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Purpose: Previous investigations into concussions’ effects on Major League Baseball (MLB) 

players suggested that concussion negatively impacts traditional measures of batting perfor-

mance. This study examined whether post-concussion batting performance, as measured by 

traditional, plate discipline, and batted ball statistics, in MLB players was worse than other 

post-injury performance.

Subjects and methods: MLB players with concussion from 2008 to 2014 were identified. 

Concussion was defined by placement on the disabled list or missing games due to concussion, 

post-concussive syndrome, or head trauma. Injuries causing players to be put on the disabled 

list were matched by age, position, and injury duration to serve as controls. Mixed effects 

models were used to estimate concussion’s influence after adjusting for potential confounders. 

The primary study outcome measurements were: traditional (eg, average), plate discipline (eg, 

swing-at-strike rate), and batted ball (eg, ground ball percentage) statistics.

Results: There were 85 concussed players and 212 controls included in the analyses. There 

was no significant difference in performance between concussed players and controls. However, 

concussed players started at a lower level of performance pre-event than the controls, striking 

out a 9.2% rate vs 8.2% (P=0.042) with an isolated power of 0.075 vs 0.082 (P=0.035). For 

concussed players, traditional batting statistics decreased before plate discipline metrics.

Conclusion: MLB players’ performance was lower after return from concussion, but no more 

than after return from other injuries. The decreased performance prior to concussion suggests 

that concussion-related performance declines may not be due exclusively to concussion and 

perhaps point to risk factors predisposing to concussion.
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Introduction
In the last decade, concussion has received increasing attention in Major League 

Baseball (MLB). Concussions represent 1% of MLB injuries that prevent players from 

competing, with a median loss of 9 days and a mean loss of 21 days of play.1 The high 

velocity of the impacts and collisions of baseball-related concussion can be severe 

enough to end players’ careers.2,3 In 2011, MLB implemented several measures to 

address concussion, including mandatory neuropsychological testing before the start of 

each season, standardized evaluation and clearance of players, and a new 7-day disabled 

list (DL) specifically for concussion and possible concussion that requires medical 

clearance before returning to play.4 MLB also instituted new rules in 2014 to reduce 

player collisions at home plate,5 and to permit the use of protective caps for pitchers.6
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Concussion can cause a variety of deficits relevant to 

baseball performance including deficits in the visuospatial, 

attentional, and visual networks of the brain, while also 

affecting coordination,7,8 attention,7,9,10 and reaction time.11 

Concussion may also interfere with oculomotor pathways.12 

Prior work has also suggested that concussion may impact 

on-field performance, including a decrease in slugging 

percentage,13 a traditional statistic that measures a batter’s 

power, as well as other traditional measures of batter per-

formance, such as batting average, on-base percentage, and 

on-base plus slugging percentage.14 However, there are no 

data on how plate discipline (swinging at “good” pitches), 

strike zone visualization, or pitched ball visualization change 

after concussion.

We sought to examine the effect of concussion on batting 

performance by reviewing data from before and after MLB 

players were placed on the disabled list or missed games 

from concussion. Given the prior data, we anticipated that 

concussion would result in lingering neurological effects after 

overt symptoms subside and players are medically cleared 

to return to play. This would result in worse performance in 

concussed players compared to players with other injuries. 

We also explored whether specific post-concussion patterns 

existed in batting performance.

Methods
Subjects
Using the Pro Sports Transactions Archive15 and the MLB 

transactions page,16 we identified all position players (players 

other than pitchers) who were either placed on the disabled 

list or missed time due to injury from 2008 to 2014. Players 

were identified as having a concussion if they were placed on 

the disabled list or missed games because of concussion, post-

concussive syndrome, or head trauma. A similar approach, 

using publically available records, has been used to evaluate 

concussion in professional hockey,17 basketball,18 and football 

players.19,20 To corroborate the diagnosis of concussion for 

non-disabled list events, we reviewed at least one news article 

describing the event, if available. After our independent 

review, players not thought to have suffered a concussion 

were excluded from our analyses. Disagreements about the 

diagnosis of concussion were resolved by consensus among 

three of the authors (BHC, AMS, and EEA). We excluded 

players whose injury occurred either too early (before 15 days 

of play) or too late (less than 30 days of play) in the season to 

determine performance before and after the event. If a player 

had multiple concussions during a season (n=6), we included 

the first concussion but excluded any subsequent events. As 

controls, we identified injured players on the disabled list 

without a head injury and matched injuries (not players) by 

position, age, year, and number of days missed in a 2:1 ratio 

to players with concussion. This study was determined to 

be not regulated by the University of Michigan Institutional 

Review Board.

