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ABSTRACT 

The purpose of present study was to examine correlation between Training Load (TL), Monotony (MT), Strain (ST), Acute 

Chronic Work Load Ratio (ACWR), Sleep, Well-being and Incidence of Injuries over a pre competitive season.  The present 

study further compares Training load, Monotony, Strain and ACWR over seven weeks of training in a swimming team. 

Twelve males from the university swimming team took part in the study with the mean age of 20.41 years, mean weight 71.16 

kg and mean BMI 22.19. All participants who enrolled in the study were followed and monitored for a period of seven weeks 

which included both training and competition. The training load was measured by Rating of Perceived Exertion (RPE) × 

time. ACWR, strain and monotony were calculated using standard formulas. Sleep quality was measured using Pittsburg 

Sleep Quality Index and well-being was assessed using WHO -5 well-being Index. Pearson correlation coefficients was used 

to examine the relationships. There were some interesting findings as very few injuries (n=3) occur during the training and 

no injury taking place during the competition. Interestingly, no relationship was seen between various training parameters 

and sleep. While strong positive relationship was seen between TL and ST (r = 0.89), TL and ACWR (r = 0.80) and ST and 

ACWR (r = 0.78). The relationship was also found between ACWR and Well-being (r = 0.71). The findings suggest that the 

training load was well within the acceptable range as enough recovery days were provided during the training weeks. One of 

the major limitations of the present study was that it was set up in a very demanding academic environment and therefore it 

may not be appropriate to generalize the findings to rest of the population or different geographical and educational settings. 
 

Key words: Injury, Sleep, Well Being, Training Load. 

INTRODUCTION 

Sports injuries are major obstacles in performance in any sports at all levels of skill and age. An injury not only 

affects the physical functioning of a sports person but also affects his psychological characteristics. Sports 

injuries and their rehabilitation is always a challenge for coaches and team physicians. Training sessions build 

up teams and players for competitions. Training sessions design thus, becomes significant for any team with 

respect to both injuries as well as performance. Erratic training intensities and training volumes can not only 

cause injuries in players but also reduce the performance of player and team. 

Exercise is one of the most important treatment methods for some patients [1, 2]. Some of the methods of 

training employed by few coaches might be stressful and along with other aspect of today’s modern life, 

increase incidence of sports injuries [3]. The designing of training programs should ultimately lead to optimize 

the performance of athletes [4]. Throughout the competitive season, athletes may suffer from different 

categories of injuries and illnesses, which may have impact on performance, and success of any team and coach. 

The load of training as reported also affects athletes’ performance and success [5]. Sports injuries might be a 

likely result from association between overtraining, different training patterns and possible daily stress [6]. 

Evaluating a training session using rate of perceived exertion (RPE) was found very important instrument in 

correlating overtraining of athletes with physical demands on the body [7]. RPE scale is quite useful in sports 

science and exercise mainly to monitor intensity of exercise and often employed to quantify exercise intensities 

[8 -11]. It was found that more number of playing injuries occur at the end of competitive season whereas 
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greater training injuries took place in the beginning of season [12]. The consequences of sports injuries for a 

young athlete could be enormous, from re-injury to ending of career [13]. There is potential economic burden on 

the health related cost due to the injuries to sports persons. In United States itself, the estimated charges of 

hospital for sports injuries in 5-18-year-old people was $485 million over 4-year period and this increased 

steadily each year [14]. 

Gabbett et al. [15, 16] introduced the concept of acute chronic load ratio (ACWR) based on previous work done 

by Banister and Clavert [17]. ACWR is the ratio of acute training load (weekly mean training load) to the 

chronic load (4-week workload divided by 4). According to them, if chronic training load is increased 

systematically keeping acute load low, then an athlete is considered prepared well. While if acute load is more 

than chronic load, it result in fatigue and it will pose increased injury risk to the athlete.  ACWR within the 

range of 0.8–1.3 is considered as good while when ACWR is more than 1.5, then there will be more chances of 

injury [18]. ACWR is a simple and reasonably good way to monitor training load, especially when controlling 

intensities over a longer period of time [15, 18 -20].  

Sleep is another important factor which is associated with injuries. It is evident from a study by Meliwski where 

sleep deprivation was found related to injuries in adolescent athletic population. Allowing and motivating 

athlete to sleep over optimum time might be helpful in prevention of injuries [21]. Reduced sleep might be a 

factor which can affect mood, motor and other cognitive functions in young athletes that can increase the risk of 

injuries [22, 23]. It is important for manager and coaches to understand that they should allow adequate rest and 

recovery in their scheduling which may lead to better performance and reduced chances of injury [24]. 

