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Abstract

Background: Sport injury is an injury which is occurs in playing field maybe in training or competition. Epidemiology of
sports injury on male footballer has been documented that injury incidences were 10-35 injuries per 1000 game hours. The
main objective of our study is predicting the number of injuries for coming specific time by analyzing historical injury data
obtained from team physicians. Methods: We collected historical injury data from the Ethiopia Premier League which is
collected for 50 weeks, including the number of injuries, types of injuries, affected players, and duration of absence from play.
We then selected an appropriate time series model for forecasting injuries based on the nature of the data and its patterns,
considering potential models such as ARIMA (AutoRegressive Integrated Moving Average). After training the selected time
series model using historical injury data and validating its performance by comparing predicted values with actual injury
occurrences, we used it to forecast injuries for the upcoming seasons of the Ethiopia Premier League. Results: In Ethiopia the
weekly average increment in sport injury from week 1to week 50 was 4.4. The maximum number of sport injury occurred on
week 30. The series is not stationary at level, but the series is stationary at first difference. The selected model in this study was
ARIMA (3,0,0) that has small AIC and BIC. Based on ARIMA (3,0,0) model the new sport injury in Ethiopia premier league
was 13 injuries in week 51, and the forecasted number of injuries for the following weeks were 12, 12, 13, 11, 11, 10, 10, 10,
and 10, respectively, up to week 60. Conclusion: our research finding indicates that, occurrence of sport injury will increase for
coming weeks so that teams should implement injury prevention programs, prioritize rest and recovery, and ensure access to
qualified medical staff for immediate care and rehabilitation.
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1. Introduction

Sport injuries are common occurrences that can happen to  from minor sprains and strains to more serious fractures and
athletes of all levels and ages [1]. These injuries can range  tears [2]. They can occur during any type of physical activity,
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such as running, jumping, or contact sports. Sport injuries
can have a significant impact on an athlete's performance and
overall well-being, requiring proper treatment and rehabilita-
tion to ensure a full recovery [3-5]. Understanding the fre-
guency, causes, prevention, and treatment of sport injuries is
essential for athletes, coaches, and healthcare professionals
alike [6].

In the world of football, sport injuries are a common oc-
currence due to the physical nature of the game [7]. Some of
the most common injuries in football include sprains and
strains, knee injuries, concussions, and fractures. These inju-
ries can occur during tackles, collisions, or simply from
overexertion during training and games [8]. The causes of
these injuries can vary, but often stem from factors such as
poor technique, inadequate warm-up and stretching, fatigue,
or contact with other players [9, 10]. Additionally, playing
on hard surfaces or in adverse weather conditions can also
increase the risk of injury. Prediction is key when it comes to
minimizing the risk of sport injuries in football [11, 12].

It is difficult to forecast the exact number of sport injuries
in football, as it can vary based on a number of factors such
as player conditioning, game intensity, and playing condi-
tions [13]. However, it is likely that sprains, strains, knee
injuries, concussions, and fractures will continue to be com-
mon injuries in football due to the physical nature of the
sport. But, some scholars suggest that we can forecast sport
injuries by taking into account previous history [14]. By ana-
lyzing the types and frequency of injuries that have occurred
in a particular sport, researchers can identify patterns and
trends that may indicate areas of concern. This information
can then be used to develop targeted injury prevention strat-
egies and protocols to help minimize the risk of future inju-
ries. By understanding the common types of injuries that
occur in a sport, coaches, players, and medical staff can be
better prepared to address and mitigate potential risks, ulti-
mately promoting a safer and healthier environment for ath-
letes.

Epidemiology of sports injury on male footballer has
been documented that injury incidences were 10-35 inju-
ries per 1000 game hours. In overall rate of injuries in
contact sports were assessed that 10 to 15 injuries per
1000 playing hours [15]. Due to their effects on individu-
als' emotional states and a team's performance, profes-
sional athletes' injuries have a significant effect on the
sports industry. Additionally, the expense of a player's
recovery and rehabilitation is frequently high, both in
terms of medical care and lost income resulting from the
player's fame [16]. Recent research demonstrates that in-
juries in Spain cause about 16% of season absence by pro-
fessional soccer players, corresponding to a cost of around
188 million euros per season [17].

