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Introduction
Female football is the world’s fastest developing sport, and due to the rise in magnitude, female football, of  all levels, must em-
brace scientific applications allowing an increase in performance through training, technique, and preparation.
Purpose
The purpose of  the study was to examine the physiological external workload, of  amateur female footballers, across varying heart 
rate intensities, as well as, interpret fatigue between each half  of  the Soccer-Specific Aerobic Field Test (SAFT90) protocol.
Methods
A sample of  n=24 amateur female football players (mean±SD; age: 20.7±4.0 years; stretched stature=165.6±5.8 cm, body 
mass=58.1±4.7 kg) were recruited during the 2016/2017 competitive season. Maximum heart rate (HRmax) values were deter-
mined using the Yo-Yo intermittent recovery level 1 (Yo-Yo IR Level 1) with the SAFT90 protocol used to interpret the physi-
ological and mechanical demands displayed during football match. A one-way analysis of  variance was applied to determine the 
differences between each position (defenders, midfielders, and forwards) with the level of  significance set at alpha level p<0.05. 
Results
There were statistically significant differences between each position and total external workload (F(df:23)=9.156; (p<0.05), in 
addition to average heart rate (HR) across 90-minutes (F(df:23)=22.317; (p<0.05). Statistical significance determined differences 
between each position and the duration of  time spent within the prescribed HR intensity zones, including zone 1 (<70% HRmax), 
zone 2(70-85% HRmax) and zone 4(90-95% HRmax) across the SAFT90. The total distance all players completed across the 90-min-
utes was 10913.7±1076.7 m, whereas the shortest external workload (10020.4±1086.6 m) was completed by defenders and largest 
(11781.9±324.7 m) by midfielders. The average heart rate of  all player’s was 161.1±14.7 bpm-1 resulting in a mean intensity of  
representing 81% HRmax.
Conclusion
Midfielders spent the largest proportion of  time between zone 2 and zone 4. Based on these results, coaches are able to determine 
which type of  physiological profile is needed for a specific positon and use this information to design specifically prescribed train-
ing programmes to maximise the fitness development.

Keywords
Football; Female football; External workload; Heart rate; Intensity.
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INTRODUCTION

Football is the world’s most popular sport, practiced across the 
world.1 The sports universal appeal is reflected by 260 million, 

males, females, and children, of  all abilities, who participate glob-
ally, which corresponds for more than 29 million female partici-
pants.2 Therefore, through obtaining a deeper level of  understand-
ing, coaches and players can benefit in terms of  their ability to 
present improved information to modify tactics and training ap-
proaches.3 With female football extensively increasing in stature, 
the performance expectation has further risen with an increased 
need for specific scientific research to improve performance4. 
From a physical outlook, football is an intermittent sport3,5 that 
requires a well-developed level of  conditioning and physical fitness 
to be played successfully.6 Throughout the duration of  a match, the 
completed amount of  external work completed is characterised by 
the total distance covered by each player.7 Nonetheless, given its 
inability to account for the utility movements and their complete 
energy costs, total distance alone is not considered to be a valid 
measure of  overall match performance. Rather, the combination 
of  total distance completed, alongside the measurement of  heart 
rate throughout a football match could thus provide a more repre-
sentative figure.8,9

Physical Demands in Football

Physical demands within football have increased across the last 
decade3 with all players now participating within defensive and 
offensive phases; this has created multifunctional footballers, us-
able within multiple positions.10 Physical individual variables have 
been observed within playing positions in all competitive levels of  
football.11,12 Numerous studies have compared playing position, 
presenting a clear link between playing position and physical ca-
pacity both aerobically and anaerobically.13 Being an intermittent 
sport,3 the aerobic system is heavily taxed with peak heart rates of  
85% HRmax and 98% HRmax.

10 However, oxygen kinetics undergo 
changes throughout a football match due to the 150-250 anaerobic 
short intense bouts performed, indicating a high anaerobic energy 
turnover.14,15 The benefits of  efficient oxygen kinetics to subse-
quently benefit footballer’s performance due to delaying fatigue 
and improving recovery, due to the characteristics of  football, play-
ers have to attain physical qualities including high-levels of  aerobic 
and anaerobic endurance.14,16 However, Hoff  and Helgerud17 stated 
that football players do not excel in one single physical compo-
nent.16,14 Shalfawi et al18 affirms that the ability to sustain aerobic 
and anaerobic endurance further to strength, power and agility for 
the match, particularly in the second half, are vital to aid physical 
performance and determine the match outcome. 

Positional Variations in External Workload

Studies show the differences in external workload throughout a 
match.19The energy expenditure in performance is directly linked 
to the mechanical external work output. Conflicting research de-
bates the total distance travelled throughout a match; the con-
cluded distance players cover is 8-12 km, with distances at elite 
levels reaching 14 km.20,16 Collective studies, conclude midfielders 

performing the largest total distance in comparison to other play-
ing positions.3,10 External midfielders previously recorded distances 
covering 11990+776 m whilst central midfielders recorded dis-
tances of  12027+625 m throughout the duration of  a 90-minute 
match.14 As a result, centre backs (10627+893 m), external defend-
ers (11410+708 m) and forwards (11254+894 m) display signifi-
cantly lower overall distances covered.14 Whereas, external defend-
ers (402+165 m), external midfielders (446+161 m) and forwards 
(404+140 m) have presented a noticeable difference in total sprint-
ing distance during the duration of  a game.19,14 Central midfielders 
only recorded total sprinting distances of  248±116 m with centre 
backs presenting an even lower total sprinting distance (215±100 
m).14 The study by Di Salvo et al21supports centre backs low overall 
distances covered both anaerobically and aerobically resulting in 
their lower physical capacity and important tactical role.

 Midfielders, through covering the largest distances, are 
unable to work at high intensities and therefore sprint for the same 
duration as other positions. Covering a larger distance results in 
working at lower intensities with less opportunity for rest due to 
midfielder’s HR rarely falling below 65% of  HRmax.

14 Therefore, 
the working muscles have a continuous demand for oxygen pro-
hibiting anaerobic, high intensity sprinting. External defenders and 
forwards have further rest opportunities, allowing higher intensi-
ties to be met on numerous occasions, thus resulting in larger total 
sprinting distances.

Positional Variables Affecting External Workload

Total external work completed throughout a game has been found 
to vary according to a variety of  factors which dictate work rate 
profiles and energy expenditure.14 Firstly, a player’s V02max can influ-
ence the distance performed; a higher physical capacity displays a 
positive correlation to enable further distance to be completed due 
to positional and tactical roles.14 The variation between V02max and 
positions influences the ability to cover greater distances at higher 
intensities; this is further reflected through the increased V02max val-
ues consistently obtained by midfielders, alongside overall largest 
distances travelled.14 Secondary factors affecting external workload 
include the style of  play and team formation.22,20 The evolution 
concerning style of  play within professional football has been sug-
gested by Di Mascio and Bradley,14 whom produced conclusions 
which demonstrate an increased distance covered by contemporary 
English Premier League players (11 km) compared to those in the 
original First Division (8.2 km) observed by Reilly and Thomas.23 
The increase in 2.8 km supports the physical demands of  football 
increasing with every position involved in defensive and offensive 
phases across a match.3,10 Tierney et al22 stated that there are no-
ticeable differences in the positional demands across a series of  
formations. Jozak et al24 claimed that midfielders will always cover 
the largest total distance in any formation, due to being the direct 
link between the defensive and offensive part of  the whole team. 

Heart Rate of Footballers

Heart rate (HR) is a leading tool guiding the intensity level of  ex-
ercise and determining physical demands.9,25 The intensity level is 
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expressed as a percentage of  maximal heart rate (HRmax) due to the 
large variations that occur throughout 90 minutes within a match. 
Changes to the modern game3 has led researchers into develop-
ing specific aerobic conditioning concepts for players.26 Hoff  et al-
27stated that pure running is suitable for players to reach maximum 
oxygen consumption. However, simply running is not suitable for 
the development of  football specific aerobic capacity, which is 
more dependent upon aerobic peripheral, rather than central ad-
aptation.26,28 Within football, it is documented that the maximum 
benefits are achieved when the conditioning stimuli coincide with 
specific competitive demands.26,29

Heart Rate Intensity in Football

In football, athletes perform different types of  physical movements 
ranging at a series of  intensities.1,8 Santos et al1 claimed that 80-
90% of  football spent within a low to moderate intensity zone with 
10-20% spent completing high intensity activities. These findings 
do not match previous research by Jozaket al24 whom presented 
30% of  overall football activities to be spent at a high intensity. In 
total, the average myocardium reaction throughout the duration of  
a 90-minute match is 80-90% of  the HRmax.

20,30Coelho et al30 com-
pared player positions based on intensity within football matches. 
The researchers concluded that midfielders spent the majority of  a 
90-minute football match at 85-90% HRmax, thus suggesting higher 
aerobic requirements then defenders and forwards. As a result, 
Coelho et al30 suggested a higher requirement of  aerobic activi-
ties within midfielders physical training to assist with recovery and 
consequently, their performance.

Fatigue of Footballers

Fatigue has become a high profile topic in intermittent team sports.31 
Waldron and Highton31 discussed the likelihood that performers 
whom inversely have an increase in overall work performed, must 
reflect recovery either partially or fully, overall displaying tempo-
rary fatigue. The phrase refers to a period of  reduced intensity, 
which occurs directly after the most intense period which can oc-
cur through possession or the match score.31 Therefore, if  play-
ers are in possession of  the ball, their intensity of  play is reduced 
and external workload reduced, this period of  recovery overcomes 
temporary fatigue. Acute fatigue, which is seen within footballers, 
occurs as a result of  both peripheral and central factors.31 The im-
mediate peripheral assumption to fatigue isassumed to be due to 
blood lactate accumulation with a reduction in pH.31 Waldron and 

Highton31 report blood lactate concentrations samples during and 
after football matches to vary between 7-9 mmo1-1. The findings 
reveal that team sports players tolerate some degree of  lactate ac-
cumulation; however, blood lactate accumulations do not appear 
to increase across the course of  the matches.31 Furthermore, whilst 
a decrease in pH has been reported after the most intense period 
within a match, a poor correlation has been connected to decre-
ments in sprinting performance.31 Overall, the evidence therefore 
concludes that other factors must contribute towards the reduction 
in work within football matches and other intermittent sports. 

 Football matches last 90-minutes, indicating that muscle 
glycogen is the primary source for ATP synthesis; however, glyco-
gen stores are limited and depleted quickly.32 Kenney et al32 stated 
that since the muscle biopsy technique was introduced, studies 
show a clear correlation between muscle glycogen depletion and 
fatigue during prolonged activity. Football is an intermittent sport3 
with over 1000 high intensity actions,10,20 therefore the working 
muscles constantly rely on a supply of  glycogen to meet high en-
ergy demands.32 As the match prolongs, the constant supply of  
glycogen slows down causing the muscles to fatigue.32 This study 
aimed to: (i) To investigate which position completes the most ex-
ternal work across the varying heart rate intensities, (ii) To compare 
differences in external workload (distance travelled) completed by 
each position and their average heart rate intensity and, (iii) Com-
pare the average heart rate intensity of  female footballers per 45 
minute half  of  a football match to investigate fatigue

METHODS
 
Participants and Recruitment

A sample of  n=24 amateur female football players (mean±SD; 
age: 20.7±4.0 years; stretched stature: 165.6±5.8 cm; body mass: 
58.1±4.7 kg) were recruited from an amateur football club within 
the South West of  England during the 2016/2017 competitive sea-
son (Table 1). Recruited participants were outfield playing posi-
tions including defenders (n=8), midfielders (n=8) and forwards 
(n=8) and possessed at least 5 years of  playing and training foot-
balling experience. All participants were over 18 years of  age, free 
from disease, illness or injury. They all completed a Physical Ac-
tivity Readiness Questionnaire (PAR-Q) before inclusion33 and 
provided written informed consent, and understood their right to 
withdraw. To minimise risk, ethical approval was sought from the 
University of  Gloucestershire Faculty Research Ethics Committee.

Table 1. General summary (     ) characteristics for n=24 amateur female football players according to playing position (defenders, midfielders and forwards)

Variables 
Defenders (n=8) Midfielders (n=8) Midfielders (n=8)

Age (years) 22.4±5.5 20.9±3.5 20.7±2.1

Stretched Stature
(cm) 164.6±2.2 168.3±7.4 163.8±6.1

Body Mass (kg) 59.1±3.7 59.1±3.7 59.1±3.7

x s± x s±x s±

x s±
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Procedures

All participants followed the same protocols leading up to each 
test to ensure consistency. In the 24 hour period prior to testing 
participants did not partake in any vigorous exercise and refrain 
refrain from consuming any caffeine or alcohol.34 Furthermore, 
participants arrived hydrated and having not consume large quanti-
ties of  food within a 2 hour prior to testing. Body Mass was mea-
sured in the morning with electronic digital weighing scales and 
to the nearest 0.1 kg. Stretched stature was also measured in the 
morning using a Harpenden Stadiometer to the nearest 0.1 cm. 
After measurements were taken, the mean value was determined 
for subsequent data analysis. The Yo-Yo IR Level 1 protocol com-
menced whilst all players entered the middle of  the competitive 
season to determine the maximal HR values for each participant. 
The week following, the SAFT90 procedure was completed.35 The 
training load and amount of  match play performed for each par-
ticipant was standardised to the competitive season. 

Experimental Session 1

(Yo-Yo Level 1 Intermittent Recovery Test): The Yo-Yo IR Level 1 
test was performed on artificial turf  in running lanes having a width 
of  2 m and a length of  20 m.36,37 Prior to the test, the participants 
performed a warm up prescribed by Barrett et al38 and Marshall et 
al39 an identical warm up was used prior to the completion of  the 
SAFT90. Procedures suggested by Krustrupet al40 and Castagna et 
al41 for the Yo-Yo IR Level 1 were followed, with runs at a progres-
sive speed, controlled by audio bleeps from a pre-recorded tape.36 
After each bout of  running, the players had a 10s rest period.36 

The test result was recorded upon the point when a participant has 
failed twice to reach to finish line within the allocated time.36

Experimental Session 2

(Soccer-Specific Aerobic Field Test (SAFT90): The SAFT90design 
uses an agility based course whereby players navigate around the 
20 m course in an intermittent fashion through stranding (0 km/h), 
walking (~5.5 km/h), jogging (~10.7 km/h), striding (~15 km/h) 
or sprinting (maximal effort).39,42,43,39 The course is based around a 
shuttle run with the incorporation of  4 positioned poles in which 
the participants must navigate around (Figure 1).38,42,43 Altogether, 
the course provides the participants with 1332 changes in direction 
and 1269 changes in speed, eliciting internal loads similar to those 
reported from match-play.39,38,42,43 

 Prior to the completion of  the test, the participants per-

formed a football specific warm up prescribed by Barrett et al38 and 
Marshall et al.39 The first 8 exercises proposed by Marshall et al39 

involved light jogging further to side-stepping with the inclusion 
of  simple plyometric movements. Dynamic movements followed 
with each sequence performed twice over a 20 m distance.39 Final 
exercises involved sprint-based agility movements before under-
taking the SAFT90.39

Data Collection Session

Heart Rate: Heart rates were monitored throughout the Yo-Yo 
IR Level 1 and SAFT90 protocols using a HR monitoring system 
(Polar Team 2 System, Kempele, Finland).35 Furthermore, the data 
collected through the completion of  the Yo-Yo IR Level 1 quanti-
fied the overall HR intensity zones. The intensity of  the match 
was reported as the percentage of  time spent in the five HR zones 
prescribed by Coelho et al30. Each zone was identified as a differ-
ent percentage of  HRmax zone 1 equates to <70% HRmax, zone 2, 
70-85% HRmax; zone 3, 85-90 HRmax; zone 4, 90-95% HRmax, with 
zone 5, 95-100% HRmax.

30 Heart rates for each participant were 
recorded every second of  each protocol and quantified to produce 
data for each minute throughout each 45 minute half  and across 
the 90-minute duration with each position being investigated. The 
amount of  time, alongside the percentage of  time spent in each 
zone was reported in relation to the amount of  external work com-
pleted for each position. Additionally, differences in HR record-
ings between positions and across the duration of  the protocol 
(per 45 minute half) was measured, to investigate fatigue.

External Workload: Throughout both protocols, in order to obtain 
overall external workloads, the participants were videoed replicat-
ing protocols previously implemented by De Ste Croix et al.43 The 
footage attained was then interpreted based on the standardised 
20 m guidelines.

Statistical Analysis 

Raw data sets were analysed using Microsoft Excel, 2016. Descrip-
tive statistics, including means and standard deviations, were cal-
culation for each measure including, external workload and HR 
intensities across each 45 minute half. Furthermore, percentage 
measurements for each position, based on each HR intensity, were 
calculated. In order to determine the following situations: a) com-
parison of  intensity between the different halves of  the match 
(first half  vs. second half); b) comparison of  each position across 
the intensity zones; c) comparison of  each positions external work-
load; d) time spent at each intensity across each 45 minute half; a 
one-way analysis of  variance (ANOVA) was applied. The level of  
significance for statistical testing was set at alpha level p<0.05. 