In competitive swimmers, the relationship between greater training volume and performance was reported by 

Stewart and Hopkins in their studies [25]. They also reported the relationship between greater training intensity 

and performance. On the other hand it should be noted that greater incidence of injuries and illness takes place 

when the load is the highest [7, 26]. One of the pre season’s objectives should be to minimize the risk of injury 

and allow the athlete to adapt physiologically and maximize the player’s availability for training sessions [27].It 

is evident that the injuries in sports can greatly reduce the performance of team and its future. Nowadays, sport 

is developing in form of an industry where not only the prestige of nation is at stake but also the money. It is 

very crucial to take steps to prevent injuries not only during competitions but also in training sessions since it 

has a long-term impact on health of sportspeople. It is understandable that many injuries do not require 

hospitalization but they can have an impact on economy increasing the medical bill of the nation in the way of 

treatment and rehabilitation and it takes precious time of parents to take time off to care for their injured wards. 

Even a minor to moderate reduction in sports injuries is significant and can have a positive impact on athletes' 

health and economy of nation.  

Due to increased demands and popularity of sports, a high number of players is participating in competitive 

sports nowadays. This has led to the increase in difficulty levels in training sessions. In the past years, interest in 

sports in Saudi Arabia has increased greatly. Now, in many sports there is considerable amount of financial 

rewards for successful players at elite level. This has increased the competition, the intensity of training sessions 

and also the number of injuries to elite players. 

The purpose of the present study was to examine the correlation between Training Load (TL), Monotony (MT), 

Strain (ST), Acute Chronic Work Load Ratio (ACWR), Sleep, Well-being and Incidence of Injuries in a 

university swimming team.  The present study further compares Training load, Monotony, Strain and ACWR 

over seven weeks of training in a swimming team. A comparison is also done with regard to the incidence of 

injuries between training and competition period.   

MATERIALS AND METHODS 

Participants 

We selected 12 participants from the swimming team of King Fahd University of Petroleum and Minerals. A 

written informed consent was taken from the participants individually before enrolling in the study. All 

participants who enrolled in the study were followed and monitored for a period of seven weeks which included 

both training and competition. The injuries were recorded during this period. Both investigators with the help of 

coach associated with team monitored injuries. The injuries and training data were recorded and tabulated in the 

specially designed format. Two research assistants visited the participating team on daily basis. All information 

colected by the research assistants was recorded in a weekly format on daily basis.  
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Project Design 

Training sessions are very important and crucial for any player or team. We aim to establish a relationship 

between various training parameters of a training session with incidence of injuries in swimming team. Training 

load and training monotony are important constituents in designing a training session. The Borg rating of 

perceived exertion (RPE) scale was used to calculate the training sessions’ intensity and load. Borg rating of 

perceived exertion was found to be simple, reliable and valid estimations of exercise intensity [28, 29]. Training 

load was calculated by multiplying RPE of session and duration. Data pertaining to training sessions was 

recorded on standard training report form. Training session intensity, training session duration, training load and 

exercise characteristics were recorded. The following calculations were used to measure different training 

parameters: 

 

The Formulas for Calculation of the Training Parameters 

Variables Calculation Formula/Method/Description 

Training Load (TL) Session RPE x Duration of Training 

Training Monotony (MT) Mean Weekly TL / Standard Deviation of TL 

Training Strain (ST) MT x Mean Weekly Training Load 

Acute Chronic Work Load Ratio (ACWR) Acute Work Load/ Chronic Work Load 

Acute Work Load TL performed by athlete in 0ne week (7 days) [30] 

Chronic Work Load The 4 week (28 days) mean acute work load [30] 

 

Pittsburgh Sleep Quality Index (PSQI) was used to measure the quality of sleep [30]. The PSQI is a 19-item 

self-rated questionnaire to measure sleep quality in previous one month. There are seven components and scores 

from these components added to obtain a global score which has a range from 0-21, higher scores indicate 

worse sleep quality. The PSQI has been evaluated by several research groups [31 - 34].  The cut of global score 

of 5 was used to indicate the sleep quality. WHO well-being questionnaire was used to measure well-being of 

the participants. The World Health Organization-5 five well-being index (WHO-5) is a short self-reported 

questionnaire. There are five statements in WHO-5. The maximum raw score can be 25 which haas a range from 

0 to 25, and multiplying this raw score with 4 gives the final score. Score of 0 represents the worst well-being 

whereas score of 100 is indicative of the best well-being [26]. Injury was defined as pain or disability suffered 

by the player during training or game that restricted full participation in general training program [35].  

Statistical Analysis 

Training monotony was calculated by dividing mean weekly TL by the standard deviation of the TL over a 

week period [36]. Pearson Product Moment Correlation was employed to find the relationship between TL, MT, 

ST, ACWR and incidence of injuries. We also examined the relationship of all these other training parameters 

with sleep and well-being. Differences between training and competition injuries was examined by t-tests. 

Repeated measure ANOVA was use to compare the training load, monotony, strain and ACWR over seven-

week period. The significance level was set at .05 for statistical analysis. 

RESULTS AND DISCUSSION 

The incidence of injury was recorded during 7-week period of swimming team training, just preceding the 

swimming competition. We have observed and recorded three injuries among the participants during this period, 

which was presented in Table 1 below. Descriptive statistics of various training parameters sleep and well-being 

are presented in Table 2. 

