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Abstract
Background: The careers of professional sport players are usually in�uenced by injuries and skills. The
careers of all-star MBA and regular players depend on their health and how rapidly their skills diminish
with age, respectively. Whether the above phenomena are considered and supported in the National
Basketball Association (NBA) requires veri�cation.

Methods: We downloaded injury data from the NBA website in 2010–2018 and extracted all injury events
(=9,783) involving 779 NBA players. Among these players, 705 were retired, 236 possessed all-star titles
(60 injured and 170 non-injured), and 466 were regular players (408 injured and 58 non-injured) from
2010 to 2018. Both samples of retired all-star (n = 236) and regular players (n = 466) were compared to
verify the effect of injury and illness on the retirement age using the bootstrapping method to estimate
95% con�dence intervals in medians. We hypothesized that injuries and illnesses are associated with the
retirement age of all-star players and irrelative to that of regular NBA players. Social network
analysis(SNA) was performed to highlight the top three injuries with the highest degree centralities in their
respective clusters.

Results: We observed that the top three degree centralities include (1) sprained a left ankle, (2) sprained a
right ankle, and (3) illness. The top two most injured NBA teams in 2010-2018, as obtained by the metrics
for measurement, were Timberwolves (x-index = 32.86) and Hornets (x-index = 31.42). Most of the careers
of NBA all-star players were affected by injuries/illnesses. The NBA careers of regular players were
terminated mostly according to their skill.

Conclusion: Although a number of things can be debated with regard to NBA, everyone can agree on one
thing: Injuries are the worst. We con�rmed that injuries and illnesses exhibit signi�cant associations with
the retirement age of all-star players and are irrelative to that of regular NBA players. Sports medicine is
urgently needed to help players in preventing possible injuries while in the court in the discernable future.

Highlights
The National Basketball Association (NBA) is a popular sport around the world. The issue of injuries
and illness associated with the retirement ages only on all-stars remains unknown and worthy to
study.

The traditional way to disclose the most frequent occurrences is to count them. The modern social
network analysis considering the relationship between entities has not been used for reporting the
most in�uent injuries/illness in NBA players, particularly applying visual dashboards onto Google
Maps.

The bootstrapping method used for estimating 95% con�dence intervals was applied to compare
differences between groups. All our research process was included in the Additional �les that can
help readers mimic the method used in the discernable future.
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Background
The nature of playing basketball has changed dramatically over the years, evolving from a game of
�nesse to a collision sport; it is currently designated as a high-risk contact sport [1]. The National
Basketball Association (NBA) teams have been allowed to increase the total number of team players
from 12 to 15 since 2006. A study [2] addressed the (1) increased rate of injuries in NBA until the
expansion of team size in 2006, whereas a signi�cant inverse association between games was missed
due to injuries/illnesses and percentage of games won. Team expansion became positively associated
with decreased injury/illness rates after 2006 [3]. Playing back-to-back games and away games are also
signi�cant predictors of frequent game injuries in the study [3].

1.1 Association between injury/illness and retirement age

 Injuries impact the playing career and quality of life after the retirement of professional basketball
players [4]. NBA all-stars, such as Dwyane Wade (37 years old in 2018), Yao Ming (31 years old in 2011),
and Grant Hill (41 years old in 2013), retired at different ages.

As the total number of team players increased from 12 to 15 since 2006, changes in retirement age must
be studied. However, the most important topic may be the injuries and illnesses in�uencing retirement
age.

1.2 Injury and skill affect the careers of NBA players

 NBA playing careers are usually in�uenced by injuries and skills. Whether NBA all-star and regular
players are affected by injury and skill, respectively, should be studied. Thus, we hypothesize that injuries
and illnesses are associated with the retirement age of all-star players but irrelative to that of regular NBA
players.

