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Abstract 

Objective This study aimed to identify the risk factors for tackle-related concussion observed in matches involving 
under (U) 18, U 22 and professional men’s Rugby Union players through video analysis.

Study Design Descriptive epidemiology study.

Methods Twenty Rugby Union matches each for high school (U18), university/college (U22) and professional 
(Elite) were randomly selected from 202 matches in the 2018/2019 season. Both one-on-one and tackles involving 
multiple tacklers were analyzed for the 60 matches. The 28 categorical and continuous variables (e.g., tackle char-
acteristics and duration before the tackle) were applied as risk factors to a least absolute shrinkage and selection 
operator (Lasso) regression analysis. To identify high-risk situations, a simulation model with coefficients obtained 
from the Lasso regression was used. Statistical analysis was conducted according to tackle direction.

Results A total of 14,809 tackles and 41 concussions involving 1800 players were included in the analyses. The inci-
dence rate of concussions (injuries/1000 tackles) was greater in Elite players (4.0) compared with U18 (1.9) and U22 
(2.4) players. The factors most highly associated with concussions were head-in-front tackles (where the tackler’s head 
is placed forward, impeding a ball carrier’s forward movements, 11.26/1000 tackles), and were more often observed 
among U18 players. A simulation model predicted that the highest risk tackle situation in Elite players was a head-in-
front, side-on tackle below the hip of the ball carrier (predicted incidence rate 18.07/1000 tackles).

Conclusion The risk factors associated with concussion need to be assessed cautiously. Avoiding head-in-front, side-
on tackles to the lower extremities of a ball carrier should be considered to reduce injury risks.

Key Points 

• This video analysis study assessed 14,809 tackles to identify risk factors for concussions.

• Although the incidence rate of concussion was higher in professional rugby players, high school players tended 
to employ more head-in-front tackles that were highly associated with the risk of concussion.

• A high-risk tackle situation was predicted when a professional player employed a head-in-front tackle to the lower 
extremities of the ball carrier in side-on tackle situations, suggesting that lowering tackle height does not necessarily 
reduce injury risk.
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Introduction
Rugby Union requires fast movements that often coincide 
with collisions, frequently exposing players to traumatic 
injuries, including concussion [1]. Long-term outcomes 
after concussion in collision athletes have raised safety 
concerns [2]. In the UK, it has been proposed that the 
tackle should be removed from Rugby Union in schools 
as a means of reducing the risk of injuries. However, it 
remains unclear whether repeated head impacts (e.g., 
concussions) experienced at a young age may affect play-
ers later in life. Moreover, such a proposal would inevita-
bly change the nature of Rugby Union and may increase 
the risk of later injury [3].

Recent studies reported that a tackle event is the most 
common cause of concussion, and 70% of tackle-related 
concussions occur in the tacklers [1, 4, 5]. Detailed analy-
sis of tackles using video footage has become a standard 
method for investigating the cause of the injuries [4–9], 
and analyzing the body position and height of the tackle 
may be of value for reducing tackle-related concussion [1, 
4, 5, 10–17].

High tackles, which are defined as a hit above the line 
of the nipple of the ball carrier, can be a risk factor for 
concussion [1, 4, 5] and thus  were banned in 2018. On 
the other hand, a video analysis study in New Zealand 
reported that players making low tackles have a higher 
risk of head injury [10]. The association between the 
height of tackles and the  risk of head injuries is com-
plex and remain unclear [15–17]. Previously, our group 
reported that a tackle where the tackler’s head is placed 
forward, impeding a ball carrier’s advance movements 
(head-in-front tackle), resulted in 30 times higher risk of 
head, neck, and shoulder injuries than those with a cor-
rect head position [13]. However, this study was limited 
to two university teams and the analysis was conducted 
with the head positions of the tacklers.

Tackle-related injuries appear to be affected by poor 
tackling technique, not by intention  [11]. Youth and non-
professional players may have poorer tackle techniques 
compared with the professional players. Hence, it is rea-
sonable to investigate detailed tackling characteristics 
stratified  by age and professional levels (i.e., U18, U22, 
and Elite). Evaluating tackle height and head position in 
these subgroups may indicate the risk factors for tackle-
related injuries, particularly concussions and may be use-
ful in strategies to prevent injuries.