Table 1: Incidence of Injury 

Week Incidence of Injury 

Week 1 1 

Week 2 0 

Week 3 1 

Week 4 0 

Week 5 1 



Tomar and Ainsworth Allen                                              Int.J. Pharm. Res. Allied Sci., 2019, 8(3):47-60 

50 

Week 6 0 

Week 7 0 

 

Table 2 : Descriptive Statistics 
 Mean ± Standard Deviation 

Training Load (AU) 260.97 ± 56.33 

Training Monotony (AU) 1.14  ± .12 

Training Strain (AU) 307.83 ± 53.47 

Acute Chronic Work Load Ratio (AU) 0.94 ± .53 

Incidence of Injury (AU) 0.42  ± .53 

Sleep 10.58 ± 2.02 

Well Being 12.50 ± 4.60 

Table 3: Training Parameters over 7 Weeks (Repeated Measure Anova) 

 Training Load (AU) Monotony (AU) Strain (AU) ACWR (AU) 

Week 1 207.13 ± 63.44 1.24 ± .25 266.29 ± 114.36 0.93 ± .29 

Week 2 190.61 ± 74.15 1.13 ± .22 226.23 ± 122.11 0.84 ± .29 

Week 3 207.47 ± 78.38 1.34 ± .16 282.77 ± 123.85 0.92 ± .30 

Week 4 292.78 ± 91.98 1.14 ± .31 360.99 ± 189.91 0.92 ± .30 

Week 5 304.76 ± 95.88 1.09 ±.25$ 353.60 ± 189.91 0.99 ± .31 

Week 6 321.63 ± 80.45*# 1.10 ± .18 364.17 ± 153.20 1.03 ± .19 

Week 7 302.44 ± 82.43*# 0.96 ± .14*$ 300.79 ± 113.47 0.96 ± .21 

P Value .000* .044* .236 .662 

Data shown as Mean ± SD, *significant difference from week 1 

#significant difference from week 2, $significant difference from week 3 

 

Table 4: Correlations between Training Parameters, Incidence of Injury, Sleep & Well Being 
 TL MT ST ACWR Injury Sleep Well Being 

Training Load  -0.67 0.89** 0.80* -0.35 0.32 -0.12 

Training Monotony   -0.32 -0.31 0.62 0.43 -0.17 

Training Strain    0.78* -0.12 0.44 -0.18 

ACWR     0.08 -0.43 0.71* 

Incidence of Injury      0.12 0.02 

Sleep       -0.39 

*Correlation is significant at the 0.05 level (2-tailed) 

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

 

Correlations between Training Parameters, Incidence of Injury, Sleep and Well Being 

Training Load (TL) 

Data from the present study did not reveal any significant relationships between training load and injury (r = -

0.35) during 7 weeks of the observation period of the swimming team (Fig. 1, Table 4). The mean reported 

weekly training load for the swimming team was 260.97 ± 56.33 Arbitrary Units (AU). The highest training 

load was in week number six (321.63 AU) and week five (304.76 AU). The lowest training load was reported in 

week number two (190.61 AU) and in week number one (207.13 AU). When we compared training load over 

seven-week period, it was found that one-way repeated measures ANOVA (Table 3) revealed a significant 

difference in TL over seven-week period  (F6,66= 5.39) (p < .05).  There was a general uptrend in TL up until the 

6th week. Further data reveled no significant relationship (Fig. 2-4, Table 4) between TL and sleep (r = 0.32), TL 

and general well-being of person (r = -0.02), TL and MT (r = 0.44). 
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Figure 1: Reported  MeanTraining Load  & Incidence 

of Injury Over 7 Weeks Period 
 

Figure 2: Reported Mean Training Load and Sleep          

Index  Over 7 Weeks Period 

 

 

 

Figure 3: Reported Mean Training Load and Well 

Being Score Over 7 Weeks Period 
 

Figure 4: Reported MeanTraining Load & MeanTraining 

Monotony Over 7 Weeks Period 

 

Training Monotony (MT) 

No significant relationship was found between MT and injury (r = 0.62) during 7 weeks of observation period of 

the swimming team (Fig 5, Table 4).  The mean reported weekly training monotony for the swimming team was 

(1.14 ± .12). The highest training monotony was in week number 3 (1.34 AU) followed by week 1 (1.24 AU). 