There is a lack of published research on predicting
sports-related injuries in the Betking Ethiopian Premier
League. While some studies have addressed the preva-
lence and incidence of such injuries, there is a historical
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pattern of football injuries in the national team, clubs, and
other league players in Ethiopian football. These injuries
have caused significant problems for players, particularly
those in the premier league. Recent research by Adise
Alemu has shown an increase in the number of injuries in
the Ethiopia Premier League. Despite the growing concern
for athlete safety and injury prevention in sports, there is a
lack of comprehensive data and analysis on the types and
frequency of injuries occurring in the Ethiopia Premier
League. This hinders the ability to effectively forecast and
address potential injury risks, leading to a higher likeli-
hood of preventable injuries among athletes. Therefore,
there is a need to develop a time series model analysis to
forecast sport injuries in the Ethiopia Premier League, in
order to improve injury prevention strategies and promote
a safer and healthier environment for athletes.

2. Data and Methods

Source of Data

Historical injury data collected from the Betking Ethio-
pian Premier League by distributing questionnaires to all
sports medicine specialists working with the clubs at the
beginning of the tournament. Prior to the competition,
convened all the sports doctors and had a discussion, urg-
ing them to document any type of injury, ranging from
mild to severe, including abrasions, swelling, dislocations,
and fractures, as well as the number of injuries, types of
injuries, affected players, and duration of absence from

play.

3. Methods

Historical injury data were collected from the Ethiopia
Premier League, including the number of injuries, types of
injuries, affected players, and duration of absence from play.
Then selected an appropriate time series model for forecast-
ing injuries based on the nature of the data and its patterns,
considering potential models such as ARIMA (AutoRegres-
sive Integrated Moving Average). After training the selected
time series model using historical injury data and validating
its performance by comparing predicted values with actual
injury occurrences, and forecast injuries for the upcoming
seasons of the Ethiopia Premier League. This provided esti-
mates of the expected number of injuries, their distribution,
and potential impact on teams and players. Finally, analyzed
the forecasted injury data and provided recommendations for
injury prevention strategies, player management, and medi-
cal support within the league. Then added up the amount of
injuries found in each group then, divided them into 50
weeks.
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3.1. Stationary Assumption

A stationary process has the property that the first and se-
cond moments do not change over time. It is an essential
property to define a time series process. Time series, X;is a
finite variance process such that (i) the mean value function,
M is constant and does not depend on time t, and the auto
covariance function, y(s, t) depends on s and t only through
their deference |s-t|.

3.2. Model Specification

The word ARIMA stands for Auto-Regressive Integrated
Moving Average. ARIMA models are the most general class
of models for forecasting a time series data y;.[3] The ARI-
MA forecasting equation for a stationary time series is a lin-
ear equation in which the predictors consist of lags of the
dependent variable and/or lags of the forecast errors. The
general ARIMA (p, d, g) model can be written:

4. Results

There are two ways of testing stationarity these are graph-
ical and common test. In the research graphical methods in-
cluded time series plot and common tests include Augmented
Dickey-Fuller and Philips-Perron test statistic.

Table 1. Descriptive statistics.

Quantities of injuries

Mean 4.40
Median 4.50
Std. Dev 1.54474
Minimum 1
Maximum 9

Sum 132

Quantities of injury

I I
2022.2

From figure above the mean and variances of the variable
seems increase with time, implies the series is nonstationary.
Since the decision is subjective, the stationary process also
cannot be determined from above figure. Therefore, it is bet-
ter to undertake a formal test for unit root test.

Grounded on the table below the Augmented Dickey-

2022.4

I I I
2022.6 2022.8 2023.0

Weeks
Figure 1. Time series plot of Quantity of Injury.
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Fuller test p-value was greater than the level of significance
alpha (0.1149>0.05) implies at 5% level of significance we
have evidence not to reject the null hypothesis therefore be-
fore differencing the data the researcher used log to base ten
transformation of the data then tested stationarity. The trans-
formed data is stationary (0.04345<0.05).
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Table 2. Test of Stationary for Injury.