This study aimed to identify the risk factors for con-
cussion associated with the types and characteristics of 
tackles as well as playing situations, e.g., head position, 

tackle height, tackle direction, player’s position, area, 
and period of play. Using video clips from professional, 
university/college (U22) and high school (U18) men’s 
Rugby Union matches, we analyzed the tackles related to 
concussions.

Methods
Participants
This study was conducted using video clips from 202 
matches in men’s Rugby Union competitions over the 
2018/2019 season (50 matches in the National High 
School Rugby competition [U18], 72 matches in the 
National University/College competition [U22], and 
80 matches in the Japan Rugby Top League competi-
tion [the present League One]). The study protocol was 
approved by the local ethics committee (approved num-
ber: 2019069), and permission was obtained by Japan 
Rugby Football Union for use of video clips. This study 
was performed in accordance with the standards of ethics 
outlined in the Declaration of Helsinki.

Procedures
Of 202 Rugby Union matches in high school (U18), uni-
versity/college (U22) and professional (Elite) rugby play-
ers, 20 matches each were randomly selected by using a 
random number generator. Both one-on-one tackles and 
those involving multiple tacklers (player or players mak-
ing the tackle) and a ball carrier (player or players car-
rying the ball) were analyzed in the total of 60 matches. 
When a tackle occurred between a ball carrier and more 
than one player, the tackler who made first contact with 
the ball carrier was included in the analysis. A tackle 
was defined as “any event where one or more tacklers 
attempted to stop or impede the ball carrier, whether 
or not the ball carrier was brought to the ground” [18]. 
World Rugby defined tackle type as follows: shoulder 
tackle front-on; shoulder tackle side-on; smother tackle, 
tap tackle; tackles involving more than one tackler; tackle 
from behind; tackling in a dangerous manner (penalty). 
These describe the appearance of the tackle, but do not 
mention the height or head position of the tackler. How-
ever, the latter are reported as risk factors for concus-
sion [13, 17]. In this study, we assessed the tackles in line 
with the previous studies [6, 11, 14, 16, 19, 20] and cat-
egorized them by the head position of a tackler toward a 
ball carrier (correct or head-in-front position); direction 
of tackle (front-on, side-on, behind); height (chest, torso, 
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below the hip). Twenty-three categorical and five con-
tinuous variables were applied to identify intrinsic and 
extrinsic risk factors for concussions (Additional file  1: 
Table S1).

Illegal tackles including high tackles were excluded 
from the analysis due to high possibility of head injuries, 
leading results to be biased. Continuous variables were 
applied to assess whether the playing situation (being 
chaotic and complex) and player emotion (due to win-
ning or losing situations) affect the risk of concussion. 
The score difference and final score difference between 
teams when a tackle occurred were assessed using the 
following equation:

Thus, a positive score indicated the tackler in the win-
ning situation and a negative score indicated the tackler in 
the losing situation. Duration 1 was defined as the dura-
tion from a starting phase (scrum, lineout, maul, ruck, 
etc.) until the next tackle, and Duration 2 was defined as 
the duration between the moment the player last obtained 
the ball and the time of being tackled. Descriptions of 
tackle types and characteristics and other factors analyzed 
in this study are available in Additional file  1: Table  S1. 
Tackles were evaluated by three professional analysts (out 
of the  authors) using the Rugby Analyzer (DataStadium 
Inc., Tokyo, Japan), where each tackle was numbered, and 
the examinee rated the characteristics of a tackle under 
conditions in which rewind and slow playback were freely 
permitted. For consistency and accuracy of analysis, three 
of 60 game video clips (5%) were randomly selected and 
preliminarily analyzed by three professional analysts. 
Inter-rater reliability, which was assessed with percent-
age agreement (kappa coefficient) of the head position, 
direction, and tackle type, were 96.3% (0.85), 90.7% (0.84) 
and 90.2% (0.85), respectively. Subsequently, further 
analysis of each of the video clips from the 20 matches 
was undertaken by these three analysts to analyze all of 
the 60 matches.  When concussion was observed in the 
video,  this was  confirmed using the medical records of 
each match that were recorded by the team doctor and 
the match day doctors.