RESULTS 

On average, the overall external workload for all positions, during 
the SAFT90, was (mean±SD) 10913.7±1076.7 m. Across the 90-min-
utes, defenders recorded an external workload of  10020.4±1086.6 

  Figure 1. A diagrammic representation of the SAFT90 football match-play course
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m, whilst forwards recorded a distance of  10938.9±865.2 m, and 
midfielders an external workload of  11781.9±324.7 m. Therefore, 
across the 90-minute SAFT90, midfielders overall performed the 
largest proportion of  external work. Across each 45 minute halves 
of  the SAFT90, midfielders consistently recorded the highest ex-
ternal workload. Across the opening 45 minutes, midfielders re-
corded distances of  6325.3±645.4 m, with forwards documenting 
distances of  6003.8±32.2 m and defenders, the lowest of  the three 
outfield positions, 5774.6±783.0 m. This trend continued into 
the second half  of  the protocol, with midfielders maintaining the 
highest external workload (5456.6±635.3 m), with forwards dis-
tances of  4935.1±633.2 m and repeatedly, defenders the lowest of  
the three positions (4245.8±856.3 m). Furthermore, between the 
two separate halves, all players demonstrated a decreased exter-
nal workload in the second half  (6034.5±727.8 m) in comparison 
with the first 45 minutes completed (4879.2±851.3 m). A one-way 
ANOVA showed that the effect of  position within female football 
on the external workload performed during a 90-minute SAFT90 

was significant (F(df:23)=9.156; p<0.05). However, across the two 
separate 45 minute halves, significance results differed. Within 
the first half, the effect of  position on the external workload per-
formed was not significant, whereas, the second half  showed there 
to be a significant difference between the playing positions and 
overall external workload completed(F(df:23)=5.758; p< 0.05).

 Based on the results illustrated in Table 1, defenders pres-
ent the lowest average HR (144.3±7.4 bpm-1 in comparison with 
forwards (170.3±7.4 bpm-1 and midfielders (168.8±10.8 bpm-1) 
across the 90-minutes of  recorded data. This trend is further pres-
ent between the two 45 minute halves. Across the first 45 minutes, 
defenders recorded an average HR of  140.4±6.7 bpm-1 significant-
ly lower than midfielders (181.0±13.3 bpm-1 and forwards (170.1 
±7.5 bpm-1. In the second half, forwards displayed the highest 
average HR of  170.4±9.4 bpm-1 in comparison with midfielders 
(170.0±9.2 bpm-1) and forwards (148.1±9.4 bpm-1). Across the two 
halves of  the 90 minutes, defenders and forwards each presented 

average HR data showing an increase, from the first half  to the sec-
ond, midfielders however, demonstrated a decreased. The average 
HR recorded for all positions across the SAFT90 was 161.1±14.7 
bpm-1 as shown in Table 2, with the average intensity during the 
protocol for all defenders, midfielder and forward represented 
81% HRmax.

 Figure 2 and Figure 3 demonstrate that midfielders and 
defenders continually displayed lower average heart rates than for-
wards per 15-minute bout of  the SAFT90. Within the opening 15 
minute bout (Figure 2), all three positions present an increase in 
HR, following into the second bout (15-30 minutes), only at the 
23rd minute did each positions HR plateau. Figure 1 illustrates aver-
age heart rates from midfielders and forwards maintaining 150-200 
bpm-1, however defenders continually work between 100-150 bpm-

1. Defenders further display periods of  increased and decreased 
heart rates with decreases falling in both the 35th-37th minute and 
41st-43rd minute. Towards the end of  the opening half  of  the 
SAFT90, both midfielders and defenders show a decrease in aver-
age HR. 

 Across the entire bout, defenders displayed much lower 
heart rates showing a range between 135-160 bpm-1 in comparison 
with midfielders at 160-180 bpm-1 and forwards at 170-190 bpm-1. 
The final bout displayed both the midfielders and forwards HR 
decreasing in comparison with the previous 15-minutes (Figure 
3). Similarly, defenders showed periods an increased HR of  160 
bpm-1 at 77 minutes and 165 bpm-1 at 85 minutes, with periods of  
a decreased HR of  140 bpm-1 at 80 minutes and then 87 minutes. 
However, the final 3 minutes of  the entire protocol presents all 
three positions average heart rates decreasing.

 A one way ANOVA showed the effect of position, 
within female football, on the average HR during a 90 minute 
SAFT90 was significant (F(df:23 )=22.317; p<0.05). Furthermore, 
results showed a significant difference between defenders, mid-

Table 2. Total external workload performed during SAFT90 for each position (p) including defenders (d), midfields (m) and forwards (f). 

p
                               1st Half (m) 2nd Half (m)                           Full Game (m)

Mean±SD Range Mean±SD Range Mean±SD Range

D 5774.6±783.0 4969-6987 4245.8±856.3       3263-5659 10020.4±1086.6 8562-11984

M 6325.3±645.4 5236-6984 5456.6±635.3       4362-6549 11781.9±324.7 11236-12142

F 6325.3±645.4 5002-6954 4935.1±633.2       4071-5762 10938.9±865.2 9412-11985

ALL 6034.5±727.8 4969-6987 4879.2±851.3       3263-6549 10913.7±1076.7 8562-12142

Table 3. Mean heart rate (HR) during SAFT90 for each position (p) including defenders (d), midfields (m) and forwards (f).

p
                               1st Half (bpm-1) 2nd Half (bpm-1)                           Full Game HR (bpm-1)

Mean±SD Range Mean±SD Range Mean±SD Range

D 140.4±6.7 130.0-148.0 148.1±9.4       136.0-160.0 144.3±7.4 136.0-154.0

M 181.0±13.3 146.0-183.0 170.0±9.2       157.0-180.0 168.8±10.8 152.0-181.5

F 170.1±7.5 146.0-183.0 170.4±9.4       154.0-183.0 170.3±7.4 159.0-184.0

ALL 159.4±16.6 130.0-185.0 162.8±13.9       136.0-183.0 161.1±14.7 136.0-184.0
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fielders and forwards average HR across both the first 45 min-
ute half (F(df:23)=23.405; p<0.05) and second 45 minute half 
(F(df:23)=14.925; p<0.05). 

Heart Rate Intensities

Across the total SAFT90, the average intensity for all positions repre-
sents 81% HRmax, which in line with the investigation means within 
zone 2 (70-85% HRmax). Within the first half, the average intensity 
for all positions represents 80% HRmax; however, in the second 
half, average intensity increased to 82% HRmax but was maintained 
in zone 2. Through the completion of  a one way ANOVA, sig-
nificance results showed position, to have an effect on the level of  
intensity and time spent at each intensity. Across theSAFT90, there 
was a significant difference between playing position and the dura-
tion spent working within zone 1, <70% HRmax(F(df:23)=5.271; 
p<0.05); zone 2 between 70-85% HRmax(F(df:23)=5.965; p<0.05) 
and zone 4 at 90-95% HRmax(F(df:23)=4.433; p<0.05). However, 
across zone 3 between 85-90% HRmax and zone 5 at 95-100% 

HRmax, no significant difference was found between each posi-
tion and the duration spent working at each intensity. Within the 
opening half, defenders average intensity was 73% HRmax, working 
within zone 2 (70-85% HRmax). However, midfielders and forwards 
average intensity represented that of  zone 3 (85-90% HRmax), with 
midfielder’s average intensity at 88% HRmax and forwards 86% 
HRmax. In comparison with the second half, forwards display no 
change in average heart rate intensity. Midfielders however moved 
into zone 2 (70-85% HRmax) at 83% HRmax. Defenders nonetheless 
display an increase in average heart rate intensity to 78% HRmax; 
however, still maintained working within zone 2 (70-85% HRmax). 

 Across the 90-minutes (Figure 3), all three positions 
spent time in each HR zone, from zone 1 to zone 5. All positions 
each spent the largest percentage of  the SAFT90 in zone 2(70-85% 
HRmax). Specifically, within zone 1 (<70% HRmax), defenders spent 
the larger percentage of  time with forwards the least, whereas, at 
the highest intensity, in zone 5 (95-100% HRmax), forwards spent 
the larger percentage of  time with defender’s the least. Midfielders 
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Figure 2. Average HR for defenders, midfielders and forwards per 15-minute bout of the first 45 minute half of 
the SAFT90 including 1-15 minutes, 15-30 minutes and 30-45 minutes 

Figure 3. Average HR for defenders, midfielders and forwards per 15 minute bout of the second 45 minute 
half of the SAFT90 including 45-60 minutes, 60-75 minutes and 75-90 minutes
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Figure 4. Percentage of time defenders, midfielders and forwards spent within zone 1, <70% HRmax; zone 
2, 70 – 85% HRmax; zone 3, 85-90 HRmax; zone 4, 90-95% HRmax and zone 5, 95-100% HRmaxfor first 
45 - minute half; second 45 minute half and full 90 minutes of the SAFT90
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specifically spent the largest percentage of  the 90-minutes within 
zone 3 (85-90% HRmax) and zone 4 (90 -95% HRmax) in comparison 
with the further outfield positions. 

 Figure 3 display differences between the HR intensities 
between the two 45-minute halves of  the SAFT90. Within the first 
half, all three positions worked across each HR zone; however, 
in the second half, defenders never worked with in zone 5 (95-
100% HRmax). Similarly, between the first half  and second half, all 
three positions spent the largest percentage of  the game at 70-85% 
HRmaxin zone 2. Specifically, across both halves of  the protocol, 
midfielder’s largest duration of  time was spent within zone 2 and 
3 working in total across 70-90% HRmaxwhereas defender’s largest 
percentage of  time was spent within zone 1 and 2. Forwards in 
comparison spent the smallest percentage of  time within zone 1; 
however, increasingly more from zones 2 to zone 5 with HR inten-
sities varying from 70-100% HRmax. 

 Significance results of  a completed one-way ANOVA 
showed position has an effect on the level of  intensity and time spent 
at each intensity. Across the first 45-minute half  of  the SAFT90, there 
was a significant difference between playing position and the dura-
tion spent working within zone 1 <70% HRmax, (F(df:23)=6.379; 
p<0.05); zone 2 between 70-85% HRmax(F(df:23)=5.076; p<0.05); 
zone 3 (85-90% HRmax) (F(df:23)=4.997; p<0.05) and zone 4 (90-
95% HRmax) (F(df:23)=4.635; p<0.05). However, no significant dif-
ference was found between position and duration working at the 
intensity of  zone 5 (95-100% HRmax). Across the second 45-minute 
half, no significant difference was found between each position, 
for the duration of  time spent within, zone 1 (<70% HRmax), zone 
3 (85-90% HRmax) further to zone 4 (90-95% HRmax) and zone 5 
(95-100% HRmax). Within the second 45-minutes, significant dif-
ferences were found between all three positions and the duration 
of  time spent within zone 2 (70-85% HRmax), (F(df:23)=4.580; 
p<0.05). 

CONCLUSION 

External Workload

In total, for all three positions, the total external workload complet-
ed across 90-minutes was 10913.7±1076.7 m with a range of  8562-
12142 m. The findings correspond to previous research showing 
the average distance players cover during a match is 8-12 km.16,7,20, 
Statistical analysis across the 90-minutes concluded a sinificant dif-
ference between the workloads completed between the three posi-
tions. On average, the largest external workload completed was 
by midfielders (11781.9±324.7 m) followed by forwards with de-
fenders covering the smallest distance covered (10020.4±1086.6 
m). Other studies have also found midfielders to cover the great-
est external workload.3,10,44 The completed distance for midfielders 
(11781.9±324.7 m) further corresponds to that of  previous studies 
within the range of  10-12 km.10,44

 The protocol removes oppositional effects and tactics, re-

sulting in the physiological and mechanical demands displayed dur-
ing football match-play being observed; therefore, it can be con-
cluded that the greater distances were not due to tactics and styles 
of  play.34,42 Midfielders however, to have developed higher physical 
capacities or VO2max levels due to their overall roles within match 
play, through involvement in both attacking and defensive phases 
of  play in comparison with their counterparts, who rarely cross or 
retreat past the half  way line.45 Therefore, with an increased physi-
cal capacity, more external work is able to be completed. However, 
with regards to total external workload, other variables further to 
VO2max may have influenced the results. These variables include 
changes in the intensity of  activity as well as motivation.8 Between 
the three positions, defenders covered the lowest external work-
load (10020.4±1086.6 m). Indeed, several studies have previously 
found defenders to obtain, in general, lower fitness levels, resulting 
in lower external loads performed in comparison with midfielders 
and forwards.20,44 Research by Di Salvo et al21 supports defender’s 
low overall distances covered both anaerobically and aerobically 
as the result of  their lower physical capacity and tactical role to 
complete small bouts of  movement in winning duels and aerial 
challenges.24

Heart Rate

Considering the load intensity from a physiological point of  view, 
average HR results across the 90-minute SAFT90 for all players was 
161±14.7 bpm-1 corresponding to 81±7.4% HRmax. This matched 
heart rates previously obtained within research by Andersson et 
al44 who found the average HR of  female footballers within do-
mesticated matches to correspond to 162±6 bpm-1 or 85±3% of  
HRmax. However, the participants of  the study were international 
female players from Sweden and Denmark, playing professionally, 
in comparison with amateur footballers. 

 The football simulated match intensity found in the pres-
ent study did not differ markedly from those reported in other 
investigations. Coelho et al30 evaluation of  26 footballers, during a 
championship game, reported an overall intensity of  84% HRmax. 
Furthermore, Mohr et al46 reported an intensity of  85% HRmaxdur-
ing a friendly match of  the 4th division, whilst O’Connor47 evalu-
ated HR during two women’s and men’s soccer games finding an 
intensity of  85% HRmax. However, both studies evaluated friendly 
matches rather than a simulated football match. Intensity observed 
in the present study further matches than that obtained by Reil-
ly and Keane,48 who evaluated senior soccer players in a specific 
simulated test with the mean intensity presented at 80% HRmax. 
Although maximum effort tests are suitable for the determination 
of  HRmax, a previous study by Antonacci et al49 showed that HRmax 
is lower in simulated tests, than during official matches. 

Heart Rate Intensities

Focusing on the total 90 minute SAFT90, the average intensity for 
all positions was 81% HRmaxwhich in line with the investigation 
means within zone 2 (70-85% HRmax). The data, as a result, cor-
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responds with other studies findings.30,44,46 Throughout the first 
half, the average intensity for all positions was 80% HRmax; how-
ever, within the second half  the average intensity increased to 82% 
HRmax. This meant across both 45-minute halves working within 
zone 2 (70-85% HRmax). However, the results contradict the re-
search conducted by Coelho et al30 whom observed a decrease in 
game intensity from the first to second half  of  a championship 
football game. Mortimer et al50 stated that a reduction in game 
intensity occurs during the second half  of  a football match, due 
to the role of  fatigue as a result of  the progressive utilisation of  
glycogen, which decreases during the second half. With focus on 
each of  the position, forwards average HR did not differ between 
either of  the halves of  football and maintained 86% within zone 3 
(85-90% HRmax), whereas defenders rose from the first half  (73% 
HRmax) to the second half  (78% HRmax). Midfielders average HR 
from the first half  (88% HRmax) in comparison to the second half  
(83% HRmax) was the only decrease supporting previous research. 
A similar decline had been reported in other studies.30,46 The lack 
of  significant difference between the two halves of  the game for 
forwards is however supported by Vencurik et al51 who witnessed 
no changes between certain positions physiological demands 
across the two halves of  a female basketball match.

