractor accidents involving either mounting or 
dismounting (compared with all tractor accidents) 
increased from 31 to 49% over a period from 1979 to 1985 
(based on data from Germany).  In another example, 
Merryweather et al. (2011) surveyed 36 tractor operators 
from Utah and Idaho.  The responses were alarming – 
72.2% admitted that they had slipped but avoided falling 
when mounting (83.3% when dismounting) and 41.7% 
reported that they had slipped and fallen from the tractor 
when mounting (58.3% when dismounting).  Most falls 
were reported during the evening during the summer 
months when operators spend long hours in the tractor. 
Suutarinen (2003) completed a doctoral dissertation on 
occupational accidents in Finnish agriculture. His 
dissertation provides a thorough discussion of the complex 
factors that influence the safety of farm workers around 
the world. With respect to the tractor, the agricultural 
machine that is consistently involved in the greatest 
number of accidents, Suutarinen (2003) specifically 
recommended that “design characteristics associated with 
accidents that occur during mounting or dismounting 
activities” be given further attention. Kleban (2013) 
reported that operators favor the dismounting method of 
facing away from the tractor because the resulting knee 
angles seem to be more comfortable. This observation 
confirms earlier observations of Finnish farmers made by 
Leskinen et al. (2002). A concern is that it may be more 
difficult to maintain proper grip of the handrails when 
facing away from the tractor (Leskinen et al. 2002). Thus, 
there is evidence in the published literature to suggest that 
falls from mobile agricultural machines during both 
ingress and egress are a health hazard that researchers 
should work to prevent. As agricultural vehicles continue 
to get larger (higher off the ground), the consequences of a 
fall during mounting or dismounting are likely to become 
more severe.  There is a need to learn more about the 
causes of such falls so that measures can be taken to 
minimize their occurrence. 

What causes individuals to fall during tractor ingress 
and egress?  Steps on mobile agricultural machines are 
typically constructed with some type of non-slip surface 
and often have holes to prevent the accumulation of dirt 
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and mud.  Nevertheless, Hammer (1991) identified wet or 
dirty steps as a potential contributing factor suggesting that 
there is more that could be done to improve the slip-
resistant characteristics of steps.  Merryweather et al. 
(2011) reported further environmental factors related to the 
physical environment (i.e., poor lighting, snow, mud, rain).  
It is reasonable to assume that falls can occur as a result of 
poor traction between the footwear and the step (i.e., step 
wet or covered with a foreign substance such as snow or 
mud) or between the footwear and the ground surface (i.e., 
top surface of the ground being mud, snow, or ice).  Poor 
lighting can cause the foot to completely or partially miss 
the step during mounting or dismounting.  

Despite the obvious challenges related to the physical 
environment, Hammer (1991) recommended that 
behavioral factors during mounting and dismounting not 
be overlooked.  At the end of his paper, Hammer (1991) 
stated: “mounting and dismounting is generally executed 
in an automatic way without conscious attention.” 
Leskinen et al. (2002) observed that Finnish farmers 
preferred facing outward during egress from the cab; it is 
hypothesized that they might undertake this action as a 
form of habit.  Facing outward is typical behavior for 
walking down a staircase, however, the access path on an 
agricultural machine more closely resembles a ladder than 
a staircase. Bottoms et al. (1979) reported step widths of 
300-400 mm, which closely matches the minimum 
distance between side rails of a wall ladder (ASABE 
2008). In their research, Bottoms et al. (1979) instructed 
participants to “climb out backwards” when studying 
factors affecting access to a tractor cab; this provides 
evidence that the intended behavior during egress is to 
dismount facing towards the tractor.  It is important to note 
that Leskinen et al. (2002) reported that their research 
participants had more difficulty maintaining proper grip of 
the access path handrails during egress than ingress 
because of facing outward.  Hammer (1991) reported that 
maintaining three-point contact is nearly impossible due to 
tractor design. Previous studies have shown that trying to 
maintain three-point contact while facing out during egress 
leads to uncomfortable joint angles (Hammer 1991). 

Although backward facing egress may be 
recommended, backward facing egress behaiour is not 
always observed. It is hypothesized that, for the current 
design of access paths on agricultural tractors, backward 

Table 1. Measured dimensions of participants recruited to represent 5th, 50th, and 95th percentile male heights. 
Normative dimensions are taken from tabulated anthropometric dimensions (Kroemer 1989). 