Design
Our primary analysis looked at traditional batting statistics 

(batting average, on-base percentage, slugging percentage, 

isolated power) as indicators for performance before and after 

injury, accounting for the player’s pre-injury performance, 

and compared it to matched controls. A glossary of the 

statistics used is in Table 1. Secondary analyses compared 

pre- and post-concussion plate discipline and batted ball data 

as performance markers.

The data for our analyses were obtained from Brooks-

Baseball.net21 and Fangraphs.com.22 Both of these sites report 

pitch-by-pitch details for pitchers and batters for each at bat 

in every MLB game in a systematic, consistent manner that 

incorporates the use of pre-set algorithms and manual veri-

fication. The data from these sites are used by major sports 

networks and baseball analysts. While both sites contain 

the same information, for ease of data abstraction we used 

BrooksBaseball.net for pitch data and Fangraphs.com for 

batted ball data. Our analyses include regular season MLB 

games, excluding pre- and postseason competition.

We examined outcomes in three broad statistical catego-

ries: traditional, plate discipline, and batted ball. Traditional 

measures of performance include batting average, on-base 

percentage, slugging percentage, and isolated power. These 

statistics generally measure outcomes of an at bat and they 

Table 1 glossary

Metric Definition Calculation

isolated power A measure of raw power Slugging Percentage–Batting Average
On-base percentage how frequently a batter reaches base per 

plate appearance
(hits+Walks+hit by Pitch)/(At Bats+Walks+hit by Pitch+Sacrifice Flies)

Slugging percentage Total number of bases a player records 
per at-bat

(Singles+Doubles×2+Triples×3+home runs×4)/At Bats
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are frequently cited as indicators of overall performance. 

Plate discipline statistics evaluate swing or take (deciding 

not to swing) percentages when the pitch is a ball or strike. 

Plate discipline can give insight into changes in the player’s 

approach and may be particularly susceptible to the effects of 

concussion. The decision to swing and the subsequent abil-

ity to make contact rely on a combination of reaction time, 

visuospatial skills, and executive function. Thus, a change in 

plate discipline statistics may reflect changes in these neural 

pathways. Batted ball statistics look at the general trajectory 

(ground ball, line drive, fly ball), location (pulled, central, or 

opposite field), and strength of contact (soft, medium, hard). 

These measures reflect how well a player is making contact 

with the ball, as line drives and hard contact represent a 

player hitting the ball more squarely. After accounting for 

plate discipline, batted ball stats may give further insight 

into smaller changes in coordination after both concussive 

and non-concussive injuries. To ensure that any patterns we 

saw were not due to a change in pitch type (fastball vs non-

fastball) or percentage of strikes thrown, we examined these 

values for both players with concussion as well as controls.

Statistical analysis
For each outcome studied, we fit multi-level regression 

models appropriate to the functional form of the outcome 

(logistic for binary outcomes and linear for continuous 

outcomes), with a random player-level intercept across all 

years of player data in all datasets. The random player-level 

intercept accounts for a player’s overall performance level. 

Models with at-bat based outcomes were also adjusted for 

park effects (by including every home stadium a fixed effect 

in both at-bat and pitch-by-pitch models), opponent, year, 

position, and batter handedness. Models with pitch-by-pitch 

based outcomes were adjusted for pitch type (fastball vs 

curveball), pitch speed, pitcher handedness, and an interac-

tion between pitcher and batter handedness. Adjustment for 

days missed was included in the analyses. Time relative to 

injury was included in the model across five periods: 1) Non-

injury season, to establish the player’s performance the year 

before, 2) Pre-event, which contained statistics of the current 

year prior to the event, 3) 15 days after return from injury, 4) 

15–30 days after return from injury, and 5) the remainder of 

the season. Differences in outcomes associated with injury 

across time periods were estimated by including an interac-

tion term between time period and injury type (concussion vs 

control). Effect sizes were estimated with average marginal 

effects. The concussed player’s performance was compared 

with controls as well as with his pre-concussion performance.