The lowest training monotony was reported in week 7 (0.96 AU) followed by week 5 (1.09 AU). When we 

compared MT over seven-week period, it was found that one-way repeated measures ANOVA (Table 3) 

revealed a significant difference in MT over seven-week period  (F6,66= 2.98) (p < .05). There was a general 

fluctuation in MT during reported period. Further data revealed no significant relationship (fig. 6-8, table 4) 

between MT and sleep (r = 0.43), MT and well-being of person (r= -0.17) MT and training strain (r = 0.32). 
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Figure 5: Mean Training Monotony and Incidence 

of Injury Over 7 Weeks  Period 
 

Figure 6: Mean Training Monotony and Sleep 

Index Over 7 Weeks Period 

 

 

 

Figure 7: Mean Training Monotony and Well 

Being Over 7 Weeks  Period 
 

Figure 8: Mean Training Monotony and Training 

Strain Over 7 Weeks  Period 

 

Training Strain (ST) 

There was no significant relationship between ST and injury (r = -0.12) during 7 weeks of observation period 

(Fig. 9, Table 4).  The mean reported weekly training strain for the swimming team was (307.83 ± 53.47). The 

highest training strain was in week number 6 (364.17 AU) followed by week 4 (360.99 AU). The lowest 

training strain was reported in week number 2 (226.23 AU) followed by week 1 (266.29 AU). When we 

compared training strain over the seven-week period, it was found that one-way repeated measures ANOVA 

(Table 3) did not reveal a significant difference in training strain over the 7-week period  (F6,66= 1.49) (p ≥ .05).  

There was a general uptrend in training strain during the reported period. Further data reveled no significant 

relationship (Fig 10-12, Table 4) between ST and sleep (r = 0.44) and between ST and well-being of person (r= 

-0.18). We have observed highly significant relationship between ST and TL (r = 0.96, p < .01). 
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Figure 9: Mean Training Strain and Incidence Over 

7 Weeks  Period 
 

Figure 10: Mean Training Load and Training Strain 

Over 7 Weeks Period 

 

 

 

Figure 11: Mean Training Strain and Sleep Index 
Over 7 Weeks  Period 

 
Figure 12: Mean Training Strain and Well Being Over 

7 Weeks  Period 

 

Acute Chronic Work Load Ratio (ACWR) 

No relationship was observed between ACWR and injury (r = 0.08) (Fig 13, Table 4). The mean weekly ACWR 

for the swimming team was (0.94 ± .53). The highest ACWR was in week number 6 (1.03 AU) followed by 

week 5 (0.99 AU). The lowest ACWR was reported in week number 2 (0.84 AU) followed by week 3 and 4 

(0.92 AU). When we compared ACWR over seven week-period, it was found that one-way repeated measures 

ANOVA (Table 3) did not reveal a significant difference in ACWR over the 7-week period  (F6,66=  0.49) (p ≥ 

.05). There was a general uptrend in ACWR during reported period. Further data reveled no significant 

relationship (Fig 14-18, Table 4) between ACWR and sleep (r = -0.43), and ACWR and MT (r = -0.31). There 

was a significant relationship found between ACWR and general well-being of the participants (r= 0.71, p < 

.05). We also observed a significant relationship between ACWR and TL (r = 0.80), ACWR and ST (r = 0.78). 

 

0

0.2

0.4

0.6

0.8

1

1.2

0

50

100

150

200

250

300

350

400

1 2 3 4 5 6 7

In
ju

ry

Tr
ai

n
in

g 
St

ra
in

Week INJ ST

0

50

100

150

200

250

300

350

400

0

50

100

150

200

250

300

350

1 2 3 4 5 6 7

Tr
ai

n
in

g 
St

ra
in

Tr
ai

n
in

g 
Lo

ad

Week ST TL

0

50

100

150

200

250

300

350

400

0

2

4

6

8

10

12

14

16

1 2 3 4 5 6 7 8 9 10 11 12

Tr
ai

n
h

 S
tr

ai
n

Sl
ee

p
 In

d
ex

Participants ST SL

0

50

100

150

200

250

300

350

400

0

5

10

15

20

25

1 2 3 4 5 6 7 8 9 10 11 12

Tr
ai

n
h

 S
tr

ai
n

W
el

l B
ei

n
g 

Sc
o

re

Participants

ST WB



Tomar and Ainsworth Allen                                              Int.J. Pharm. Res. Allied Sci., 2019, 8(3):47-60 

54 

 

 

 
Figure 13: Mean ACWR Score and Sleep Index 

Over 7 Weeks  Period 
 

Figure 14: Mean ACWR Score and Incidence of Over 

7 Weeks  Period 

 

 

 

Figure 15: Mean ACWR and Training Load Over 

7 Weeks  Period 
 

Figure 16: Mean ACWR and Training Monotony 

Over 7 Weeks  Period 

 

 

 

Figure 17: Mean ACWR and Training Strain Over 

7 Weeks  Period 
 

Figure 18: Mean ACWR and Well Being Over 7 

Weeks  Period 
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Sleep and Well Being 

Data from the present study did not reveal any significant relationships between sleep and well-being (r = -0.39) 

among various participants of the swimming team (Fig 19, Table 4).  The mean sleep index of participants was 

(10.58 ± 2.02). Mean well-being score of the participants was (12.50 ± 4.60). Further data reveled no significant 

relationship (fig 20-21, table 4) between incidence of injury and sleep (r = 0.12), incidence of injury and general 

well-being of person (r= 0.02).  