 Across the 90-minutes, results displayed differences be-
tween each of  the HR intensity zones, however significant differ-
ences were only found between the duration each position spent 
within zone 1, zone 2 and zone 4. Nonetheless, across the 90-min-
utes, each position spent time within each zone. All three posi-
tions each spent the largest percentage of  the SAFT90 within zone 
2 (70-85% HRmax) in comparison with the other intensity zones. 
Defenders spent the largest percentage of  time within zone 1, with 
forwards the least, whereas, at the high intensities, in zone 5, for-
wards spent the larger percentage of  time with defenders the least.
This result demonstrates the importance of  HIR for forwards and 
LIT for defenders. Di Mascio and Bradley,14 analysed the evolution 
of  football describing forwards movements to focus around high 
intensities and short-duration efforts, with defenders maintaining a 
low intensity with minimal HIR, therefore, the current study backs 
up that of  previous research.10,4

 
 The results however, contradict the research by Jozaket 
al24 who studied 600 players during the world cup finals; results 
showed defenders and forwards to have completed the most LIR 
due to the positions having the least contact with the ball. How-
ever, the comparison must be taken with caution due to the sam-
ple using male international athletes during competitive matches, 
resulting in formations and tactics potentially interfering with 
play.22,20 A further finding includes midfielders specifically spend-
ing the largest percentage of the 90-minutes within zone 3 and 
zone 4. Research by Coelho et al30 and Goncalves et al25 reported 
the similar findings. Furthermore, Orendurff et al52 investigated 
differences in positions during a game using a step rate as an inten-
sity parameter; the results obtained were similar to those observed 
in both the current study but further the investigation by Coelho 
et al.30 Midfielders presented a similar game pattern characterised 

by few maximum intensity bouts (step rate=7) and short recovery 
bouts of moderately high intensity (step rate=4), thus in agreement 
with studies showing a higher aerobic capacity of midfielders.30,45 

First Half Versus Second Half Fatigue

It is generally accepted that physical performance declines during a 
match because of  increased fatigue towards the end of  a game.36,42 
Within the current study, first half  differences in comparison 
second half  suggest all positions to experience fatigue. External 
workload decreased for all positions by 11% with a first half  over-
all workload of  6034.5±727.8 m in comparison to a second half  
workload of  4879.2±851.3 m. Furthermore, defenders, midfield-
ers and forwards individual workloads completed each decreased. 
The findings further support numerous research that indicates that 
the fatigue induced by the physical activity completed during the fi
rst half  is related to the physical activity completed during the sec-
ond.4,19,44

 Within the first half, all three positions worked across 
each HR zone; however, in the second half  defenders never 
worked with in zone 5 displaying a slowly declining intensity. Fur-
thermore, the percentage of  time defenders spent within zone 1 
and zone 2 increase in the second half. Additionally, midfielder’s

intensity decreased at the highest intensity (95-100% HRmax) by 
2%, further to forwards by 4%. Moreover, forwards time within 
zone 2 and zone 3 and zone 4 increased within the second half  in 
comparison with the first. Specifically, forwards duration of  time 
spent in zone 3 increased by 2% and in zone 4, by 3%. Martinez-
Lagunas et al4 stated that the amount of  HIR completed in the 
second half, compared to the first half  of  match-play, decreases 
due to temporary and permanent forms of  fatigue. Since football 
game intensity and fatigue is influenced by the opponent and tacti-
cal preferences of  the coach, the data should be considered care-
fully due to using a SAFT90. Nonetheless, Jones et al42 stated that 
the fatigue induced by the SAFT90 protocol is representative of  the 
responses associated with actual football match-play.53

 In summary, overall external distance during a SAFT90 is 
similar to that of  competitive match-play. The results indicated that 
all positions workloads externally are different, with midfielders 
achieving the highest overall distance, in comparison with forwards 
and defenders, who completed the least. Defenders spent a higher 
percentage of  the protocol within the lowest intensity zones with 
forwards rarely performing below zone 2 (70-85% HRmax) result-
ing in forwards spending the largest percentage of  the game at the 
highest intensities. This data should be included in specific train-
ing programmes addressing the tactical positions of  players. In the 
case of  forwards, the objective is to increase performance at short-
durations and at the highest intensities, since their main focus is to 
move at pace to create space to receive the ball or break through 
oppositions defensive lines. Midfielders are the players who spent 
the most time between zone 2 (70-85% HRmax), zone 3 (85-90% 
HRmax) and zone 4 (90-95% HRmax). In addition, across both halves 
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and the total 90-minutes, they spent a higher percentage of  time 
in zone 4 (90-95% HRmax) than defenders and forwards, suggest-
ing higher aerobic requirements of  these players. This higher re-
quirement of  aerobic activities should be included in the physical 
training of  midfielders to improve their recovery and consequently 
their performance. 

REFERENCES

1. Santos R, Sousa C, Olher R, Neto I, Pereira L, Sales M. Com-
parison of  the anaerobic power of  Brazilian Professional Football 
Players Grouped by tactical position. J Sports Sci Med. 2014; 3:13-18. 

2. Marshall P, Lovell R, Jeppesen G, Kristoffer A, Sieger J. Ham-
string muscle fatigue and central motor output during a simulated 
soccer match. PLoS One. 2014; 9(7): 1027-53. doi.org/10.1371/
journal.pone.0102753

3. Ade J, Fitzpatrick J, Bradley P. High-intensity efforts in elite soc-
cer matches and associated movement patterns, technical skills and 
tactical actions. J Sports Sci. 2016; 34: 2205-2214.
 
4. Martinez-Lagunas V, Niessan M, Hartmann U. Women’s foot-
ball: Characteristics and demands of  the game. J Sport Health Sci. 
2014; 3: 258-272. doi: 10.1016/j.jshs.2014.10.001

5. Selmi MA, Sassi H, Yahmed H, Moalla W, Elloumi M. Effect of  
between-set recovery durations on repeated sprint ability in young 
soccer players. Biol Sport. 33(2): 165-172. doi: 10.5604/20831862

6. Botek M, Krejčí J, Weisser R. Autonomic cardiac regulation and 
morpho-physiological responses to eight week training preparation 
in junior soccer players. Acta Gymnica. 2014; 44(3): 155-163. doi: 
10.5507/ag.2014.016

7. Andrzejewski M, Chmura J, Dybek T, Pluta B. Sport exercise 
capacity of  soccer players at different levels of  performance. Biol 
Sport. 2012; 29(3): 185-191. 

8. Belka J, Hulka K, Safar M, Weisser R. External and internal load 
on playing positions of  elite female handball players (U19) dur-
ing competitive matches. Acta Gymnica. 2016; 46(1): 12-20. doi: 
10.5507/ag.2015.025

9. Galy O, Zoubir B, Hambli M, Chaouachi A, Hue O, Chamari K. 
Relationships between heart rate and physiological parameters of  
performance in top level water polo players. Biol Sport. 2014; 31: 
33-38. 

10. Ademovic A. Differences in the quantity and intensity of  play-
ing in elite soccer players of  different positions in the game. Homo 
Sporticus, 2016; 18: 26-31.

11. Bojkowski L, Śliwowski R, Wieczorek A, Eider J. Analysis of  
the longest distances run by the best soccer players at The Fifa 
World Cup in Brazil in 2014. European Journal of  Sport Sciences and 

Medicine. 2015; 11(3):145-151. doi: 10.18276/cej.2015.3-15

12. Nilsson J, Cardinale D. Aerobic and anaerobic test perfor-
mance among elite male football players in different team posi-
tions. Lase Journal of  Sport Science. 2015; 6(2): 73-92. doi: 10.1515/
ljss-2016-0007

13. Bangsbo J, Mohr M, Krustrup P. Physical and metabolic de-
mands of  training and match-play in the elite football player. J 
Sports Sci. 2006; 24(7): 665-674. doi: 10.1080/02640410500482529

14. Di Mascio M, Bradley P. (2013). Evaluation of  the most inten 
se high-intensity running period in english FA premier league soc-
cer matches. J Strength Cond Res. 2013. 27(4), 909-915. doi: 10.1519/
JSC.0b013e31825ff099

15. Andersen T, Bendiksen M, Pedersen J, et al. Kicking veloc-
ity and physical, technical, tactical match performance for U18 fe-
male football playerseffect of  a new ball. Hum Mov Sci. 2012; 31(6): 
1624-1638. doi: 10.1016/j.humov.2012.07.003

16. Dallaway N. Movement profile monitoring in professional 
football. [Unpublished master’s thesis]. Birmingham, UK: Univer-
sity of  Birmingham; 2013.

17.Hoff  J, Helgerud J. Endurance and strength training for soc-
cer players: Physiological Considerations. Sports Med. 2004; 34(3): 
165-180.18. Shalfaw S, Ingebrigtsen J, Dillern T, Tonnessen E, 
Kristoffer T, Enoksen E. The effect of  40m repeated sprint train-
ing on physical performance in young elite male soccer players. 
Serbian Journal of  Sports Sciences. 2012; 6(3): 111-116. doi: 10.1519/
JSC.0b013e3182023a65

19. Bradley PS, Bendiksen M, Dellal A, et al. The application of  
the Yo-Yo intermittent endurance level 2 test to elite female soccer 
populations. Scand J Med Sci Sport. 2014; 24(1): 43-54. doi: 10.1111/
j.1600-0838.2012.01483

20. Andrzejewski M, Chmura J, Pluta B, Konarski J. Sprinting activ-
ities and distance covered by top level Europa league soccer play-
ers. Internal Journal of  Sports Science and Coaching. 2015; 10(1): 39-50. 
doi: 10.1260/1747-9541.10.1.39

21. Di Salvo V, Tschan H, Bachl N. Performance characteristics 
according to playing position in elite soccer. Int J Sports Med. 2007; 
28(3): 222-227. doi: 10.1260/1747-9541.10.1.39

22. Tierney P, Young A, Clarke N, Duncan M. Match play demands 
of  11 versus 11 professional football using global positioning sys-
tem tracking: Variations Across Common Formations. Hum Mov 
Sci. 2016; 49: 1-8. doi: 10.1016/j.humov.2016.05.007

23. Reilly T, Thomas V. A motion analysis of  work-rate in different 
positional roles in professional football match-play. Journal of  Hu-
man Movement Studies. 1976; 2(2): 87-97.

32Original Research | Volume 4 | Number 2|

http://journals.plos.org/plosone/article%3Fid%3D10.1371/journal.pone.0102753
http://journals.plos.org/plosone/article%3Fid%3D10.1371/journal.pone.0102753
https://www.ingentaconnect.com/content/doaj/20952546/2014/00000003/00000004/art00003
http://http://183.indexcopernicus.com/abstracted.php%3Flevel%3D5%26ICID%3D1198633
https://www.researchgate.net/publication/269518549_Autonomic_cardiac_regulation_and_Morpho-physiological_responses_to_eight_week_training_preparation_in_junior_soccer_players
https://www.ingentaconnect.com/content/doaj/23364912/2016/00000046/00000001/art00002
https://www.researchgate.net/publication/304467887_Analysis_of_the_Longest_Distances_Run_by_the_Best_Soccer_Players_at_the_FIFA_World_Cup_in_Brazil_in_2014
https://www.researchgate.net/publication/307967256_AEROBIC_AND_ANAEROBIC_TEST_PERFORMANCE_AMONG_ELITE_MALE_FOOTBALL_PLAYERS_IN_DIFFERENT_TEAM_POSITIONS
https://www.researchgate.net/publication/307967256_AEROBIC_AND_ANAEROBIC_TEST_PERFORMANCE_AMONG_ELITE_MALE_FOOTBALL_PLAYERS_IN_DIFFERENT_TEAM_POSITIONS
https://www.tandfonline.com/doi/abs/10.1080/02640410500482529%3FjournalCode%3Drjsp20
10.1519/JSC.0b013e31825ff099
10.1519/JSC.0b013e31825ff099
https://www.sciencedirect.com/science/article/abs/pii/S0167945712000929
https://insights.ovid.com/crossref%3Fan%3D00124278-201109000-00003
https://insights.ovid.com/crossref%3Fan%3D00124278-201109000-00003
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1600-0838.2012.01483.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1600-0838.2012.01483.x
http://journals.sagepub.com/doi/abs/10.1260/1747-9541.10.1.39
http://journals.sagepub.com/doi/abs/10.1260/1747-9541.10.1.39
https://www.ncbi.nlm.nih.gov/pubmed/27269201


Mills CD, et al.

Sport Exerc Med Open J. 2018; 4(2): 16-23. doi: 10.17140/SEMOJ-4-157 PUBLISHERS

24. Jozak R, Peric A, Bradic A, Dizdar D. Position-related differ-
ences in the amount, intensity and speed of  movement in elite 
football players. Homo Sporticus. 2011; 13(2): 16-22.

25. Goncalves B, Figueira B, Macas V, Sampaio J. Effect of  player 
position on movement behaviour, physical and physiological per-
formance during an 11-a-side football game. J Sports Sci. 2014; 
32(2): 191-199. doi: 10.1080/02640414.2013.816761

26. Hulka K, Weisser R, Belka J. Effect of  the pitch size and pres-
ence of  goalkeepers on the workload of  players during small-sided 
soccer games. J Hum Kinet. 2016; 51(1): 175-181. doi: 10.1515/
hukin-2015-0180.

27. Hoff  J, Wisloff  U, Engen L, Kemi O, Helgerud J. Soccer spe-
cific aerobic endurance training. J Sports Med. 2002; 36(3): 218-221.
doi:10.1136/bjsm.36.3.218

28. Gamble P. Challenges and games-related solutions to metabolic 
conditioning for team sports. Strength and Conditioning Journal. 2007; 
29(4): 60-65. doi: 10.1519/00126548-200708000-00010

29. Campos-Vazquez M, Mendez-Villanueva A, Gonzalez-Jurado 
J, Leon-Prados J, Santalla A, Suarez-Arrones L. Relationships be-
tween rating of  perceived exertion and heart rate deprived internal 
training load in professional soccer players. Int J Sports Physiol Per-
form. 2015; 10(5): 587-592. doi: 10.1123/ijspp.2014-0294
30. Coelho D, Mortimer L, Condessa L, et al. Intensity of  
real competitive soccer matches and differences among 
player positions. Artigo Original. 2011; 13(5): 341-347. doi: 
10.5007/1980-0037.2011v13n5p341

31. Waldron M, Highton J. Fatigue and pacing in high-intensity 
intermittent team sport: An update. Sports Med. 2014; 44(12): 1645-
1658. doi: 10.1007/s40279-014-0230-6

32. Kenney WL, Wilmore JH, Costil DL. Physiology of  Sport and 
Exercise. IL, USA: Human Kinetics. 2012.

33. Taskin H, Erkmen N, Cicioglu I. The examination of  the heart 
rate recovery after anaerobic running in soccer players. Coll Antrop-
ol. 2014. 38(1): 207-211.

34. Azidin R, Sankey S, Drust B, Robinson M, Vanrenterghem 
J. Effects of  treadmill versus overground soccer match simula-
tions on biomechanical markers of  anterior cruciate ligament in-
jury risk in side cutting. J Sports Sci. 2015; 33(1): 1332-1341. doi: 
10.1080/02640414.2014.990491

35. Deprez D, Fransen J, Lenior M, Philippaerts R, Vaeyens 
R. The Yo-Yo intermittent recovery test 1 is reliable inyoung 
high-level soccer players. Biol Sport. 2015; 32(1): 65-70. doi: 
10.5604/20831862.1127284.

36. Mohr M, Krustrup P. Yo-Yo intermittent recovery test perfor-

mances within an entire football league during a full season. J Sports 
Sci. 32(4): 315-327 doi: 10.1080/02640414.2013.824598

37. Bradley O, Bendiksen M, Dellal A, Mohr M, Wilkie A, Datson, 
N. The application of  the Yo-Yo intermittent endurance Level 2 
test to elite female soccer populations. Scand J Med Sci Sports. 2012; 
24(1): 43-54. doi: 10.1111/j.1600-0838.2012.01483 

38. Barrett S, Midgley A, Towlson C, Garrett A, Portas M, Lovell R. 
Within-match-play load patterns during a simulated soccer match. 
Int J Sports Physiol Perform. 2015; 10: 135-140. doi: 10.1123/ijspp. 
2014-0582.

39. Marshall P, Lovell R, Siegler J. Changes in passive tension of  
the hamstring muscles during a simulated soccer match. Int J Sports 
Physiol Perform. 2016; 11(5): 594-601. doi: 10.1123/ijspp.2015-0009

40. Krustrup P, Mohr M, Amstrup T, Rysgaard T, Johansen J, 
Steensberg A, Bangsbo J. The Yo-Yo intermittent recovery test: 
Physiological response, reliability, and validity. Med Sci Sports Exerc. 
2003; 35: 697-705. doi: 10.1249/01.MSS.0000058441.94520.32

41. Castagna C, Impellizzeri F, Chamari K, Carlomagno D, Rampi-
nini E. Aerobic fitness and Yo-Yo continuous and intermittent test 
performances in soccer players: A correlation study. J Strength Cond 
Res. 2006; 20(2): 320-325. doi: 10.1519/R-18065.1

42. Jones R, Bennett R, Todd A. Muscle fatigue induced by a soc-
cer match play simulation in amateur black South African players. 
J Sports Sci. 2015; 33(12): 1305-1311. doi:10.1080/02640414.2015.
1022572

43. De Ste Croix M, Priestly M, Lloyd R, Oliver J. ACL injury risk 
in elite female youth soccer: Changes in neuromuscular control of  
the knee following soccer-specific fatigue. Scand J Med Sci Sports 
2014; 25(5): 531-538. doi: 10.1111/sms.12355

44. Andersson H, Randers M, Krustrup P, Mohr M. Elite fe-
male soccer players perform more high-intensity running when 
playing in international games compared with domestic league 
game. J Strength Cond Res. 2010; 24(4): 912-919. doi: 10.1519/
JSC.0b013e3181d09f21.

45. Sporis G, Jukic I, Ostojic S, Milanovic D. Fitness profiling in 
soccer: Physical and physiologic characteristics of  elite players. Na-
tional Strength and Conditioning Association. J Strength Cond Res. 
2009; 23(7): 1947-1953. doi: 10.1519/JSC.0b013e3181b3e141

46. Mohr M, Krustrup P. Yo-Yo intermittent recovery test perfor-
mances within an entire football league during a full season. J Sports 
Sci. 2014; 32(4): 315-327. doi: 10.1080/02640414.2013.824598

47. O’Connor DT. Motion analysis of  elite touch players. In: Fourth 
World Congress of  Science and Football. London, England: E&FN 
Spon: 2002.