Results
There were 85 concussed players and 212 controls included 

in the study. More players were placed on the disabled list 

because of concussion in later years of the study; players 

were classified based on most frequently played position 

during that year (Table 2). Injuries in the control group were 

predominantly musculoskeletal.

concussed players versus controls
In the concussed group, batting average, on-base percent-

age, slugging, and isolated power all decreased after injury 

(Figure 1); however, contrary to our hypothesis, no signifi-

cant difference existed between the concussion and control 

groups for traditional batting statistics at any post-injury 

time period analyzed.

An unanticipated finding was that, in the pre-event time 

period, isolated power was higher in the controls than the 

concussed cohort (0.144 vs 0.129, P=0.04). Slugging percent-

age was also higher in the control group (0.418 vs 0.398), 

but the difference was not significant (P=0.6). As with the 

traditional statistics, we observed a decrease in performance 

in the concussion cohort compared to controls prior to the 

time of injury. Hard contact rates are considered representa-

tive of better performance.23 Compared to the control group, 

concussed players had a higher soft contact rate (19.1% vs 

Table 2 Player characteristics by position in control and 
concussion groups

Control  
(n=212)

Concussion  
(n=85)

P-value

Age in years, mean (SD) 28.8 (4) 28.1 (3.7) 0.19
Days missed, mean (SD) 49.1 (96.7) 54.5 (107.6) 0.69
Position, number of  
players (%)

  

catcher 32 (15.1) 14 (16.5) 0.77
1B 16 (7.5) 7 (8.2) 0.84
2B 14 (6.6) 2 (2.4) 0.14
SS 18 (8.5) 9 (10.6) 0.57
3B 16 (7.5) 6 (7.1) 0.89
rF 43 (20.3) 14 (16.5) 0.45
cF 19 (9) 10 (11.8) 0.46
lF 5 (2.4) 4 (4.7) 0.29
Dh/Other 49 (23.1) 19 (22.4) 0.89
Year, number of players (%)   
2008 30 (14.2) 5 (5.9) 0.05
2009 21 (9.9) 8 (9.4) 0.90
2010 19 (9) 12 (14.1) 0.19
2011 29 (13.7) 14 (16.5) 0.54
2012 24 (11.3) 12 (14.1) 0.50
2013 33 (15.6) 12 (14.1) 0.75
2014 37 (17.5) 16 (18.8) 0.78
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17.5%, P=0.02) and a lower hard contact rate (26.2% vs 

29.2%, P<0.01) pre-event (Table 3).

In the 15–30 days after return to play, some small, but 

statistically significant differences did exist. The players in 

the concussion group were less likely to hit ground balls 

(38.0% vs 42.4%, P=0.02) and line drives (16.3% vs 19.0%, 

P=0.04), and more likely to hit the ball to the opposite field 

(27.1% vs 23.7%, P=0.03) compared to the control group.

To ensure that pitchers were not approaching concussed 

players differently, we examined the strike frequency and 

composition of the pitches thrown to each group. In both the 

concussion and control groups, 47.5% of pre-event pitches 

were likely strikes, and this percentage remained relatively 

stable after the event. The cohorts also received a similar 

percentage of fastballs before (36.1% for concussion group 

vs 35.9% for control) and 15 days after return (35.2% for 

concussion group vs 35.6% for control.)

Pre-concussion versus post-concussion
In the 15 days after concussed players returned from their 

injuries, batting average and on-base percentage decreased 

significantly from their own pre-event baseline; batting 

Figure 1 comparison of traditional batting statistics of concussed and control players before and after event. (A) Batting average; (B) On-base percentage; (C) Slugging 
percentage; and (D) isolated power.
Notes: *indicates a P<0.05 for a comparison between the concussed players at a given time vs their own pre-concussion performance. # indicates a P<0.05 for a comparison 
between concussed players vs controls. 
Abbreviations: AVg, battling average; Slg, slugging percentage; OBP, on-base percentage; iSO, isolated power.
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 average dropped from a pre-event of 0.255–0.236 (P=0.04), 

and on-base percentage from 0.325 to 0.297 (P<0.01). By 

15–30 days after injury, these statistics returned to their 

pre-event levels; batting average during this time was 0.262, 

compared to 0.255 pre-event (P=0.58), and on-base percent-

age was 0.319 vs 0.325 pre-event (P=0.62). Slugging percent-

age did not decrease significantly 15 days after concussion 

(P=0.07). There was no significant change in isolated power.