Tests ADF at level
Quantities of injury at level
Test statistics

Quantities
-3.5831

5. Model Selection

In univariate time series analysis the most known and ap-
plicable family of model is ARIMA(p,d,q). ARMA stands
for autoregressive integrated moving average. This model is
joint model of two parts autoregressive (AR) and moving
average (MA). The General ARIMA(p,d,q) model is written
as

y(B)(1 — B)?Y; = 6(B)e;

Where B is the back shift operator BY, =Y,_;,y(B) =
(1_¢1B_¢2B2_"‘_¢po) and H(B) = 1_613_

p-value

0.1449

Log(quantities)

Test statistics p-value

-3.0704 0.04345
8,B% — - — 64B1.

Before proceeding to select the model, it is better to look
out the autocorrelation and partial autocorrelation plot. These
two plots give as the clue on how many lags should be incor-
porated on the AR and MA part of the ARIMA model. The
ACF helps to identify the MA part and the PACF identifies
the AR part. The figures below show the autocorrelation
functions and partial autocorrelation for the differenced se-
ries. Values above the line are significant. (The height of the
dashed line is determined by the amount of data.) From the
figure below the differenced series of the two plots, the ACF
plot cuts at lag three and the PACF plot at lag one therefor,
the first candidate model is ARMA (3,0,1).

ACF plot Quantities of Injury

ACF
-02 02 06
[
-

Partial ACF
-02 0.2 06
I

Lag

Figure 2. ACF and PACF Plot for Injury.
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There are many candidates model for the differenced se-
ries. Among these candidates the best model was selected
using Akaike information criteria (AIC). From the table be-
low the best model selected using R version 4.2.1 with min-
imum AIC, was ARIMA (3,0,0) with non-zero mean with
AIC value 29.92. which can be written as

In(y,) = a+ ¢qlny,_ 1 + ¢ylny,_, + ¢slny, 5+ &

Table 3. Model Selection criteria.

Model AlC*
ARIMA(2,0,0) 35.89
ARIMA(3,0,0) 29.92*
ARIMA(4,0,0) 34.61
ARIMA(3,0,1) 33.82
ARIMA(2,0,1) INF
ARIMA(4,0,1) 38.41

Madel GlCH 5.1. Parameter Estimation
ARIMA(2,0,2) INF Table below shows the significance of the autoregressive
ARIMA(0,0,0) 7233 components. AR(1) with p-value 0.0001, AR(3) with p-value
o 0.02197 and intercept term with p-value 0.0001 are signifi-
ARIMA(L,0,0) 40.95 cant but the AR(2) with p-value 0.4995 coefficient is con-
ARIMA(0,0,1) 50.55 strained to be zero.
Table 4. Parameter Estimated.
Coefficients: Estimate Std.error z-value Pr(>|Z)) 25 % 97.5 %
arl 0.6484 0.1349 4.8064 0.0001*** 0.384 0.913
ar2 -0.11194 0.1658 -0.6752 0.4995 -0.437 0.213
ar3 0.3409 0.1488 2.2909 0.02197* 0.049 0.633
Intercept 0.87572 0.13074 6.6984 0.0001*** 1.426 2.606

Signcodes: “***’ 0.001 “*** 0.01 “** 0.05

5.2. Model Diagnostic

At this stage, an evaluation of the tentative model based
on the estimated residual properties is to be performed.

5.3. Normality of the Residual

In this research we use quantile-quantile plots and
Shapiro-Wilk normality test on standardized residuals to
assess normality. First of all it could be useful to examine the
standardized residual plot. Quantile-Quantile plots are used
to assess whether the data in a single series are normally dis-
tributed or not. If the two distributions are the same, the QQ-
plot should lie on a straight line. Based on the graph and ta-
ble below, the QQ plot and the Shapiro-Wilk normality test
(W = 0:96406, p-value= 0.1315) would not lead us to reject
normality of the error terms in this model.