Statistical Analysis
Poisson distribution was applied as injury events per 
1000 tackles, which is commonly used to describe injury 
incidence rate for a rare event. Least absolute shrinkage 
and selection operator (Lasso) for Poisson regression 
analysis was used. The continuous variables were used 

Score difference = Score of the tackler
′
s team

−[Score of ball carrier
′
s team]

as unconverted, and the categorical variables were con-
verted to dummy-variables (0, 1) for analyses.

All variables were included as covariates to evaluate the 
effect of the risk factors for concussion, and all variables 
other than tackle characteristics were included to evaluate 
the risk ratio of a head-in-front tackle. The Lasso regres-
sion analysis was conducted for front-on tackles, side-on 
tackles and all directions of tackles, and behind tackles 
were excluded as there was only one injury event observed 
for behind tackles. The regularization parameter (ℷ) was 
chosen to minimize the Poisson deviance by a tenfold 
cross-validation method using R packages (glmnet). The 
incidence rate ratio (IRR) was evaluated using the exponent 
of the slope obtained. After obtaining all the coefficients 
from the Lasso analysis, we predicted the concussion inci-
dence rate by assigning specific values (i.e., mean, dummy 
value) into variables of the Lasso regression model for each 
tackle situation. The categorical variables considered in this 
simulation model were: the level of the players, head posi-
tion of the tackle and tackle height. Statistical analysis was 
performed using the free software R (The R Foundation for 
Statistical Computing, Vienna, Austria).

Results
Population Analysis
A total of 1800 players were involved in this study, with 
participant demographics in Additional file  1: Table  S2. 
The mean (standard deviation, SD) ages of U18, U22 
and Elite players were 17.4 (0.7), 20.8 (1.1) and 27.8 (3.5), 
respectively. Of a total of 14,853 tackles analyzed, 44 
illegal tackles that resulted in no injury were excluded 
from the analysis. In particular, 34 (75%) of the tackles 
excluded were high tackles, while the remainder were 
considered to be ‘dangerous tackles’. Therefore, a total 
of 14,809 tackles were included in the analysis. Of these, 
4718, 5345 and 4746 tackles and 9, 13 and 19 injuries 
were observed in the U18, U22 and Elite players, respec-
tively (Table 1). The injury incidence rate was numerically 
greater in Elite players (0.4%) compared with U18 (0.19%) 
and U22 (0.24%) players. However, the highest percent-
age of head-in-front tackles occurred in the U18 players. 
A higher number of smother tackles were observed in the 
Elite players (29.7%) compared with U18 players (21.1%).

Factors Associated with Concussion
The number of concussions associated with tackle char-
acteristics and other factors, and the injury incidence 
rate (injuries/1000 tackles) in front-on, side-on, and 
behind tackle situations are summarized in Table  2. 
Concussions were observed more frequently in the Elite 
group compared with the U18 and U22 groups, and the 
injury incidence rate was much higher in head-in-front 
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tackles than correct head tackles, irrespective of the 
direction of the tackle.

Due to the many possible predictors as well as mul-
ticollinearity, we used the Lasso regression model 
that shrinks the less important variables to close to 
zero. Important factors evaluated to be related to the 
concussions are shown in Table  3. The IRR indicated 
the risk ratio in the factorial situation when com-
pared with the non-factorial situation. For instance, 
head-in-front tackles were evaluated to have a 3.93-, 
7.81- and 5.77-times higher risk for concussions than 
correct head tackles in the front-on, side-on, and all 
directions of tackles, respectively. Tackling below the 
hip of the ball carrier in side-on tackles was evaluated 
to have a 1.13-times higher risk for concussions when 
compared with chest or torso tackles. Elite players 
were evaluated to have a 1.78- and 1.36-times higher 
risk for concussions in side-on and all directions of 
tackles when compared with U18 or U22 players. 
However, the risk in front-on tackles was not signifi-
cantly different between groups. Lasso analysis also 
showed that the risk of concussion would increase 
by 1.04- and 1.01-times when Duration  1 increased 
by one second in side-on and all directions of tack-
les. Similarly, it was evaluated that the risk of concus-
sion would increase by 1.02-times for each additional 
phase of play in side-on tackles. (Table 3).