When looking at additional measures, as shown in Table 3, 

in the 15 days after concussion, compared with their pre-

concussion baseline, players were not more likely to swing in 

general (46.2% vs 45.5%, P=0.14), swing at balls (16.2% vs 

15.6%, P=0.13), or swing at strikes (30.0% vs 29.8%, P=0.67). 

Player’s plate discipline declined in the 15–30 days after 

concussion relative to pre-concussion baseline. Players had 

a statistically significant increase in their rates of swinging 

overall (47.6% vs 45.5%, P<0.01), swinging at balls (16.6% vs 

15.6%, P=0.02), and swinging at strikes (31.0% vs 29.8%, 

P=0.03), and a statistically significant decrease in their rates 

of taking balls (35.5% vs 36.9%, P=0.01).

In the concussed cohort, there was no significant change in 

ground ball, line drive, or fly ball rates 15 days after  concussion 
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Table 3 Plate discipline and batted ball statistics

Measure Timing Concussion Control P-value concussed players  
at given time vs concussed  
players pre-event

P-value concussed 
players vs control

Swing non-injury season 46.4% 45.5% <0.01 0.12
Pre-event 45.5% 45.4% reference 0.95
15 days after return 46.2% 46.5% 0.14 0.75
15–30 days after return 47.6% 46.0% 0.00 0.06
rest of season 46.7% 45.6% <0.01 0.10

Swing at strike non-injury season 30.5% 29.8% <0.01 0.03
Pre-event 29.8% 29.8% reference 1.00
15 days after return 30.0% 30.0% 0.67 0.97
15–30 days after return 31.0% 29.8% 0.03 0.06
rest of season 30.6% 29.9% 0.03 0.10

Swing and miss non-injury season 10.1% 10.0% 0.10 0.85
Pre-event 10.4% 9.8% reference 0.19
15 days after return 10.9% 10.7% 0.08 0.63
15–30 days after return 10.4% 10.2% 0.80 0.64
rest of season 10.6% 10.2% 0.39 0.40

Swing at ball non-injury season 15.8% 15.6% 0.19 0.64
Pre-event 15.6% 15.6% reference 0.96
15 days after return 16.2% 16.5% 0.13 0.56
15–30 days after return 16.6% 16.2% 0.02 0.59
rest of season 16.1% 15.7% 0.08 0.50

Take ball non-injury season 36.4% 36.8% 0.02 0.20
Pre-event 36.9% 36.9% reference 0.88
15 days after return 36.4% 36.4% 0.33 0.88
15–30 days after return 35.5% 36.8% 0.01 0.05
rest of season 36.1% 37.0% 0.01 0.03

Swing and miss 
at strike

non-injury season 4.2% 4.2% 0.04 0.80
Pre-event 4.4% 4.0% reference 0.06
15 days after return 4.4% 4.2% 0.91 0.42
15–30 days after return 4.3% 4.1% 0.73 0.53
rest of season 4.5% 4.2% 0.85 0.36

Swing at strike 
or take ball

non-injury season 66.9% 66.6% 0.52 0.53
Pre-event 66.7% 66.7% reference 0.89
15 days after return 66.5% 66.3% 0.58 0.85
15–30 days after return 66.4% 66.6% 0.60 0.84
rest of season 66.6% 66.9% 0.70 0.51

ground ball non-injury season 43.6% 39.6% 0.65 0.56
Pre-event 40.9% 40.6% reference 0.79
15 days after return 40.4% 41.0% 0.71 0.75
15–30 days after return 38.0% 42.4% 0.06 0.02
rest of season 40.1% 40.3% 0.41 0.87

line drive non-injury season 17.8% 21.2% 0.99 0.53
Pre-event 17.9% 18.2% reference 0.57
15 days after return 16.8% 18.7% 0.29 0.10
15–30 days after return 16.3% 19.0% 0.18 0.04
rest of season 18.4% 19.3% 0.51 0.19