1.3 Types of injury and illness of NBA players

 Although a number of things can be debated in NBA, everyone can agree on one thing: Injuries are the
worst. The top �ve NBA careers ruined by injuries were those of Derrick Rose, Grant Hill, Yao Ming,
Brandon Roy, and Greg Oden [5]. Reportable injuries comprise those that result in (1) physician referral,
(2) a missed practice or game, or (3) rendered emergency care [1]. Ankle sprain was the most frequently
occurring orthopedic injury, followed by patellofemoral in�ammation, lumbar strain, and knee sprain, as
reported in 2000 [1]. Another study in 2010 [5] stated that lateral ankle sprain was the most frequent
orthopedic injury, followed by patellofemoral in�ammation, lumbar strain, and hamstring strain [6]. The
latest analysis of injuries of NBA player from 2010 to 2018 [7] released the top four injuries, including
sprained left ankle (DNP), rest (DTD), sprained right ankle (DNP), and illness (DTD), where DNP denotes
“did not play,” and DTD represents “day-to-day” rest due to other reasons.

 Any change in the most frequently occurring injury should be inspected, particularly by using social
network analysis (SNA) [8,9], focusing on the associated clusters, instead of the traditional method, which
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only observes the frequencies of injuries and illnesses alone. For instance, Shaquille O’Neal, while playing
for the Celtics, suffered from a sore right calf and sore left knee (2010/12/9), sore right calf and sore right
calf (2010/12/15), hip injury and hip injury (2011/1/21), and others, which will be included in a related
cluster highlighted by a representative, with the most number of degree centralities belonging to a speci�c
independent cluster, unlike the traditional counting method for selecting the most frequent occurrences in
a whole system.

In addition, impacts of injury on players or teams are often inspected by the total number of events using
the traditional method. Whether author impact factors (AIF) or other relevant indicators in scientometrics
can be applied to professional players requires investigation.

1.4 Objectives

In this study, we hypothesized that injuries and illnesses are associated with the retirement age of NBA
all-star players and irrelative to that of regular players. The following tasks were implemented: (1)
collection of injury data from the NBA website; (2) reporting of the most frequent injuries and players’ age
in relation to the injury frequencies; (3) visualization of the most injured NBA teams and players; (4)
comparison of the differences in metric and retirement ages between two conditions (i.e., injury and non-
injury) in two sample groups (i.e., all-star and regular players).

Methods
2.1 Injury data from the NBA website

We downloaded the injury data in 2010–2018 [10] from the NBA website on June 20, 2019, and extracted
all transactions and events (=9,783), including those of 779 NBA players. Among the players, 705 were
retired, 236 had an all-star title (60 injured and 170 non-injured), and 466 were regular players (408 injured
and 58 non-injured from 2010 to 2018). Both samples of 236 retired all-star players and 466 retired
regular players were employed to verify the effect of injury and illness on the retirement age (see data
deposited in Additional File 1). The team Bobcats was renamed as Hornets to let the number of NBA
teams be 30.

As the rest events (e.g., peak in April and not due to injury) were largely explained by teams heading to
playoffs and resting players before the start of the game, we removed items with rest by DTD or DNP
from the data.

 We created a Microsoft Excel visual basic application module to handle the data. All downloaded data
met the requireme nts for analyzing information from public websites. Ethical approval was not
necessary for this study, as no human subjects nor personal data were accessed.

2.2 Frequent injuries and player age in relation to the count frequencies

2.2.1 Results obtained by the traditional method
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 The top 20 frequent injuries and illnesses and the players’ ages in relation to the total counts of injuries
and illnesses were displayed using the traditional method.

2.2.2 Results obtained by a modern method (SNA)

 The injuries and illnesses associated with individual players were assigned to one record. Speci�cally, all
injuries and illnesses experienced by the players were used to create clusters, and SNA was used for
separation. The clustered injuries and illnesses were gathered in a group. On the other hand, the distantly
related injuries and illnesses were partitioned further. SNA, we can examine the representative for each
cluster that denotes the most in�uential in the respective cluster according to the number of degree
centralities (i.e., the connections with other entities).

2.3  Most injured NBA teams and players

2.3.1 Most injured NBA teams determined by using x-index

The most injured NBA teams were selected by using x-index [11] in the bibliometric analysis. The x-index
is de�ned by the formula (=√max(ci*k)), where k denotes the type of injuries in a team, and ci refers to the
total number of each injury type. Similar to the citation analysis, the injury type was referred to as the
number of publications for an author. The total count for each injury type was directed to the number of
citations for an article (=the injury type). As such, the x-index and other indices (e.g., h, g, and Ag) [12,13]
can be computed in MS Excel. Interested readers are invited to check out the computation process in
Additional File 2.