 

 

 

 
Figure 19: Well Being and Sleep Index Score Over 

7 Weeks  Period 
 

Figure 20: Well Being and Incidence of Injury Over 

7 Weeks  Period  

 

 

 

Figure 21: Sleep Index and Incidence of Injury 
Over 7 Weeks Period   

 
Figure 22: Incidences of Injury during Training and 

Competition Period 

Comparison of the Incidence of Injuries between Training and Competition 

Data from the present study did not reveal any significant difference (Fig 22, Table 5) in incidence of injuries 

between training and competition periods (t11 = 1.91, p > .05). Descriptive data revealed three incidences of 

injuries during the training period whereas no injury was occurred during the swimming competition. 

 

Table 5: Comparison of Injuries between Training and Competition 

 Training Competition P Value 

Incidence of Injuries 0.25 ± 0.45 0.00 ± 0.0 0.08 

Data shown as Means ± SD, *significant difference at .05 
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DISCUSSION 

We investigated the relationship between various training parameters and injuries along with sleep and well-

being of the university swimming teams. We tracked the training program for 7 weeks before the swimming 

competition. We also recorded injury occurred during swimming completion and compared incidence of injury 

between the training and competition period. The peak training load was observed in week seven. The data 

analysis from the present study indicated that there was no significant relationship of training load, training 

monotony, training strain and ACWR with incidence of injury. There were significant relationships that were 

exist between the training load and training strain (r = .96), training load and ACWR (r = .80) training strain and 

ACWR (r =.78) and ACWR and well-being (r = .71) 

Training Load and Incidence of Injury 

Other than the relationship as mentioned above, there was no significant relationship found between different 

training parameters and incidence of injury, which is not in line with earlier studies [36-38].  Actually, it was 

quite difficult to compare training load of our study with earlier studies [36, 38]. They were having different 

experimental designs and study protocol. The mean training load 260 ± 56.33 AU in our study is quite low in 

comparison to training load in other studies 1891-2113 [39] and 2945 ± 922 [40]. There are some studies, which 

did not report training load numbers; however, on analyzing the data presented, we interpret that training load in 

those studies was not high and is comparable to the present study to some extent [36]. It should be noted here 

that the participants in present study are although good swimmers, they are not fulltime swimmers, they are not 

trained throughout the year, and that could be one reason why training load in our study is not so high.  

A very high positive correlation (r = 0.86) was found [37] between TL and incidence of injury in his study done 

on semiprofessional rugby players. A study suggests increased incidence of injuries with increase in training 

load in collision sports [38]. Otherwise, also injuries tend to be more in group sports than individual or non-

contact sports. In the present study, emphasis was on the injuries caused by training load, since it there are very 

less chances of injuries other than that of fluctuation in training load and other training parameters. It was found 

that incidence of injuries are higher in lower limbs, muscle strain and sprains and were associated with large 

training loads [38]. It was found in another research that when the training loads were highest, there were more 

injuries with increase in the training loads [36]. 

In the present study, there were few incidences of injuries during the training period and no injury at all during 

competition period. There could be different reasons for fewer injuries. As observed through data analysis, the 

mean weekly training load was quite low in our study. The main reason for less workload is more number of off 

days in a week. Most of the swimmers have 2 to 4 training days, which was not even uniform throughout seven 

weeks. These off days not only lead to lower weekly mean training load, but also provided enough rest to 

recover and remain fresh for training. There was no specific strength and condition coach. A training coach 

supervised all the swimmers. There was no screening of risk factors, which could pre dispose athletes to injury. 

Injuries that occurred during the present study were more or less related to soft tissues. This was also reiterated 

[38] in a study where researchers indicated more occurrence of soft tissue injuries such as muscular strain and 

sprain during preseason. 

It is difficult to exactly pinpoint the cause of injury due to training load, negligence or any other factors. Some 

studies that recorded higher incidence of injury and established correlation between injury and training load 

might not have identified the risk and screened athletes before the training and this could be due to the lack of 

available resources [36-38]. Gabbett [37] in his study mentioned that one head trainer worked with 79 players 

providing coaching, management, conditioning and other services. It should to be noted that availability of 

medical resource person to identify and screen the risk of injury in some of the studies cited could affect the 

occurrence of injuries. Again, in our study swimmers differ in their training program as the training is highly 

individualistic and swimmers are trained at different times according to their convenient time and days. 