Fly ball non-injury season 38.6% 33.6% 0.23 0.45
Pre-event 31.8% 34.2% reference 0.02
15 days after return 33.3% 32.4% 0.25 0.59
15–30 days after return 33.9% 31.6% 0.16 0.19
rest of season 31.6% 32.8% 0.81 0.31

Home run/fly 
ball ratio

non-injury season 11.1 3.6 0.21 0.11
Pre-event 6.1 7.2 reference 0.10
15 days after return 4.6 6.1 0.09 0.15
15–30 days after return 6.0 6.7 0.91 0.57
rest of season 5.8 6.2 0.59 0.62

(Continued)
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Measure Timing Concussion Control P-value concussed players  
at given time vs concussed  
players pre-event

P-value concussed 
players vs control

Pull non-injury season 33.7% 34.7% 0.28 0.88
Pre-event 39.9% 40.4% reference 0.65
15 days after return 41.3% 39.2% 0.32 0.19
15–30 days after return 37.8% 40.4% 0.18 0.17
rest of season 41.6% 39.1% 0.10 0.03

central non-injury season 35.9% 34.4% 0.71 0.82
Pre-event 33.8% 33.8% reference 0.96
15 days after return 34.1% 36.5% 0.87 0.09
15–30 days after return 35.1% 35.9% 0.41 0.59
rest of season 34.1% 35.4% 0.74 0.14

Opposite field non-injury season 30.5% 31.0% 0.40 0.92
Pre-event 26.2% 25.7% reference 0.54
15 days after return 24.6% 24.3% 0.21 0.83
15–30 days after return 27.1% 23.7% 0.51 0.03
rest of season 24.2% 25.4% 0.02 0.18

Soft contact non-injury season 21.0% 20.8% 0.68 0.96
Pre-event 19.1% 17.5% reference 0.02

15 days after return 19.1% 18.5% 0.97 0.64
15–30 days after return 19.4% 17.2% 0.83 0.13
rest of season 18.7% 18.3% 0.65 0.54

Medium contact non-injury season 44.6% 53.4% 0.09 0.21
Pre-event 54.6% 54.6% reference 0.11
15 days after return 54.1% 54.1% 0.71 0.40
15–30 days after return 54.1% 54.1% 0.76 0.68
rest of season 54.3% 54.3% 0.78 0.14

hard contact non-injury season 34.3% 25.8% 0.13 0.17
Pre-event 26.2% 29.2% reference 0.00
15 days after return 26.8% 28.7% 0.68 0.18
15–30 days after return 26.4% 29.3% 0.91 0.08
rest of season 26.7% 28.8% 0.58 0.05

Table 3 (Continued)

compared to their own baseline pre-event. Similarly, there was 

no significant change in pull, central, opposite field percent-

ages, nor in the soft, medium, or hard contact rates 15 days after 

concussion compared to their performance prior to concussion.

Discussion
We found a significant decrease in traditional measures of 

MLB players’ batting performance after return from a concus-

sion, which was similar to prior work by Wasserman et al.14 

However, contrary to both their findings and our hypothesis, 

we found that there was no evidence of a greater decrease 

in performance in MLB players with concussion compared 

to players injured in another manner. After injury, the per-

formance in both groups, as measured by traditional, plate 

discipline, and batted ball statistics, worsened relative to 

pre-injury performance, and there was no significant differ-

ence in the performance decline of concussed players when 

compared with other injured players.

Our findings may differ from the previous study by Was-

serman et al14 because of the choice of control group. Rather 

than using uninjured players after return from the bereave-

ment list or paternity leave as controls, we studied players 

who suffered injuries other than concussion. Regardless of 

the type of injury, concussion or not, players endured a period 

of decreased performance as they worked their way back 

from injury making for a more robust control group when 

compared to players who missed time without an injury. We 

also compared players to their pre-injury baseline which may 

better control for confounders. Compared with the Wasser-

man et al14 study, one difference with our controls is that 

the length of time away from play was similar, whereas the 

paternity and bereavement control group from the previous 

study had a mean time off from 4.75±2.53 days compared to 

the concussed cohort’s 10.91±9.09 days.14 Another possible 

explanation for this divergence from previous studies is that 

being injured in any way has an effect that merely being away 
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from play does not. An injury may cause a psychological 

effect or a physical one, such as pain disrupting sleep or con-

centration, which has an impact on performance after return.