Body Dimension 

5th Percentile 50th Percentile 95th Percentile 

Measured 

(cm) 

Normative 

(cm) 

Measured 

(cm) 

Normative 

(cm) 

Measured 

(cm) 

Normative 

(cm) 

Knee height 49 49.3 51 54.4 49 59.2 

Shoulder height 135 132.3 141 142.7 151 152.4 

Stature (height) 160.5 161.8 172 173.5 182 184.4 
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facing egress (BFE) is safer than forward facing egress 
(FFE).  The primary objective of this research was to 
determine whether differences in descent time, proportion 
of three-point contact, and knee flexion could be detected 
between BFE and FFE.  

METHODOLOGY 
Assessment of access path design 
Five tractors were employed in this pilot study. Tractors 
were selected solely based on availability at the 
University’s research farm, therefore, only two 
manufacturers were represented. Two of the tractors were 
mid-sized, front-wheel assist tractors; one was a rubber-
tracked tractor; and two were bi-directional tractors. The 
access path into an agricultural tractor is comprised of 
steps and handrails. In this pilot study, the number of steps 
ranged from 3 to 6. Recorded descriptions of the access 
paths included: number of steps, vertical height of first 
step (ground to top of step), vertical distance between 
steps, width of steps, step height/width uniformity, type of 
handholds, and location of handholds.  Measurements 
were taken using a standard measuring tape and photos 
were taken to provide a permanent record of each access 
path. A total of five access paths were selected for 
evaluation.  
Kinematic analysis 
Three participants were recruited to have heights 
representative of 5th, 50th, and 95th percentile adult males. 
All participants were university students with little or no 
experience with agricultural machines. None of the 
participants experienced any mobility problems, although 
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they were not screened for musculoskeletal pain. 
Measured dimensions of the participants are shown in 
Table 1 alongside dimensions taken from tabulated 
anthropometric dimensions. Reasonable agreement was 
attained, except that the 95th percentile subject had a knee 
height that was approximately 10 cm shorter than would 
be expected of a 95th percentile male. 

The experimental protocol required the participants i) 
to climb up the stairs to the tractor cab, ii) enter the cab 
and sit on the seat, and iii) then to climb down the stairs. 
Participants completed a total of six such cycles for each 
tractor. For three cycles, the participants were to climb 
down backwards as if climbing down a ladder (hereafter 
referred to as backward facing egress or BFE). For the 
other three cycles, the participants were to walk down the 
tractor’s access path as if walking down a typical staircase 
(hereafter referred to as forward facing egress or FFE). No 
other instructions were given. The order was not 
randomized. Participants completed three trials of one 
egression method followed by three trials of the second 
egression method before proceeding to the next tractor. 
The participants had markers placed on the left and right 
sides to indicate the positions of the hip, knee and ankle 
joints in the video footage. 

Two GoPro cameras (one Hero3 and one Hero4) were 
used to capture the motion of the participants during both 
ingress and egress. Both cameras were attached to tripods 
at a height of 1 m above the shop floor. One camera was 
placed 2.1 m back from the base of the bottom step with a 
frontal view of the access path. The second camera was 

Table 2. Measured stair information for five access paths on agricultural tractors. 

Access Path 

 
Height of First Step from 

Ground  (mm) 

Rise Between Remaining Steps 
Uniform Spacing 

Mean (mm) SD (mm) 

 

Coefficient of 
Variation (%) 

AP1 535 No 322.5 10.6 3.3 

AP2 560 Yes 230 0 0 

AP3 450 No 275 21.8 7.9 

AP4 480 No 306.7 12.6 4.1 

AP5 560 No 317.5 3.5 1.1 

Table 3. Handrail information for the five access paths on agricultural tractors. 
Access Path Handrail System 
AP1 One exterior rail (right side adjacent to cab), one exterior handle (attached to cab door), one interior rail (left side 

attached to inside of door) 
AP2 One exterior rail (right side running adjacent to steps), one exterior rail (left side adjacent to cab at top of steps), 

one exterior rail (top of platform adjacent to cab), one exterior handle (attached to cab door) 
AP3 One exterior rail (left side adjacent to cab), one exterior handle (attached to cab door), one interior rail (right side 

attached to cab door) 
AP4 One exterior rail (left side adjacent to cab), one exterior handle (attached to cab door), one interior rail (right side 

attached to cab door) 
AP5 One exterior rail (left side adjacent to cab), one exterior handle (attached to cab door), one interior rail (right side 

attached to inside of door)  
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placed 0.6 m back from the base of the bottom step and 1.0 
m to the side. A carpenter’s square was used to ensure that 
the cameras were perpendicular to each other. Data 
collection was completed inside a machinery shed located 
at the University of Manitoba Glenlea Research Station. 
Windows were covered with black plastic bags to ensure 
that sunlight did not interfere with the video footage. The 
machinery shed was heated to room temperature so 
environmental conditions were ideal for all participants.  