High‑Risk Tackle Situations Predicted by the Simulation 
Model
The injury incidence rate was calculated using the Lasso 
regression model to predict high-risk situations, and 
36 distinctive combinations of factors were assessed. A 
head-in-front tackle in front-on tackle situations had a 
3.93-times higher risk for concussions than correct head 
tackles, regardless of player levels and tackle height. 
However, head-in-front tackles that occurred below the 
hip of the ball carrier in side-on tackles were predicted 
to have a higher risk when compared with chest or torso 
tackles. The predicted injury incidence rate for a head-in-
front tackle in side-on situations was 7.81 times higher 
than a correct head tackle. The highest injury incidence 
rate (18.07 injuries/1000 tackles) was predicted when 
Elite players employed a head-in-front tackle below the 
hip in side-on tackle situations (Table 4).

Factors Related to Risk Ratio of Head‑in‑Front Tackles
Using Lasso regression analysis, the players’ risk ratio to 
employing head-in-front tackles was assessed with many 
factors being presumed to be related to a head-in-front 
tackle. Similar to the results shown in Table  1, the risk 
ratio of head-in-front tackle was higher in U18 players 
than in Elite players in all directions of tackle analyzed 

Table 1 Number of tackles associated with injuries and tackle characteristics by player levels

Percentage is shown as a fraction of total number of tackles in each group as 100%.

U18 U22 Elite Total

Number of tackles 4718 (100%) 5345 (100%) 4746 (100%) 14,809 (100%)

Concussion 9 13 19 41

Incidence, injury events/1000 player hours (95% CI) 15.0 (5.6–24.4) 16.3 (5.3–27.2) 23.8 (8.3–39.2) 18.3 (11.6–25.0)

Incidence, injury events/1000 tackles (95% CI) 1.91 (0.66–3.15) 2.43 (1.11–3.75) 4.00 (2.21–5.80) 2.77 (1.92–3.62)

Tackle characteristics

Head placement on the side of the ball carrier

 Correct head position 3968 (84.10%) 4613 (86.30%) 4264 (89.84%) 12,845 (86.73%)

 Head-in-front position 750 (15.90%) 732 (13.70%) 482 (10.16%) 1964 (13.26%)

Direction

 Front-on 2709 (57.42%) 3002 (56.16%) 2630 (55.42%) 8341 (56.32%)

 Side-on 1676 (35.52%) 1967 (36.80%) 1665 (35.08%) 5308 (35.84%)

 Behind 333 (7.06%) 376 (7.03%) 451 (9.50%) 1160 (7.83%)

Tackle height

 Chest 2034 (43.11%) 2361 (44.17%) 2596 (54.70%) 6991 (47.21%)

 Torso 2153 (45.63%) 2454 (45.91%) 1745 (36.77%) 6352 (42.89%)

 Below the hip 531 (11.25%) 530 (9.92%) 405 (8.53%) 1466 (9.90%)

Tackle type

 Shoulder 2660 (56.38%) 2926 (54.74%) 2205 (46.46%) 7791 (52.61%)

 Arm 1064 (22.55%) 1229 (22.99%) 1130 (23.81%) 3423 (23.11%)

 Smother 994 (21.07%) 1190 (22.26%) 1411 (29.73%) 3595 (24.28%)
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(Table  5). The increased score difference and the final 
score difference incrementally affected the risk ratio 
of head-in-front tackles, although the effect was mini-
mal (approximately 1.002 times more by increasing one 
score). The risk ratio of head-in-front tackles declined 
when Duration 2 (the duration between the moment the 
player last obtained the ball and the time of being tack-
led) increased. For the remaining factors, the risk ratio 
of head-in-front tackles differed between front-on and 

side-on tackle situations. In particular, forward players 
were less likely to use head-in-front tackles than backs 
(IRR, 0.56).

Discussion
Main Findings
In this study, 14,809 tackles undertaken by 1800 players 
in U18, U22 and Elite teams were analyzed to identify 
the risk factors for concussion associated with the types 

Table 2 Injury incidence rate of the tackle and other factors analyzed in this study