In our study, by the 15–30-day period, the decrease in the 

traditional statistics of the concussed group was no longer 

visible—concussed players’ average and on-base percent-

ages had rebounded to pre-event levels. The observation 

that concussed and control players perform at a similar level 

following return to competition is seen in several studies of 

other sports, including professional hockey,17 basketball,18 

and football.19,20

Unexpectedly, we observed that the pre-event baseline in 

the year of the concussion, but not in the years prior to con-

cussion, of the concussed group was generally worse than 

that of the control group. This trend was most noticeable 

for isolated power, soft contact percentage, and hard con-

tact percentage. The quality of contact trend is particularly 

intriguing, as this group of statistics has been suggested to 

be a good indicator of performance.23 Interestingly, a simi-

lar phenomenon was previously observed in NFL players 

2 weeks before they were listed as having a concussion, 

and several hypotheses were offered: concussion may be 

an underreported or delayed diagnosis, concussion may 

be a multi-hit phenomenon, or there may be an underlying 

condition that increases the chance of suffering from a con-

cussion.20 Concussions in baseball tend to occur after large, 

high-impact single events, particularly the concussions we 

studied, making the first two explanations less applicable 

to baseball, with the exception of catchers, who endure 

multiple hits to the head from foul tips and swung bats. The 

third theory, that the players in the concussed cohort were 

somehow more at risk for a concussion, is plausible; there 

could have been an underlying condition such as fatigue, 

depression, or musculoskeletal injury that both made them 

more vulnerable to a concussion and caused their perfor-

mance to decline prior to their injury. Prior concussion may 

have also increased the players’ susceptibility to a future 

concussion. Considerable future work is needed to explore 

this concept.

Our analysis yielded another interesting trend. When 

examining concussed players, traditional batting statistics 

decreased in the first 15 days, followed by a decrease in plate 

discipline most apparent between days 15 and 30. It may 

be that concussed players initially kept their original plate 

approach but later compensated by becoming more aggres-

sive during the 15–30-day period after their performance 

declined during the first 15 days, but again, further study is 

needed to draw definitive conclusions, particularly because, 

while some of these differences are statistically significant, 

the magnitude of the difference is small.

There are several limitations to our research. The disabled 

list is an imperfect tool for diagnosing concussion, and play-

ers placed on the disabled list with concussion may have a 

more severe brain injury than players with concussion not 

placed on the disabled list. Even with the likely bias toward 

severe concussion, we did not observe meaningful differ-

ences when compared with players on the disabled list from 

other injuries. We did not address less obvious events or 

questionable concussive events (eg, head laceration), and 

the number of concussions we included was constrained 

by sufficient batting data before and after the event. Some 

of the batted ball data was based on a smaller than ideal 

sample size, so we were again constrained by the amount 

of time before and after the injury. Recovery after concus-

sion may be different than recovery after a non-concussive 

injury, leading to confounding factors that we were unable 

to control for. We did not control for additional injuries in 

the post-concussive period, which may have impacted our 

results. Finally, unaccounted for variables that could affect 

player performance include the quality of the opposing 

team’s defense; the use of the shift; and the length of travel 

and travel’s effect on sleep, which has recently been shown 

to decrease batting performance.24

Future analyses could use the MLB Health and Injury 

Tracking System (HITS) rather than the disabled list to 

identify players suffering from concussion more accurately. A 

later study of this topic could use MLB’s Statcast, introduced 

in 2015, which may expose subtler changes in performance 

after a concussion by providing more specific batted ball data 

and advanced defensive metrics. The ideal study to examine 

the question of concussion’s effects on performance would 

need to study the pre-event phenomenon and follow play-

ers post-event. Regular mood and sleep surveys before a 

concussion happens could delve into this issue, and injuries 

occurring before a concussion need to be accounted for as 

well. Ultimately, improvements in the diagnosis of concus-

sion would greatly enhance our ability to examine its effects 

on athletes.

Conclusion
In summary, MLB players’ performance decreased after 

return from concussion, but this decline was not statistically 

different from the decrease after returning to play from other 

injuries.
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