33 Original Research | Volume 4 | Number 2|

https://www.tandfonline.com/doi/abs/10.1080/02640414.2013.816761
http://https://content.sciendo.com/view/journals/hukin/51/1/article-p175.xml
http://https://content.sciendo.com/view/journals/hukin/51/1/article-p175.xml
http://bjsm.bmj.com/content/36/3/218
http://https://insights.ovid.com/crossref%3Fan%3D00126548-200708000-00010
http://https://journals.humankinetics.com/doi/10.1123/ijspp.2014-0294
https://periodicos.ufsc.br/index.php/rbcdh/article/view/1980-0037.2011v13n5p341
https://link.springer.com/article/10.1007/s40279-014-0230-6
https://www.tandfonline.com/doi/abs/10.1080/02640414.2014.990491%3FjournalCode%3Drjsp20
https://www.ncbi.nlm.nih.gov/pubmed/25729152
https://www.tandfonline.com/doi/abs/10.1080/02640414.2013.824598
https://insights.ovid.com/crossref%3Fan%3D00005768-200304000-00023
http://europepmc.org/abstract/MED/16689621
https://www.tandfonline.com/doi/abs/10.1080/02640414.2015.1022572%3FjournalCode%3Drjsp20
https://www.tandfonline.com/doi/abs/10.1080/02640414.2015.1022572%3FjournalCode%3Drjsp20
https://onlinelibrary.wiley.com/doi/abs/10.1111/sms.12355
http://https://insights.ovid.com/crossref%3Fan%3D00124278-201004000-00004
http://https://insights.ovid.com/crossref%3Fan%3D00124278-201004000-00004
https://insights.ovid.com/crossref%3Fan%3D00124278-200910000-00005
https://www.tandfonline.com/doi/abs/10.1080/02640414.2013.824598


Mills CD, et al.

Sport Exerc Med Open J. 2018; 4(2): 16-23. doi: 10.17140/SEMOJ-4-157 PUBLISHERS

48. Reilly T, Keane S. Estimation of  physiological strain on Gaelic 
football players during match-play. In: Science and Football IV.  Lon-
don, England: E&FN Spon: 2002.

49. Antonacci L, Mortimer L, Rodrigues V, Coelho DB, Soares 
DD, Silami-Garcia E. Competition, estimated and test maximum 
heart rate. J Sports Med Phys Fitness. 2007; 47(4): 418-421.

50. Mortimer L, Condessa L, Rodrigues V, Coelho DB, Soares 
DD, Silami-Garcia E. Comparison between the effort intensity of  
young soccer players in the first and second halves of  the soccer 
Game. Portuguese Journal of  Sport Sciences. 2006; 6: 154-159.

51. Vencurik T, Nykodym J, Struhar I. Heart rate response to 
game load of  U19 female basketball players. International Network 
of  Sport and Health Science. 2015; 10(Proc1): 410-417. doi:10.14198/
jhse.2015.10.Proc1.33
52. Orendurff  MS, Walker JD, Jovanovic M, Tulchin KL, Levy M, 
Hoffmann DK. Intensity and duration of  intermittent exercise and 
recovery during a soccer match. J Strength Cond Res. 2010; 24(10): 
2683-2692. doi:10.1519/JSC.0b013e3181bac463

53. Small K, McNaughton L, Lovell R. The effects of  multidi-
rectional soccer-specific fatigue on markers of  hamstrung in-
jury risk. J Sci Med Sport. 2010; 13(1): 120-125. doi: 10.1016/j.
jsams.2008.08.005

34Original Research | Volume 4 | Number 2|

http://http://rua.ua.es/dspace/handle/10045/52362%3Flocale%3Den
http://http://rua.ua.es/dspace/handle/10045/52362%3Flocale%3Den
https://insights.ovid.com/crossref%3Fan%3D00124278-201010000-00015
doi:%2010.1016/j.jsams.2008.08.005
doi:%2010.1016/j.jsams.2008.08.005


SPORTS AND EXERCISE MEDICINE
Open Journal

ISSN 2379-6391

PUBLISHERS

Effects of Different Types of Active Recoveries after 
Supramaximal Exercise on Exercise-Induced Stress and 
Subsequent Anaerobic Power Testing

Hiroto Tsujikawa, PhD1*; Risa iwata, MS2; Arashi ishi3; Koki Nagatsu3; Shino Sasaki, NS, MSN1; Koji Sugiyama,PhD3

1Faculty of Health Science and Nursing Health, Juntendo University, Omiya Town, Mishima City, Shizuoka 411-8787,  Japan
2Waseda University Graduate School of Sport Sciences, Mikajima, Tokorozawa, Saitama 359-1192, Japan
3Department of Health & Physical Education, Shizuoka University Faculty of Education, Ohya, Suruga, Shizuoka 422-8529, Japan

*Corresponding author
Hiroto Tsujikawa, PhD 
Associate Professor, Faculty of Health Science and Nursing, Juntendo University, 3-7-33, Omiya Town, Mishima City, Shizuoka 411-8787, Japan; 
Tel: +81-55-991-3111; E-mail: hiroto@juntendo.ac.jp

Article information
Received: April 26th, 2018; Revised: June 20th, 2018; Accepted: July 16th, 2018; Published: July 18th, 2018

Cite this article
Tsujikawa H, Iwata R, Arashi Ishi, Nagatsu K, Sasaki S, Sugiyama K. Effects of different types of active recoveries after supramaximal exercise on exercise-induced 
stress and subsequent anaerobic power testing. Sport Exerc Med Open J. 2018; 4(2): 35-43. doi: 10.17140/SEMOJ-4-158

Original Research

ABSTRACT

   Copyright 2018 by Tsujikawa H. This is an open-access article distributed under Creative Commons Attribution 4.0 International License (CC BY 4.0), which 
allows to copy, redistribute, remix, transform, and reproduce in any medium or format, even commercially, provided the original work is properly cited.

35Original Research | Volume 4 | Number 2|

cc

Aim: This study aimed to elucidate the efficacy of  active recovery (AR) after supramaximal exercise in six-healthy adult male uni-
versity students who habitually exercised. 
Methods: Prior to this test, the participants underwent the normal walking (W) and Nordic walking (NW) tests to determine their 
physical strength and intensity levels that will be utilized during their supramaximal exercise test and AR sessions. After 3 min of  
warm-up exercise, the participants started the main exercise at an intensity of  120 %VO2max. After completing the main exercise, 
the participants immediately moved to a treadmill and performed 20 min of  AR at a speed equivalent to 4 METs, calculated based 
on the walking tests. To eliminate the order effect of  W and NW, the participants were randomly assigned one of  the tests. The 
main exercise I (Ex I) consisted of  the same VO2, heart rate (HR), and total work load. After completing the Ex I, the participants 
immediately performed AR.
Results: No differences were observed between the two groups in terms of  VO2max, HR or rate of  perceived exertion (RPE) rat-
ings during AR because all the values gradually declined immediately after the exercise. Compared with the W group, the lactic 
acid (La) level of  the NW group during AR was lower than that immediately after the exercise (p< 0.05). Because the participants 
who performed the main exercise II (Ex II) had the same exercise performance as those who performed the Ex I, no significant 
differences were observed between the two groups in terms of  the exercise parameters. 
Conclusions: This was likely explained by the fact that La produced by the fast fibers of  the agonist muscles circulates within the 
tissues or throughout the entire body and is used by the lactobacillus shuttle in the fibers of  the myocardium and slow muscles 
as an energy substrate during oxidation.

Keywords: Active recovery; Repeated supramaximal exercise; 8-OHdG; Nordic walking.
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iNTRODUCTiON

Physical exhaustion is experienced after vigorous exercise due to 
a variety of  factors, including the production of  multiple exer-

cise-induced substances such as blood lactic accumulation (La) in 
the blood, salivary amylase1,2 which is a marker of  increased para-
sympathetic activity, and 8-Oxo-2'-deoxyguanosine (8-OHdG),3 

which is a marker of  DNA oxidative damage.

 In individuals who are engaged in sporting events, such 
as track and field and swimming that involve multiple repetitive 
actions over a single day, physical recovery from fatigue before the 
next sporting event is an important issue. The types of  recovery 
can be broadly classified into passive recovery, which is a cooling 
down period of  rest, and active recovery (AR), which is achieved 
exercise. In general, the optimal type of  AR is a low-intensity (30-
40% VO2max) aerobic exercise.4,5

 La is associated with fatigue because higher levels of  La 
in the blood cause a decline in pH. Specifically, increased produc-
tion of  hydrogen ions interferes with ATP-synthesis in skeletal 
muscles, which in turn makes it difficult to induce muscle contrac-
tion. Contrastingly, La is sometimes also considered as a source of  
energy. Although La is produced from the unoxidized pyruvic acid 
during ATP production via anaerobic metabolism by type IIb and 
other types of  fast muscle fibers, particularly those with abundant 
mitochondria (e.g. myocardial cells and type I fibers), it is used as 
an energy source during aerobic processes.6,7 Thus, the use of  dif-
ferent types of  exercises that utilize the cardiac muscle and type I 
fibers (thereby utilizing La) are more likely to be effective in AR.

 Occasionally, an athlete can collapse after completing an 
event, such as a cycle sprint or a short-or medium-distance sprint 
which mainly involves the utilization of  leg muscles. When this 
type of  acute passive recovery occurs after supramaximal exercise, 
the volume of  blood returning to the heart from the lower limbs 
decreases, which causes the loss of  consciousness.8 Abrupt cessa-
tion of  exercise may lead to hyperventilation,9 maintenance of  La 
levels,10 and persistent muscle pain.11 In cases where athletes are 
already exhausted after engaging in a sporting event, they may not 
be able to perform AR exercises. Thus, an easy method for per-
forming AR for athletes must be investigated.

 Since 2000, Nordic walking (NW) originating in Finland 
has gained in popularity as a healthy sports activity by northern 
Europeans.12 At a given walking speed, NW involves upper body 
muscles and induces greater exercise intensity asrising energy con-
sumption compared with normal walking (W).13-15,17

 The aim of  our study was to clarify the effect of  active 
recovery (AR) after supramaximal exercise in which the leg muscles 
was taken as the protagonist muscles. In this study, the participants 
performed one of  the two different types of  AR exercises, wherein 
they were required to support their body weight. These AR activi-
ties were performed after a supramaximal exercise in which the leg 
muscles were utilized as the protagonist muscles. The intensity of  
the AR tasks was the same as that of  the exercise task. An anaero-
bic power test (AT) was then implemented, and its effect on the 

AR task was investigated.

METHODS

Participants

The participants were healthy adult men who habitually exercised 
(n=6). Their age, height, weight, body fat percentage, and blood 
pressure (systolic) were as follows [mean±standard deviation 
(SD)]: 21.8±0.8 years, 174.7±3.7 cm, 74.3±6.7 kg, 12.4%/2.4%, 
120.0±8.8 mmHg, respectively (Table 1). All subjects regularly en-
gaged in physical exercise. All participants were familiarized with 
the experimental procedures, and it was ensured that the attach-
ment of  the experimental device to the body did not have any 
effects on the physiological responses of  the participants each ex-
ercise protocols. The participants were instructed not to consume 
large amounts of  caffeinated or alcoholic beverages on the day 
prior to the testing and to get enough sleep on the previous night. 
They were also instructed to eat breakfast on the day of  testing, 
to stop eating at least 2 h prior to the testing, and to be at rest in 
the testing room. As high-intensity exercises were involved in this 
study, the participants underwent a pretest for safety purposes, and 
those who could reach a VO2max of  at least 50 mL/kg/min were se-
lected. All the participants were provided with a complete oral and 
written explanation of  the objective, contents, safety, and ethical 
considerations of  the study, such as data management procedures 
prior to the start of  testing, and informed consent was obtained 
from them. This study was approved by the institutional review 
board of  Juntendo University Faculty of  Health Science and Nurs-
ing (Approval No: 24005).

Procedures

Overview: To elucidate the AR effect of  NW performed after the 
main exercise at an intensity of  120% VO2max, the physiological re-
sponse to a performance test during and after recovery was investi-
gated. The tests consisted of  two types and were conducted as pre-
tests at least one week before main exercise: 1) all-out test (stepped 
exercise load test using a cycle ergometer) and 2) walking test 
[treadmill walking of  either the W or NW type at a speed of  60–
120 m/min]. The main tests were conducted under the conditions 
indicated below. To eliminate the order effect, the participants were 
randomly assigned to perform one of  the tests, and the effect of  
AR was measured using the cross-over method. In consideration 
of  the carryover effect, at least 1 week was secured during each test.

1) W test: It was performed as an AR activity after the Ex I. After 5 
min of  seated rest, Ex II was performed, followed by AT, involving 
three sets of  full-speed pedaling for 10 s at 2-min intervals.

2) NW test: It was performed in a similar manner as the W test; 
however, it was utilized as the AR activity.

Pretest protocol: At least 1-week prior to main test, the partici-
pants performed 1) maximal exercise test for measuring the VO-
2max and 2) Walking (W and NW) test for calculating AR intensity. 

Maximal exercise test: The participants performed a maximal ex-



Tsujikawa H

Sport Exerc Med Open J. 2018; 4(2): 35-43. doi: 10.17140/SEMOJ-4-158 PUBLISHERS

37Original Research | Volume 4 | Number 2|

ercise test on a cycle ergometer to calculate the exercise intensity 
of  the main exercise tasks. The participants entered the testing 
room 30 min prior to the start of  the test. After checking their 
overall physical condition, height, weight, and blood pressure were 
measured, and they were then instructed to rest. Blood pressure 
was measured using a digital sphygmomanometer (TERUMO). 
HR was measured by placing the electrocardiography (ECG) elec-
trodes at the following locations: the manubrium of  the sternum, 
acromion, and midaxillary line of  the fifth rib. The participants 
remained at rest in a seated position, and an air collection mask was 
fixed to their faces to measure their respiratory gas concentration 
and ventilation volume. After measuring their resting metabolism 
for 5 min, the stepped exercise tolerance test was performed us-
ing a cycle ergometer (PowerMax VIII, Combi Wellness Corpora-
tion, Tokyo, Japan). After 2 min of  pedaling at 90-rpm revolutions 
and 1.0-kp load, the load was gradually increased at the rate of  0.2 
kp/min until the participant was exhausted.16 The reason why the 
pedaling exercise employed “90 rpm” rather than the general 60 
rpm is because the main exercise is performed with 120% VO2max 
intensity, which is suitable to be more type II fiber recruitment.17 

 The participant’s subjective evaluation of  the exercise in-
tensity was recorded using the Borg scale 15 s before increasing 
the load and speed. The VO2maxcriteria were as follows: leveling 
VO2max; achieving maximum HR; and achieving Borg scale score 
of  20.

Walking (W and NW) tests: Prior to the start of  the test, W and 
NW tests were conducted to calculate the W and NW speeds, re-
spectively, during the AR activity. The AR intensity in this study was 

set at 4 metabolic equivalents (METs) of  the task, and the walk-
ing speed at this intensity was calculated using the interpolation 
method. The oxygen intake of  the participants at rest was 4.3±0.9 
mL/kg/min, and their VO2max was 54.1±2.6 mL/kg/min, indicat-
ing that the intensity of  4 METs ranged from 25.7% to 31.0% 
of  VO2max The maximal exercise test was performed in a similar 
manner as the above mentioned preparations, except that the rest-
ing metabolism was measured. The treadmill inclination was set 
at 5%. The participants performed the W test for 2 min, followed 
by the NW test for 2 min. Thus, their walking speed was gradually 
increased over 4 min, with the walking time increasing from 60 m/
min to 120 m/min.14 The device was set to allow walking speeds 
of  up to 120 m/min in each case. The subjective exercise intensity 
assessment results of  the participants were recorded immediately 
prior to shifting from the W to NW test and again immediately 
before the conclusion of  the NW test using the OMNI scale.

Main test protocol (Figure 1): The participants performed the 
same above mentioned preparations. Their respiratory gas and 
blood La levels were measured while at rest. The position of  the 
cycle ergometer was adjusted as follows: the participants mounted 
and placed the device, with one foot on the pedal, to adjust the 
height so that the knee was at maximum extension. Immediately 
after the resting period, the participants mounted the cycle ergom-
eter and performed 3 min of  warm-up at 1.5 kp×60 rpm. The Ex 
I consisted of  90 s of  pedaling at an intensity of  120% VO2max.The 
load equivalent to 120% VO2max when pedaling was performed at 
120 rpm was recalculated from the load (kp)-%VO2max relational 
expression at the maximal exercise test (Table 1). This high fre-
quency in the Ex I and II assumes the condition that recruitment 

Table 1. Physical Characteristics and  vO2max, HRmax and the Main Exercise Load (120% vO2max) obtained in Maximal Exercise Test

Subject Age
(yrs)

Height
(cm)

Weight
(kg)

%Fat
(%)

Mean of systolic 
blood pressure
              (mmhg)

vo2max
(ml/min/kg)

HRmax
bpm

Exercise load
120% VO2max:kp

A 22 175.2 74.8 12.6 121 56.8 179 3.61

B 22 171.5 65.5 9.5 125 55.1 174 3.33

C 21 173.7 77.6 12.5 130 51.7 191 3.65

D 22 179.1 82.2 14.4 122 50.3 177 3.94

E 21 178.6 78.7 15.6 104 56.6 190 3.63

F 23 169.8 66.8 9.7 118 53.9 180 3.20

mean 21.8 174.7 74.3 12.4    120.0 54.1 181.8 3.56

SD 0.8 3.7 6.7 2.4 8.8 2.6 7.0 0.26

maximum oxygen uptake; vo2max

maximum heart rate; HRmax.