Front-on Side-on Behind All directions

Number of 

Injuries

Number of 

Tackles

Injuries

/ 1000 

tackles

Number of 

Injuries

Number of 

Tackles

Injuries

/ 1000 

tackles

Numbe

r of 

Injuries

Number of 

Tackles

Injuries

/ 1000 

tackles

Number of 

Injuries

Number of 

Tackles

Injuries

/ 1000 

tackles

Total 29 8341 3.48 11 5308 2.07 1 1160 0.86 41 14809 2.77

Tackle Characteristics
Head placement

Correct 12 6721 1.79 6 4964 1.21 1 1160 0.86 19 12845 1.48

Head-in-front 17 1620 10.49 5 344 14.53 0 0 22 1954 11.26

Tackle Height
Chest 12 4683 2.56 2 1699 1.18 1 609 1.64 15 6991 2.15

Torso 16 3226 4.96 5 2701 1.85 0 425 0.00 21 6352 3.31

Below the hip 1 432 2.31 4 908 4.41 0 126 0.00 5 1466 3.41

Tackle type
Shoulder 25 4746 5.27 9 3045 2.96 0 0 34 7791 4.36

Arm 0 0 2 2263 0.88 1 1160 0.86 3 3423 0.88

Smother 4 3595 1.11 0 0 0 0 4 3595 1.11

Other Factors
Player level
U18 8 2709 2.95 1 1676 0.60 0 333 0.00 9 4718 1.91

U22 10 3002 3.33 3 1967 1.53 0 376 0.00 13 5345 2.43

Elite 11 2630 4.18 7 1665 4.20 1 451 2.22 19 4746 4.00

Positional mismatch 8 1931 4.14 6 1800 3.33 0 445 0.00 14 4176 3.35

Time of the match
1st quarter 6 1934 3.10 3 1263 2.38 0 267 0.00 9 3464 2.60

2nd quarter 8 2000 4.00 3 1291 2.32 0 260 0.00 11 3551 3.10

3rd quarter 9 1993 4.52 2 1349 1.48 0 313 0.00 11 3655 3.01

4th quarter 6 2414 2.49 3 1405 2.14 1 320 3.13 10 4139 2.42

Player position
Forwards 21 6107 3.44 5 3226 1.55 0 570 0.00 26 9903 2.63

Backs 8 2234 3.58 6 2082 2.88 1 590 1.69 25 4906 5.10

Player area
Area 1 5 2739 1.83 4 1204 3.32 0 184 0.00 9 4127 2.18

Area 2 9 1875 4.80 3 1323 2.27 0 309 0.00 12 3507 3.42

Area 3 4 1722 2.32 2 1345 1.49 0 329 0.00 6 3396 1.77

Area 4 7 1354 5.17 2 971 2.06 0 234 0.00 9 2559 3.52

Area 5 4 651 6.14 0 465 0.00 1 104 9.62 5 1220 4.10

Other Factors (Continuous Variables)

Tackle with 

injuries Total tackles

Tackle with 

injuries

Total 

tackles

Tackle

with

injuries

Tackle

with

injuries

Total 

tackles

Score difference −2.1 −0.2 −4.6 −0.3 −0.8 −0.5 −0.3

(95% CI) (–6.4, 2.3) (–0.1, 0.6) (–1.1, 10.4) (–0.1, 0.8) (–0.2, 1.7) (–4.0, 3.0) (0, 0.6)

Final score 
difference 6.8 1.9 1.2 −2.5 −2.6 −4.6 −2.2

(95% CI) (−13.5, −0.2) (−2.4, −1.4) (–5.2, 7.6) (–3.2, 1.8) (–4.0, 1.1) (–9.6, 0.4) (–2.6, 1.8)

Duration 1, sec 3.1 2.4 3.3 3.4 5 3.4 2.9

(95% CI) (2.4, 3.7) (2.3, 2.4) (1.6, 5.1) (3.4, 3.5) (4.8, 5.2) (2.6, 4.2) (2.9, 3.0)

Duration 2, sec 1.2 1.1 1 1.4 2.3 1.3 1.3

(95% CI) (0.9, 1.5) (1.1, 1.1) (0.5, 1.5) (1.4, 1.4) (2.2, 2.4) (0.9, 1.7) (1.3, 1.3)

Number of phases, n 4.9 4.8 6.3 4.2 3.4 5.2 4.5

(95% CI) (3.0, 6.8) (4.7, 4.9) (1.2, 11.3) (4.1, 4.3) (3.2, 3.6) (3.4, 7.0) (4.4, 4.6)

Mean and 95% confidence interval (CI) are shown for the continuous variables.
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and characteristics of tackles as well as playing situa-
tions. There were more concussions in Elite players, and 
head-in-front tackles may increase the risk of concus-
sion, although the risk ratio of head-in-front tackles was 
greater in U18 players. The risk of concussion was dif-
ferent between front-on and side-on tackle situations, 
and the highest risk was predicted when Elite players 
employed head-in-front tackles below the hip of the ball 
carrier in side-on tackle situations.