Normal Q-Q Plot

Sample Quantiles

Theoretical Quantiles
Figure 3. Q-Q Plot of the residuals.
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Table 5. Test of Normality.

Shapiro-Wilk normality test W P-value

data: residuals (model) 0.96406 0.1315

5.4. Autocorrelation of Residuals

From the graph and table below p-values for Ljung-Box is
0.2044. Since p-value is large we can conclude that there is
no autocorrelation between residuals. Therefore, there is no
evidence of autocorrelation in the residuals of this model.
The selected model is an appropriate model. Forecasting
using ARIMA (3,0,0).

Series residuals(model2)

0.2

0.1

ACF
0.0

-0.1

-0.2
|

0.02 0.04 0.06 0.08 0.10 0.12

Lag
Figure 4. ACF Plot of the residuals.

Table 6. ACF Plot of the residuals.

Box-Ljung test X-squared df p-value

Model 5.9301 4 0.2044

Therefore, in this research the selected and best model for
the data is given by:

In(y,) = 0.87572 + 0.64837Iny,_, + 0.34092Iny,_; + ¢,

5.5. Forecasting the New Quantities of Injuries

One of the major applications of time series analysis is
forecasting the future values based on the model build up.

Table 7. Forecasted values.

WEEK Point forecast Lo 95 Hi 95

51 13.38995 0.8503475 1.403211
52 12.28694 0.7599924 1.418895
53 11.97773 0.7380690 0.7380690
54 11.71604 0.7046828 1.432879
55 11.2479 0.6625788 1.439564
56 10.88653 0.6351210 1.438658
57 10.62.689 0.6134717 1.439340
58 10.35521 0.5910836 1.439234
59 10.0973 0.5713272 1.437083
60 9.880716 0.5549356 1.434641

6. Conclusion

Based on previous history, it is likely that football will
continue to see a high number of sprains, strains, knee inju-
ries, concussions, and fractures. However, with advance-
ments in sports science and injury prevention techniques,
there is potential for a reduction in the overall number and
severity of injuries. It will be important for players, coaches,
and medical staff to remain proactive in addressing and treat-
ing injuries as they occur, while also promoting a culture of
safety and injury prevention within the sport.

The ARIMA (3,0,0) model was chosen for this study due
to its low AIC and BIC values. According to the model, there
were 13 injuries in week 51, and the forecasted number of
injuries for the following weeks were 12, 12, 13, 11, 11, 10,
10, 10, and 10, respectively, up to week 60. This indicates a
rising trend in sports injuries over the next 10 weeks. There-
fore, for the future athlete's dream to come true, the relevant
body is expected to do a lot of work by understanding the
frequency and causes of injuries found by other researchers.
There are multiple factors contributing to this trend, such as
lack of awareness, unlicensed sports doctors, inadequate
knowledge about active rest, insufficient use of proper
equipment, and a playing philosophy that still heavily relies
on force.

This research result prevails that, the most frequent injury
in the Ethiopian Premier League is muscle strains, particular-
ly in the lower extremities. This is often attributed to the fast-
paced nature of the game and the high physical demands
placed on the players. Additionally, ankle and knee injuries
are also common due to the frequent changes in direction and
sudden stops and starts during matches. Concussions and
head injuries are also a concern, especially during aerial
challenges and collisions. Overall, the physical nature of the
sport and the intensity of competition contribute to a high
incidence of various types of injuries in the Ethiopian Prem-
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ier League.

To prevent injuries in football, it is crucial for players to
engage in proper warm-up and cool down routines, focus on
strength and conditioning training, and emphasize proper
technique during training sessions. Additionally, teams
should implement injury prevention programs, prioritize rest
and recovery, and ensure access to qualified medical staff for
immediate care and rehabilitation. Player education on the
importance of injury prevention and reporting any discom-
fort or pain is also essential to prevent minor issues from
developing into more serious injuries. By implementing the-
se strategies, teams can help reduce the risk of injuries and
keep players healthy and performing at their best.

Abbreviations

ARIMA Auto Regressive Integrated Moving Average
ACF Auto Correlation
AlIC Akaike Information Criteria
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