Moreover, we did not do any screening to identify the risk as done in one of the study [40]. Furthermore, there 

are studies which have shown a relationship with training load and injury and that was well supported by 

literature. However direction of this relationship depends on type of the load and the time frame [41]. Owen et 

al. also indicated a difference in the relationship of training load to incidence of injury between pre-season and 

competitive season [42]. Systematic review by Drew and Finch has shown moderate emerging evidence of 

relationship between training load and occurrence of injury and illness [43]. The sole reason of fewer injuries in 

the present study can be attributed to lower training load and more number of off days, which aided recovery 

process. Our observation period was also 7 weeks. 
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Training Monotony and Strain 

There are certain studies, which have comparable training monotony with our study. Our training monotony  of 

1.14 can be compared to training monotony of 1.44, speed skater [7], 0.74, 400m sprinter [39], semiprofessional 

rugby league players (1.72) [44]. Training monotony in the present study is 1.14 ± 0.12, which is on the lower 

side. Low monotony could be another reason for lower incidence of injuries. This indicates a very high variation 

in the training program for the swimmers. There are studies, which recorded low monotony 0.74 in their 

program with no occurrence of injuries [39]. Even in some studies where there was a strong relationship 

between TL and injuries, they were not able to detect any symptoms of overtraining [36]. Greater variation in 

TL therefore is important to reduce the incidence of injury. Mean strain in our study was 307 ± 53.47 units. Our 

strain values are quite low in comparison to other studies done [44] where mean strain was 4920 units. In 

another study [40], strain value was 3654 units.  Foster [7] also recorded strain value of 5397 units. Possible 

explanations for these differences may be due to differences in experimental designs and training status of 

subjects. Lower strain value in the present study is attributed to lower training load and lower monotony. 

Training Parameters, Well Being and Sleep 

The results of the present study revealed no relationship with well-being. None of the training parameters 

including training load MT, ST, ACWR, have any significant relationship with well-being. This is quite 

surprising and our results are not in line with many other studies done on elite athletes of different sports where 

there is a clear relationship between training load and well-being [45-47]. Sleep could be an important factor in 

training effectiveness and performance of athlete. It is a well-established fact that sleep deprivation can alter 

mood [48], and there is a relationship between increased training loads with reduced level of sleep [24]. 

However, in the present study there is no relationship between training parameters and sleep index score. With 

regard to ACWR, if the ACWR ratio is < 0.80 (Under training and higher relative injury risk), 80 – 

1.30 (Optimal workload and lowest relative injury risk – “The Sweet Spot”) [15] and > 1.50 (The “danger zone” 

and highest relative injury risk). In the present study, ACWR is 0.93, which is considered being sweet spot. The 

ACWR is very important as it is not only used to monitor athletes on daily basis, but also used for periodization 

of training load. There is sufficient evidence to prove that accumulated physical hard training and hard training 

are helpful in protection against injuries [30]. 

CONCLUSION 

No significant relationship was found between training load, strain and monotony and incidence of injuries. 

However, there was a significant relationship between training load, ACWR and strain. We can conclude that 

training load (RPE x Time) was an effective way to monitor the training of athletes. Strain and monotony of 

training is also an important tool for training monitoring. There are very few incidences of injuries in the present 

study, which supports the training design. In addition, there was greater variation in the training program, which 

might have attributed to lower incidence of injuries. 

We also found a significant positive relationship between ACWR and well-being of athlete. There was no 

relationship between training load, strain and monotony and well-being. There was also no relationship at all of 

training load, strain, monotony and ACWR with sleep. We did not find any significant difference on incidence 

of injuries between training period and competition period. There was a significant difference found in TL while 

comparing it over seven-week period.  There was a general uptrend in TL up to the 6th week. In MT also we 

observed a significant difference over the seven-week period. There was a general fluctuation in MT during 

reported period. No significant difference was seen in ACWR and ST during the study period. 

It’s important to note here that a well-planned training design with controlled training can lead to fewer 

incidences of injuries. It is important to monitor each athlete individually and systematic screening of athletes is 

required to minimize any chances of injuries during training period. One of the major limitations of the present 

study was that it is set up in very demanding academic environment and therefore it may not be appropriate to 

generalize the findings to rest of the population or different geographical and educational settings. 

ACKNOWLEDGEMENT 

The authors would like to acknowledge the support provided by the Deanship of Scientific Research at King 

Fahd University of Petroleum & Minerals (KFUPM) under Research Grant IN171041. 

 



Tomar and Ainsworth Allen                                              Int.J. Pharm. Res. Allied Sci., 2019, 8(3):47-60 

58 

REFERENCES 

1. Al Hamaky DMA, Balbaa AE, Shehata LAZ. Assessment of Proprioception In Mechanical Low Back 

Pain. International Journal of Pharmaceutical and Phytopharmacological Research, 2018, 8(1), 39-45. 

2. Hosseinifar M, Akbari A, Ghiasi F, Shamsoaldini N, Shahraki R. The Effects of Proprioceptive 

Neuromuscular Facilitation Exercises on Pain, Function, Lumbar Mobility, and Lumbar Lordosis in 

Patients with Non-Specific Chronic Low Back Pain. International Journal of Pharmaceutical Research 

& Allied Sciences, 2016, 5(4):250-261. 

3. Lysens RJ, De Weerdt W, Nieuwboer A., Factors associated with injury proneness, Sports medicine. 

1991,12(5), 281-9. 