The video footage was imported into Kinovea motion 
analysis software (version 0.8.15). Kinovea has two tools 
that were used in the analysis: i) an angle selection tool 
(i.e., equivalent to a goniometer), and ii) a stopwatch tool. 
The angle selection tool was used to determine the knee 
angle i) as the foot came into contact with each step and ii) 
as the foot was about to leave each step. The stopwatch 
tool was used to measure both the total time of egress (i.e., 
descent time) and the time during egress in which the 
participants maintained a minimum of three-point contact 
with the tractor (i.e., both hands and at least one foot is in 
contact with the tractor).  From observation of the video 
footage, it was also possible to discern instances when the 
participant used a jumping motion to get from the bottom 
step of the access path to the ground. A jumping action 
was denoted when both feet hit the ground at 
approximately the same time. 
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RESULTS AND DISCUSSION 
Access path description 
The published literature includes several suggestions for 
maximum first step height: 400 mm (Hammer 1991), 686 
mm maximum (ASABE 2008), 550 mm preferred 
(ASABE 2008), and 760 mm (Latif and Christianson 
1988). It is important to note that the most recent version 
of ASABE S318 Safety for Agricultural Field Equipment 
no longer provides information on access and egress. This 
study used the previous ASABE Standard preferred height 
of 550 mm as the standard for comparison. 

Two of the access paths had an initial step height that 
exceeded the ASABE standard by 10 mm (i.e., access 
paths AP2 & AP5) (Table 2). Only one of the access paths 
had uniform step spacing. Differences between 
consecutive steps varied by as much as 35 mm for one of 
the tractors. The measured distances between steps 
resulted in coefficient of variation values (calculated as the 
ratio of standard deviation to mean) up to 8% (Table 2). 
Kleban (2013) assessed the access paths of nine 
agricultural tractors (five of which were row-crop tractors 
with front-wheel assist and four of which were large, 
articulating four-wheel drive tractors) and observed that 
coefficient of variation values ranged from 23 to 43%. In 
several cases, the non-uniformity in step rise was primarily 

Table 4. Comparison of descent times for forward facing egress (FFE) and backward facing egress (BFE). 
Access Path  5th Percentile Participant 50th Percentile Participant 95th Percentile Participant 

 FFE (s) BFE (s) FFE (s) BFE (s) FFE (s) BFE (s) 
AP1 Trial 1 4.3 6.4 4.1 5.6 4.6 5.9 

Trial 2 4.0 8.1 3.3 4.6 3.4 5.5 
Trial 3 4.9 6.7 4.1 5.4 4.1 6.1 
Mean 4.4a 7.1b 3.8a 5.2b 4.0a 5.8b 

 BFE/FFE 1.6 1.4 1.4 
     
AP2 Trial 1 4.8 8.4 6.5 7.7 4.6 7.9 

Trial 2 5.8 5.9 5.2 7.2 5.3 11.5 
Trial 3 5.5 6.1 5.6 8.1 4.6 7.4 
Mean 5.4a 6.8a 5.7a 7.7b 4.8a  9.0b 

 BFE/FFE 1.3 1.3 1.9 
     
AP3 Trial 1 5.7 7.3 4.0 5.6 4.1 7.7 

Trial 2 6.0 7.9 4.0 5.9 7.7 6.8 
Trial 3 4.8 7.7 4.7 5.6 3.6 7.2 
Mean 5.5a 7.6b 4.3a 5.7b 5.1a 7.2a 

 BFE/FFE 1.4 1.3 1.4 
     
AP4 Trial 1 5.8 7.0 3.9 7.3 4.6 6.2 

Trial 2 5.1 9.5 4.9 6.1 4.0 6.8 
Trial 3 4.5 8.1 4.9 5.7 4.4 5.2 
Mean 5.1a 8.2b 4.6a 6.4b 4.3a 6.1b 