Figure1. Main Exercise (Ex I and Ex II) Protocol
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of  type II fibers increases and anaerobic metabolism is promoted.18 
After the completion of  this exercise, they immediately moved to 
the treadmill, where they reproduced the same VO2max as that dur-
ing the walking test; then, they performed 20 min of  AR at a speed 
equivalent to 4 METs under both conditions. The participants 
were instructed to walk assuming that they were pressing against 
the floor with their lower limbs while performing the NW test. The 
length of  the poles used during the NW test was similar to that of  
the poles used in the pretest (height×0.68), which was in accor-
dance with the International Nordic Walking Association (INWA) 
guidelines.12 After AR, the participants remained seated for 5 min 
and then performed the Ex II with the same intensity as that of  
Ex I. Then, they immediately performed AT. Their performance 
results were then compared

Measurements

Physiological parameters: The respiratory gas concentrations were 
corrected using the concentrations of  three types of  gases that 
were measured prior to the exercises (O2, 15.71%; CO2, 4.47%; 
and N2, 79.81%). The respiratory gas concentration and ventilation 
volume were measured every 15 s during both the resting and exer-
cise periods using an automatic respiratory gas analyzer aerometer 
(AE-310s, Minato Medical Science Co. Ltd, Osaka, Japan).

 HR was measured using a patient monitoring device 
(BSM-2401, Nihon Kohden Corp., Tokyo, Japan). ECG waves 
were continuously recordedand were subjected to A/D conversion 
(PowerLab 16/30, ADInstruments, Sydney, Australia) at 1 kHz. 
The data were then entered into a specialized computer software 
(LabChart 7 Japanese, ADInstruments, Sydney, Australia), and at 
30-s intervals in the continuously recorded data, HR (bpm) for 
each minute was calculated from the number of  R-peaks.

 La levels were measured using a blood lactate analyzer 
(Lactate Scout, EKF Diagnostics, Cardiff, UK). When collecting 
blood samples, the participants’ fingertips were disinfected using 
alcohol and a cotton swab and then completely dried. Next, the 
fingertip was punctured using a lancet (BD Safety Lancet, BD, Ja-
pan). The initial quantity of  blood from the puncture was wiped 
away using KimwipeTM, and 0.5 µl of  blood was then collected.

 We measured 8-Oxo-2'-deoxyguanosine (8-OHdG) activ-
ity, which is an index of  exercise-induced stress, in the urine using a 
urinary oxidative stress marker monitor (ICE-001, TechnoMedica 

Co., Ltd., Kanagawa, Japan). Prior to the pretest resting period, im-
mediately after the test, approximately 2 mL of  urine samples were 
collected, which were then frozen until analysis.

Localized fatigue in the upper and lower limbs: The participants 
underwent subjective assessments of  localized fatigue of  the upper 
and lower limbs using the visual analog scale (VAS) immediately af-
ter the start of  AR, at 2 and 5 min, and thereafter at 5-min intervals 
up to 20-min after the test. A Likert-type scale ranging from not 
fatigued at all (0 mm) to fatigued (100 mm) was used by the partici-
pants who placed a check mark at the appropriate level.

Work and workload: Work was measured by recording the con-
tinuous data for power value (WATT) every 0.1 s that was output 
by the computer receiving the data from the cycle ergometer. To 
eliminate the effect of  the participant’s body types when compar-
ing the data, we calculated the value after dividing by the body 
weight (watt/kg). The total workload over a 90-s interval (kg×m) 
was calculated by dividing the workload for the 90-s interval calcu-
lated at every 0.1 s by 1.02.

Statistical analysis: All the measurement results were presented as 
the mean±SD. Regarding the normality of  the data, we confirmed 
the results consistent with the Gaussian distribution, and then 
2-way ANOVA was applied. In cases where a significant differ-
ence was observed, the Bonferroni test was used as a post-hoc test. 
Differences in the mean values of  speed and work, maximal AT 
values, and La after Ex Iand II were analyzed using the paired stu-
dent t-test. The standard of  significance was set at <5%. Statistical 
analysis was performed using Prism6 (GraphPad Software, USA).

RESULTS 

Pretest

All-out test: VO2 and HR increased as the speed and load increased. 
The participants maximum oxygen intake (VO2max) and maximum 
HR (HRmax) were 54.1±2.6 mL/kg/min and 181.8±7.0 bpm, re-
spectively. The main exercise load calculated using the load and 
%VO2 regression formula at 120 rpm was 3.56±0.26 kp (Table 2).

W and NW tests: No significant differences were observed be-
tween VO2 for W and NW at 60 m/min. However, the follow-
ing VO2 values were obtained for the tests: 18.7±2.1 and 20.5±3.2 
mL/kg/min at 80 m/min (p<0.05); 24.6±3.5 and 26.7±4.1 mL/

Table 2. Walking speed at 4 METs, expected HR and  vO2 obtained in Walk test

Subjects speed (m/ min)
        W        NW

VO2
(ml/min/kg)

HR (bpm)
          W      NW

A 60.0 57.0 14.2 90.0 92.8

B 91.2 87.6 21.4 108.1 107.6

C 66.7 60.4 15.9 92.2 92.9

D 85.5 79.0 12.6 85.6 88.5

E 69.2 61.9 21.4 109.9 112.7

F 66.0 51.5 16.8 94.4 84.8

mean 73.1  66.2* 17.1 96.7 96.6

SD 12.3 14.0 3.7 10.0 11.1
*p<0.05, compared to W
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kg/min at 100 m/min (p<0.05); and 32.6±3.8 and 36.3±4.3 ml/
kg/min at 120 m/min (p<0.05), respectively. These results indi-
cated that the VO2 values were speed-dependent and were higher 
for NW than for W (Figure 2a).

 No difference was observed between the HRs in W and 
NW at 60 and 80 m/min. However, the following values for W 
and NW were obtained: 117.3±11.8 and 123.8±14.1 bpm at 100 
m/min ing (p<0.05) and 141.0±12.1 and 150.3±14.7 bpm at 120 
m/min (P<0.05), respectively. These results indicated that HR was 
speed-dependent and tended to be high for NW than for W, which 
was similar to that observed for VO2 (Figure 2b).

 The walking speeds equivalent to an intensity of  4 METs 
during AR activity as calculated based on the walking tests are shown 
in Table 1. The walking speeds for W and NW were 73.1±12.3 and 
66.2±14.0 m/min, respectively, indicating that the walking speed 
for NW was significantly lower than that for W (p<0.01). The an-
ticipated VO2 and HR when AR was performed at these walking 

speeds were 17.1±3.7 mL/kg/min (both the groups), 96.7±10.0 
bpm (W), and 96.6±11.1 bpm (NW), respectively (Table 2).

Main Exercises

Ex i: The total values calculated from the Ex I were 3761.2±229.6 
kg×m for W and 3730.6±249.1 kg×m for NW, indicating that 
there was no significant difference between them (Figure 3d). The 
comparison of  the power values (WATT/kg) sampled at 0.1-s in-
tervals during Ex I indicated that there was no significant differ-
ence between N and NW. However, within 1 s after standing, NW 
had a significantly lower power value than W (p<0.05; Figure 3a). 
The investigation of  VO2 (Figure 3c) and HR (Figure 3d) for both 
the conditions during Ex I indicated that there were no significant 
differences between the two conditions, suggesting that the same 
exercise load was applied to both the exercise groups.

AR: Physiological response and subjective assessment of  exercise 
intensity during AR The investigation of  VO2 and HR while at 

Figure 2. Changes of vO2(a) and HR(b) in Walking Test

Figure 3. Time-course of Power (a), Total  Work Load (b), vO2 (c) and HR (d) in Supramaximal Ex I
Figure 4. Changes of  vO2 (a), HR (b), La (c) and vAS Scale (upper limb: d and lower limb: e) 
during AR
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rest, immediately after Ex I, and up to 20 min after AR indicated 
that although the values tended to be lower in NW than in W, the 
differences were not statistically significant (Figures 4a and 4b).

 The maximum La levels for NW immediately after the 
main exercise until 5 min after the exercise were significantly lower 
than those for W (11.6±0.7 mM vs. 12.9±1.5 mM; p<0.05). La lev-
els for W and NW after ≥10 min of  exercise indicated that there 
were no significant differences between the values for N and NW, 
although the values were lower for NW than for W (Figure 4c).

 No statistically significant differences were observed be-
tween the two groups in terms of  VAS scores (Figures 4d and 4e), 
which indicated localized fatigue of  the upper and lower limbs dur-
ing AR activity.

Ex ii: The total work values for W and NW calculated for Ex II 
were 3808.3±271.0 kg*m and 3779.3±258.6 kg*m, respectively, 
indicating that the work was similar for both the exercises (Figure 
5d). The power values during Ex II were significantly lower for 

NW within 1 s after starting the activity, as observed in main ex-
ercise I (p<0.05; Figure 5a). No statistically significant differences 
were observed between VO2 (Figure 5b) or HR (Figure 5c) for W 
and NW during Ex II.

Blood LA levels after the main exercises: La levels immediately 
after completing Ex I for W and NW were 12.8±2.3 and 11.1±1.8 
mM, respectively, which were not significantly different from La 
values immediately after completing Ex II. (W: 12.9±3.0 mM; NW, 
12.1±1.7 mM; Figure 6).

AT: After Ex II, the participants performed AT, which consisted of  
three sets of  full-power bicycle pedaling for 10 s using the Power-
Max VIII as the default program. The first attempt was designated 
as step 1, second as step 2, and third as step 3. The maximum 
anaerobic power values for W and NW as calculated based on AT 
were 13.70±1.1 watt/kg and 14.5±1.0 watt/kg, respectively, indi-
cating that the values for NW were significantly higher than those 
for W (p<0.05; Figure 7a). The comparison of  the actual measured 
values indicated that the maximum power for steps 1-3 during W 

Figure 7. Total Work Load (a), Work Load in each STEPs (b) and Time-course of Power of each STEPs (c) in Anaerobic Power Test

Figure 5. Time-course of Power (a), Total Work Load (b), vO2 (c) and HR (d) in Supramaximal Ex II Figure 6. La after each Supramaximal Exercise Test
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was 10.50±0.9 watt/kg (step 1), 13.4±0.9 watt/kg (step 2), and 
13.0±2.0 watt/kg (step 3), whereas during NW was 10.4±1.1 watt/
kg (step 1), 14.3±0.8 watt/kg (step 2), and 13.9±2.4 watt/kg (step 
3), respectively (Figure 7b). The maximum power for step 2 was 
significantly higher during NW than during W (p<0.05). Figure 7c 
shows the variations in the power values at all the steps. 

Urinary 8-OHdG activity: Figure 8a shows the changes in urinary 
8-OHdG levels prior to Ex I until 12 h post-exercise (next morn-
ing). The levels were approximately two-fold higher after the main 
exercises than those before for both the exercises. The maximum 
values were obtained 3 h after the exercise, which returned to base-
line levels after 6 h. The pre-exercise 8-OHdG levels for W and 
NW were 12.0±4.3 and 8.8±2.3 ng/mg/CRE (NS),whereas the 
levels immediately after the exercises were 23.2±5.7 and 18.4±4.7 
ng/mg/CRE (NS), respectively, indicating a significant increase 
after the exercises. However, no significant differences were ob-
served between the groups (Figure 8b). Although not shown in the 
data, no statistically significant differences were observed between 
the pre- and post-maximal exercise test urinary 8-OHdG levels for 
the aerobic exercise.

DiSCUSSiON 

This study aimed to investigate the physiological responses to a 
performance test during and after recovery to elucidate the AR ef-
fect of  NW performed after supramaximal exercise.

 VO2max measured for the maximal exercise test performed 
by the participants was 54.1±2.6 mL/kg/min, regardless of  the 
fact that it was performed on a cycle ergometer. VO2max measured 
using a cycle ergometer is approximately 10% lower than that mea-
sured using a treadmill, because the cycle ergometer values mea-
sure localized exercise.13 Based on this fact, we anticipated that the 
value measured when using the treadmill would be approximately 
60 mL/kg/min, as the participants were individuals with a high 
degree of  physical strength. The intensity levels of  Ex I and II 
were calculated by extrapolating the work at an intensity of  120% 
VO2max using relative expression (primary regression equation) of  
the load (kp) and %VO2max measured during the Ex test. The load 
value was then recalculated for pedaling at 120 rpm for 90 s. More 
fast muscle fibers were mobilized when the pedaling speed was 

increased over 90 rpm; thus, by increasing glycolysis, the exercise 
activity promoted lactate acid metabolism. Therefore, we set the 
main exercises at parameters of  120 %VO2max, 120 rpm, and 90 
s because we believed that these parameters would be appropri-
ate for investigating the AR effect on exercises involving sufficient 
mobilization of  fast muscle fibers.

 We investigated whether both the conditions during Ex 
I had the same performance level, and the results showed that the 
work values for Ex I (W, 3761.2±229.6 kg*m; NW, 3730.6±249.1 
kg*m) did not significantly differ between the two conditions. 
Moreover, VO2 and HR, which are physiological indices, increased 
over time under both the conditions (p<0.001), and no significant 
differences were observed between the conditions. Based on these 
findings, the effectiveness of  AR and subsequent performance 
could be identified. Studies on W and NW tests indicated that 
VO2, HR, and OMNI scores for both W and NW were consis-
tent between the present and previous studies.13 Moreover, these 
values significantly increased with increasing speed (p<0.001), and 
the speed maintained at 4 METs during NW (66.2±14.0 m/min) 
was significantly slower than that during W (73.1±12.3 m/min; 
p<0.05). With the use of  an exercise that involves different body 
weight support for AR activity, we selected conditions with dif-
ferent AR intensities for the main exercises. The major difference 
between the two conditions was the fact that W was mainly a lower 
limb exercise, whereas NW was a more systematic exercise which 
mobilized both the trunk and upper limbs. NW has a larger stride 
than W, and therefore, it can be performed at a lower speed even 
at the same intensity as that of  W. Furthermore, it can be assumed 
that in NW, there is less load on the lower limbs.14,15,17 Because NW 
mobilizes the muscles of  the trunk and upper limbs, which are less 
utilized when performing the main exercise of  pedaling with lower 
limbs at rest, there may be differences in AR effects for W and NW 
despite being performed at the same intensity.

 No significant differences were found between the 
two conditions in terms of  VO2 and HR. The investigation of  
all the parameters, regardless of  the fact that the exercises were 
performed at the same intensity, indicated that La levels peaked 
immediately after completing the main exercise until 5 min after 
the exercise and significantly declined under both the conditions 
(p<0.05). However, although the performance was similar during 

Figure 8. Time-course of Urine 8-OHdG (a) and compared with W to NW in Urine 8-OHdG (b)
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both the exercises, during Ex I, the La peak during W was signifi-
cantly higher than that during NW (p<0.05), and it later reached 
the same level. These differences in La peaks may be attributed to 
the speed at which La was released into the bloodstream and its 
reuse (the lactate shuttle) in the protagonist muscles.6,7 The lactate 
produced by fast muscle fibers is released into the bloodstream 
and then circulates throughout the body. However, as the protago-
nist muscles worked at a relatively low intensity during NW, there 
may be an increased substrate utilization of  lactate by slow muscle 
fibers when the muscles of  the upper limbs and trunk were simul-
taneously utilized.19 The actual HR during AR was slower in NW 
than in W; However, both the rates were approximately similar. 
When vigorous arm movements are added to leg exercises, both 
the blood flow in the upper limbs and oxidation in the muscles 
decline,19 therefore, individuals with weak upper limb muscles ex-
perience overload during NW.20 Further studies on the appropriate 
setting of  load intensity must be conducted.