2.3.2 Most injured players determined by using x-index

All 779 players, including retired and active NBA players, were included to present the extent of injury
cases on a dashboard. Worst NBA injuries of the 2018-2019 season are shown in Additional File 3.
Similar to the previous section discussing the most injured NBA teams, the x-index can be computed for
each player.

2.3.3 Visualizing NBA teams and players on dashboards

We plotted the NBA teams and players on dashboards (see Additional File 2). The ci of x-index lies on the
Y-axis, and the injury count at k of x-index is on the X-axis for each player (or NBA team) on a map. The
bubbles were sized by x-index, with a larger mean indicating more injuries/illnesses in the past. The
bubbles were colored by groups (i.e., all-star players: green and regular players: yellow; or East
conference: green and West Conference: yellow). Quick-response codes were created for readers, who can
scan the codes on �gures to obtain more information on dashboards.

2.3.4 Computation of the bibliometric indices for each NBA team and player

The indices were computed following the procedures below:
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1. x-index [11]: All injury types were sorted �rst, and the maximum area was calculated by multiplying
the number of injury types (=k) and respective frequent observations at k (=ci*k). Finally, the root of
the rectangle was computed (=x=√ci*k).

2. h-index [12]: All injury types were sorted �rst, and the maximum area was calculated by multiplying
the number of injury types (=k) and respective frequent observations at k (=ci*k) based on k ≤ ci.
Finally, the root of the squared box (h=√k*k) was computed.

3. g-index [13]: All injury types were sorted �rst, and the most frequent accumulative observations were
divided by the number of injury types at g (=max Ag/g or squared g=Ag).

4. Ag-index [13]: As described in the previous section, Ag denotes the frequent accumulative
observations at a speci�c number of injury types (=g).

 2.4 Differences in the retirement age between two conditions of injuries in two player groups

We performed the bootstrapping method [14] to verify the differences in metrics and retirement age
between two injury conditions (i.e., injury and non-injury) in two groups (i.e., all-star and regular players).
A total of 1,000 median metrics were retrieved from the random samples, with 100 repetitions of median
values for each metric and cluster. The median and 95% con�dence interval (CI) were obtained to
compare differences in the metrics and retirement age among groups by inspecting whether two 95% CI
bands were overlaid.

Results
3.1 Task 1: Relationship between the frequency of injuries and players’ retirement age

3.1.1 Results obtained by the traditional method

Table 1 shows the 20 most frequent injuries and illnesses. We observed that sprained left ankle, sprained
a right ankle, and illness occupied the top three positions. Notably, numerous events without a cluster
number in the last column in Table 1 were ruled out, indicating that they were negligibly important and
involved in another relevant cluster using SNA for discrimination.

Table 1 Top 20 frequent injuries and illnesses observed in this study
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No. Injury/illness Count % Cluster

1 sprained left ankle 537 7.25 1

2 sprained right ankle 314 4.24 2

3 illness 257 3.47 3

4 sore left knee 230 3.1 5

5 sore right knee 198 2.67 4

6 concussion 153 2.06 6

7 back spasms 137 1.85 7

8 knee injury 120 1.62 8

9 strained right hamstring 110 1.48 9

10 sore lower back 102 1.38  

11 strained left hamstring 97 1.31  

12 strained left calf 91 1.23  

13 right knee injury 82 1.11  

14 �u 80 1.08  

15 sore left foot 80 1.08  

16 sore back 73 0.98  

17 back injury 70 0.94  

18 sore right ankle 69 0.93  

19 sore left ankle 67 0.9  

20 bruised right knee 60 0.81 11 

 

Figure 1 shows the frequency distribution of injuries/illnesses across different ages. The ages 31, 34, and
33 years old were associated with the three most frequently occurring injuries/illnesses. 

3.1.2 Results obtained using SNA

Figure 2 shows the separation of several injury/illness clusters. The top three injuries with the greatest
number of degree centralities obtained using SNA included (1) sprained left ankle, (2) sprained a right
ankle, and (3) illness, similar to the results in Table 1. The differences from Table 1 were (1) the looser
relation between injuries and those of another cluster; (2) the associated items that were gathered in one
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cluster, such as the clinical diagnosis-relative groups (DRGs) obtained using the concept of relationship
to interpret the entities and their association with others. Interested readers are invited to scan the QR-
code in Figure 2 and see details for a speci�c injury of interest.