 BFE/FFE 1.6 1.4 1.4 
     
AP5 Trial 1 4.6 6.6 3.9 5.2 4.3 6.0 

Trial 2 4.2 4.9 4.3 5.0 4.3 4.9 
Trial 3 4.3 5.7 3.5 5.4 3.2 6.6 
Mean 4.4a 5.8a 3.9a 5.2b 3.9a 5.9b 

 BFE/FFE     1.3     1.3     1.5 
Data were compared for each participant and each access path. Means with different superscripts were significantly different at the 5% 
significance level using the Student’s t-test (two-tailed distribution with equal variance). 
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caused by one step that differed substantially from the 
remaining steps. The access paths evaluated in this study 
displayed more uniformity than the access paths evaluated 
by Kleban (2013). Nevertheless, only one of the access 
paths had uniform spacing. 

It is an accepted fact that non-uniformity in step rise is 
a contributing factor to falls on staircases in buildings.  For 
example, Jones (1963) found that the incidences of falls 
could be correlated with the presence of variations in rise 
height. In that study, 78.8% of the stairs where falls were 
observed had rise height variations (the study also reported 
that 28.4% of the sample group where no falls were 
recorded had rise height variations). “Discrepancies of 
greater than 1/4” (6.3 mm) should be avoided to reduce the 
risk of tripping and falling (Alessi and Brill 1978). 
Discrepancies of this magnitude have been shown to 
“disrupt the rhythm of the foot movements” which can 
cause the individual to either stumble or fall. The 
differences observed among four of the five tractors 
included in this study (and the nine tractors in the study by 
Kleban (2013)) exceed the recommended maximum 
discrepancy. We suggest that improvements to step rise 
uniformity in agricultural tractors could reduce the risk of 
falling during egress.  
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It is also important to note that mean rise between 
adjacent steps was not the same across all tractors (Table 
2). According to S318.17 (ASABE 2008), “the vertical 
interval between steps should not exceed 406 mm, 
preferably 300 mm.”  Of the access paths evaluated in this 
study, none of the vertical intervals exceeded 406 mm. The 
majority of the access paths had vertical intervals of 
approximately 300 mm, except for AP2 which had uniform 
vertical intervals of 230 mm. Based solely on qualitative 
assessment of the video, tractors with the smaller step rise 
values enabled ingress and egress behaviour that appeared 
to be more effortless. 

The second component of the access path into a 
tractor is the handrail system that is situated adjacent to the 
steps. Handrail information for the five access paths is 
shown in Table 3. Four of the five access paths were 
similar, consisting of an exterior handle on the door, an 
exterior rail adjacent to the cab, and one rail attached to 
the inside of the door (Fig. 1). 
Detection of differences in egression kinematics 
Descent time   Descent time was defined as the time from 
the first foot resting on the top step until the moment 
where both feet are on the ground. Generally, the observed 
time of descent was greater for BFE than FFE (Table 4) 
with many of the differences significant at the 5% level 
(Student’s t-test). On average, BFE required 
approximately 1.4 times longer than FFE. 

A longer descent time (i.e., slower movement on the 
steps) implies that the individual is exercising a greater 
level of caution and will, therefore, be less likely to slip 
during egress. It is important to note that FFE more closely 
resembles daily activities such as descending staircases at 
home or in the workplace. Because these are routine 
activities, an individual likely feels very comfortable while 
facing away from the tractor and may descend more 
rapidly than when required to climb down as if descending 
a ladder. Intuitively, it seems that slower may be safer.  
Based on this assumption, the time of descent data support 
the hypothesis that BFE is safer behaviour than FFE.  
Proportion of three-point contact   In most cases, there 
was a greater proportion of three-point contact observed 
for BFE than FFE (Fig. 2). Overall, three-point contact 
was maintained 56% of the time during FFE and 68% of 
the time during BFE. Three-point contact was significantly 
greater for BFE than for FFE at the 5% significance level 
(Student’s paired t-test). It is noticeable, however, that one 
of the access paths (AP2) yielded different results than the 
other four access paths. It is evident that design of the 
access path does influence the behaviour of the operator 
with respect to use of the hand railings. At this point, it is 
not possible to determine whether a low proportion of 
three-point contact is caused by a poorly designed access 
path (i.e., one in which it is difficult to achieve three-point 
contact) or whether it is caused by a well-designed access 
path (i.e., one in which the participant felt 
comfortable/safe without attempting to use the hand 
railings provided).  