 The comparisons of  post-AR performance tests indicat-
ed that total work, VO2, HR, and power fluctuations over time did 
not significantly differ between the two conditions during Ex II. 
The results of  subsequent performance tests indicated that there 
were significantly higher maximum AT values for NW than for W 
(p<0.05). Moreover, significant differences were observed between 
steps 1 and 3, and the maximum power value at step 2 was signifi-
cantly higher for NW than for W. This indicated that the amount 
of  La energy exerted with respect to the anaerobic energy supplied 
plays a major role during NW. Specifically, our findings suggested 
that AR in the form of  NW contributes to energy recovery in the 
La system. During NW, a better blood supply was maintained in 
the upper limbs and trunk than during W. Thus, La reuse was ef-
fective, and as the load was distributed to the upper limbs and 
trunk, the total load on the lower limbs decreased. This was the 
major reason for the improvement in performance. Moreover, 
during exercise, the blood flow is redistributed to the protagonist 
muscles3; therefore, during supramaximal exercise, hepatic blood 
flow volume and La glyconeogenesis via the Cori cycle decrease.21 

Nevertheless, because systemic blood flow increases during NW, 
slow muscle fibers are utilized, and the myocardium allows a more 
effective energy recovery during W, which is then used for subse-
quent performance.

 The results of  our urinary 8-OHdG activity measure-
ments, which were used as an index of  stress induced by anaerobic 
exercise, indicated that there were no significant differences be-
tween the two conditions during W and NW. However, the activity 
significantly increased after the exercise. Increased 8-OHdG activ-
ity was maintained at a high-level until 3 h after the exercise. How-
ever, after 6 h, it returned to the resting level. Urinary 8-OHdG 
activity is affected by the type of  exercise, and it does not signifi-
cantly increase during aerobic exercises.22, 23

 Finally, the use of  NW as an AR exercise led to high max-
imum power values in step 2 during AT. This suggested that NW 
contributed to energy recovery in the La system. Future studies 
on the association between increased intensity of  the main exer-
cise, conditions that increase La metabolism, upper limb muscle 
strength, and body composition must be conducted to elucidate 

the efficacy of  NW as a form of  AR exercise.

 Although the number of  cases in this study is small, it is a 
new finding that sufficient direction can be shown in the effective-
ness of  active recovery by Nordic walking.

 However, as an experimental limitation, there is a need 
to conduct a more practical examination and there is a need for 
examining by increasing the number of  subjects under practical 
measurement conditions.

CONCLUSiON

By mobilizing the upper limb and trunk muscles, which are utilized 
sparingly when the protagonist muscles of  the lower limbs are rest-
ing after performing Ex I (lower limb exercise), we investigated the 
speed of  recovery. The results indicated that although there were 
no significant differences between the two conditions during Ex II, 
which was a similar exercise performed after Ex I, same amount 
of  work was performed in both the exercises. However, the maxi-
mum anaerobic power of  the performance test performed after 
the pretest was significantly higher for NW. The maximum power 
value for step 2 was high, which suggested that it played a role in 
the energy recovery of  the La system.
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Background
Within a law enforcement agency (LEA), custody assistants (CAs) are responsible for upholding proper safety and security inside 
correctional facilities. However, unlike other law enforcement positions, CAs may not be subjected to fitness testing prior to 
matriculation. If  there are differences in fitness between recruits across different classes, this could influence training adaptations 
following academy.
Purpose
The purpose of  this study was to investigate the physical fitness of  CAs across three different academy classes.
Methods
A retrospective examination of  performance data was conducted on 108 CAs from three classes (Class 1: males=29, females=11; 
Class 2: males=22, females=16; Class 3: males=18, females=12). The fitness tests encompassed: number of  push-ups and sit-ups 
in 60 seconds; 201-meter (m) and 2.4-kilometer (km) run times; and estimated maximal aerobic capacity (VO2max) derived from the 
2.4-km run. To compare males and females from the classes (the sexes were analyzed separately), a one-way analysis of  variance-
with Bonferroni post hoc was utilized (p<0.05). Effect sizes (d) were also calculated. 
Results
Class 2 males executed significantly more sit-ups than those from Class 3. There were moderate effects for the greater number 
of  push-ups completed by Class 2 compared to Class 3, and the faster 201-m run for Class 3 compared to Class 2 (d=0.60-1.00). 
There were no significant between-class differences for the females, but moderate effects for the greater sit-ups and estimated 
VO2max for Class 1 compared to Class 3 (d=0.64-0.76).
Conclusion
Even without physical testing prior to academy, the CA classes from this LEA seemed to be relatively similar in fitness. How-
ever, physical training instructors should acknowledge that there may be select variances between certain classes (e.g. abdominal 
strength measured by sit-ups; anaerobic endurance measured by the 201-m run). Instructors should utilize appropriate assess-
ments to characterize fitness of  their recruits, and where possible, tailor training accordingly.
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INTRODUCTION

Custody assistants (CAs) are law enforcement personnel that 
assist law enforcement officers (LEOs) and deputies with 

maintaining safety and security in custody detention, station jails, 
or court lockup facilities. Although CAs tend to support the work 
of  LEOs at the detention facilities, they still may be required to 
perform extraordinary physical activity during a work shift.1 Some 
of  the more important tasks for CAs include the searching of  
cells, responding to alarms to assist colleagues, physical confronta-
tions which could involve control and restraint of  an inmate, or 
the need to pursue and corral an inmate attempting to evade re-
straint.2,3 Tasks such as emergency response and inmate confronta-
tions could potentially be very physically taxing for a CA, and could 
endanger the safety and well-being of  the CA, their colleagues, 
and other inmates. Accordingly, it has been recognized that cor-
rectional populations should have an acceptable level of  strength, 
endurance, flexibility, and general fitness to complete the tasks de-
manded of  them.2,3

 
 Despite the importance of  physical health and fitness for 
a CA, depending on the agency, applicants for a CA position may 
not need to complete any physical fitness testing prior to matricula-
tion.4 Fitness testing is typically used by a law enforcement agency 
(LEA) to ensure that they find candidates that have the requisite 
physical abilities to complete job-specific training and the tasks re-
quired in the occupation. Not incorporating any physical testing 
prior to matriculation, in addition to the non-discriminatory hiring 
practices adopted by most LEAs,5 could mean that the pool of  
potential qualified CA recruits is greater. This increase in pool size 
may be of  benefit to the LEA in terms of  increasing their ability 
to select the most viable recruits and as a means to fill any vacant 
positions. However, a possible by-product of  this approach is that 
the number of  potential qualified individuals, and the resulting ac-
cepted recruits, may have very different fitness levels prior to com-
mencing the academy training period.

 Academy is where LEA instructors will train recruits so 
that they can tolerate the physical rigors of  the profession, while 
also teaching the necessary procedures required for the job.6-8 Spe-
cific to CAs, some examples would be completing physical training 
(PT) to develop base aerobic and anaerobic fitness for job-related 
tasks, defensive tactics training to learn specific inmate restraint 
techniques and self-defense, and learning the proper procedures 
for processing and supervising inmates, conducting cell searches, 
and other CA-specific responsibilities. These teaching units are 
commonly taught in a standardized manner, in order to meet the 
requirements of  the LEA and state in which the LEA is based. 
In accordance with this, and with specific reference to PT, many 
agencies will adopt a one-size-fits-all approach.8-10 What this means 
is that all recruits within a class will complete a standard set of  ex-
ercises and activities, regardless of  any pre-existing fitness or ability 
levels. This approach is often adopted due to the time constraints 
associated with academy, the number of  recruits within a class rela-
tive to the number of  PT instructors, and the fact that job tasks will 
remain the same regardless of  the age, sex, and fitness of  the CA. 
Nevertheless, this approach could be problematic if  the recruits 

in a class vary greatly in their levels of  fitness. For example, in law 
enforcement officers, numerous studies have shown inherent dif-
ferences in fitness between males and females as shown by perfor-
mance in assessments such as the maximum number of  push-up 
in 60 seconds (sec), vertical jump, and 2.4 kilometer (km;  1.5 mile)
run.5,11-13 This could potentially lead to a higher rate of  injury in 
females if  they are required to complete the same level of  training 
as males, which has been shown to occur in recruits from the mili-
tary.14 Further, age may also have an impact on the physical fitness 
of  law enforcement populations.11,12 From a training perspective, 
even though there may be set curriculum and expectations for PT, 
the same training stimulus may not be optimal for all recruits to 
meet the same required end of  course performance standard. This 
could be especially true if  the fitness levels of  CA recruits vary 
considerably.
 
 The intensities of  specific training units within a PT ses-
sion (e.g. circuit training, calisthenics, formation runs) is generally 
dependent on the overall fitness of  the class.9,10 For example, it 
can be observed that during a PT session, such as a formation 
run (a long, slow distance run where the class stays in an orga-
nized formation along a set route),9 the intensity is generally set 
towards those recruits of  lesser fitness. This is done in attempt to 
ensure that the class stays in formation for the duration of  the run. 
Nonetheless, modifying training intensity towards the bottom end 
of  a class is an issue, because if  an inappropriate load is applied, 
this can result in under-training for more fit recruits.15 It should 
also be noted, however, that adjusting training intensity towards 
more fit recruits can also be problematic, as too great an intensity-
for less fit individuals could lead to over-training and an increased 
risk of  injury.15-17 Orr and Moorby18 demonstrated the limitations 
of  group training in Australian Army recruits where heart rates 
for a given group endurance marching session had some recruits 
working above 180 beats per minute, and others at approximately 
150 beats per minute. In an investigation of  a standardized forma-
tion run where individual fitness can be reflected in the heart rate 
response in CA recruits, Cesario et al.9 noted that the heart rate 
responses varied between high, moderate, and low fitness recruits. 
Collectively, these results suggest that different training stimuli are 
being applied to individuals within the one group session.

 There is currently no research that has demonstrated the 
pre-existing fitness levels of  CA recruits in typical tests for law en-
forcement populations prior to academy training. This is important 
information to document, as it could help dictate program design 
for practitioners and PT instructors who work with CAs and cus-
tody populations. Given the previous research has recommended 
individualized19 and ability-based training8-10 for law enforcement 
populations to enhance fitness and prevent injury, information 
such as this could dictate whether this approach is relevant in CA 
recruits. Therefore, the purpose of  this study was to investigate the 
characteristics of  CAs from three different classes prior to acad-
emy training. It was hypothesized that there would be significant 
differences between these assessments (number of  push-ups and 
sit-ups, 201-meter [m] and 2.4-km run times) across the different 
CA classes. This would be true when considering the overall means 
for the classes, and for both males and females.
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METHODS

Participants

Data were collected by the training staff  of  one LEA from the USA 
and were released with consent from that organization. A sample 
of  convenience comprised of  108 CA recruits (age: 27.91±6.87 
years; body mass: 75.59±15.73 kg), which encompassed all recruits 
from three academy classes. The academy training period for each 
of  the three classes was conducted separately over the time period 
from December 2016 until May 2017, but all occurred at the same 
facility. The sample included 69 males (age: 27.54±6.74 years; body 
mass: 81.27±15.22 kg) and 39 females (age: 28.56±7.13 years; body 
mass: 65.68±11.11 kg). Similar to previous research on tactical 
populations,12,20,21 only age and body mass data were available for 
the description of  the participants. Based on the archival nature of  
this analysis, the institutional ethics committee approved the use of  
pre-existing data (HSR-17-18-370). Regardless, the study still con-
formed to the recommendations of  the Declaration of  Helsinki.

Procedures

The data utilized in this study were collected by the CA training 
staff  of  one LEA using the procedures that are detailed. Instruc-
tors who held a Tactical Strength and Conditioning Facilitator 
(TSAC-F) certification from the National Strength and Condition-
ing Association in the USA verified the proficiency of  the staff. 
All testing was conducted in the first week of  academy training 
for each CA class in the order presented here. This typically oc-
curred between the times of  0600-0700. The push-up and sit-up 
tests were conducted outdoors at the start of  one physical training 
session at the LEA’s training facility. The 201-m and 2.4-km run 
were performed on an athletics track at the LEA’s facility.

Push-up Test

Upper-body strength endurance was assessed via a maximal push-
up test where recruits completed as many repetitions as possible 
in 60-sec. The protocol for this assessment followed that of  es-
tablished research.6,11,12,20-22 The recruits started in the ‘up’ position, 
with their body taut and straight, their hands positioned shoulder-
width apart, and their fingers pointed forwards. A partner placed 
a fist on the floor directly under the recruit’s chest, which ensured 
that the recruits descended to an appropriate depth. On the start 
command, the tester began the stopwatch and the recruit lowered 
themselves until their chests contacted their partner’s fists, before 
returning to the start position. The recruits performed as many 
push-ups as possible using this technique in the allotted time pe-
riod. Recruits could rest in the up position with straight arms, but 
only full repetitions were recorded.
 
Sit-up Test

Strength endurance of  the abdominal muscles was assessed via 
the sit-up test, where the recruits completed as many repetitions 
as possible in 60-sec.6,11,12,21,22 The recruits laid on their backs with 
their knees flexed to 90°, heels flat on the ground, and hands 

cupped behind their ears. The feet were held to the ground by 
a partner during the test. On the start command, recruits raised 
their shoulders from the ground while keeping their hands cupped 
at their ears and touched their elbows to their knees. The recruit 
then descended back down until their shoulder blades contacted 
the ground, and completed as many repetitions as possible in the 
allocated time period. Recruits could rest in the up position, but 
only full repetitions were counted.

201-m (220-yard) Run

The 201-m run has been used previously in physical assessment 
batteries of  firefighters,23 and was adopted by the PT instructors 
in this study. A running test over this distance provided a measure 
of  anaerobic capacity.24 The 201-m distance was marked on the 
athletics track, and the recruits were instructed to run the distance 
as quickly as possible. The recruits completed the runs in their pla-
toons (groups of  between 8-12 recruits). Time for each recruit was 
recorded to the nearest 0.10 sec by a handheld stopwatch, a com-
mon practice in law enforcement testing.6,11,12,21 Test administrators 
trained in the use of  stopwatch timing procedures, which the PT 
instructors were, can record reliable data.25 

2.4-km (1.5-mile) Run

The 2.4-km run was used to assess aerobic capacity and is com-
monly used for this purpose in tactical populations.6,11,12,21,22 The 
test was performed on an athletics track where the recruits were 
required to complete six laps of  the 400-m track as quickly as 
possible. The 2.4-km run time was recorded for each recruit on 
a handheld stopwatch to the nearest 0.10 sec, and the final run 
time was recorded in minutes: seconds (min: sec). Maximal aerobic 
capacity (VO2max) was estimated for male and female recruits via 
the following equations,26 and expressed in milliliters of  oxygen 
consumed per kg body mass per min (ml.kg-1.min-1):
 
Male VO2max (ml.kg-1.min-1)=91.736-(0.1656 x body mass)-(2.767 x 
2.-km run time in min).

Female VO2max (ml.kg-1.min-1)=88.020-(0.1656 x body mass)- (2.767 
x 2.4-km run time in min).

 These equations were used as the sample population in 
this study had a mean age that fell within the range detailed by 
George et al.26

Statistical Analysis 

All statistical analyses were computed using the Statistics Package 
for Social Sciences (Version 24.0; IBM Corporation, New York, 
USA). Descriptive statistics (mean±standard deviation [SD]; 95% 
confidence intervals [CI]) were calculated for each test parameter. 
A one-way analysis of  variance (ANOVA), with Bonferroni post 
hoc adjustment for multiple pairwise comparisons, was used to cal-
culate any differences between the different classes, with males and 
females analyzed separately. Statistical significance was set at p< 
0.05 a priori. Effect sizes (d) were also calculated for the between-
group comparisons, where the difference between the means was 
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divided by the pooled SD.27 In accordance with Hopkins,28 a d less 
than 0.2 was considered a trivial effect; 0.2 to 0.6 a small effect; 0.6 
to 1.2 a moderate effect; 1.2 to 2.0 a large effect; 2.0 to 4.0 a very 
large effect; and 4.0 and above an extremely large effect. As de-
scribed by Lockie et al.29 effect sizes were included in this research 
to provide useful and practical information. Furthermore, scatter 
plots were also produced for each fitness test to derive the spread 
of  scores relative to the individual CA recruit from each class.

RESULTS 

The descriptive data for the overall class means is shown in Table 
1, and there were no significant differences between the classes 
when male and female data was combined for any of  the assess-
ments (p=0.093-0.998). All between-class effect sizes for the com-
parisons were trivial-to-small (Table 2). Descriptive data for the 
male and female CA recruits from the three classes is shown in 

Table 3, while the pairwise effect size data for the males and fe-
males is displayed in Tables 4 and 5, respectively. With regards to 
the males, there were no significant differences between the three 
classes in age, body mass, number of  push-ups, 2.4-km run time, 
or estimated VO2max (p=0.154-0.946). There was a moderate ef-
fect size for the greater number of  push-ups completed by Class 
3 compared to Class 2, although the difference was not signifi-
cant (p=0.366). The initial one-way ANOVA suggested that there 
were significant differences in the number of  sit-ups (p=0.035) 
and 201-m run time (p=0.047). The post hoc analysis revealed that 
the males from Class 2 completed significantly more sit-ups com-
pared to the Class 3 males (24%;  p=0.042), which had a moderate 
effect size. Regarding the 201-m run, the post hoc revealed that 
there were no significant between-group differences, although the 
faster time for Class 3 approached significance when compared to 
Classes 1 (18%; p=0.086) and 2 (19%; p=0.079). There was also a 
moderate effect size for the difference between Classes 2 and 3.