The incidence rate of concussion was greater in Elite 
players than U18 or U22 players, which was consistent 
with the findings in other studies [7–9, 21]. It is likely due 
to the greater momentum gained by heavier, taller players 
with high speed. Increased weight and height in profes-
sional players compared with U18 and U22 players were 
confirmed using participant demographics (Additional 
file 1: Table S2).

This study illustrated the increased risk for concussion 
with head-in-front tackles compared with correct head 
tackles. This finding is consistent with a previous study 
[13]; however, the IRR reported in this study was lower 
(3.93–7.81), compared with the risk ratio of 30 reported 
in the previous study [13]. Two main reasons could 
explain this discrepancy. First, one-third of subjects in 
the present study were U18 players who often employed 
head-in-front tackles but had low incidence of concus-
sions, whereas in the previous study, all players were U22 
players. Second, we used the Lasso regression method 
in this study that shrinks the coefficients that were less 
related. It should be noted that the relative risk ratio 
based on the injury incidence rate of each factor would 
be different from the results of Lasso regression.

The Lasso regression analysis indicated that side-on 
tackles that occurred below the hip of the ball carrier 
had a higher risk for concussion compared with chest or 
torso tackles. However, the height of the tackle did not 
affect the risk of concussion in front-on tackle situations. 
Whether tackle height influences the risk of concussion 
is still controversial. Current regulations prohibit tack-
les above the shoulder of the ball carrier [18] and recent 
studies have suggested that tackles should be made 
below the chest to reduce the risk of concussions [12, 
15, 16]. Tierney and Simms [16] also suggested that tack-
ling on the upper trunk of the ball carrier and avoiding 
tackling to the upper legs would reduce the risk for con-
cussions. The results of our study indicated that tackling 
below the hip of the ball carrier had a higher risk for con-
cussions of the tackler, which is almost consistent with 
the findings of Tierney’s study. However, due to the dif-
ferent statistical analysis used, we demonstrated a higher 
risk of concussions with tackles that occurred below the 
hip in side-on tackles only, not in front-on tackles. This 

result was confirmed by the simulation model fitted with 
the data of this study.

Interpretation of the Analysis and Implications
Although Elite players were at higher risk of concussion 
compared to U18 and U22 players, the one factor that 
had the greatest IRR was a head-in-front tackle, which 
suggests that head-in-front tackles could be the most 
critical risk factor for concussions. Our results demon-
strated that head-in-front tackles were used more by the 
U18 players compared with Elite players. In addition, 
smother tackles were less prevalent in U18 players com-
pared with Elite players. Considering that most (83%) 
of the concussions were observed in shoulder tackles 
(Table 2), we presume that smother, as well as arm tack-
les, could reduce the risk of concussion. However, coef-
ficients of tackle type were greatly shrunk in the Lasso 
analysis as tackle type was highly correlated to head-in-
front tackles and some injury event was zero leading the 
IRR unavailable. Increasing the risk ratio for U18 play-
ers to use smother tackles may play an important role in 
reducing the risk of concussion.

Many factors were related to head-in-front tackles 
(Table 5), and this is likely one of the main reasons why 
limited coefficients of factors for injury risk were identi-
fied in the Lasso analysis (Table 3). Fewer head-in-front 
tackles were employed by forwards compared with backs 
in side-on tackles. However, the IRR of head-in-front 
tackles for concussion in side-on tackles was greater 
when compared with correct head tackles, which is likely 
due to the high injury incidence rate in players in backs 
positions. It should be highlighted that U18 players had 
a higher risk ratio of head-in-front tackles, and this risk 
would be higher when players had a shorter time before 
the tackle (Duration 2) and when the score difference was 
greater. This study encouraged the necessity of training to 
reduce the risk for concussions, namely avoiding head-
in-front tackles and using the smother tackle, particularly 
for U18 players, and avoiding head-in-front tackles below 
the hip of the ball carrier in side-on tackle situations. 
Previously, we reported that most of the head-in-front 
tackles occurred unintentionally [13]. Tierney et al. also 
demonstrated that Foot planting might compromise the 
tackler’s technique and timing, which may prevent the 
tackler from placing their head to the side of the ball car-
rier during the tackle [22].