Fig. 1. Typical handrail system consisting of an exterior 
handle, an exterior rail on the left side adjacent 
to the cab, and an interior rail attached to the 
inside of the door. 
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Knee flexion  When climbing down the access path of a 
tractor, the knee joints repeatedly flex (i.e., bend) and 
extend (i.e, straighten). The knee joint is said to be fully 
extended and in 0° of flexion when the leg is straight. 
Hyperextension occurs if the knee straightens (or extends) 
beyond the 0° point. The normal human knee has a passive 
range of motion from minor hyperextension 
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Intuitively, a higher percentage of three-point contact 
implies that there is a lower probability of falling when 
backing down as if descending a ladder (BFE). 
Maintaining three-point contact ensures that, even if the 
foot slips, there is a chance to recover because both hands 
are in firm contact with the tractor handrails. Thus, the 
data support the hypothesis that BFE is safer than FFE. 

Fig. 2. Observed proportion of time during which three-point contact was maintained for 5th, 50th and 95th 
percentile participants. 

Table 5. Comparison of knee angles (in degrees of flexion) for forward facing egress (FFE) and backward facing 
egress (BFE). 

Access 
Path 

 5th Percentile Participant 50th Percentile Participant 95th Percentile Participant 
 FFE 

(°flexion) 
BFE 

(°flexion) 
FFE 

(°flexion) 
BFE 

(°flexion) 
FFE 

(°flexion) 
BFE 

(°flexion) 
AP1 Minimum 4 16 6 12 7 24 

Maximum 106 63 106 92 80 106 
 Excursion 86 44 87 65 73 77 
        
AP2 Minimum 16 8 10 23 16 8 

Maximum 141 126 111 83 108 82 
 Excursion 119 111 82 47 87 58 
        
AP3 Minimum 7 15 23 31 16 31 

Maximum 131 99 122 91 116 90 
 Excursion 94 67 91 60 98 55 
        
AP4 Minimum 16 14 15 14 10 29 

Maximum 133 114 128 88 92 104 
 Excursion 111 86 109 65 74 70 
        
AP5 Minimum 25 29 10 22 7 33 

Maximum 119 104 101 101 110 104 
 Excursion 94 75 86 70 101 69 
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(approximately -10°) to 134° of flexion (American 
Academy of Orthopaedic Surgeons 1991). This yields a 
maximum range of motion of approximately 144°. The 
term “excursion” is used to describe the amount of knee 
joint rotation required to complete a given task (Rowe et 
al. 2000). Excursion is calculated as the difference 
between the maximum and minimum angles observed.   

In this study, an attempt was made to measure knee 
excursion for each step on the access path. Specifically, 
knee flexion was measured as the participant’s foot first 
touched a step and then was measured again as the 
participant’s foot was about to leave contact with the step. 
Unfortunately, knee flexion was not visible by the cameras 
for all of the steps. It was particularly difficult to 
determine the knee flexion for the step from the platform 
onto the access path and for the step to the ground. Due to 
these challenges, there was insufficient data for full 
statistical analysis. Nevertheless, minimum and maximum 
observed knee flexion angles (and calculated values of 
excursion) from the available data are presented in Table 5. 
In 11 of 15 instances, minimum flexion angles were 
smaller for FFE than for BFE. Similarly, in 12 of 15 
instances, maximum flexion angles were larger for FFE 
than for BFE. In all but one instance, the maximum 
excursion value observed was greater for FFE than for 
BFE. Excursion values ranged from 73 to 131° for FFE 
and from 44 to 111° for BFE. By comparison, Rowe et al. 
(2000) observed excursion values of 78° when subjects 
descended stairs in a hospital environment. The results 
observed in the current study suggest that descending from 
a tractor requires greater excursion of the knee joint than 
descending a staircase. It is reasonable to assume, 
therefore, that extra precautions should be taken to avoid 
slipping and falling.  

It must be noted, however, that the maximum values 
of excursion were not always observed on the same step of 
the access path. Given the non-uniformity of step spacing 
(Table 1), it is not possible to directly compare FFE and 
BFE in this study. Nevertheless, there is limited evidence 
to support the hypothesis that the motion associated with 
FFE is different than the motion associated with BFE. The 
evidence seems to suggest that the activity of FFE requires 
greater excursion of the knee joint than does the activity of 
BFE. 
Jumps observed during egress During review of the 
video footage, another interesting observation became 
evident. During BFE, the participants typically climbed 
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down step by step all the way to the ground. During FFE, 
however, it was common for participants to complete a 
motion that is best described as “jumping to the ground” 
from the last step. The number of these jumps is presented 
in Table 6. Overall, jumps were observed in 3 instances for 
BFE (7% of BFE trials) and in 26 instances for FFE (58% 
of FFE trials). These data support the hypothesis that BFE 
is safer behaviour than FFE. 