Table 1. Descriptive Data (mean±SD; 95% CI) for all Custody Assistant Recruits from Three Classes Prior to Academy Training

 Class 1 (n=40) Class 2 (n=38) Class 3 (n=30)

Age (years) 27.30±6.17 (25.33-29.27) 27.34±6.47 (25.22-29.47) 29.43±8.14 (26.39-32.47)

Body mass (kg) 76.87±18.13 (71.08-82.67) 74.92±14.43 (70.11-79.74) 76.82±14.70 (71.33-82.31)

Push-ups (no.) 31.08±16.09 (25.93-36.22) 29.34±14.16 (24.69-34.00) 33.27±15.30 (27.55-38.98)

Sit-ups (no.) 37.70±8.83 (34.88-40.52) 39.82±16.25 (34.47-45.16) 33.30±9.98 (29.57-37.03)

201 m run (sec) 36.40±10.87 (32.92-39.88) 37.84±8.29 (35.12-40.57) 33.30±8.96 (29.96-36.64)

2.4 km run (min:sec) 14:29±3:39 (13:19-15:39) 14:29±2:29 (13:40-15:19) 14:27±2:53 (13:21-15:33)

VO2max (ml•kg-1•min-1) 38.57±11.49 (34.89-42.24) 37.50±9.40 (35.48-40.71) 37.50±9.40 (34.00-41.01)

Table 2. Pairwise Effect Size Data for all Custody Assistant Recruits from Three Classes Prior to Academy Training

 Class 1 – Class 2 Class 1 – Class 3 Class 2 – Class 3

Age 0.01 0.29 0.28

Body mass 0.12 0.00 0.13

Push-ups 0.11 0.14 0.27

Sit-ups 0.16 0.47 0.48

201 m run 0.15 0.31 0.53

2.4 km run 0.00 0.01 0.01

VO2max 0.10 0.10 0.00

Table 3. Descriptive Data (mean±SD; 95% CI) for Male and Female Custody Assistant Recruits from Three Classes Prior to Academy Training

Males Females

 Class 1 (n=29) Class 2 (n=22) Class 3 (n=18) Class 1 (n=11) Class 2 (n=16) Class 3 (n=12)

Age (years) 26.90±5.77
(24.70-29.09)

27.77±5.65
(25.27-30.28)

28.28±9.29
(23.66-32.90)

28.36±7.31
(23.45-33.28)

26.75±7.60
(22.70-30.80)

31.17±5.98
(27.37-34.37)

Body mass (kg) 82.60±17.68
(75.87-89.33)

81.68±13.37
(75.59-87.76)

81.10±14.18
(74.05-88.15)

61.77±7.75
(56.56-66.98)

66.06±10.68
(60.37-71.75)

70.40±13.55
(61.79-79.01)

Push-ups (no.) 36.14±14.46
(30.64-41.64)

36.91±10.35
(32.32-41.50)

42.94±9.71
(38.12-47.77)

17.73±12.41
(9.39-26.06)

18.94±12.05
(12.52-25.36)

18.75±9.41
(12.77-24.73)

Sit-ups (no.) 38.00±9.22
(34.49-41.51)

43.91±13.94
(37.73-50.09)

35.50±6.91*

(32.07-38.93)
36.91±8.08

(31.48-42.34)
34.19±17.93
(24.63-43.74)

30.00±13.00
(21.74-38.26)

201 m run (sec) 35.51±12.35
(30.82-40.22)

36.00±4.13
(34.17-37.83)

29.17±8.71
(24.84-33.50)

38.73±5.04
(35.34-42.11)

40.38±11.57
(34.22-46.54)

39.50±4.95
(36.36-42.64)

2.4 km run (min:sec) 14:21±4:04
(12:49-15:54)

13:46±2:19
(12:44-14:48)

13:15±2:04
(11:44-14:45)

14:50±2:18
(13:17-16:22)

15:29±2:26
(14:11-16:47)

16:09±1:48
(15:00-17:18)

VO2max (ml•kg-1•min-1) 39.22±12.84
(34.34-44.10)

40.85±7.56
(37.50-44.20)

41.32±9.26
(36.71-45.92)

36.85±7.02
(32.13-41.56)

34.31±7.02
(30.56-38.05)

31.78±6.38
(27.73-35.84)

*Significantly (p<0.05) less than Class 2.
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 There were no significant differences between classes for 
the female CA recruits in age, body mass, or any of  the fitness as-
sessments (p=0.184-0.961). There were moderate effect sizes for 
the greater age for Class 3 compared to Class 2, and body mass 
for Class 3 compared to Class 1, but both were non-significant 
(p=0.331 and 0.203, respectively). There were also moderate ef-
fect sizes for the 23% greater number of  sit-ups and 16% higher 
estimated VO2max for Class 1 compared to Class 3, but again, these 
were non-significant (p=0.761 and 0.253, respectively).

 Figures 1 through 3 display the individual scores for each 
CA recruit from the three classes in the push-up and sit-up test, 
201 m and 2.4 km run, and estimated VO2max from the 2.4 km run, 
respectively. The scores in the push-up test ranged from a low of  
0 repetitions to a high of  64 repetitions across the three classes. 
The sit-up test also had a low of  0 repetitions, and a high of  90 
repetitions. The 201 m run time had a slowest time of  95 sec, and 
a fastest time of  25 sec. The 2.4 km run time had a slowest time of  
31:35 min:sec (1895 sec), and a fastest time of  9:59 min:sec (599 
sec). Finally, the lowest estimated VO2max from the three classes 
was 15.84 ml·kg-1·min-1, and the highest was 55.81 ml·kg-1·min-1.    

Table 4. Pairwise Effect Size Data for Male Custody Assistant Recruits from Three 
Classes Prior to Academy Training

 Class 1 – Class 2 Class 1 – Class 3 Class 2 – Class 3

Age 0.15 0.18 0.07

Body mass 0.06 0.09 0.04

Push-ups 0.06 0.55 0.60*

Sit-ups 0.50 0.31 0.76*

201 m run 0.05 0.59 1.00*

2.4 km run 0.18 0.31 0.19

VO2max 0.15 0.19 0.06
*Moderate effect for the pairwise comparison.

Table 5. Pairwise Effect Size Data for Female Custody Assistant Recruits from Three 
Classes Prior to Academy Training

 Class 1 – Class 2 Class 1 – Class 3 Class 2 – Class 3

Age 0.22 0.42 0.65*

Body mass 0.46 0.78* 0.36

Push-ups 0.10 0.09 0.02

Sit-ups 0.20 0.64* 0.27

201 m run 0.18 0.15 0.10

2.4 km run 0.28 0.64 0.31

VO2max 0.36 0.76* 0.38
*Moderate effect for the pairwise comparison.

Figure 1. Individual Scores for the Push-Up (A) And Sit-Up (B) Tests in Male and Female Custody Assistant 
Recruits from Three Classes Prior to Academy Training

Figure 2. Individual Times for the 201 M (A) and 2.4 Km (B) Runs in Male and Female Custody Assistant 
Recruits from Three Classes Prior to Academy Training

DISCUSSION 

This study investigated the physical fitness characteristics of  CA 
recruit classes prior to academy training. Physical testing may not 
be required prior to matriculation into academy for certain LEAs,1 
which could result in classes that are different in their physical fit-
ness levels prior to training. The results from this study suggested 
that even without pre-employment testing, the fitness characteris-
tics of  CA recruits across three classes were relatively similar for 
both males and females when considering overall mean data (both 
select differences for males (strength endurance as measured by

Figure 3. Individual Estimated VO2max from the 2.4 Km Run in Male and Female Custody Assistant Recruits 
from Three Classes Prior to Academy Training
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push-ups and sit-ups, and anaerobic capacity as measured by 201-
m run time) and females (abdominal strength as measured by sit-
ups and estimated VO2max derived from the 2.4-km run) between 
the classes. Any differences in fitness between recruit classes sug-
gests that a ‘one-size-fits-all’ approach to academy training may be 
less than optimal, and ability-based training could be explored in 
this population.8-10

 Physical fitness testing is often used by LEAs to in an 
attempt to find recruits that are capable of  completing training 
and tasks specific to the occupation, while also not discriminating 
against individuals on the basis of  age, sex, and ethnicity.5  The 
non-inclusion of  physical testing could expand the potential candi-
date pool, but may mean that a great range of  fitness levels would 
be present in recruit classes. Specific to CAs, the results from this 
study suggested that when considering the overall mean data for 
male and female recruits, there were relatively few differences be-
tween the three classes. These results further suggest that the hiring 
practices adopted by this LEA, which include an initial application, 
written test, background checks, and medical and psychological 
evaluations,1 can result in classes with relatively similar fitness char-
acteristics, as measured by maximal push-ups and sit-ups, and 201-
m and 2.4-km runs. However, when considering individual results, 
it was evident there was a great spread of  fitness across the recruits 
from each of  the classes as measured by each test. Further to this, 
the spread of  individual scores resulted in select differences be-
tween the classes for both the males and females.

 Recognizing potential fitness differences for individual 
recruits in CA academy classes is important for practitioners and 
PT instructors, as individualized training programs have been rec-
ommended for law enforcement populations.19 Indeed, if  there is 
variation in fitness for individuals within a class, adopting a ‘one-
size-fits-all’ model of  training may not be optimal. As an example, 
this is an issue with formation runs in CA recruits9 and endurance 
marching in army recruits,18 as the same relative workload results 
in different intensities amongst individuals. With regards to the fe-
males, there was a moderate effect size for the higher estimated 
VO2max from the 2.4-km run for Class 1 compared to Class 3. Fur-
ther, for both the male and female recruits, there was a spread of  
scores for both the 2.4-km run time and estimated VO2max when 
considered specific to each individual across the three classes. This 
is a particular issue as the male and female recruits train together, 
and this could increase the risk of  injury for the females.14

 Orr et al.8 analyzed ability-based training for running in 
Australian police recruits, and found that this could be a more time-
efficient way to develop aerobic conditioning when compared to a 
more traditional interval running model, as measured by the 30-15 
intermittent fitness test. Furthermore, Orr et al.8 found a reduced 
rate of  injury in ability-based training groups when compared to 
police recruits who completed interval running not based on abil-
ity (4-6% vs. 10-14% of  the respective groups). While the previous 
examples involve police recruits, in military recruit training sudden 
increases in training loads have been is associated with an increased 
risk of  injury.30 Similarly, inappropriate application of  training load 
can further contribute to an increased risk of  injury,15 which could 
occur in interval training that is not based on the fitness level of  

individuals or smaller ability-based groups. Given the potential 
variations in aerobic fitness that could exist between individual CA 
recruits, ability-based running training could be incorporated into 
academy training with the dual goals of  increasing fitness while 
also reducing the probability of  injury. The effects of  this type of  
training approach requires further investigation in tactical popula-
tions.

 If  ability-based training is appropriate for aerobic condi-
tioning in law enforcement recruits,8 it could also be appropriate 
for anaerobic-based training as well. Select differences were seen 
in tests that emphasized anaerobic capacity for the CA recruits in 
this study. The males in Class 2 completed significantly more sit-
ups compared to Class 3, and there were moderate effect sizes for 
the greater number of  push-ups completed by Class 2 compared 
to Class 3, and the faster 201-m run time for Class 3 compared to 
Class 2. With regards to the females, there was a moderate effect 
size for the greater number of  sit-ups for Class 1 compared to 
Class 3. Further to this, the spread of  individual scores in the push-
up test, sit-up test, and 201-m run highlights discrepancies between 
individual CA recruits, which is some cases was very marked. For 
example, there were CA recruits who could not complete a push-
up or sit-up prior to academy, and there was one recruit who took 
more than 90-seconds to complete the 201-m run. This could be 
a major issue for these recruits, as a lack of  strength and anaero-
bic capacity could negatively affect their ability to complete es-
sential job tasks (e.g. response to emergencies, inmate pursuit and 
restraint).2,3 Furthermore, given these differences in initial fitness 
levels, ability-based anaerobic training should be a consideration 
for TSAC-F and training instructors.

 Some of  the challenges for implementing ability-based 
strength and anaerobic training is the absence of  equipment and 
appropriate training space at LEA facilities. The use of  alterna-
tive implement training (e.g. sand bags, kegs, tires, battle ropes) 
could be utilized if  there is a lack of  traditional resistance training 
equipment and gym space.31,32 This would allow for ability-based 
strength and anaerobic-focused training to occur outdoors if  re-
quired, and resistance could still be manipulated (e.g. via degree of  
resistance, volume, sets, repetitions, and rest periods) depending 
on the ability level of  recruits. Circuit training could be adopted 
where factors such as these could be manipulated by instructors 
relative to the ability of  the CA recruits.10 Practitioners should at-
tempt to individualize their training programs targeting strength, 
power, and anaerobic endurance as much as possible, within the 
confines of  their equipment and location. This could lead to more 
optimal adaptations in fitness measures such as strength and an-
aerobic endurance in CA recruits. This should also be investigated 
further in law enforcement and tactical populations.

 There are several study limitations that should be noted. 
The class sizes investigated in this study were not the same size, 
nor were the numbers of  males and females in each class the same. 
However, class sizes are often dictated by the human resources 
division of  a LEA, and by how many applicants can successfully 
complete the hiring process by class start dates. There was no data 
available on the pre-academy training habits of  the CA recruits 
in this study, although potential recruits have no legal obligation 
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to provide this information to LEA hiring or training staff. Fur-
ther, the data analyzed in this study has practical relevance because 
these were actual CA classes from a LEA. This study did not de-
tail whether fitness changed over the course of  academy for each 
CA class specific to the training model used. Future studies should 
investigate whether fitness measures such as strength endurance, 
and anaerobic and aerobic capacity, improve over the course of  
academy in CA recruits. Furthermore, the implementation of  tra-
ditional and ability-based training methods for CAs and correc-
tional populations should be analyzed. 

 In conclusion, although the hiring practices of  LEAs 
should result in CA academy classes of  relatively similar charac-
teristics of  male and female recruits when considering mean data, 
there will be differences in fitness between individual recruits. This 
would suggest that a ‘one-size-fits-all’ model of  training may not 
be the most optimal approach. In order to note any strengths and 
weaknesses of  CA recruits, practitioners should use appropriate 
assessments to gauge the fitness characteristics of  their classes. 
Following this, it is suggested that PT programs be individualized 
as much as possible, and based on the ability levels of  the recruits. 
This could lead to PT being more time-efficient with more optimal 
changes in fitness for all recruits, while also reducing the risk of  
any injury that can occur via the inappropriate application of  train-
ing load. Even though the job tasks of  male and female CAs are 
the same following academy training, the prescription of  ability-
based training should better prepare each individual recruit so they 
will be able to all meet the same demands of  the profession.
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Introduction: “Cervical strain and whiplash” secondary to a motor vehicle accident (MVA) are commonly treated in 
an emergency room and frequently referred to outpatient physical therapy care. Though, the Quebec Task Force on whip-
lash associated disorder (WAD) has provided clinical practice guidelines, due to low-level evidence available, the third as-
pect of  evidence-based practice, namely, clinical expertise continues primarily to guide management of  this diagnosis.
Purpose: This case analysis applies current evidence regarding the use of  core stability training in WAD while also incorporating the 
World Health Organization’s International Classification of  Functioning, Disability and Health (ICF) Model in an elite athlete case. 
Methods: Case study generated regarding an elite athlete who sustained whiplash/cervical strain injury status post motor vehicle 
accident. The patient care model was utilized to detail the application of  evidence based practice.
Discussion: Discussion points to apply current evidence are integrated within each aspect of  the patient care model, namely, 
Evaluation, Assessment, Diagnosis, Prognosis and Intervention.
Conclusions: Though low-level evidence has been available to support clinical management guidelines for management of  whip-
lash, clinicians can refer to these guidelines while applying available evidence and clinical expertise for effective patient recovery.

Keywords: Cervical strain; Whiplash; Pain management.
 

INTRODUCTION 

Cervical strain and whiplash are common diagnoses given to 
patients who sustain cervical pain after a motor vehicle ac-

cident (MVA) with whiplash being the most commonly treated 
emergency room diagnosis in the USA.1 These patients are rou-
tinely seen by primary care physicians and can be referred to out-
patient physical therapy (PT) care. The internationally recognized 
definition of  whiplash injury according to the Quebec Task Force 
(QTF) on whiplash associated disorders (WAD), is an acceleration-
deceleration mechanism of  energy transfer to the neck may result 
from rear-end or side-impact motor vehicle collisions, but can also 
occur during driving or other mishaps.2 The whiplash diagnosis is 
given to patients with cervical pain associated with MVA whether 
or not they have sustained the true quick flexion extension mecha-
nism that defines a whiplash injury. In Quebec, the incidence rates

for whiplash are reported as 70 per 100,000 individuals while this 
is reported as 106 per 100,000 in Australia. In the United King-
dom, 3 in 1,000 individuals will sustain a true whiplash injury per 
year.3 There is also an increase in patients seeking healthcare for 
WAD in the last 30 years as greater than 3/1000 individuals in 
North America and Western Europe have sought care for whip-
lash injuries resulting from MVA.1,4 Though cited costs vary, an-
nual costs attributed to treatment of  individuals who develop 
chronic symptoms and subsequent work loss in the UK is reported 
as 3 billion pounds per year and up to $230 billion in the USA.