 

3.2 Task 2: Most injured NBA teams and players

3.2.1 Most injured NBA teams and the differences in metrics

 Timberwolves (West Conference) was the most injured NBA team with x-index = 32.86 (=√ frequency
multiplied by the number of injury types =√9* 120). Hornets (East Conference) was the second most
injured NBA team with x-index = 31.42 (=√7 * 141) (see the top panel in Figure 3). Interested readers are
suggested to scan the QR-code in Figure 3 to check out the other NBA teams and their indices.

Comparisons of metrics showed that the East Conference featured higher index values compared with
the West Conference (see the bottom image in Figure 3).

3.2.2 Most injured players and the differences in metrics

The regular player Nate Robinson (Thunder, Warriors, and Nuggets) was the most injured NBA team
player with x-index = 18.49 (=√19 * 18 = the maximal square root of frequency multiplied by the number
of injury types). The all-star NBA player Kevin Love (Timberwolves and Cavaliers) was the second most
injured NBA team player with x-index = 15 (=√15 * 15) (see the top panel in Figure 4). Interested readers
are suggested to scan the QR-code in Figure 4 to check out the other NBA team players and their indices.

Comparisons of metrics showed that all-star players presented higher indices than the regular ones (see
the bottom image in Figure 4).

3.3 Task 3: Different retirement ages between two injury types in two player groups

Table 2 presents the comparison of the retirement ages between groups using the bootstrapping method.
The retirement age was only associated with the all-star group (p<0.05), indicating that most NBA careers
of all-star players were affected by injuries/illnesses. The NBA careers of regular players were possibly
terminated by their skills in court.

Table 2 Comparison of the retirement ages between groups using the bootstrapping method
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Characters Median SE Min. Max. Lower CI Upper CI n Signi�cance

A.All-stars                

  injury 33.94 0.45 32.75 34.38 33.05 34.76 69  

  non-injury 35.5 0.38 33.8 36.72 34.83 36.24 170 Yes

B:Regulars                

  injury 28.76 0.43 27.52 30.01 27.93 29.59 408  

  non-injury 29.37 0.45 28.06 31.02 28.49 30.24 58 No

Discussion
4.1 What this knowledge adds to what we already know

 Ankle sprain was the most frequently occurring orthopedic injury in the past [1,6], similar to the �nding of
this study (Table 1), which was obtained by the frequency count method. When SNA was applied, an
identical result was obtained, similar to the result in Figure 2.

The curious reader may gain awareness of the difference between the traditional counting approach and
SNA when referring to Table 1 and Figure 2. The themes shown in the latter might be clearer and more
structural than the former.

 Injuries and illnesses affect players in terms of their sport careers and quality of life after retirement [4].
Retirement age depends on factors, such as health, skill, and love for career. All-star players show great
charisma, which can prolong their NBA careers compared with the regular players.

Most large men, including Yao Ming and Amare Stoudemire, besides those who incurred injuries on their
large bodies, can competitively play until their late 30’s. Recently, for example, Tim Duncan, who retired at
the age of 40 years old after having declined from his prime playing days, contributed well to his teams
and also won a championship at the age of 37. However, his body started to decline considerably,
preventing him from competing against spry 20-year-old center players, such as DeMarcus Cousins (New
Orleans Pelicans), Rudy Gobert (Utah Jazz), Karl-Anthony Towns (Minnesota Timberwolves), and Nikola
Jokic (Denver Nuggets).

We removed 470 coded events from this study to obtain less relation to injuries and illnesses. Also, teams
were resting players, and it was said to protect their stars healthy on the court or prepare for heading into
playoffs. Coach Pop of Spurs rested his players the most in NBA. Teams may also rest players to
increase their chances of �nishing lower and having more balls in the lottery [7]. Interestingly, the results
of injuries/illness in the NBA might be contaminated if resting players were analyzed in this study.