The design of the access path may encourage this 
jumping behaviour as there were 5 jumps observed for 
AP1, 9 jumps observed for AP2, 0 jumps observed for 
AP3, 5 jumps observed for AP4, and 7 jumps observed for 
AP5 during FFE. 

Jumping off the access path of machinery is the 
typical cause of most falls or injuries on the access path 
(Leskinen et al. 2002). It creates excessive force in the 
lower limb joints and makes the participant more 
vulnerable to slipping and falling or injuring an ankle. AP2 
and AP5 both had the highest percentage of participants 
jumping. This can be attributed to having the highest first 
step height of 56 cm (Table 1). AP1 and AP4 had fewer 
jumps and their first step height ranged from 48 to 50 cm. 
No jumps occurred on AP3, which had the lowest step 
height of 45 cm. These data support Hammer’s (1991) 
recommendation of an initial step height of 40 cm and the 
hypothesis that access paths with smaller initial step 
heights promote safer egress behavior.  

It is important to recognize several limitations of this 
research. Rather than collecting data directly from 
participants, movements of the participants were recorded 
for subsequent analysis. Although this provides a 
permanent record, which can be viewed repeatedly, there 
are limitations with this approach. The first limitation 
relates to positioning of the cameras. Although the cameras 
were situated at standard locations for each access path, it 
was not possible to view the entire egress motion on all of 
the access paths (due to differences in the dimensions of 
the access paths). Additional cameras would be required to 
fully capture the motion on all steps of the access path. 
The use of only two cameras assisted in minimizing error 
in the parameters of egress time and three-point contact; 
however, two cameras were still insufficient to fully 
describe knee excursion on each step of the access path. 
Related to the use of cameras is the need for markers on 
the participants. A greater number of markers should be 
used in future studies to ensure adequate visibility of the 
markers in the video footage. It is also important to note 
that the participants in this study were not experienced 

Table 6. Number of jumps observed during forward facing egress (FFE) and backward facing egress (BFE). 
Access 

Path 
 5th Percentile Participant 50th Percentile Participant 95th Percentile Participant 
 FFE BFE FFE BFE FFE BFE 

AP1  3/3 0/3 2/3 0/3 0/3 0/3 
AP2  3/3 0/3 3/3 1/3 3/3 0/3 
AP3  0/3 0/3 0/3 0/3 0/3 0/3 
AP4  3/3 0/3 2/3 0/3 0/3 0/3 
AP5  3/3 0/3 3/3 2/3 1/3 0/3 
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tractor operators. Although the participants were given 
specific egress instructions, it is likely that experienced 
tractor operators may have moved at a different speed or 
used the handrails differently. 

CONCLUSIONS 
This pilot study has confirmed that kinematic analysis can 
be used to detect differences between forward facing 
egress (FFE) and backward facing egress (BFE) from 
tractors. Generally, the observed time of descent was 
greater for BFE than FFE with many of the differences 
statistically significant at the 5% level (Student’s t-test). 
Total egress time is approximately 1.4 times greater for 
BFE than for FFE indicating participants were exercising 
greater caution. Three-point contact was observed 56% of 
the time during FFE and 68% of the time during BFE. 
Three-point contact was significantly greater for BFE than 
for FFE at the 5% significance level (Student’s paired t-
test). Maximum values for excursion of the knee joint 
ranged from 73 to 131° for FFE and from 44 to 111° for 
BFE. Although statistical analysis could not be completed, 
the evidence suggests that the activity of FFE requires 
greater excursion of the knee joint than does the activity of 
BFE. Jumps from the bottom step to the ground were 
observed in 3 instances for BFE (7% of BFE trials) and in 
26 instances for FFE (58% of FFE trials). Overall, it has 
been confirmed that kinematic analysis is able to detect 
differences between forward facing egress (FFE) and 
backward facing egress (BFE). The experimental evidence 
suggests that BFE should be promoted over FFE because it 
poses less risk to tractor operators. 
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