Regarding the tackle height, in 2008, Quarrie et  al. 
demonstrated that tacklers making low tackles resulted 
in a higher rate of injuries (not restricted to head inju-
ries) per 1000 tackles  (incidence rate [95% confidence 
interval]) 2.2 [1.5–3.3]) than those making high (1.1 
[0.9–1.4]) or middle (1.9 [1.5–2.3]) tackles [10]. Moreo-
ver, in 2018, Tierney et  al. demonstrated that intended 
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primary contact at the upper trunk of the ball carrier led 
to more frequent Head Injury Assessments for the tack-
ler [16]. They also mentioned that lowering the maxi-
mum legal tackle height to below the upper trunk of the 
ball carrier could reduce the risk of concussion. How-
ever, it also increased the needs for Head Injury Assess-
ment when the tackle contacted the upper leg of the ball 
carrier.  In conjunction with our results, lowering tack-
les would not necessarily reduce the risk of concussions. 
Further studies should be needed to explore these issues.

Limitations
There are several limitations in the present study. Due 
to the nature of video analysis, severity of the concus-
sion is unknown. We did not assess intra-rater reli-
ability, the kinematics of the tackles or measure the 
velocity and force of the tackles as well as the charac-
teristics of the ball carrier at the tackle event. In the 
current study, 44 illegal tackles, including high tackles, 
were excluded from the analysis. None of these 44 tack-
les resulted in any injury to the tackler. Consequently, 
we consider that the exclusion of these tackles would 
not substantially affect the results. However, the results 
might have been slightly different if they had been 
included. Although our results were shown to be in line 

with other studies, the rationale for the higher injury 
incidence rate in Elite players remains unclear.

Conclusions
This large-scale video analysis study suggested that 
head-in-front tackles can be highly associated with con-
cussions and that head-in-front tackles below the hip 
of the ball carrier in side-on tackles could also account 
for concussions. The results of our study support the 

Table 3 Factors related to concussion using the Lasso regression 
analysis

Incidence rate 
ratio

Front‑on tackle Side‑on tackle All directions

Head-in-front 3.93 7.81 5.77

Below the hip 1.13

Elite 1.78 1.36

Area 1 0.82

Duration 1 1.04 1.01

Number of phases 1.02

Table 4 Injury incidence rate predicted using the simulation model

Tackle direction Level Head position Tackle height Predicted incidence rate 
(injuries/1000 tackles)

Front-on tackle U18/U22/Elite Head-in-front Chest/torso/below the hip 9.31

U18/U22/Elite Correct Chest/torso/below the hip 2.37

Side-on tackle U18/U22 Head-in-front Chest/torso 8.97

U18/U22 Head-in-front Below the hip 10.14

Elite Head-in-front Chest/torso 15.97

Elite Head-in-front Below the hip 18.07

U18/U22 Correct Chest/torso 1.15

U18/U22 Correct Below the hip 1.30

Elite Correct Chest/torso 2.05

Elite Correct Below the hip 2.31

Table 5 The factors related to the risk ratio of head-in-front 
tackles

Incidence rate 
ratio

Front‑on tackle Side‑on tackle All directions

U18 1.13 1.11 1.17

Elite 0.75 0.98 0.77

Positional mismatch 1.15 0.95

 1st quarter 1.05 0.99 1.00

 2nd quarter 1.20 1.00

 3rd quarter 0.93 0.95

Player position

 Forwards 0.96 0.56 0.92

 Backs 1.00 1.00

 Area 1 1.26 1.26

 Area 2 1.02

 Area 3 1.10

 Area 4 0.76 0.95

 Area 5 0.98 0.97

Score difference 1.00 1.00

Final score differ-
ence

1.00 1.00

Duration 1 0.98 1.05 0.95

Duration 2 0.95 0.96 0.88

Number of phases 1.00 0.99 1.00
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evidence that lowering tackles would not necessarily 
reduce the risk of concussions and head-in-front tack-
les to the lower extremities of the ball carrier in side-on 
tackle situations should be avoided.
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