 Though the Quebec Task Force (QTF) on WAD was 
convened to provide clinical practice guidelines, the resultant docu-
ment is critiqued as lacking rigor due to the dearth of  high-level ev-
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idence available for review and selection bias in the methodology. 
The New South Wales Clinical Guidelines for the Management of  
WAD funded by the Motor Accidents Authority5,6 was undertaken 
to update the QTF guidelines based upon more recent evidence, 
however encountered the limitation of  low-level evidence and so 
also deferred to professional expertise of  the panel for formation. 
Therefore, there exist clinical practice guidelines to assist the clini-
cian in the management of  WAD, however, clinical expertise con-
tinues as a critical component to patient management. 

 To demonstrate an application of  clinical practice guide-
lines and use of  clinical expertise the following is a Case Analysis, 
whereby a specific real-life situation is used to provide assessment 
and interpretation of  the decisions made in the management of  a 
cervical strain/whiplash injury. The line of  reasoning and assess-
ment of  the assumptions made with this patient scenario are in-
cluded following the data presented. In accordance with current 
clinical practice, the World Health Organization’s International 
Classification of  Functioning, Disability and Health (ICF) Model,7 
see Figure 1, is used as a framework for the holistic approach used 
with this patient case along with the Patient Management Model 
for PT Intervention that includes, Examination, Evaluation, As-
sessment, Diagnosis, Prognosis, Intervention.8

 With regard to prognosis, various estimates are reported. 
The QTF concluded that most whiplash injuries are self-limiting 
and “short-lived”,2 however, other authors have found that be-
tween 14 and 42% of  patients develop chronic symptoms for 
longer than 6 months and 10% of  these have severe pain of  a 
constant nature.9 Other authors have estimated that the prognosis 
for patients with a true whiplash injury is “good” for 40% of  the 
instances, they fair “moderately well” in 40% of  the cases, and 
poorly in 20%.10 Predictors of  prognosis include the following 
four categories of  factors. Previous medical history, such as prior 
head injury, pre-traumatic headaches, osteoarthritis. Current symp-
toms of  radicular irritation, radiating numbness or severe neck 
symptoms. Current psychosocial factors such as long-term prob-
lems in adjustment to symptoms of  an injury or illness (coping 
mechanisms), family or job related psychosocial issues, financial 
problems, and finally, socio-demographic factors to include older 
age, female gender, less than full-time employment and having 
dependents.2,10 These factors taken into consideration are part of  
the holistic approach to patient care, under the areas of  physical, 
activity and context both personal and environmental as listed in 
the ICF model (Figure 1) and affect both recovery and sport per-
formance for active individuals.

CASE REPORT 

The patient for this case is a professional male athlete at the height 
of  his golf  career. Prognosis percentages provided by Cote et al,9 
were unacceptable, however, based upon the predictors provided 
by the QTF and MVA reports, the prognosis for this individual is 
good overall. Use of  a problem-solving approach within the ICF 
model provides opportunity to determine a differential diagnosis 
and plan of  care for return to optimum function as quickly as pos-
sible and avoidance of  chronic sequelae. 

 This case also presented the opportunity to assess cervi-
cal function and the contribution of  core stability to performance. 
Core stabilization is a “buzz word” in gyms and physical therapy 
facilities across North America and has gained credibility as an 
intervention in the clinical setting. The transversus abdominus 
muscle has been identified as a key muscle of  the inner core of  the 
trunk,11 with the longus colli muscle of  the anterior cervical region 
functioning similarly to provide stability to the upper core of  the 
body.12 There is evidence citing that with neck pain, the deep neck 
flexors can be weak, with patients demonstrating compensation 
by using the superficial cervical flexors, such as the sternocleido-
mastoid (SCM) and anterior scalene muscles. The relevance of  the 
longus colli muscle (LCM) to spinal stability, functional outcome 
and pain management is often overlooked. Therefore, individuals 
with WAD must be evaluated for segmental strength and stability. 
Incorporation of  core stability training in rehabilitation to include 
the often overlooked muscle, the LCM can promote full recovery 
and enhance performance. Spinal segmental stabilization as initial-
ly described focused on training co-contraction of  the deep core 
muscles of  the transversus abdominus with the multifidus.13 More 
recent recommendations have included the deep core muscles of  
the cervical region12 and was applied in this case. 

Examination

History and systems review: JD is a 31-year old male professional 
golfer who was in an MVA, assessed in the Emergency Room and 
subsequently referred to physical therapy (PT) by his primary care 
physician (PCP) within 30 hours of  the injury. JD was in the pas-
senger seat and though wearing a seatbelt, recalls hitting the right 
side of  his head upon the console of  the vehicle but also reports 
a cracked windshield noted after the collision. He was to begin his 
off-season training program in the following week to prepare for a 
competitive season to begin in 2 months. In the emergency room 
(ER), X-rays were taken and during the out-patient PT assessment, 

Figure1. International Classification of Functioning, Disability & Health Model 
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he reported no symptoms of  dizziness, syncope or nausea. The 
nature of  pain was variable with pain level on a 0-10 scale 5/10 at 
best and 7/10 at worst; aggravated by cervical and UE active range 
of  motion AROM. Though the primary care physician (PCP) pre-
scribed codeine for pain and flexeril for muscle spasm use at night, 
neither had been used. When asked about the use of  NSAIDs, the 
patient reported taking 4 generic ibuprofen tablets (800 mg total) 
with each meal.

Medical history: X-rays taken, uncertain of  views and no copies 
available. Negative for hypertension, diabetes mellitus, prior sur-
geries. Good health per patient report with yearly physicals and 
checks for skin lesions due to sun exposure when needed. Nega-
tive for anxiety or depression treatments--relevant question due to 
strong pain medications prescribed by doctor of  medicine (MD)
and prognostic predictor of  outcome with WAD. Hairline fracture 
of  lunate metacarpal due to trauma 8 months prior with good heal-
ing and no complications.
 
Social and activity history: Travels and competes in tournaments 
38 weeks per year. Resides with parents and maintains physical fit-
ness with aerobic, flexibility, strengthening and core stability com-
ponents to fitness program.
 
Tests and Measures

• Grip dynamometer strength: Right 110 lbs, 108, 110; Left 105 
lbs, 104, 105.

• Palpation: Exquisite tenderness along bilateral levator scapulae, 
erector spinae bilaterally and anterior scalene mm. Increased tissue 
tension along bilateral upper trapezii mm and SCM.

• Joint Mobility testing: Upper cervical stability testing of  C1, C2 
ligaments of  stability (alar, transverse), also assessed for symmet-
rical motion and presence of  crepitus or signs of  fracture. Joint 
stability and mobility findings: No ligamentous stability at alar nor 
transverse ligaments. At O-A joint: flexion right and sidebent left 
positions with decreased right rotation at C1-C2; hypomobility 
noted C5-6 with decreased SB Right noted in extension; elevated 
1st rib left, thoracic hypomobility with decreased extension at seg-
ments T3-6. No S&S noted or reported with end-range passive 
rotation right nor left nor sustained position at end range.

• Functional activities: Unable to sit/stand for more than 15 min-
utes due to pain and unable to demonstrate golf  swing due to re-

ported “weight of  head”.

• Neural: Positive for adverse neural tension using Upper Limb 
Tension Test Pattern #1 Median nerve R>>L; all others negative. 
No symptoms projecting to extremities, intact to light touch and 
pressure in dermatomal distribution bilaterally. Reflexes normal 
and equal bilaterally.

• Patient goals: Tolerate sustained postures for >1 hour. Return to 
full golf  activities. Decrease pain level.

Evaluation

JD presents with joint dysfunction of  the cervical spine with strain 
of  soft tissue due to high velocity deceleration. Testing revealed 
decreased functional mobility due to limitations in range of  mo-
tion ROM and strength with pain due to both strained soft tissue 
and impaired joint mobility with probable local inflammation. 

Treatment diagnosis & Prognosis: Diagnosis for this athlete falls 
within Grade II WAD per clinical practice guidelines. Screening 
and manual therapy assessment did not denote fracture or medical 
complications, however, physician contacted to rule out fracture 
based upon radiological findings. Impaired joint mobility, motor 
function, muscle performance and range of  motion associated 
with localized inflammation denote need for intervention. Func-
tion and mobility status were much greater prior to this acute inci-
dent. Patient was appropriate for PT treatment with good progno-
sis for recovery. Plan of  care included treatment 2-3 times per week 
for 4 weeks (as most) to progress to off-season training regimen. 
Goals included restoration of  full ROM and normal strength with 
recruitment of  deep cervical stabilizers to enhance stability with 
upright postures. 

Intervention 

Coordination, communication, cocumentation: Communication 
with referring physician regarding the results of  x-rays (negative) 
and outcome of  MD prescribed MRI (negative) to rule out disk 
herniation.

Therapeutic Exercise/Functional Training

Week 1: Manual therapy: Soft tissue mobilization to deep anterior 
cervical mm, pericervical/periscapular musculature; joint oscil-
lations to mid-cervical and muscle energy techniques to correct 

Table 1. Measures taken with inclinometer. Muscle testing (MMT)/ strength testing inhibited by pain.

Motion/Muscle AROM PROM MMT-right MMT-left

Cerv.flexion 20 degrees 45 degrees 4/5

Cerv. Extension 10 degrees 15 degrees 4/5

Cerv. Rotation 40Right; 30 Left 45Right; 37 Left 4-/5 4-/5

Cerv. SB right 30 degrees 30 degrees 4-/5 4-/5

Cerv. SB left 30 degrees 40 degrees 4/5 4/5

Shldr. Abd 174 175 4/5 4/5

Lower Traps WNL WNL 4-/5 4-/5
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C1-C2, with manipulation of  thoracic T3-T7. Education: Resting 
postures and pain management, use of  ice and heat. Athlete had 
TENS unit and cleared to use as needed. Discontinuance of  high-
level core training program, continued supported cardiovascular 
training on recumbent bike. No golf. Met at motion analysis bay to 
confirm ‘no golf ” when unable to maintain stance to demonstrate 
swing. Reviewed training schedule plan and competition plans for 
1st quarter of  year to demonstrate that rehabilitation time will still 
allow for time to prepare for season. Therapeutic exercise: Ini-
tiated activation of  deep cervical mm without SCM/ant scalene 
recruitment taught during 1st visit. In supine, flattening of  cervi-
cal lordosis indicative of  recruitment of  LCM. Isometrics: Persis-
capular musculature in supine with progression to standing with 
control of  cervical compensatory motions. Gentle ANT stretching 
done for upper extremity. 

Week 2: Written results and copies of  X-rays and MRI (disk herni-
ation/protrusion to left at C5-6-7) received. No treatment change, 
with increased education of  athlete regarding prognosis. Continued 
STM to cervical musculature, athlete independent with flexibility 
and thoracic self-mobilizations. Restored: Full Active Rotation and 
SB in cervical region. Negative ANT. Therapeutic Exercise Pro-
gressed with inner core cervical training with sustained holds 10-30 
seconds and isometrics to extension (added trunk core in supine 
with cervical supported postures: mat and ball). Taped in cervical/
scapular neutral.

Week 3: Therapeutic exercise: Interval training on recumbent 
bike, upper extremity ergometer warm-up. Cervical eccentrics in 
sitting with sustained holds through range; prone unsupported 
static trunk/scapular stabilization added with cervical alignment 
emphasized. Neurodevelopment sequence for exercise progres-
sion as outlined by Morgan22 and Commeford and Mottram23 were 
followed. Full lower extremity gym program resumed.

Week 4: Therapeutic exercise: Supine cervical flexion without 
compensatory motions, end range perturbation added. Mainte-
nance (1) visit with STM, modality of  heat or ice prn and supervi-
sion core routine for technique corrections. Noted initiation of  
superficial muscles prior to deep cervical muscle recruitment with 
maximal contractions. Requires continued training for safe pro-
gression without exacerbation. Continued gym program with limi-
tations, golf  putting for 20 minutes, 30 minutes (alternate days). 
Restored: Full muscular strength (5/5) all motions.
 
Week 5: Gym and core routine without limitations. Assessment 
cervical recruitment-good. Chipping 20 minutes plus putts 15 min-
utes every other day. Approved custom pillow for travel. All PT 
goals met, released by MD. Per athlete request, continued mainte-
nance, 1x per week, for enhancement of  performance with fitness/
wellness visits and direction with progression of  exercise program. 

Week 6: Continued maintenance/gym program for strengthening. 
Progress through clubs-each iron 10 strokes, putt alternate days. 
Driver used on last day of  week.

Week 7: Full session with swing coach: Continued progressive in-

crease through off-season-2 weeks projected prior to competition.

Outcomes

Athlete returned to full competition/golf  activities and played a 
successful year without exacerbation of  cervical symptoms.

• Upper extremity strength 5/5, pain level 0/5
• Cervical and upper extremity passive & active ROM WNL
• Cervical joint mobility cleared of  dysfunction
• Tolerated static postures and full training regimen w/o pain
• Independent with HEP for cervical stabilization exercise 
program, with postural correction and appropriate resting postures 
for cervical comfort.

CONCLUSION 

Athlete attained full recovery to perform competitively without 
complications. Training regimen included high level of  core stabil-
ity training for the cervical and trunk region. This case demon-
strates that though low-level evidence has been available to sup-
port clinical management guidelines for management of  whiplash, 
clinicians can refer to these guidelines but must continue to rely on 
application of  available evidence and clinical expertise for effective 
patient recovery.
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To the Editor,

I would like to add some reflections about Steele's paper published 
in 2012.1 I could notice two main points in that paper. One of  
these is about the scientific language to communicate conclusions 
to policy makers and the other one is about the statistics decision 
theory. These problems are consequence of  R. Fisher's tradition 
to test the null hypothesis through the arbitrary cut with α in 0.05, 
0.01 or 0.001.
 
 One good example about the problem with scientific lan-
guage translation happened during the O.J. Simpson trial. A sci-
entist called to give evidence about blood samples declared that 
there was one chance in 10 millions (0.5% of  population) that O.J. 
was not the murderer. This specialist must be told there were 2.5 
millions chance in one that O.J. was the real murderer. Therefore, 
Simpson’s defensor convinced the jury members there was one 
chance that O.J. was not guilty, then the jury decided upon acquit-
tal.2 
 
 As for statistics decision, the failure in rejecting the null 
hypothesis, when it is not true, is an important error that can be 
controlled by β. Moreover, in some sciences, like in climate chang-
es, it should be morally more important to test alternative hypoth-
esis than to do the statistical decision based on the null hypothesis 
tests. This is an intuitive conclusion supported by the probable 
worse consequences to conclude the world temperature will not 
rise if  it is false (type II error). The power of  statistical test is esti-
mated by 1-β, and we can call this effect of  size (ES). Apart from 
this problem, several scientific journal reviewers confounded the 
significance of  the statistic tests with the experimental significance 
(or sig = 1-0.95n. comparisons). Thereby, they have been approving for 

publication papers with low experimental power. For instance, 
Lancha Jr et al,3 concluded that it is possible to increase the speed 
of  rats' asparte-malate shuttle through aspartate, asparagine and 
carnitine supplementation. But they used t-test to compare 48 av-
erages and; because of  this, the study's α got worse from 0.05 to 
0.708. Moreover, ES has a intrinsic value judgment to test alterna-
tive hypothesis. Like Pearson's correlation coefficient, that we can 
tell if  it is perfect, excellent, good or reasonable, the ES is low 
(or ≤0.2), moderate (≈0.5) and high (or ≥0.8).4 That could help 
the scientist use a more comprehensible language to policy makers 
and does a little value judgment without exposing himself  using 
no statistical or scientific language. Of  course this strategy cannot 
solve the problem, but this can reduce the bad consequences. Like 
Cohen advised, the right statistical decision is supported by the α 
significance criterion, the sample size, the population effect size, 
and the power of  the test.4
  
REFERENCES 

1. Steele K. The scientist qua policy advisor makes value judg-
ments. Philosophy of  Science. 2012; 79: 893-904. doi: 10.1086/667842

2. O.J. Simpson trial court informations. Website: projects/ftrials/
Simpson/Evidence.html. Accessed August 22, 2016.

3. Lancha Jr AH, Reco MB, Abdalla DSP, Curi R. Aspartate, as-
paragine, and carnitine supplementation in the diet on metabolism 
of  skeletal muscle during a moderate exercise. Physiol Behav. 1995;  
57: 367-371.

4. Cohen J. Things I have learned (So far). American Psychologist. 
1990; 43(12): 1304-1312.

http://dx.doi.org/10.17140/SEMOJ-4-161
https://doi.org/10.1086/667842
http://law2.umkc.edu/faculty/projects/ftrials/Simpson/Evidence.html
http://law2.umkc.edu/faculty/projects/ftrials/Simpson/Evidence.html