4. Kuipers H., How much is too much? Performance aspects of overtraining, Research quarterly for 

exercise and sport. 1996, 1;67, S-65. 

5. Foster C, Daines E, Hector L, Snyder AC, Welsh R., Athletic performance in relation to training load, 

Wisconsin medical journal, 1996, 95(6), 370-4. 

6. Powell JW, Barber-Foss KD., Injury patterns in selected high school sports: a review of the 1995-1997 

seasons, Journal of athletic training, 1999, 34(3), 277. 

7. Foster CA., Monitoring training in athletes with reference to overtraining syndrome, Medicine and 

science in sports and exercise, 1998, l 1, 1164-8. 

8. Foster C, Florhaug JA, Franklin J, Gottschall L, Hrovatin LA, Parker S, Doleshal P, Dodge C., A new 

approach to monitoring exercise training, The Journal of Strength & Conditioning Research, 2001, 

15(1), 109-15. 

9. Garcin M, Vautier JF, Vandewalle H, Monod H., Ratings of perceived exertion (RPE) as an index of 

aerobic endurance during local and general exercises, Ergonomics, 1998, 41(8), 1105-14. 

10. Pandolf KB, Noble BJ., The effect of pedalling speed and resistance changes on perceived exertion for 

equivalent power outputs on the bicycle ergometer, Medicine and science in sports, 1973, 5(2), 132-6. 

11. Wenos DL, Wallace JP, Surburg PR, Morris HH., Reliability and comparison of RPE during variable 

and constant exercise protocols performed by older women, International journal of sports medicine, 

1996, 17(03), 193-8. 

12. Gabbett TJ., Incidence of injury in semi-professional rugby league players, British Journal of Sports 

Medicine, 2003, 37(1), 36-44. 

13. Caine D, Caine C, Maffulli N., Incidence and distribution of pediatric sport-related injuries, Clinical 

Journal of Sport Medicine, 2006, 16(6), 500-13. 

14. Loes MD, Dahlstedt LJ, Thomee R., A 7‐year study on risks and costs of knee injuries in male and 

female youth participants in 12 sports, Scandinavian journal of medicine & science in sports, 2000, 

10(2), 90-7. 

15. Gabbett TJ., The training—injury prevention paradox: should athletes be training smarter and harder?, 

Br J Sports Med, 2016, 50(5), 273-80. 

16. Gabbett TJ, Hulin BT, Blanch P, Whiteley R., High training workloads alone do not cause sports 

injuries: how you get there is the real issue, Br J Sports Med, 2016, (50), 444–5. 

17. Banister EW, Calvert TW., Planning for future performance: implications for long term training, Can J 

Appl Sport Sci, 1980, 5(3):170-6. 

18. Soligard T, Schwellnus M, Alonso JM, Bahr R, Clarsen B, Dijkstra HP, Gabbett T, Gleeson M, 

Hägglund M, Hutchinson MR, van Rensburg CJ., How much is too much?(Part 1) International 

Olympic Committee consensus statement on load in sport and risk of injury, Br J Sports Med, 2016, 

50(17), 1030-41. 

19. Hulin BT, Gabbett TJ, Blanch P, Chapman P, Bailey D, Orchard JW., Spikes in acute workload are 

associated with increased injury risk in elite cricket fast bowlers, Br J Sports Med, 2014, 48(8), 708-12. 

20. Blanch P, Gabbett TJ., Has the athlete trained enough to return to play safely? The acute: chronic 

workload ratio permits clinicians to quantify a player's risk of subsequent injury, Br J Sports Med, 

2016, 50(8), 471-5. 

21. Milewski MD, Skaggs DL, Bishop GA, Pace JL, Ibrahim DA, Wren TA, Barzdukas A., Chronic lack 

of sleep is associated with increased sports injuries in adolescent athletes. Journal of Pediatric 

Orthopaedics, 2014, 34(2), 129-33. 



Tomar and Ainsworth Allen                                              Int.J. Pharm. Res. Allied Sci., 2019, 8(3):47-60 

59 

22. Durmer JS, Dinges DF., Neurocognitive consequences of sleep deprivation. In Seminars in neurology 

2005 Mar (Vol. 25, No. 01, pp. 117-129). Copyright© 2005 by Thieme Medical Publishers, Inc., 333 

Seventh Avenue, New York, NY 10001, USA.. 

23. Philip P, Taillard J, Sagaspe P, Valtat C, Sanchez‐Ortuno M, Moore N, Charles A, Bioulac B., Age, 

performance and sleep deprivation, Journal of sleep research, 2004, 13(2), 105-10. 

24. Sargent C, Lastella M, Halson SL, Roach GD., The impact of training schedules on the sleep and 

fatigue of elite athletes, Chronobiology International, 2014, 31(10), 1160-8. 

25. Stewart AM, Hopkins WG., Seasonal training and performance of competitive swimmers, Journal of 

sports sciences, 2000, 18(11), 873-84. 