4.2 What this study contributes to current knowledge
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According to the total number of injury events of the traditional method, the Bucks, Timberwolves, and
Lakers have had the greatest number of injuries, whereas the Thunder, Blazers, and Pacers showed the
least [7]. Kevin Love, Jason Smith, and Eric Gordon appeared on the list of players most frequently
impacted by injuries [7].

If we consider the weights of the most games missed on injury types, including patellofemoral
in�ammation, lateral ankle sprain, knee sprain, and lumbar strain [6], the ranks of the most injured NBA
teams and players will change. The determination of the most injured teams and players and the
calculation of their metrics would be more complicated and di�cult.

The total number of injury events (=sum(ci), where i ranges from 1 to n injury types) can be compared
with the number of citations in scientometrics. Several studies applied the total number of citations
(=sum(ci), where i ranges from 1 to n on articles) to determine individual research achievements (IRA).
AIF, similar to the total counts of injuries divided by the number of injury conditions  suffered by players,
has been used on IRA [15]; author-level metrics (e.g., x, h, g, and Ag) [12,13] were proposed and applied in
the literature [8,9,16-19] to remove largely redundant citations and publications [20]. Accordingly, we
attempted to apply scientometrics to evaluate the most injured NBA teams and players in Figures 3 and 4,
respectively. Hopefully, more discussions on the issue of using scientometrics in assessing the extent of
the impact of injuries are expected in the future.

 We also applied the bootstrapping method to estimate standard errors in data. As of June 20, 2019, more
than 227 articles were searched by the keyword “bootstrapping” in titles. The latest article [21] addressed
the bootstrapping method that is suitable for use in time-to-event data, similar to the current study in
Table 2, which compares the differences in retirement ages between groups (i.e., injury and non-injury).

4.3 Implications of the results and suggested actions

 This study has several strengths. First, we applied SNA to objectively separate the clusters, which were
rarely observed in previously published papers using SNA to evaluate injury/illness types in NBA. NBA all-
star players and teams were shown on Google maps with dashboards, which can be manipulated by
users to check the details on their own.

 Second, the total number of injuries and illnesses for each type in Table 1 can be expressed by
scientometrics, with h = 35, x = 38.99, g = 67, and Ag = 67.34 (see Additional �le 1 for details about the
calculations). Referring to the relative weights (RWs) on DRGs, the physician’s case mix index (CMI) is
traditionally computed by the total RWs divided by the case number, similar to the AIF that was de�ned in
a previous section. Whether scientometrics can be applied to evaluate individual CMI, as we did on
injured NBA teams and players, requires discussions in the future.

Third, the comparison between groups using the bootstrapping method is suitable for a data distribution
fee, different from t-test and analysis of variance that requires normally distributed data.
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Furthermore, we presented the research results with dashboard-type visual representations on Google
maps, which were seldom observed in previous studies. The application of this animated display allows
readers to easily and quickly browse more information on the internet.

4.4 Limitations and suggestions

This study features several limitations. First, caution should be exercised when interpreting and
generalizing �ndings beyond the period from 2010 to 2018 of research as the data were extracted from
the transaction events of an NBA-related website [10].

Second, the most injured NBA players were less meaningful in comparison because the results depending
on player career were included in the data collection period. For instance, the NBA playing career for Nate
Robinson and Kevin Love in Figure 4 might be longer than that of the others.

Third, the suitability of applying scientometrics to evaluate NBA teams and players impacted by injuries
and illness should be discussed and examined further in the future because no such kinds of metrics
have been applied to NBA nor other relevant �elds besides bibliometric �eld.

Finally, the results in Table 2 cannot be generalized to other professional sports, such as the Major
League Baseball, the National Football League, and the National Hockey League. The approaches applied
in this study are recommended for other relevant research in the future.

Conclusion
There is plenty of room for debate in the NBA, but everyone can agree on one thing: Injuries are the worst.
We con�rmed that injuries and illnesses have signi�cant associations with the retirement age of NBA all-
star players and are irrelative to that of regular players. Sports medicine is in urgent need to help players
in preventing possible injuries while playing in court in the discernable future.
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Figures

Figure 1

Injury/illness frequency distribution across different ages
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Figure 2

Main injuries of NBA players (n = 1174)
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Figure 3

Most injured NBA teams and comparisons of metrics
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Figure 4

Most injured NBA players and comparisons of metrics
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