26. Wellbeing Measures in Primary Health Care/The Depcare Project. WHO Regional Office for Europe: 

(WHO 1998).  Copenhagen. 

27. Windt J, Gabbett TJ, Ferris D, Khan KM., Training load--injury paradox: is greater preseason 

participation associated with lower in-season injury risk in elite rugby league players?, Br J Sports 

Med, 2017, 51(8), 645-50. 

28. Borg G., Borg's perceived exertion and pain scales, Human kinetics; 1998. 

29. Noble BJ., Perceived exertion, Human inetics, Champaign, IL. 1996:115-7. 

30. Hulin BT, Gabbett TJ, Lawson DW, Caputi P, Sampson JA., The acute: chronic workload ratio predicts 

injury: high chronic workload may decrease injury risk in elite rugby league players, Br J Sports Med, 

2016, 50(4), 231-6. 

31. Buysse DJ, Reynolds III CF, Monk TH, Berman SR, Kupfer DJ., The Pittsburgh Sleep Quality Index: a 

new instrument for psychiatric practice and research, Psychiatry research, 1989, 28(2), 193-213. 

32. Buysse DJ, Reynolds III CF, Monk TH, Hoch CC, Yeager AL, Kupfer DJ., Quantification of subjective 

sleep quality in healthy elderly men and women using the Pittsburgh Sleep Quality Index (PSQI). 

Sleep, 1991, 14(4), 331-8. 

33. Cole JC, Motivala SJ, Buysse DJ, Oxman MN, Levin MJ, Irwin MR., Validation of a 3-factor scoring 

model for the Pittsburgh sleep quality index in older adults, Sleep, 2006, 29(1), 112-6. 

34. Carpenter JS, Andrykowski MA., Psychometric evaluation of the Pittsburgh sleep quality index, 

Journal of psychosomatic research, 1998, 45(1), 5-13. 

35. Hawkins RD, Fuller CW., A prospective epidemiological study of injuries in four English professional 

football clubs, British journal of sports medicine, 1999, 33(3), 196-203. 

36. Anderson L, Triplett-Mcbride TR, Foster C, Doberstein S, Brice G., Impact of training patterns on 

incidence of illness and injury during a women's collegiate basketball season, The Journal of Strength 

& Conditioning Research, 2003, 17(4), 734-8. 

37. Gabbett TJ., Influence of training and match intensity on injuries in rugby league, Journal of sports 

sciences, 2004, 22(5), 409-17. 

38. Gabbett TJ, Domrow N., Relationships between training load, injury, and fitness in sub-elite collision 

sport athletes, Journal of sports sciences, 2007, 25(13), 1507-19. 

39. Suzuki S, Sato T, Maeda A, Takahashi Y., Program design based on a mathematical model using rating 

of perceived exertion for an elite Japanese sprinter: a case study, Journal of Strength and Conditioning 

Research, 2006, (1), 36-42. 

40. Piggott B. The relationship between training load and incidence of injury and illness over a pre-season 

at an Australian Football League club. 

41. Eckard TG, Padua DA, Hearn DW, Pexa BS, Frank BS., The relationship between training load and 

injury in athletes: a systematic review, Sports medicine, 2018, 48(8), 1929-61. 

42. Owen AL, Forsyth JJ, Wong DP, Dellal A, Connelly SP, Chamari K., Heart rate–based training 

intensity and its impact on injury incidence among elite-level professional soccer players, The Journal 

of Strength & Conditioning Research, 2015, 29(6), 1705-12. 

43. Drew MK, Finch CF., The relationship between training load and injury, illness and soreness: a 

systematic and literature review, Sports medicine, 2016, 46(6), 861-83. 

44. Coutts AJ, Aoki MS., Monitoring training in team sports, Sports Coach, 2001, 24(3), 21-3. 

45. Buchheit M, Racinais S, Bilsborough JC, Bourdon PC, Voss SC, Hocking J, Cordy J, Mendez-

Villanueva A, Coutts AJ., Monitoring fitness, fatigue and running performance during a pre-season 

training camp in elite football players, Journal of Science and Medicine in Sport, 2013, 16(6), 550-5. 



Tomar and Ainsworth Allen                                              Int.J. Pharm. Res. Allied Sci., 2019, 8(3):47-60 

60 

46. Gastin PB, Meyer D, Robinson D., Perceptions of wellness to monitor adaptive responses to training 

and competition in elite Australian football, The Journal of Strength & Conditioning Research, 2013, 

27(9), 2518-26. 

47. Thorpe RT, Strudwick AJ, Buchheit M, Atkinson G, Drust B, Gregson W., The influence of changes in 

acute training load on daily sensitivity of morning-measured fatigue variables in elite soccer players. 

International journal of sports physiology and performance, 2017, 12(Suppl 2), S2-107. 

48. Oginska H, Pokorski J., Fatigue and mood correlates of sleep length in three age‐social groups: School 

children, students, and employees, Chronobiology international, 2006, 23(6), 1317-28. 


